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Development of the Differentiation Method between
Fresh Chilled Beef and Frozen Beef

N
rd
re
4
N
rd

AL
Hd
=
J-?l.':
Rl






ok

Al

.
o

1&1\_

20

-
Ho

1

Y4559 @dy 7o 8 Ay

ARl

Ruasxz A

&
o]

|

o+

12 4

d

2001

A=) et
o] 2] ©

-

]

77 2
THAFA YA}

-

=
K-

At

A
TR 2 9

2 & A

B

= A

o

RHoZ 9

L

T

i

et WA Hed



R o]

\=]

+9 FAFgo v

)
=

"JZ“

o]

473t FALHN R B9

o

U5

2~
nE

e

el

L
1.

FUel A AvlEa Qe
W oESHaE w] e sz 2y

<AFA el A

o

b

e

&)

o

o
of

4

A

Ui

=2

=

-
X<

=

X

o NA W
5 A7)

o}
T

=

L8

Ry

| eF 50%9) o

L]

e
=

e S b

=
L

\_I._

b A% $859 v

AW A2 AR oe WA gy
R AU

A QA A

1

L\
| .

H

T

] 19950 %= EAo] 23}

(<]

=

SR} 71 F 40
T et
Aldel A 5

T
g7 A3A

[¢]

Yetel e 5 A $E55e] sivan A 5499 4l

¥ Qe dAoR A& Akt

W, 4,
T g



1588 AEE o5 Har] #d gesta e ARt £d WES 99
Z7tek WAL G570 90UE AN suEE £ WAEQ A9 A

Al GAZEA] o 459 olWeofrt =5l A FFAS fEo] et @AM om
A ZA73e sEr)tes ite £ $gSe §82 offd, agjns
TY ¥EF U2 edd AL AP dold. oo wE 2uA BIZdd 3

A YRS WESSS TUE £ Qs AU gua YA AEPAN A%
Assh A&o WA WEAUe BA Axe B9 5 A% 444 R 2HAE EA
of mEy] AE 2 oAyl Awel Bayol AFE a7d

T o o vig diHeR AR FHAEL Aoz <ls] shufiuy)
e 309 oz WEA & Vil FUA B9& Fol HFEHL o] WE £
%ol A4 WFEow wd A9 FAEY A5AE 2 BAe & Aol of
of Whel WE, EAF g eSS o Al £ oFax YHeE
bl AE e WA WF ANE B 98 4% BEEe dTden 9
b Selubobsl AR ejde] Hl%% o % ARAME AN W& WEol§E
ddsy] 9 AFE F2 d 23 Joh TUdAE AFAAE R oF g
o BAN W, ol ANE A, $4 wd, F959 F949 BEwe] A7
of ok, AN WA YEFS WA 9% AFE A AT AAd Ak,
webd B odeE dESEd A4 WSS wdwe Awsd auzsd i)
A Yge] AerlEE pogonn A% e $gsE JAUAs BE, 9
S WES 9 A dEd AAgen guHEE e, ofed AnAREY F
o ANz A% AAAAY Sy W FOa A8 PA% 2¥E WEn 4]
Solbrel e fEate] Al 0l AN F Q= Wdor =4 gawe )
wrvofo} gt

o

il

r\r

A=



<AFALe FTLAH>

2
o3
ol
1o
%
e
ad
o
AL,
o&
o§':
oft
>,
o
e
L
1
0
_°.
S
R
ot
=
=
2,
oy
2
=
i
4
g

o] F2 ATHod A WIOAA ¥ A4t 29 Fage Zojo] tuld
FA% G99 wgel AvHol g,
el ATt Fule ATE AMAZ 1 Aekdel AntEon uu e

FESa A0 9GS FHsE B d Y BAE da 4594 2o
G OARSEEOIA olE BAW AWML A% NzH 24, F 4553, 4% ) Ax

WoBA N5E HAY 5 AR BAY 52 A% ATRop] =

A& 5 54 A&sy, Qg F4 wEyo] avErt A5E o 544
L Agwol wlER Hol glo] WMEE W] v B 49 cold chainolghe
e 583 AAE A o, 58], A vre] =4, Eu), AdeEs oA

2 v AN BESSE AT Al ATAE L AN dResoR
s delse A5t wol o S4dA Foudi AHstn e wiyo] =
olof stmz FAA Ak 1A Ud £4 shed fEygs Ade ger

B 4wyl i A BES 99 AF5H9 Age] FAldl adr.
T AAR M M) g AEg wEE das] Fasth 53, o)#d A4
WA W g dHAY HAE, wulg), v Aded ol g Qg Ass
A = de olE Wi dae vofe] AFEA T& A FA WAy
of Ayl sl @5 o G BEee dEHe el aFdd

{3



2) AA - QA &9

A& ARG AuAe] FA HEAol @ & ' TWHAEY o] Hojof g},
2001 &7 #AATes £904 SR HAol ErlmE Ao ok 9 F
A YEFHol A WASFor Eihd dednid oo mE stAuEes MM
FAGE FR ANGE B A5 2ugAE Judog Bolde 3T Aoy, 4

F anAe FHdAM B Ad B9ESE HdE HAEA =% 549 F 9 3,200
HKg)ez 9 YFHEEY A9 22008/Ke) g THAHAIH oA T3 A Ao

A 2 &8zt {2 €& ¢ ik mekd dEeesa A8 YAS-SE A8 9l
A T S SHARe v R ARY FAAE AAs, 2 AA 4R

& e of W e] sgel s

AR SN Wee53 AN Yeese pAToeRN A%

T TUH 2% x4do] Jheett, A& 5Ror wdl AdE ¢S

EY WS gHE dvd oAyt £35S AVRE 43 54 RN

A& 23 e W Sl H57] So {5 Aol g

& FAe AdEE NFonA AAdaY A v

Agrte] BEe 28 T A% #9& =4

—

A g7] wd olel
2 EL Hage 2R 2 A4S
% Q& dae] g & gk

LO{

FE KFHFE EFO) VBT AT An&FHFE YAS FEo] Yol g
U 90%, A BAS HFAPL 988%). AR TolAE AH Wgs 2

TH Hple REAFoRA FAE OF 2w NHE P BB AF A
o A 7ok PP AHEE AL £ Y& BT ohy, FAE RollNE 9
WA EAA S HABIL 9, FA4HE BollAE A% FEA L R #vst A
MEI Y aee, e An Fade A AH BEgT WF
ME BENAZE 29E dade]l dFEHL ok ojg of&w 4
BEYS 5Fo2q 25, Aol A& FEYAEL A
Hal FoEM P NHE BE FIHouE IyYgHom A& §59 LnE
AAE 4T + e A28 ¢5 e Yk



B Ee A Tl SUANEILY REFe2A U w54 JAEHY A
717 2 5 o

M 474 e 2 8

YERS wude wyd s $4o) AT AFA 4F FEo Bol wA
Sl HEKOR A AAY o] A, T S5 2wz sz Wiol
A% AFE FEHL Aok 2L, FUKS VRS YR SRS YFUE 42T
o %, AYFLR oA Y AN WAL E3s WilHNE ASA AA gk

ahebd, oeR A% FEYY BARE AAH] skl AH WASEH WEFS
% Bus: Wy Adat Rol ATAY Buo.

2 a7 14 dre Fa g P33 Y5 B2 % g A48 He B
BEAE WA 38 4 B2EY BYL W
o) FERS WA PAS AW, {5 AFANA o9 #a
9 Ag AASI B wEde o HgS ANsE Aotk 2% A F
2 Uge o WAWE SN o8B & YRS kitdshy, A £F DA o
B late) AE4S APaE Aow TAR Wee e 2o

£ £



<A AFAY FE 8>

A Qe eyg AT )L &
O W47 AN Qe%e iy (O Azgstn
A 7] o) - WA W%, %R A4
- %% AAwe) gy
- XU targetE Ao M A
- B o]8uW Ao Asietyel AR
e
- wae A8 Ay Ay
s Ss QA 7
(1999.12~
AOID I Owg 453 M WFS5 HFE |5 anangnss
& 2R EATTI - WESE AN RS HEE B
24 9 AR A
S WESeH AN YIS fEHY A
E2A}
- d¥]simulation test
- AR
T AT B R AT gy &
O WESSH A4 Wgese By (O Asgn
Klw} (el T - BRBEAS ol 48 2R R BN
=%
- W W 2834 A Hcolor teste)
T
- &4 g9 Kity A
- AA AR o) §7FEAH ZA}
o
(2000.12~
20112 1y gy Kite] AAREREDT7 |O pHLNAE S
o) S HA FERNA E wEdy 48AH
- AA NEZASY @YAR AHTY A
A Ashebe] BouA) 2A}




V. 7% 251 3 &80 tig 19

2 gages Jge £ At BdE o AwE Kits Fugz nRad
o9& AEF F Y, $US AW AYE Bolshe] £ WEST T AM YFE
g Es gl 0E 2% B L F4T 5 U Ao

TP 879 +294 UHSY 24 AFE 99 WA 27 ARLE B4Y &
lom AF oobE obA, 2uARTY Fe| AA Jlgo] A% FFE GF 7
AN gEaE Agel §F A G sl Aoz woA

ool weh W, WES AE T4 D BEsA % AT A 53 AR
go] A WS AR WAS U 20 FUe 4ET ¢ U0 FENE 7
ol Be e B Y A% A% 7Y 2% FdE 519 5 98 A

G714 AASTA B FAA F4 dho g BAW kit FESFoZA F
¥ 2o WASoR £7 BWEE WESY $5& 2807 & 21, A% 45 4
Aol AM @ AuA Q4 Ae $&o] Fhsa.

b B RAWE $4(Rpel WA ANSHAD Sg nE
4 0 WES WAAE o8 Aol g

Waba, oWl AT AW AZBA BLWde] PANFonE 1) WY kit FE}
2) W% 2 WES A g WA 2AAE AR, 3 2uARIA|Y Z7}
AE AR B0 @RAN A%, 4) A% FEAA BYL A 44 Aue
o8, 5 HEY 71¢e] TURFH H4E, 6) BE AF/E I B¢ B 4
L=

9 A 3F

A

<#-g-yo>

1) &Y kite] A% 3

2) ¥AFoE F3 vy e UES 45 24

3 ASHFEAAL ANA D AvA AN A2 &
4) E4UFE 9% 2AARE g§



6) B4, WEolthE AFAY Fo dAEe dH AF &4UA drdn &8}

D VAL 5 GFAE] WAAEZA H48 487 D 5 9
8 Ax71E NAFoR A%l £ BY YL AR 52Ue nAF 5 3
=

=

<AFAMEZEA dSdA F=AAHE>

D #dy kit 4%3

2) $8§ R dFE FAA o Uy FAXE AF

3) anARZ o} Ik F HAZE Fo] A 4 &
4) A5 FEAA gdHe A% AR L o] F

5) ¥y rled SEiagH HTE

6) A AE7

c.
S

i
o



SUMMARY

These studies were performed to develop the differentiation method of between
frozen beef and fresh chilled beef by using the measurement of enzyme activity
of muscle cells in beef.

They are based on the theory that the damage caused to the muscle freezing
results in the release of the mitochondrial enzymes, malate dehydrogenase and
citrate synthase. Therefore we can make the differentiation method of the
mitochondrial enzyme activities between fresh meat and thawed, frozen meat in
the meat press juice.

This study included the following items, the increased enzyme activity in the
meat press juice was measured by using spectrophotometer, and color test
between cystine and DTNB(5,5 -dithio-his(2-nitrobenzoic acid)) in the citrate
synthase reaction, frozen beef showed more thick yellow than fresh beef in the
development of Ellman reagent color reaction. Malate dehydrogenase activity under
the same level of substrate concentration was measured over 10 minutes.

The differentiation methods between frozen heef and fresh chilled beef studied
by measurement of protein concentration of meat press juice, WHC(water holding
capacity), mitochondrial malate dehydrogenase and citrate synthase activities,
Including the on-the-spot application test, and Ellman reagent color reaction,

Samples for frozen beef and fresh chilled beef were stored at 4, -4, -18, -77C
during the period of 15 days, respectively.

For these experiments, meat press machine using air pressure was especially
manufactured, and sufficient drip amount(about 0.15 ml/g) was obtained under a

pressure of 8 kg/cm2 when used 1.5g of beef sample and meat press machine.



The obtained results from these experiments are as the followings;

1) Protein concentration of meat press juice was uniformly measured from 35.85

mg/mé to 72.87 mg/mé, and increased significantly(p<0.05) freezing at blow -18<T,

2) The drip % was performed by using measurement of WHC

3) WHC was significantly(p<0.05) different between thawed, frozen beef and
fresh chilled beef. WHC of fresh chilled beef was significantly(p<0.05) increased
compared with that of frozen beef at —-77C

4) Citrate synthase activity of frozen meat(-18, -77C) was significantly higher(p
<0.05) than that of fresh chilled beef and frozen beef at -4C

5) In the Ellman reagent color reaction, the color(yvellow) concentration of frozen

beef(-18, -77°C) was thicker than that of fresh chilled beef.

6) Mitochondrial malate dehydrogenase activity of frozen heef(-18, -77C) was
significantly higher(p<0.05) than that of fresh chilled beef and frozen heef at -4TC.

7) In the mitochondrial malate dehydrogenase activity, enzyme activity of frozen
beef(-18, ~77C) had a special reaction which enzyme activity disappeared after 5

minutes. But fresh chilled beef had not shown this tendency.

8) From the measurement of mitochondrial malate dehydrogenase and citrate
synthase activities in the on-the-spot application test, this differentiation method

had 94% of probability which differentiated fresh chilled beef from thawed, frozen
beef.



On the basis of these results, it suggest that, this differentiation methods are can
apply which allows a reliable differentiation between non-frozen(fresh) beef and

frozen, thawed beef.
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Table 1. Released of meat press juice amounts from fresh chilled beef
sample(shank) weighed differently.

sample weight (g) meat press juice amount (mé/g)
50+0.17 0.029+0.01°
3.0+017° 0.075+0.11°
2.0+0.19° 0.115:+0.04
1.5+0.1% 0.145:+0.02°

1.0+0.19° 0.098+0.05"

"Values are the mean®S.D. (n-3)

o)ake] AFeA AL Al 10g9 EX 2& £ 10 kg per cm’e gHoE &
ol N E AHsts QA Aol Hlustel B o, B HAPE skl A A

A% ol g3W 170 Al A FoR B $FE AA¥oER ARV 5
Ak weld ol Fol Aol 1529 §2 W - WESA AP B0,

L

th, A EE ) od & dripd AEFA
W 43 AN Yg9SE fAEYe Sxe s dAse] 4& ngdat

ng AL fomHy Eio] Ed S AHIA FEIAAL FHVIE o EEA
ok Wzt AANE ol gslo] 1w & BEysE A& AUk 44 524
1.5g8 3,000 rpmol A 1087 94 85t
e, o] ASE HAFY Ry 2EE S50 Fol o 50uE FF7] ALEe 7

2ok A} o) fAREe) 9ste] KF9 Rt F o)FofA viA % Fd=
BANA thA] o2 FgEo] A FHFH] dojAA K@ Ao UERD dEE
Ak AL AR FEE Bdo) HAoy i e gide ¥ A oA
a3 ot



Zt i BEeSd 2 WA SEU 9 He FHE Table 2, 3, 4, 59
A v ek wd dEe AAEA 365.83 mg/meol A 7287 mg/meel W2 e
wow, 9-F FA7F AAHoR o g dHg mHx, UnA RAH, 54,
FAZA = FAA7E WEhAl 9 (p>0.05).

B Td A 7zbEete R Aojde BE R 14N 59 A
FUE FH o @ld gL Fobe A folA Aol dthHp>005). 1Ey 7
d A o) WA AHE B} 4TE Ad BF AFF(-18, -7T7T)NA #9
Hog e dhwd ghaks Ve A p<0.05).
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Table 2. Changes of protein concentration in meat press juice between
frozen beef and fresh chilled beef of Shank during storage with
different temperature

Temperature (C)"

Days 4 4 18 77

1 37.86+0.32°  3863+0.23"Y  41.05+£037"  4593£1.96"
3 3695+ 160" 43671059  46.25+087*"  4854+0.27°Y
5 48281046 4971009 49571183 50.800.09"
7 44.12+1.78" 4725027 50064215 49.96+0.46""
10 42.96+2.42"  45931.87"" 5086+0.11""  56.02+2.10°
12 51731068  524411.96™ 5454027 58.28+0.19"
15 4551 10.73" 44441443  4883+379"  68.86+2.38*"

* Fach value represents an average from three trials.
" Values with different small letters superseript in the same storage period were significantly different (2<0.05).
Values with different capital letters superscript in the various storage temperalure were significantly different
(P<0.05).
* Unit = mg/mé

Table 3. Changes of protein concentration in meat press juice between
frozen beef and fresh chilled beef of Loin during storage with
different temperature

Temperature(C)"
Days 4 4 18 71
1 42.47+1219" 3225+ 1.05%  4483+278"Y  4866+0.15"
3 4873£6.84""  4925+611*  4789+246™"  50.02+055™Y
5 38631023  37.86+032™" 53471178  5570%0.46™
7 4718+2.19""  3696+160°"Y  4954+278"Y  5337:£0.28""
10 49121265 50471356 5835+£493"" 5380032
12 45.02050"" 5489370 50570410 47.60+4.43""
15 5886776 7054+383"%  6357+0.00" - 6247164

# Each value represcnts an average from three trials.
* Values with different small letters superseript in the same slorage period were significantly different (P<0.05).
Values with different capital letters superscript in the various storage temperature were significantly different

#* Unit ~ mg/m{

(P<0.05).



Table 4. Changes of protein concentration in meat press juice between
frozen beef and fresh chilled beef of Flank during storage with

different temperature

Temperature(C)*
Days 4 -4 -18 77

1 45063107 44384433 5025087 47.7+2.92%
3 4367059 369670827 49.54+338"  53.37+4.38"
5 52281219 528274 495:£219"  538940.18"
7 49.124£1.19"  51.12£4.11*  5099£183" 53574064
10 42674264 5254183 5270+2.33" 65.63,70"
12 4367059 4557082 6886+338*"  59.67+096™"
15 545410.18"  60.05:4.88""  65,711.55"

65.99 £ 4.97™"

* Each value represents an average from three trials.
* Values with different small letler superscript in the same storage period arce significantly differcnt (P<0.05).
Vatues with different capital letler superscript in the various storage temperature are significantly different

{P<0.05).

# Unit - mg/mé

Table 5. Changes of protein concentration in mcat press juice between
frozen beef and fresh chilled beef of Round during storage with
different temperature

Temperature(C)"
Days 4 -4 -18 =77
1 51.19+4.74" 4583173 4526373  4821£2.01™
3 4760£1.05""  43674333" 54344183  5599%1.78"%
5 5051 +1.05*  5025+£2.78%  54.15+265"  54.73+1.04"
7 44311424  5828+026™  52641:050"  55.280.87"
10 51.86%1.41°"  5057+£059™ 5060064  5954+4.15™
12 4760+1.05""  4367+333" 54344183 72574545
15 52411283  6770+164™  66.28+£456™  70.41%1.04™

* Each valuc represents an average from three trials,
* Values with different small lelter superscript in the same storage period are significantly different (P<0.05).
Values with different capital letter superscript in the various storage temperature are significantly different

= Unil - mg/mé

(P<0.05).
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&% WAL drip 50E ZZF Imdel cellol #H7bsked UV/vis spectrophotometer
2 200~900 nmo WA Z7bel peak® EE scanningdtArt. 139 Ao
WEsS WAASTe peakAol7t vewioy E F99 & sampled o] 4344
ZA8t% S W scanning peakell Abolzb WERAL @dlvh AgHE AHE FoA

o
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vEF=gol o &EAgE §4:% mitochodrial malate dehydrogenase®t citrate
synthase®] #/dxo17t WK WEHK 3tol] EojH oz yelhys 7& #ol o %
E4aE FAHANE 4 T8 AYsie g ¢34,



Table 6. Comparision of various ecnzyme activities between fresh chilled
beef and frozen beef

Enzyme {resh chilled frozen beel péssibilit.y .for
‘  beef differentiation
g iﬁ?’;ﬁgﬁ;ﬂb 4584 $.303 O
Acid phosphatase 0.010 0.010 X
Glutamate dehydrogenase 0.091 0.578 O
5'-Nucleotidase 0.007 0.001 O
Succinate dchydrogenase 0.098 0.085 X
Alkaline phosphatase 0.090 0.087 X
£ -Glucuronidase 0.884 0.993 X
~hydroxybutyrate
i deiydroienas;c t 0598 0.5 8
Cathepsin 0.733 0.717
Ca’'-ATPase 0.430 0.128
Mg®'~ATPase 0.038 0.132 X
Lipoamide dehydrogenase 0.015 0.031 X
Malate devdrogenase 15.15 23.48 O
Citrate synthase 0.096 0.207 O
Diaphorase 0.140 0.197 X

* Each value is the mean of triplicate determinations. (n=3)
* () and X express available or unavailable enzyme to distinct fresh chilled beef and frozen beef

* All values are represenied to net absorbance except £ -hydroxyacyl-CoA-dehydrogenase and malate

deydrogenase which are used Unit/m¢ unit
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Adurx o7 HAe] o &e mitochondria®) lysosomed -7 %o Wi EHE AR
dex JorE HaEol WEol 9slo] @S wE JleAHol FTRE ALEHE,
mitochondria®] <43}5= glutamate dehydrogenase, malate dehydrogenase, B8 -
hydroxvacyl-CoA-dehydrogenase (HADH) % A -hydroxybutyrate-dehydrogenase
(HBDH) %9 a4#842 &A4eAr. vla7iA & lysosome©] A & 3te] Hid

CfEE Aoy dAau JlE3 ¥A &EA(marker enzyme)?l acid phosphatase %}
8 -glucuronidase® &4AFAE &A%}t ool 83 microsomed Foll =48}
+ alkaline phosphatase, cathepsin, 5'—nucleotidase, cytochrome ¢ reductase% 8] &
agg L S
Aol E489 #$4¢ ST 49, U - UERe] SFd X0l E e e
A€ Hydroxyacyl-CoA-dehydrogenase(HADH)E Y] %38l¢] Glutamate dehydrogen-
ase, 5’ -nucleotidasez ol i, 2 Umx §2EHE2 BF - He9 4 E e
WA AU AEHA gokrh 243 %ol A, Ca¥'-ATPased H| %3] mitochondriaol

FZAs e e RAEHES FAH69 T, 2 A3 mitochondrial malate dehydrogen-
asedl A 58 WS Fofl WA WES 7hol HolHel Aoy EEE & UL, EF
citrate synthase?] A% Al E WAZFH YES o FAo] Kooz e
v T

L
{o

ot

Al

)

rir

L. u
=2 =

f
)
i)

o 25 AX U FA4A7E &4F A
Glutamate dehydrogenase, 5’ -nucleotidase, cytochrome c oxidase®°] WA{ Kt}

B WHERY SFAM EaEA] wA JEwey, ARVIbER @4 Wt A
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ol

o] wuld Wos Ao GAD4 £AE ZAY F Hol, IES WA B
% Row vehgt =R, HADHS B4& WdKds 48 A%o 57

o

ko) WES A= 35 Unit/md o)A Z o] FAhEH HExo dutyoxn
FEHE NS 5SS gl ¢ e e r vEt

28y HADH( 8 -~hydroxyacyl- CoA dehydrogenase)E o] &% Ao)d =& o
Fo A ~12°T oldtell A e FolA= Jhgsiv 21 ol4dke] 2kolA HAFE Al
M gdey] dEYe 488 4 =Hnm, w3 §4 84 S3A 1d9 @)
U5 k) wiiEo] Al FEdAANA fAA ol &7t AR skt

agA e Z1EY @k van, f4A SEulldA dEE, o)yl whes o
T OAEATE y Adslr] 8 =¥, 21 A7 malate dehydrogenase®t citrate
synthase& A slo] HAgalA w2t

Mitochondrial malate dehydrogenase(EC 1.1.1.37)2) A# W Citric cycleirol A 2]
1&g 2o

L- Malate + NAD' <4--——P oxaloacetate + NADH + H'

MDH

Isozyme?] mitochodrial malate dehydrogenase(NAD oxidoreductase,
EC11L13N¢Y W%, WEKoA slgol o8 fEss 5 AF 7104 A% &
Ly 849 Eol4, e M ZAY RojFE EE] fste]l A4 A
ZA8 N 1 assayW ¥ Siegel, L 5o WUHlE& AN o] &t

o] 71e] AR E EE AL Sigma Chemical Co(USA)A F3]3le Aol o] &
&} o}

0.IM potassium phosphate buffer(0.1M K:HPO«E W& %, 0.1M KH.PO4E pHE
BRAE pH 742 BAI F 25m, 0.12M Glycine-NaOH(pH 10)¢} 0.3mé, 0.85M
L-Malic acid(IN NaOH#Z pH 7.4% X4), 02m¢, 37.5mM NAD (pH 65)& vl&] &
& Test tubed] ¥& F 28T Water bathol A 10487} Pre-incubation A%l F lem
light path cuvetted] %7, n¥lg %% Bufferg o]-&3|M 10M& 343 50, FF
& o] B Wgode] Yol F3% 340nmel A 1081} UV-spectrophotometer(AN-

_11_



ALAB, UVS-30NP, KOREA)E o|&3lo &4k WslE 2418191, stopwatchE %
A F AEE 120 A3 & uvi §FEE 72819
A

o] A (Unit/ml)2 &3 2ol Aitsle] ¥ A3 FPdoz e,

\/7
Unit/mé = X AE/min X dilution factor
e XdXv

V = volume(3.05mé)

& = extinction coefficient for NADH at 340nm(6.3)
d = light path of the cuvette(there lcm)

v = volume of the meat juice(0.05m¢)

Dilution factor = 10 folds

Citrate synthase(CS)(EC 1.1.1.37)¢] Azl Wl Citric cycle WAl 712 th&3
Fig=3

NAD NADH AcetylCoA CoA
~ a N A )
Malate «------—- T 0OAA e T Citrate

Citrate synthase® ¥4, WESolAl &gl & FEHE §59 A 71708 A
A2l Ao oy, nga ol 849 XolHE =& 95 Exgy
& FAe} 5L, 1 assayWH S Srere 5(1963)9] WHe F£AS A o L8Pt

o} 71 ALEE BE Al9FE Sigma Chemical Co(USA)el X F913te] Aol o] &
ST,

100mM  Tri-HCI buffer(100mM  Tri([hydroxymethyllaminomethane)& Y& %,
0.IN HCIZ pHE RA)E pH 752 RAS & 0.77m, 0.2mM acetyl-CoA 0.05mé,
05mM OAA(oxaloacetic acid) 0.05m¢, 1mM DTNB(55 ~dithio-bis(2-nitrobenzoic

_12_



acid)) 100me-g w¥] FHlE Test tubed] ¥ % vF A2 BufferE o]-&34 100
&2 8143k 50, meat press juiceE ©] Fa WFEde] YolX FEFE 412nmolA 5
-7} UV-spectrophotometer(ANALAB, UVS-30NP, KOREA)E o] &3 F3x H

3-8 AR L, stopwatchE AEA7L F AE3] 1¥e] Ha & wirjt} FJ=E

il

7183k olu RE Ao wlE] AE$ Tri-HCI buffero] 348 3o A1 834
om EE gy 2L A2 A HAAEAG,
o] BAZEA(Unit/m)& b3t Zo] Aol £9 AH Aoz Vel

Unit/mt = AE/min X dilution factor

Dilution factor = 100 folds

Aad Aol o)gd maol WA 4Y 79

b &4Rkg-e #A pH H H42% A4

AT E Al WSS dEse

F 7}#] ®.4<] mitochondrial malate dehydrogenase®} citrate synthase % 7}* &
Ao whg HA pHe HA 2Ed @3 A o, $4 o] F IR Bad
B3 A Wol o]FoA UE #AE aau3e A pHe HAH 25 F1
ol et e 4% dHEe EUE 1 PyHES A EM HEd pHe 3
S2E =23 A¥d gladd F A g4 BF AU EA4se g40)r] dE

o

2hoz &7 45U EAse

o] #% pH¥ mitochondrial malate dehydrogenaset: pH 7.5 citrate synthase® pH
710194, A 2x3= 37T 20T oYt
AR ARALgel Bl e Bael SN AMEHA 7)Es .

l
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L, &gae 713 HolAd XA}

Mitochondrial malate dehydrogenases I-malic acid& 7] dRZ 3}9] oxaloacetateE
AARETE o] wrge A U MNEEA F2da o)FolHE whg 0= malate
dehydrogenased] 7]zZro.m olfolzrt Farvl Y Zuge sxlm glow, o
Zu|g e duty o Al FHujnct N v skl malate dehydrogenase A b
& FAES UEA oA FolA s mrEg 39T aya o] it @Y
AZE TaRA A eAMdd WA kA wres dvtn oA Av o oz
Mg G499 71 EolAo YslA mitochindrial malate dehydrogenase?] Km3}
VmaxA & &A% Fysart

t g4 ¥hg4%(Km, Vmax %) 3¢
B oA ¥ mitochodrial malate dehydrogenaseo] t]3d RE& A& WEA 7=

WA HEEEE A 5 Vmaxel HZA1717] 98 Ade] 7|AF5 =& o &3

y = 0.1073x + 0.0953
Km / Vmax

Unit

Interrcept =
i 1/Km=-0.89
Interrcept = 1/Vmax

substrate con. (M)

Fig 1. The measurement of Vmax and Km wvalue of mitochodrial malate
dehydrogenase in meat press juice

_14_



Fig 1. & #&9 W&HXEE Lineweaver-Burk¥ & o5 d$gA =z JelUg).

o] g2 2 mitocondrial malate dehydrogenase’} 712 ¥ o] ths)] we&= k9
DA E A& 4 U

1 A3 mitocondrial malate dehydrogenase®] Hu} & E2 Auk gho] w & e
E5o A vrERES 9 F 93, mitochodria malate dehydrogenase™ Kmzko] ®]i
A vkolx A w4 VA HEAE e aade AL O 5 Agid.

B ARS AE oA <19)-

th)

o

”

_L1>:

SOl ol Feolua yldd il EFA LT} A
E A BTt ErheE RS AUTY, Fig 2914 RiE ube} o] meat press
juicetB ¢l mitocondrial ~ malate dehydrogenase Vmax #t<  0.6318 z mol/min - Km

0005M o2 M@ AT A & & Ul

ol

7b EAadkge] 243 color test #4184

TE G o] SHY Ak o] gt Alekel DTNB(55 ~dithio-bis(2-nitroben
zoic acid)e Fig 3004 X whep gho] cketzbe] el A SH7 94 WH-§-@rh, SHY
ImolZ HE 1molel 2-nitro-5-mercapto Q2 &FAFS WhEo] o]23l% He A
(yellow)&.2 WM E . o] A& 412nme] FHEe 548 Fale SHY|9 £8 A%
shdl FEe olWl HFA o3 WS 88l FARE Z2AE I gl
Aol g Akg AlE A (Whatman 2)oll §H8-91-8 spottingate] vlAlz 2 Al
e AlZPAR #Eslod v,

....15_



HO,C COoH

O,N O 5-5 -NO,

Fig 2. Transformation of structure in Ellman reagent color reaction.

AARrge) Au R AY UHE oad g

100mM  Tri-HCl buffer(100mM  Tri([hydroxymethyllaminomethane)2& %E& I,
0.IN HCIZ pH 75& ®BA% & 0.77mf, 0.2mM acetyl-CoA 0.03m¢, 0.56mM OAA
(oxaloacetic acid) 0.05m¢, 1mM DTNB(5,5’~dithio~his(2-nitrobenzoic acid)) 100mé-&-
2 E8lE Test tubed ¥ F v Ax3 Bufferd ol -&slA 100082 343
500, meat press juice® ©] A Wkgdo] Yold A fAG ALY oln

BE A v g A28 Tri-HCl bufferoll 84 & ko] AL&a-5v)

Ellmam¥-& o] &3}, citrate synthase2] wWZdA A= SH79 DTNB9 9
WES EdiE AANgS HMASArh o] &EA NS 100pLS A MUES Al A
(Whatman 2)°l spotting® dry ovenol A €443 Axg Ao

A3 HzE AM9S AF A (Whatman 2)& UV lampE o] &3l 2 ~ 38 A
V& &AM o] o DTNB9F UVZRe] 3b8 ghg-o] dojubr] n-dd & KA sl

H
-

) AAAE SH7He] wbrg o2 AIA L= yellow color® AZMEE stop watchE o] 83

of ZFAsAY. e o] WH-E F39 color testd] =& FYalAr),



7}. Mitochondrial malate dehydrogenase &4 &4
z Bode AL o wE mitochondrial malate dehydrogenase®Ad S W] ils)
Wkt Table. 7). WAS I W¥ES 212 mitochondral malate dehydrogenase®] ¥t
g xs Adle 49 ¥Fd AA%L 2363 Unitmlel 48 Jela, -4CE
2091 Unit/mf, ~18C+ 26.43 Unit/md 18] -77C+ 2590 Unit/mée] &A1S e

WG, FLg FHdA A% 2o mE &40 B2 W AFSET A4TE
A WE A SR(-18, -7T7C)NA BF FoH o & e 848 Yeh

ATHP<006). U Y SRolA 7 R9igto] FHe Aolge -T7CAA WE
AR fol FoH Aol glo] A% e Ha WBE duUs, 1 AY eEg
A BnE BE Fo i WEEE UEUAh(p<005) whed 44 L0}
bASE BHe Fool duglel el Trwt: ANE FAY & AU
et WASs 4THAA H49 oY AelT ALY F YE, RS 5T

JRL H
o?ﬂ
yls}

ol 1 = muscle W9 freezable water % 80%7] &A% 3L, mitochondria®] damaget
20%9] dolgli rio] ol Hob WA #rhil delAd e Yy 9§ Ao
M E), Ee SEA 0~-5T HY L7} freezingW] Bt} .8 A& A v 0~-
5T 2] M9 M mitochondria damaged] ¥& G&L Fx] Feves AMARNE B
e}

2 9o g e Zolo e B 4o 7T ¥ AR &9 A9 o
Apolel gk 2z Fepd Fo A e, TS AYdie BF 2RUER {9
A zkel 7t gl RoeR AaE AA HAHp>0.05).

Y AT §F71E B3 meat press juice AFA ke AR Yo
2 sty ojwd AEAY A F AW AEe] WA o8 AHAL FAH4E
e A X gva A4 Ed,

o714 FAdE fFAolA e AR A9 Ao|zt W, R &k ¥4
o] t}& AL myoglobin content® ##Eo] vtz adH A ¢t

m{m

Tt JAA&9 Ao % mitochondria inner membraned] &A1k mitochondrial

malate dehydrogenase /o] &4 ¥ 1+, mitochondria® sample-® cutting & o
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&35 A meat press juice W2 T UF-9 T4 FYE F Jdorg gyl
2oz WASe 7oL mitochondria Wo| FA|8le G409 Aol 24" F 9
e AT E AgASRrE dAEE A4S o5 AUk

A8 T2 meat press juicel mitochondrial malate dehydrogenased] #4& 10871

FHE WEHTE BAGOEN ABAUG. oA Hold P& FHEL AAE HE

ol
HAY 7 UAHFig. 3, 4, 5, 6). B9 YKo F¢E 128 e F #Ao] GA g
2 AgAY & F ATk

olzfst AiE EdE ALY uwE H$¥ mitochondrial  malate
dehydrogenase®| #4& SA s AH(Fig. 7, 8 9, 10).

ol ubEk(4, -4, -18, -77°C) A A L g4 &

. AR v1de] "HolAm i Ao Aol felom wWEeA i(p>

159 3, BE S

I 10

B g madge] FEHAE Hothe: AHE ASAAS 57 Ae TS B
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Table. 7 Influence of freezing conditions on the activity of mitochondrial
malate dehydrogenase in the meat press juice from various parts

of beef
Temperature(TC)
4 -4 -18 -77
Shank 23.340.41" 20.914:-0.41°* 26.43+ 0.14™ 25.90+0.21**
Flank 17.09+0.07" 20.67 +0.34"" 26.43+ 0.69* 26.19+0.48™
Round 18.06 £0.62%" 17.24+027™ 28.0310.89™ 2711575
Loin 15.15+0.21% 14.04+0.41" 20.72+0.55"" 23.48+0.21%*

# Tach value represents an average from three trials.
* Values with different small letler superseript in the same storage period are significantly different (<0.05).
Values with different capital letter superseript in the various storage temperature are significantly different

* Unil - unit of enzyme activity

_19_
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30

®B-187T

|a-77T

Unit

Time (min)

Fig. 3 Mitochondrial malate dehydrogenase

activity in the meat press juice
from Round

* Fach value represents an average of three trials.
* Bars with different letter differ significantly(P<0.05).
* Unit = unit of enzyme activity(U/md)

35

®-18T

B-77TTC

Unit

Time (min)

Fig. 4 Mitochondrial malate dehydrogenase activity in the meat press juice
from Shank

* Hach value represents an average of three trials.
* Bars with different letter differ significantly(P<0.05).

* Unit = unit of enzyme activity(U/m#)
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30

unit

Time {min)

Fig. 5 Mitochondrial malate dehydrogenase activity in the meat press juice
from Flank

+ Bach value represents an average of three trials.
* Bars with different letter differ significantly (P<0.05).
* Unil = unit of enzyme activity(U/mé)

30 - e e
maT
25 o-4T
! H-18T
I 8-77¢

Unit

1 2 3 4 5 6
Time (min)

Fig. 6 Mitochondrial malate dehydrogenase activity in the meat press juice
from Loin

# Fach value represents an average of three trials.

* Bars with different letter differ significantly (P<0.05).
* Unit = unit of enzyme activity (U/n)
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35
@4t
30 0-4T
25 H-18C
®-77¢C
o 20
=
)
16
10
5
0
1 3 5 7 10 15
storage period (days)

Fig. 7 Changes of mitochondrial malate dehydrogenase activity of meat
press juice from Round during storage period
# Fach value represents an average of three trials.

* Bars with different letter differ significantly(P<0.05).
# Unit = unit of enzyme activity(U/mé)

40

Unit

storage period (days)

Fig. 8 Changes of mitochondrial malate dehydrogenase activity of meat
press juice from Shank during storage period

+ Each value represents an average of three irials.
* Bars with different letter differ significantly (P<0.05).
* Unit = unit of enzyme activity(U/mé)
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Unit

5 7
storage period (days)

10

15

Fig. 9 Changes of mitochondrial malate dehydrogenase

press juice from Flank during storage period

+ Each value represents an average ol three irials.
+ Bars with different letter differ significantly (P<0.05).

+ Unit =

unit of enzyme activity(U/mé)

activity of meat

Unit

storage period (days)

36 — .
B4
30 0-47¢
W-18C
8 -77%

Fig. 10 Changes of mitochondrial malate dehydrogenase activily of meat

press juice from Loin during storage period

# Hach value represents an average of three trials.
* Bars with different letter differ significantly(P<0.05).

* Unit = unit of enzyme activity (U/ml)
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u}. Citrate synthase &2 &4

o

Z} Bowie Ao ul & citrate synthase A& vlas] X ovh(Table. 8).

WS WESs 49 citrate synthase®] 9 AT Alee A9 WAad 444
£ 0960 Unit/mée] #3-& dehlil, -4C= 0980 Unit/mé, -18T = 2510  Unit/
me 22 5L -77C+ 2.070 Unit/mbe] #7488 Juhuide, Sd8 ool x4 25

of W& g AL

&
o

AHERG -4THE A Wy A% SL(-18, -77C) A
B fefAer wd A4 43 UEdATp<005). B9 A% 2neA zt

-

ARtk @G el Aol e -18, ~77TH A RLIke] foH o] gle] A ¥
A4 24e YeEhila, 2 A% SRE Adstae B o4 dE WEEe
B}l A eH(p <0.05).

A ¥ 9] meat press juicel citrate synthase?] A& 537 $3 5 Wslaks =
ApRo 24 Al AHE ATt

olzjg AFE EviE AHY7|7te] w2 94 citrate synthase? /48 A 359
th(Fig. 11, 12, 13, 14)

1597 B, WEsg Lo wel4, -4, -18, ~77C) AZsHA 1 g4 =3
st A Z1kko] zlejyel w7 GAdel ozt FAaslE Ao gldont
FelA Aol AT £ YR (p>0.05), BE AIFAE, 54, %A, $E R
WAl e Fol Aoz FAE S48 FAFAHP>005). 282 A B &
a8 gL WAy, -4TQ A1 -18T, -T1CoA foHer & Zolx W
RTHP<0.05)., olwlgr A3xFE  w o] citrate synthase® mitochondrial malate
dehydrogenaset §7 ¥4, W&

3 AE WY F A

58 o] 088 4 iz Hao x7le gt
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Table. 8 Influence of freezing conditions on the activity of citrate
synthase in the meat press juice from various parts of beef

Temperature(C)

4

-4

-18

=17

Shank 0.960+0.170"
Flank 0.6000.057"
Round 0.920+0.000"

Loin 0.690+0.071"

0.9804.0.113"
1.120+0.141"
1.850+0.014"

1.010--0.071

2.510-F0.467°
2.85010.321"
2.930+0.354°
2.790£-0.297°

2.070£0.099"
2.740+0.509°
2.1100.042

2.950 1 0.042%

* Fach value represents an average from three trials.
#* Values with different small letter superseript in the same storage period are significantly different (P<0.05).
Values with different capital letter superscript in the various storage temperature are significantly different

* nit - unil of enzyme activily

_25...
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Unit

1 3 ] 7 7 10 15
storage period (day}

Fig. 11 Changes of Citrate synthase activity of meat press juice from
Round during storage period

# Each value represents an average of three trials.
* Bars with different letter differ significantly (P<0.05).
# Unit = unit of enzyme activity(U/mé)

45 fommr e

Unit

t 3 5 7 10 15
storage period {day)

Fig. 12 Changes of Citrate synthase activity of meat press juice from
Shank during storage period

# Fach value represents an average of three trials.
* Bars with different letter differ significantly(P<0.05).
* Unit = unit of enzyme activity(U/mé)
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o

Unit

i 3 b 7 10 15
storage period (day)

Fig. 13 Changes of Citrate synthase activity of meat press juice from Flank
during storage period

+ Each value represents an average of three trials.
+ Bars with different letter differ significantly(P<0.05).
# Unit = unit of enzyme activity(U/m}

Unit

5
storage period (day)

Fig. 14 Changes of Citrate synthase activity of meat press juice from Loin
during storage period

+ Kach value represents an average of three trials.
+ Bars with different letter differ significantly(P<0.05).
# UUnit = unit of enzyme activity(U/ml)
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o 7 deed el 2y
¥ A3 oA mitochondrial malate dehydrogenase®] 71 w5W¥ HJEFME +38lo

2 pd) o# ma B4 Al FHsr

SA whgsts maely] WSl Bq FBE WSFOR 0 B4 Holg Tt
Mg REHYUT, B AR A0l WHKT YES e gy v 93
A o@Esel NAFEE Fol¥ nely FHol, YAKTH YEKE Hols U

o ST B EAAE unit/mE RS s S e Se] AolE KA

Unit

y =0.1731x +0.0165

substrate con.

Fig 15. Substrate content mitochondral malate dehydrogenase activily of
meat press juice.

Fig 15.2 meat press juicedlel] 43} mitocondrial malate dehydrogenase2] 5

B w13d 35 unit/mE QS o HEst g484 8 vebd et
o}, 2 B%o] 71A FLrt S wE g4 SR S AEd FH

7 AAE AE ¥ Ark 2Ev 5& 7 Wekgk Fdieo] WEE i A4
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Aunit/m)E HEIGS e WA WES) #49 Wizl AL W&E
A U] e vde B wawRons WEs) WESS W
43 9 Aoz AledT,

~

- H
-

r

AutH o2 YES

WE AEEst el g Wik ¥ we s el 349 Table LA

hebdl wbeh ol AEV1E olgstel WASE %9 ¥& YW Asst 1 A
NN

obi @ AAY Q= Rom vEidth B4 @46 Boste dARE WE A
Hger WE 4 S(fast freezing and slow freezing), 183 3%F =7 (fast
thawing and slow thawing)o] #&-gtvte A2 ojn] A+ ¥o dajx] glvy & <
AAE %o Fe 7] BEA Shel skg/m’e Yo skl WARE K7L 7
i Agel dsklar, o A §Fo o & g vy FRuAE 49
A2 i, 4 AFEE wE 2ol Fite] mEH YL

=

A28 WA Wsz7 gl A color teste] H-EoH XA}

7F WA, WEx7 stol A A1A color testo] A A

Ellman reagent color test®] Zd] wel z+2k 4C, -18TCollA  AFTY7 A
078 284S FAAER 39 color testE A A EATH

A% citrate synthase 84 &4 Aol A = 54 &S ANT F,
1 dES-s A AWEE A Y A (Whatman 2)°l spotting3te] dry ovenell Al @A AZ

AMZL ThE UVel  2ARSE AeolA Ao Wak(yellow)E FASACh 28 A3 F
SH HEAREE AT 4 UYL, olu WEFY Ae ¥ASFRT B Wy ring ¥
gl 2] yellow colorE AR, 7 ME v g w=a@NEgE WA Ak Fig. ). UV
lampdl 5% ©ld =&AF A d4SE WEHI Zo] yellow colorE FA&HA 5

H, 2 ojFdlE WHSS YE5E BdT & A Ak

5

Ny

¢

i

il
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Fig 16. Changes of the color between fresh chilled beel and frozen beef

*Left | Fresh chilled beef, Right : Frozen heef

TYAN wiz vksh ol WE Kol AAT drips] Aol Kl wa 2 A
o Wbl Eglste Ae & &

MAAE o)gate] wmet Ash WA Agol WAAdA e wolE e
Weler, Wesel 4% 3, 4819 Axd Yebl Y oiFig 16). 22y UV lampell 5
B ool zabEE WSt JESdel wdo] e A, DTNBAA spotting &
RIS UVY w43l yellow color® AA8E7] wjitol] 5Ruje] Aldsl vldo] @
Tk
Table 9.& §& TYste) Z47te] &% Wz AT F color test] HEEE A
@ 438 dekd Rolvh
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Table 9. Application of color test in meat press juice between fresh
chilled beef and frozen beef

fresh chilled beef frozen beef
samples 20 20
O 12 11
X 8 9

o] A¥lel Ay WEHI MM WAKIY color test?] o] AHEBLF= 70%A4 L=
2 4 &

7h, AAukg Al "l AlgR]e] At
AAurgd o] #4488 3 Ellmanlg citrate synthaseg} W8 A& o] &3}
o] o] 7)o AMEE Aok ALY Aleko g2 S5 en), Ak Al vgy 2o

100mM Tri-HCI buffer(100mM Tri([hydroxymethyllaminomethane)(pH7.5) 0.77md

0.2mM Acetoacetyl-CoA 0.03m¢
0.5mM OAA(oxaloacetic acid) 0.05mé
ImM DTNB(5,5' ~dithio-bis(2-nitrobenzoic acid)) 0.10mé
Sample: Buffer& o834 1000M 2 3] 4 0.05me

Ellman® & &&3to] AAIS A4 g ¥ & citrate synthase®] &4 FA g =
An 4@ YHer 540 B3-S HHMAY L&, AH pHiste dAe AL, 2

A BHFAE color testo]l A3ttt UV/Vis spectrophotometer® o) 84+d &4
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T W3E FI 49 FMHE T F AU, color testE A7 LN 1004E
AMakg- Al YA (Whatman 2)°l  spotting$ dry ovendl A 443 ARE A A A

A48 Adzg AANE AP (Whatman 2)& UV lampE ¢ &3¢ 2 ~ 3 # A

E UVE ZARAZ T oWl DTNBS SHIRY whgo] dojifa wabalg wi =&,
A B A A9 Ay WAAsEY 840 A7) W] o W SHY

7b &4 whgo A AQduA =, 1 Ad @e kel DTNBe} SH7He A% A4
& A4 4 9o, AAER yellow color?t W53 Hluwsle] @eo] vehlA ¥
Ak o] WS &85t color testd AR Fys ).

gy o] AR S Aew, AAR WA AV A7 HArt

wgelA B Ao A &-Ful mitochondrial malate dehydrogenased] &4AEA Y =
o] & 0] WS ol &3] kito] &-8393r}. mitochondrial malate dehydrogenase] 7
T EAEA) 5% AL Aol AHEHA WEH Af FAe) FAA, WFS
ol Bee Aad #Ao 1283 ALHUY. 9 o]R& &85t Smin, reaction
stopping kitZ o]&37|® i, BHAE HPE o] HAYHE ol gt AA
s H A

o #d Kitd] AE 8
Mitochondrial malate dehydrogenase®] &4 Hol4d& o]&3te] DSmin.

reaction stopping kitS @&l ALY F Yv /AL 83 ssso ARy,
Kitol] o] 85+ 7]&<Q L-malic acid®] @717} €+& g A% w8 Aw3s] war

Al AA RSEE7F Ao, 58 F4AWE T YRS WE &7t xo]Ho| &

, G4 o] Jhedithele HHFe] o o] foft,

mTA] o] AHE B R 53F U5 SAdA d4Sy JESe 9y

m?[_l‘
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A48 AARX B o8Il A}

7F BE F9 ol &7t A BHA

gl o)yl A9E % -5 FAAREZ d mitochondrial malate dehydr-
ogenase T4 =43} citrate synthase &4 x}o] %, 171 Ellman reagent color
test® AAlEAT. L Ad d9FoHE g284 HolF olfd AP 90%0] A9
E =S YEUS AL, Ellman test® ©]8-4 color test?] WRIHoAME 65%AE WA
3 WESRLY Aolg FEE + AU

Mitochondrial malate dehydrogenase®] %, REE 2% <48 A2y
mitochondria®l] A2 € FHHo o] & stFAo] AN citrate synthase? 7
o5 AXEWA SAA, E59 B, 53]
PSES2 Ag-oe ol 7% 48538 pH)O 2 ¢18}9] citrate synthase? &3 o]
HASA FAE7] Wi WA, WSS FEE] 93 giAEH FFslx] goa
dHA Ao 2Ea oW A dAZE A 3 AgeR NHsHoY dos
A Hol e FFo) A48 ALY o7t FEFASS odA A

N

—

F= AR whriAE RE HFe
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eSS AH Y-S FEER L BAY 248 st Ax 2AE #v
ANE meldee AgEn 2Ade AW 0%, Gy 2 ushy 20%,
- wl R 5E, LAY 5 AU tHTable. 10). EF &5 FU%
o % AR P -8 YT $5o B4 dste] zAbsglh
g tigh 20 A AE 2AHE 20000 794 9974 3719 zbel A A
AR FERC AFs Y= 20 elM 7099 5008 FRES WdeR A4
HEAE WlFsle] AL AAS F SASE o] &3t FAA EAS Axwsald
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Table. 10 ¥3A$53 FE559 wdyld ¢ ddx 24

AYNZS 34 M3y % YAMF | BeARRUA | 99984

k) I F il G | A

SEREICERAY LG BHE(F 53) aHE S

SERETORISED A EEA (R R) Az has
SO EA Y ) 7) 2225 (5 H) ARz
5959

o a3 (b A

(Z-5 )

vraoP M s (9 )

Wal-Mart(Zd )

(o 3
CER R IO () BN
B O ARG
TEAHEAAEA) E-wlE(3E3)
FEAFANSAEH) | P ET A )

NEAHEFTTH )

#shel & (55 3)

AEANF(EAETHY

o] A Qo}g 4l

FANY(ATHERF) ohd (38 )

BHEA (L F A St o) 8 ()
FRALAFAEARE) | aAEE@E)
BEEGAFAREH) Fr i

s I T L ESICES ]
AEAHIAAFAE) | AR )

G B ETCRSE S

WEFAR(EF)
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Aq2d WEF5H A PEF-Fe F5EE AR

Hazle 713 E =9 AEH HEse) i nhe} vh27] W] &ulA
 7rAzIE A% Hav] Aite) SRAEAM FaET o a5 FFo ¥
Fol me F - FAE U AnAbe rlas AEs W, o st %
F2 AFE 4o o Har)e FEE ol anAe] JE Wt v &eA &
& T A HAT

meEtA 2 2AbE =4l A ge] AFEI e AHAEE WdeE H4E du
Al AEUEH ST JESd Bd AEd A wgew
ZAgezN A1 dESI A5 Bl V2 A8

Fotl A AAE Aw AR F3A4e] FrtRNE R ARHEAAY), T

A=£gde Tt =58 F AS3d a3 Fu7t F/FE FA67%)st [loh
AR, AYsrtdA e ¥ - S8e e FAE 2O Ee FAE S8

AEEs stk A4 F8(19%)st 2 Ut
£, FAw RoAHEER)d EstE 1S EE5AE A4 ASMolE 1
NEE s Fmolgd B vEdeA FriEo] HSdvd EE dF et

HAnk Avjato A Haf g
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FUFY FEEH>

1967a A 2 Fde #e ANEAGATT)O 7F9s olg) 1975377 478
A ste] ghovh, R zdg e 19769 6M4EE Y olF 199339 UR €2
2 fguele] a7 AR 94 FHHJeY o)F vl 9] HeFgs A
o] F8 =5t S, Avd, 3%, RAEZYE 98k gl

FYHar] fFEE F£F837 SBSEoR ydrt Y 2AE £ 2 sAHH
& A FE2dEE FAdLe 24E FEAYULRRY SHFII dF 2
Fete] A HE mufAl o] AAstel FE sta 9oy, dutRe FH (Y, 3
Hx2%, AT gy drgor Fastel ¥ {o JhFgoista glom,
E SBS (A7 A&AY, Simultancous Buy & Sell Tender System)@ URY &
of e}=re] Hiary] FogEa g ARt AAw Hav] F9wH e sz
WAz FEYASt Azt Agoz Add » JQEE BE 59y
HAL AgAHAERZN, FH-o Wt F 59 A EFS ANgx
gt A7HA w1094 F7FAA SBS 79 Atk BEF oz @7Eo vk mEEolA
= SBS 9 HEl BEHE Hiv] deadAd 8749 ]
Hog £9ste] RvEE skl ot

E
ol

o
B
L
m{m

<alAel BHH 54 HERAD>

B OHERAE 20008 795 0074 340l AA AEA R SR AFa
T 2004 0] 5008 FRES gaow AW UEAT wHe 2AE
ERE T
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ME SEAe] A#S 20071 4.8%, 30 26.8%010 0.1, Ed 40t e 44.0%°]1
31, 50t 222%°11em, 600 o) 22%e R YEv FdFe]l fiEEE XA
Ak FhEgRE 291 7ol 38%0l AL, 3”1 7hSo] 148%F A d¢l o, 421 )
Zo] 51.6%°lAtk. T3 5Q1 7FEo] 20.8%, 6% 7FE: ol4o]l 9.0%2 AL R E
of, AE SEAbe 9 et £9E 100vHY o)akl Aol 8%l AL, 2007 o) &gl
7)Aol 43.8%°1.em, Eg 30079 o]kl Rl 31.3%, 400%telskel 74 o
8.4%°1Q 3L, 40009 29 7hH L 7.8%5 Ve THTable. 11).

Table. 11 AEZAL $dAe #¥ d3H(%)

ol 204 o] 4 3041 o)A 404 )% 5041 o] 4 60 o] A
4.8 26.8 44.0 22.2 2.2
224 MR 0000w ST 500 b SAgobooon s 40N0008EH
87 43.8 31.3 8.4 7.8
L. 2%ol8 37015 430l 3} 519 01 3 673 )4
i 3.8 14.8 0l.6 20.8 9.0

AMAEY Y37 FYPHE QH DA gl ZHNA A 178 68%7 HE
stgon] Wolal :irE 160%7), Moy e my|: 108%, EFFL 74%2 2ALH
A}, 80% AMAL W] XALE APor], ¥FRS 9% AFHT Hasdoh

F2 anAEe ¥ ¥48L Assm ow, tunith g2 b =4
N M 1% AESE AR Ueth(Table. 12).

Table. 12 #3227 #48H (%)

golgl w7 ®A4&  Mol¥e iy adEAd uE Z4eA A 37

16.0 7.4 10.8 65.8
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AzskE H-9lel el dold A, diF-Ee 2AEL Hur) F-9 FAA T4
& 7M@)l AZstai(32.0%), 1 whEol FA(20.6%), - (16.9%), 2w (11.7%),
AEI(87%) wo® UEiwth o] Aol nlas] FAREE AAE A&+ dUrk o

At AnAEe] Hu Aoy-ee 54U AL & 5 A (Table. 13).

Table. 13 #3L7] TN AIZH9 (%)

oty A B g¥l AE BY AW AE HE Y

R, o

16.9 206 320 117 8.7 3.3 2.5 29 0.1 1.3

W - ZAEd BE ARAAE WE BU H278 WA 4178 0
MEB08%)8 AoE Uehon WE 5% Ases avAs 80%6 v
WGTHTable. 14), 3 AMABE W 4071QL00.RGE WA Y078 A5
F68.0%)8H Aoz Vel o ool tlali: 548%e] AuAF Fz sl
%7) WEold3 SuatRs, 284%E AAM0lS dAE Aoluhn aem, 13.0%

Table. 14 Y& £+ ¥&59 HA3x (%)

vy Al Y54 A9l e 7 e}
80.8 | 8.0 11.0 0.2
Table. 15 AAZ o] AL A5 Y= (%)
374l WE A Mg FAdsA 7)€}
68.0 21.4 10.0 0.6
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W dEgs2 oARA FEaETH did $H2 594%] AN|AsL Hav)e
Z, WEdH #de 1719 FH(Ed 2 SEAH Sdeg dhr PRI &
Ao, 21.6%] SHFA7E Wef Lol A Eost1, 134%2] §HAE e AZd2 B
gdetot SRR £ $H(36%), 1719 E71(1.6) ToRE §HEATHTable.
16).

Table. 16 ¥ - ¥ BdE FA5k= P (%)

E i]- )]
(% OLHE, jﬂ) 7] 54 moe g7 ¥ L’jﬂﬂl e
59.4 134 36 16 016 o4
WA Huriel W% Har)e uwg njwst u YA 2577} gro] mg- &uvlm 3

B RS 364%, &F Bo] ok AL 426%, WxE AL 06%S Bk EE

Hl A2 94% % WERGtHTable. 17). 98 W&o gk w45l o3}
of m$ wHFHTe A 116%, £a vESoe SHAF 41.6%, RE]

282 432% 2 VERG T, w=E w9 EurEgitln $9sk AH e 0.8%0 AR
@ Zos e Bl W Haz)d giide AR e Yl ALER U

Bl 5 oH(Table. 18).

W Ha7vb wo] Frln $ue AnAE 1.8%0 AvA wskew, e it
o3k A

Table. 17 Y37l s W57 %9 v (%)

BAHIANT oz ey BFHIIE WAV 2T L.
gol ¢ TV TT T g ge] % el ¥§ "
365 42.7 9.6 0.2 16 94
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Table. 18 F9& WZH37|9 W +3 (%)

Mg WS E2E ws uE 7 U 7)e}
11.6 41.6 432 2.2 1.4

WA g 7% T A e HasE oA dfs Aol 24 d A
o] gle=7lol thgt AEANA &R A8 LAl 3.0%0lN AL, AHE A% vt
50.49%, A9 oAleA] @& Au At 406%E Vel 50%0) Aol Aulxbrt WEAr

el & nrlE wol 2 s 2

Q

Jet3 o4& s th(Table. 19). ol ois] ofw
g e FARME stvta gHE et i dfds Ml FEve
S A Anlake] 288%7F oA S o, gelM 24.7%, v A 228%9 A
] 2 7h &

Hiom WAl Mz 64%0 AnArE gRekddrl. Fr o ZH25.0%) Rtk Al

7H67.4%)2 Q) Aoz A& Frhar o) FAbol A e, oAF A ojW =X

aFlvk =g A A s 165%9 AHAT gie HAE 840

T

g Fale shol did A& daidE EFAMNA gxn Hedn $gE AnAs)

67.0%7} &F8 A oM (Table. 20), ¥ L FELS 873§ Lv|= 195%7F, 24lA]
AE o] Foll wEstRvheE &vAe 1.5%0 AvA] &skrh dgifEe LHAE AS
Al e rdes A4 FFE e

!1

Table. 19 TH& 337] T Hu71E SAA wujd Aoz g4 A% (%)

B C I L C I LIC L

g % TE
3.0 504 40.6 5.8 0.2
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Table. 20 4@ 73§ o9 WA i Z=7 (%)

A 117) o] &
% @Az w4 2V wa e
25.0 23.1 155 28.8 6.4 1.2

WA Aa7dx WiE A ar]elR] gelsls= wiwel sjdte] Wadglels AFd #H
Qatta dgd 2 AE 926% R AR AnAs UAS 2 WES gdo] A
g 7| 2 Y3E A2 YEN T (Table. 21).

Table. 21 9%, 45§ W3 XAy 924y (%)

we H8 3 E8 7o dafls Ay dauls 7] e}

454 47.2 6.2 0.6 0.6

AEHOE AUAEE FUoR YAFAX PEGS YFKOE @l AA)
FRY & g, 2NABE WS % WESY BEWe) AN FE IR
WASFoR B wolsE F5AME e g £ E A

A3A  o¥] simulation test ¥ 234

7b, Wy A 84 g

WASY WEsie] 5HolF Addeo] Holw F ZAF(mitochondrial malate
dehydrogenase, citrate synthase)& ©o]-&3}¢] At HR7Me] &4 Ao EHoid &
NNFo g g4 BAE FAsd ddyer AL, FA9 AEE color teste)
A 4T SAHE Jadste W WES7ke #dd o® dH| simulation testE 4
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AT, ® Agel FAARE AMeR AU B9 AW, 54, 34 @ 9%
FAAS BYRAEE, A9o2RE FUSGE, FAF A0 WP Aue @9 A

g, 54, 4, % FH9E A=d Adg AFEAE AAste] Ao FAE A

T8 |2 WA, WE AAskHA Ao o8 MAE F &4 €47 Ellman
testE ©]8¢ color test® AT A3 JAEY} WEs o e HolE B &
AT weka o] F FEh FE FHAEZ A Yssn

2 B,

U, 2AA s Aadrer A A

o] AFolAl wwlel] 2 & e AR UL

D WEs sisAeel o= FEHE 549 A

2) &) BAol g VIES F48 FolEA ¥E A

3) B2k &5 UM 44 84S 29 < Ye Aol

2

A71A AA AP tE g4 FEIE Y Sy A¥gARE BEdg ARG
2F9 4T e A& JHEel g4 2 RF EEEE A8 do] A4
ol MAE A gkt 1#1} citrate synthase® ©]-83%F color testoll A WA-&-3

57k AolHde] REHAAY, U, dE5S wd GE(T0%)0] 27 EolX = A
< el o] zld] gk H kel g% T

s
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o5& EEY Kito] HANE

-T-l

A1E AA FEEdolA B Bdde J8Ag
7h AR WESE o8 AE3AY An, A4 xA)
WE 57 A W59 BdE 9% v simulation test A}l Au#A M
S stazk sATh AeA A AR 203 AN 2 F£EE Agd U gy %
5

ol N8 T & 50%Y HirlE FYste] A3 sk

Mitochondrial malate dehydrogenase € citrate synthased @A E =48 o] &
AN B 90%01d W, dESS A" 5 J}yL w1
gtol Sl o] &8 A %ol wHo] shEe o' AbE HY

Ellman test¥& ©] &%t citrate synthase® color test®] 7%, W4 WES 7h9
o) Thestil, AEQ~3E)stg oy B4 A4S ol 4% Wy o wdd 4
A= FE(T0%)0] HetAg & 4 S

A2 A

e,

Bzl @gA s AAF 1A Aty
ARA 24

7k, dE&Abek B Kit dvte] vl
AaAd AR A 2038 20849 AEAN A
g &) i 0% 28 By 3 A v 5
3

T AE S4F 5 ARE WE AU F F 0

AW 2 fxedo] 9x8 wely o
£33 AEAUe] AT Q= g
WA BAFol it dv) A o

rir
&2
rir
o
=
il
A
2
=
ft
of
4t
L
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off
o
o
o
R
i

Bl Al FAvlsle AEE faTE AAste] WS -18THA 34]

2 HEA 5, 67 WEAIZ 98, 9 FEAIRD 9%, 12A2 WEAD 98 24
A YEAZ 58 247 Adaignl, A@ds BASs 3407 4EA7 S48 A9 s
I 5% A ESFIZ gl AlgAE R E A8 £ 9lo), ALs)A mitochedrial malat

e dehydrogenase &4 ZAHE 99 t &2 o] &3}
MEA A A 203 Azte] AL R A o e vigld @ ogg gol mpA

AL Al A S e vl g AR Sl A wlalan gl 4w

[=s
ol

¥R

=

& 4o 2 malate dehydrogenase 49 Z46) Ae ALl A s 9l &)

sl 3 e AR il g At Salade) A whalEts A3 malate dehyd
rogenase activity 7} HH &) 7haslg om, kS 58 Fo] A= wkgo] A &H o @ o]ito] 4
3ol WA e dleh oot a2 ud gkel uigol A Aejslal 9
1ol thsk malate dehydrogenase #4418 %48 A$-oi= 0/ A& Fo) 3329 AE
7} malate dehydrogenase Aol #2438 7h4sks A& @Has S 9gjom, Y 44

PAAFer £ e o weloh o Ayl Fig17-1, 17-2, 18-1, 18-2, 19194
A4 sk A 7148k
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Unit

” L @102 mI @4 my 06 @7 B8 B9 010) - AJ

Fig 17-1. Changes of mitochondrial malate dchydrogenase aclivity in
fresh chilled beef from conventional market.

«numbers are represented various sample

3
iE’ 12 W10 m14 @05 Q16 |1y @180 @19 020 .Elﬂ

IFig 17-2. Changes of mitochondrial malate dchydrogenase activity in
fresh chilled beef to buy the local markets.

snumbers are represented various sample
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05 1

__ time (min)

[E21 022 m29 @24 W25 026 W2/ W20 @29 (190 |

J— e d

Fig 18-1. Changes of mitochondrial malatec dehydrogenase activity in
fresh chilled beef to buy department stores.

snumbers are represented various sample

0.5

1 2

!ime:'(min)

/@31 032 W33 W34 W3b B35 M7 0038 @30 €140

! S

Fig 18-2. Changes of mitochondrial malate dehydrogenase activity in
fresh chilled beef to buy department stores.

*numbers are represented various sample
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Unit

time {(min}

| (41 042 @43 Ba4 W45 46 BA7 BB46 @49 [150 |

Iig 19. Changes of mitochondrial malate dehydrogenase activity in
fresh chilled beef to buy restaurants

snumbers are represented various sample

5 AN 509 RIS BF WS B2 wvlay, WERS Yiges
gl s grda gusadey, X APAE £ 500 AR FeM 9 AE &
6%7F W% Sl M Ve whgol Aoy, AR xAlske Abolsh Ads RelEm U
ohooleld A% Wl FYHOR sl Aol A WARN BEGO| UE Bae B4

71aL, AHE vE wY 4 Ads dor A
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