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Abstract

The object of this study is to develop the method for differentiating fresh meat from frozen meat by using
the measurement of the mitochondrial malate dehydrogenase in the Korean native cattle. The principle of this
experiment is based on the fact that the enzyme proteins associated with mitochondria membrane could be
released by freezing. The methods of differentiating fresh meat from thawed, frozen meat were studied by
measurements of mitochondrial malate dehydrogenase activity of meat press juice. Fresh and frozen beef were
stored at 4, -4, -18 and -77°C for 15-day storage period. A meat press machine using air pressure was
manufactured especially for these experiments, and sufficient amount of drip (about 0.15 mlL/g) from 15 g
of beef sample was efficiently obtained under a pressure of 8 kg/cm2 generated by the meat pressing machine.
The mitochondrial malate dehydrogenase activities of frozen meat drip juices stored at -18 and -77°C were
significantly higher than those of fresh and frozen meat samples at ~4°C (p <0.05) during 10-min reaction
period. However, the enzyme activities of the frozen meat drip juices (-18 and -77°C) disappeared after 5
minutes of the reaction, which was not observed from the fresh and —4°C frozen meats. The enzyme activity
maintained until 12 minutes for the fresh and -4°C frozen meats. From these results, the mitochondrial malate
dehydrogenase could be considered as an indicator to differentiate fresh beef from frozen one.

Key words: fresh beef, chilled beef, frozen beef, meat press juice, mitochondrial malate dehydrogenase activity
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FEHE A2 o83t ol f+&=& aconitase(AC),

fumarase(FU), glutamate dehydrogenase(GDH), glutamic

o]

pyruvic transaminase(GPT), isozymedl glutamic oxalo-
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Fig. 1. Meat press machine manufactured for the prepara-
tion of meat press juice.
Meat press juice was squeezed under 8 kg/cm3 with air pressure.
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Mitochondrial malate dehydrogenase2| &4 &%
Mitochondrial malate dehydrogenase(EC 1.1.1.37)2} A
A W citric cycleitelsle] aF4-2 Jox 7o}

L—Malate+ NAD" «—— oxaloacetate + NADH + H'
MDH

Isozyme<! mitochodrial malate dehydrogenase(NAD™"
oxidoreductase, E.C.1.1.1.37)2] 29§ 2 5950l 4]
Aol o3l fFEHE F5 AR V7 AR 2 &4
o] BolA, el -9 & o] XelA & £E3}r] 93t
F4#8AL A9z 2 A S Englard and Siegel
o B (32)% A A o) &8l

%, 0.1 M potassium phosphate buffer(0.] M K;HPO.&
WHE F, 01 M KHPOE pHE 2A4)E pH 742 B4
% 25 ml 0.12 M glycine-NaOH(pH 10)¢} 0.3 mL, 0.85 M
L-malic acid(1 N NaOH= pH 742 ¥3), 02 mL, 375
mM NAD'(pH 65)% vlg] Fu]9 A8 He)] @2 & 28°C
2 F ol A 108-7F A2} A7) F 1 em light path cuvetted]]
A, 7= Az %%%‘ < o]&-8) A 10u] = 34 & 50 ul.

)
10¥-7  UV-spectrophotometer(ANALAB, UVS-30NP,
Korea)E o]-438le] Fx Wds st w, 493 13

o] A% webt FAES S Keigeh
o) &84 (Unit/mL) & ch3h 7o) A4kstel ¥ A
4 4oz vehygs,

v

Unit/mL= exdxy

X AE/min X dilution factor

V=volume (3.05 mL)

e=extinction coefficient for NADH at 340 nm (6.3)

d=light path of the cuvette (here 1 cm)

v=volume of the meat juice (0.05 mL)

AE=Decrease in extinction per minute

Dilution factor=10

Al E A
E Alge 33wt o 2 319 Ald ol A] o)X= ZF

£-2 SAS(Statistic analytical system institute, Cary, NC,

1988)9] GLM(General Linear Model) program- 2.2 ¥4+ ¥
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Table 1. Meat juice amounts released from fresh beef
sample (shank) by press

Sample weight (g) Meat press juice amount (mL/g)

5.0+0.17"%% 0.029+0.01%
3.0+0.17 0.075+0.11
2.0£0.19 0.115+0.04
15+0.1 0.145£0.02
1.0£0.19 0.098+0.05

})MeaniSD (n=3).
“Not significant.

| o]-&-3-&
0.029 mL2} 0.075 mLelglem, 2 g,
15g % 1.0 g9 A= 22 0.115 mL, 0.145 mL % 0.098
mLo] gt} 2 golsts &5 AF el o] 43t zlo] AR
A A eko] wokow Table 1o bl AAH 15 g9 $&
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Mitochondrial malate dehydrogenase &4 &4

=70 os)4 fE%+E mitochondria®] £4-5-2 Lusena
(33)el] 93 =ZF %i 338 2+9] mitochondriaZ -8 F&
= ol &4 g4 thsled kg ulh gl

=734 =% malate dehydrogenase@4d-& -FX38}o],
mitochondria Y] ¢] E4:9] Z&F92 e Eej¥e AL
op7|&ebar dHaivH(34).

Mitochondria 2Hell €A F= 7 @A o a7|8c}
W AAHA HY el gl wEba] o] &ake. mltochondrla-J
ANAR &2kel) 238k Zlo)71 B} o g vy FE0) AL
Aol o)) A7 = =g AFgol] 23 A o) vh(23,35). 714
E-& mitochondria & & & fA 8t g 2.8k, §Eo
o8 Aol AAHEW Eo] AAFxs} ofs) A 3, 2t
ALA ) wxe} wAge] 3l cia e A M‘?H23,36).

f&2| mitochondrial mal-

z} Reojy 2 A2 % of ulE mitochondrial malate de-
hydrogenase 42 =4 3}e] Table 2¢) vFebi i},
WS W98 7Fe] mitochondral malate dehy-
drogenase®] % FNE+= /\]-ﬂ}—% 748 BA$8-L 2363
Unit/mL9] &A% vehllgl 1, -4°CE 2091 Unit/mL, -18
°CE 26.43 Unit/mL L8] 3. -7 7°C% 25.90 Unit/mL*] 24
< vetiigch T4 FolelA AR Lo fpE 540
g2 WA-SH1r) -4CE A Y5 A 25(-18
“TPC) A BE freA o R T2 Ehol #4-2 Jehygl
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Table 2. Influence of freezing conditions on the activity of the mitochondrial malate dehydrogenase in the meat press juice
from various parts of the Korean native cattle

Temperature (°C)

4 -4 -18 -77

Shank 23.34+0.41"°*% 20.91£0.41°4 26.43+0.14" 25.90£0.21°*
Flank 17.09=0.07°F 20.67+0.34>* 26.43+0.69°* 26.190.48%
Round 18.06+0.62°° 17.24+0.27% 28.03+£0.89°* 27.11+575
Loin 15.15+0.21 14.04+0.41% 20.72+0.55" 23.48+0.21**

Unit==unit of enzyme activity.

"Mean*SD (n=3).

PValues with different small letter superscript in the same column are significantly different (p<0.05).
Values with different capital letter superscript in the same row are significantly different (p<0.05).
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N Values with different small letter superscripts in the same
Yz 2R 347 44E s lons odubd o 2 W) storage period are significantly different (p<0.05).
£-9-9] 72| £ mitochondria Yol &8} &0 A Unit=unit of enzyme activity (U/mL).
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AL B 5 glodrh " & D8 BTG
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Fig. 3. The mitochondrial malate dehydrogenase activity in
HA2e H=29! HEV|ZIH &M viT the meat press juice from shank depending on storage tem-
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Unit

Time (min)
Fig. 4. The mitochondrial malate dehydrogenase activity in
the meat press juice from flank depending on storage tem-—
perature.
‘I)MeaniSD (n=3).
“Values with different small letter superscripts in the same

storage period are significantly different (p<0.05).

Unit=unit of enzyme activity (U/mL).
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O-18Cc ®@&-77¢C
25

Unit

Time (min)
Fig. 5. The mitochondrial malate dehydrogenase activity in
the meat press juice from loin depending on storage tem-
perature.
' Mean®SD (n=3).
“Values with different small letter superscripts in the same

storage period are significantly different (p<0.05).

Unit=unit of enzyme activity (U/mL).
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Fig. 6. Changes of the mitochondrial malate dehydrogenase

%ctivity of meat press juice from round during storage period.
Mean=SD (n=3).
Values with different small letter superscripts in the same
storage period are significantly different (p<0.05).

Unit=unit of enzvme activity (U/mL).
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Fig. 7. Changes of the mitochondrial malate dehydrogenase
activity of meat press juice from shank during storage
period.

"Mean +SD (n=3).

Values with different small letter superscripts in the same
storage period are significantly different (p<0.05).
Unit=unit of enzyme activity (U/mL).
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Fig. 8. Changes of the mitochondrial malate dehydrogenase

activity of meat press juice from flank during storage period.

f’Mean +SD (n=3).

“alues with different small letter superscripts in the same
storage period are significantly different (p<0.05).

Unit=unit of enzyme activity (U/mL).
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Fig. 9. Changes of the mitochondrial malate dehydrogenase

activity of meat press juice from loin during storage period.

PMean£SD (n=3).

Malues with different small letter superscripts in the same
storage period are significantly different (p<0.03).

Unit=unit of enzyme activity (U/mL).
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