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Changes in Early Postmortem Contents of ATP and Other
Nucleotides in Normal and Poor Quality-simulated Pork
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Abstract

Early postmortem ATP level is known as a good predictor of pork quality. Pork carcasses were divided into
two; one was electrically stimulated (ES) to simulate poor quality pork and the other was left untreated and
served as a control normal pork. Fractions of longissimus were excised from carcasses regularly for 2 hours
after death and deep—frozen (-80°C) until analyses. The ATP level of normal untreated control pork decreased
from 5.00 to 2.04 pmole/g within 2 hours postmortem. The decrement of ATP was approximately 60% of its
initial content. In the meantime, ES poor quality pork had a more drastic rate of ATP decrease. Electrical
stimulation itself decreased ATP level from 4.70 to 3.50 pymole/g, by approximately 25%. ATP level of ES pork
dropped to 1.71 umole/g within 1 hour postmortem and was further plunged to 0.26 yumole/g and almost exhausted
during the next hour. The level of IMP increased from 0.49 to 3.17 umole/g and it became the dominant nucleotide
within 2 hours postmortem. Electrical stimulation prompted the increase of IMP from 0.69 to 3.19 ymole/g and
its level went up to 6.64 pmole/g within 2 hours postmortem. The level of ADP also decreased from 1.45 to
0.67 umole/g for 2 hours after death and ES also accelerated ADP breakdown. The AMP levels were lower
than those of other nucleotides and increased from 0.16 to 0.31 nymole/g within 2 hours postmortem. The increase
of AMP was accelerated between 60 and 90 minutes after electrical stimulation. Early postmortem electrical
stimulation prompted a drastic rate of changes in contents of 4 nucleotides during 2 hours postmortem. In the
meantime, the ATP levels for ES poor quality pork were much lower than those of normal pork.
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ATPE H]£3% ADP, AMP, IMP 5 470¢] 722 2 Elo)
=9} £ KHoPOs= SigmarH(St. Louis, MO, USA) 2 F-E

3} 3L methanol2 J.T. Baker(Phillipsburg, NJ, USA)
Ake]l HPLC 82 793t AH&3tdeh 470 ] 34 LEto]
=2 Z7 0, 25, 50, 100, 150, 200, 250 M HFE& AL
A Z3}a filtering?dF & HPLCO| Y93t X wWE peak
o] WAS SAHAT FA Y FBHAE ALFSIA
T AN FEHElEE 47 HF T2} 100 pM7} =
=2 o] filteringd &wjo] Ho EF 98 UED
HPLCY| F943td 7} wEa el =8 E83tHh

i_,

5% F TA Y] ¥ 712500 volt, 334
103], AFF 1563)3te] Hol 95522 HAAIAL YA
HhE Ot E Fo] AAKOoE ko 7t RAZRH O,
15, 30, 60, 90, 120%l <F 20~30 g9 T4
dorsDE WUl ZA (eF 1g) Bof AA AL
A7) AL zipper bag(l()0>< 120 mm)ell Fo} 4 ¥§-5(-80 °C)

Aol ALgetAth 485
HHEsle], v o2 7} o2 FHEAIL BE FX = 39
ro g HaEtgch

ol A9l ATP %2 Passonnau®} Lowry W (7)&
H 495 245 AP (mortar)
22} (pestle) 2 2 B ste] n
o} ¢F 0.3 g9 EEsE SHE 2453
2 0.5 M perchloric acid(PCA) 5 mLZ
A5 24°0) HollA ATPE FE3}

Atk FEHL 9200x goll A 583 AA4E 2T & 1 mLe]
A5Ne A APl 713 21 M KHCO:¢k 41(v/v) Hl&
2 40 g}s};au} oF 10% o] 4°CAlA FAske] A&

A 920004 583 Ay e F 4

ol

AR

o

W3l o ATPY el A AT
Passonnau®} Lowry 9] WHH(7)SAE31e] =339 &
Z20kg &l 2 A}-8-% Triethanolamine(TEA) buffer= t
£33 o] A x3AT. Triethanolamine(T1377, Sigma)
6.25 mLe} EDTA 0.94 g, Magnesium chloride 0.94 g, ADP
0.22 g, NADP 0.094 g, BSA 0.13 g 2832 1.22 mL]
P!-P°di(adenosine-5 )pentaphosphate(Ap5A, 1 mg/mL)S
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Fig. 1. HPLC separation chromatogram
of 4 nucleotide mixtures in a model sys-—
tem obtained by Novapak Cis. IMP was
the first eluted compound followed by ATP,
ADP, and AMP. Chromatographic condition:
isocratic, flow rate 1 mL/min, mobile phase

98.5% 0.2 M KH2PO4 and 1.5% methanol,

i FHRTE FA7Vet HF &%l 100 mL7F HA 33
t}. o]} Zo] A ZH TEA buffer 1800 pLell 35 uL glu—
cose-6-phosphate dehydrogenase(G6PDH, Sigma 8289,
0.06 U/mL)$} 100 pL glucose(l mM)E Y & 41L& &
o5 F29 200 uyLE Yol 583 dHEAIZ & HksAs
200 uL A microplate®] 7122 (NADPHI1) ©]o]A] 33.8 uL
hexokinase(Sigma H5500, 0.28 U/mL, NADPH2)<} 40 L
creatine kinase(Sigma 3755, 0.9 U/mL, NADPH3)E 5%
AL Z WhEAo] AR Yl 5 WHEAIAA A 200
uLA microplate] &7 ¥ 32 NADPH %< plate reader
2 340 nmol A SAsA Tk ATPY] §a-& NADPH29| %
o4 NADPH19] & W gto= H=Fstach

HPLC =&

HeollA FH3 28 FE AL Millipore QZD 202300 fil-
ter(0.45 um, Millipore, Bedford, MA, USA)Z o] 3}3F & 20
uLE HPLCe] FH43tdch o] A3elA AH&¥" HPLCE
Waters 510 pump®} multiwavelength detector(Waters 490E)
7} ZA2E Waters 715 Ultra Wisp system(Waters Corp.
Milford, MA, USA)°|131 & A]&+ National Sci. A}¢]
SepCap vial(1 mL)9l] =} ¢ AEsFYL 7S 535t HPLC Z
"oz FAFHAY. A0 288" AH-L2 Novapak Cis
(250x4.6 mm, 10 p I JAA )R o] 5 &<
0.2 M KHoPO; &4 3} vl eh-&-& 935:1.5(v/v)e] Hl& = 4
L Egdoldon 4 1 mL/mine 2 1AL ZE
AL Lol FEAT. o]FF &= WA 02 M
KH:PO; §9& vHE3 10 M NaOHE #7138l pHE 72
Z7A3% 3 Millipore HVLP 4700 membrane(0.45 ym) & J
g & HPLCHE ™ler-&3 4olA Azt 429 w&

F LEo] = peake 254 nmol A AE3FAT

SAAZ]
Z} A8 Awe] =XEL SAS program(version 8.2.1)9]
Analysis of VarianceZ EX3t93 FX319] FAL

Student Newman-Keuls testZ 743} t}.

injection volume: 20 plL.

Zont 3 oE
S| LQEI0|E E&HE model system2| £2|
4708 FE¥ L Ele|=(ATP, ADP, AMP, IMP 22} 100
uM)E 4 39 model system= HPLCO| U39S
ul 74 AA BEEE at AFA17F 3338 9] IMPo| g2

AMP7} =AU & -Etﬁlﬂ‘ii‘:]'(Fig. D. Ml A9 w48
o= IHA K uie} Zo] AR JAA &EHo| sl
AXNAY TEH A Fokon olgjst el e wE A
Y An AFANE v B £ RE FEUEEE
5ot At HZEE 7 ABBAE AY 19 e =

42 Z(Table 1) 71%6}%1@. b o] Aol A ek
HPLC Novapak 5
et
cleotideZ 'ﬂﬂ 3}%3] A= A7 B3 68 ool
Qo ATPO £ §2& 587 oo o] Fo]x]7] w0
AA EGoA 7152 ALE Foll HA HEE ATPS IMPES

A&HHA 3FT 5 AU

F

HPLCO 93] =38 & F2q0 78 ) wEdL
Elol= 339 B+ Fig. 19 model system ii}-‘,‘ 23

% 7ol SUT AL 23 2 el AFAGE Ao
FYsHGOr(Fig. 2) ol 25 W FEdertol= F53
ol HEAOE AYHALL J%—} Aztelsict. 7

Y LEel =59 £ A= el system¥} "7 IAE

Table 1. Correlations (R*> ) between concentrations and the
corresponding HPLC peak areas of various nucleotides"

Nucleotides R’
IMP 0.9981
ATP 0.9997
ADP 1.00
AMP 0.9997

D0, 50, 100, 150, 200, 250 M of each nucleotide were prepared
and the corresponding HPLC peak areas were monitored.
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Fig. 2. HPLC separation chromatogram
of 4 nucleotides of pork muscle extract.
Separation was conducted by Novapak Cisg.
IMP was the first eluted compound followed
by ATP, ADP, and AMP. Chromatographic
condition: isocratic, flow rate: 1 mL/min,
mobile phase: 985% 0.2 M KHyPO, and

IMP, ATP, ADP, AMP £©
-d—aLO_(Table 2) 24/\1- _Ero 751
A 2.04 ymole/g &2 L3
"ol o)t ghe B

A9l E59] AR ATP 7Ha d'l o]l

ARI)A=

19tk HPLC 49 <)% ATP
AFS 2A17E ool 50001
1 Faste] 7] gheFo] 40% = 2
Ay A ATP7} 4}5\_3}04
2A1 27+ A]

HAFSE AAA o)L 7}
=
ATP gz Zé*c}%iv} &2

si=0
A HA o] =59 ATPE 4700014 35022 1.2 pymole/g,

A 7RSS 2

E 1.5% methanol, injection volume 20 pL.

u
P>
N

3}
RLEN =g = 1 .
oF B%ZE ASHAIFAIL M7= & ATPY| 332 305 a4 AFE ATP ?:;}Eh: HPLC 4=X]¢} v]sz23t 4o
o 2.26 pmole/g 22 Z° 745 2](4.31 ymole/g) A Rkol 43R = (Table 2) E4He] ATP o] HPLC &
EHstom AR IAIZE vhel] 1 3FFe 171 pmole/g o2 Hl:]- A7NAZ BG40 AL 9} IE G0 0]T FASA] =
(7] 9] ¢F 34% =) BAR I 1A3T o] F 2412171 FE Byt ol &4 ¥HE AAHA 2§ e gE
O fa SEe A4S vudA] e FEE F481H ] EAEZAE myokinase®} creatine kinase & EA4E9|
#Fosted ATP SAAE =9 A7) E F4HH b
Table 2. Changes in ATP concentrations in pork muscle ex- 02 F2Y Qe =250 A EXo] 7153l 283%
tracts measured by HPLC and enzymatic method Ehe. =% o] 23] BB AZsha =4l
Postmortem HPLC Enzymatic AukE A4 7170 _] Hstel 243kE Al&sta 5429
period (min) NS ES” NS ES HPLCY A7} SRt EY § #8313 A4dol =
0 5.00+0.31" 5.12+0.36 S Ao AZH)
15 470+0.24™ 350+0.20° 4.6340.33" 3.79+0.23"
30 431£0.21° 2.2610.162 3.85+£0.27° 3.25+£0.19" HPLCZ =Xt IMP, ADP, AVP &t2F Ei5}
60 2684015 1.71+0.11" 3.72+0.35° 3.34+0.24" ol = = gaco Q= olalslol.o
90 2.26+0.18 0.49+0.03' 3.65+£029° 2.35+0.11" HPLCA eig o2 @dse %%E dste
120 2.04+0.10% 0.26+0.03° 2.41+0.25% 1.09+0.05° (Table 3) B4 %%91 -5 IMP= AR 24171 vhell 0.499

})NSZ Non-stimulated.
YES: Electrically stimulated.

Pmole/g of meat, means =+ standard deviations. All the values
are means of 3 replicates. “ “Means in the same column bear-
ing different superscripts are significantly different (p<0.05).

L
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CFERY duos SAAU. WIAST v U5 S
0.

A7|A= AAToezZE IMPY <fo

]
umole/g .2 F718R L 1 & 2A17F B2t 31994 6.64

Table 3. Changes in concentrations of IMP, ADP, and AMP in pork muscle extracts measured by HPLC

Postmortem IMP ADP AMP

period (min) NsP ES? NS ES NS ES
0 0.49+0.01% 1.45+0.26 0.16+0.02"
15 0.69+0.02 3.19+0.20° 1.04+0.21° 0.76£0.04" 0.17+0.03" 0.26+0.01"
30 1.14+0.19° 3.3240.23° 0.89+0.10 0.68+0.05 0.22+0.03™ 0.24+0.01°
60 1.17+0.24° 460+0.39° 0.66+0.04 0.59+0.01° 0.23+0.02" 0.25+0.02
90 1.93+0.21° 5.49+0.45" 0.64+0.05" 0.45+0.02" 0.30+0.05 1.04+0.09*

120 3.17+0.25" 6.64+051° 0.67+0.07 0.22+0.02° 0.31+0.02° 0.73+0.08"

UNS: Non-stimulated.

RIOCH Electrically stimulated.
Yumole/g of meat, means + standard deviations. All the values are means of 3 replicates. “ “Means in the same column bearing
different superscripts are significantly different (p<0.05).
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umole/g O 2 FA 3] F7tste] A 7Hg FEAQI 4kl
Hgom ol FAES HlE 28] 04317 vs 6.64)9
o2& FAo|Utt. o] M7IAFOE ATPY ADP7} &3
Zo] AMPE AA IMPE 3% A3 g A9 ADP2
2 dAZ 15 pmole/g ©l3tR 2™ 1 F= FA] ALF 24
F B AL BASAT AT o] ik A £ F
0% 7H53ksle] AR 2417 B9 076914 0.22 pmole/g 2.
2 ZFAaAFAT AMPO] &2 4] At F UM ke
AAESS) A9 2719 016 umole/g oM AR 2417
2ol 0.31 pmole/g o 2 Z7135t9 ). )= ATPS} ADPS]
A2 A= Aoln A7 A= AMPY] S7H5S A
SUAIA 908 o]F 11 FFL 1.04 umole/go.E F7131A
o} ALE 2A17F gl AMPY] e 938 A e
ol AMP9] &3l wjio] dojute= Aol AMPE 3
o] IMP9} NHs & AAste Aoz d#x AT@A).

o] A¥ A YER BFe} Zo] HPLC 9/ 4R
A} =281 ARS8 o) 4559 ATP 2 #d F&
Y Etol= o] WstE Al&sta FEetA SAAL
2ol €552 AAEFRT ALE 27] ATP §Hae] €4 v
UTh AL 7] ATPY] 3ol =59 §42& 458 +
9= A E(4-6)L 7oKt W o] &TLo] A T%Q_,_ ALe3
HPLCel &gk AR 1~ 2/\]7} oJuje] ATP T4 &&u} &
N2 5 589 £24& dS&sle= v &8E 4+ U
Aoz 7ldddh
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