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The Technology to Evaluate the Circulation Time

of 'Shingshinghoe' using Bioluminescence.

Seung—mi Kim

Department of Food Science and Technology, Graduate
School, Pukyong National University

Abstract

Bioluminescence techniques based on the detection of light generated

enzyme mediated reaction represent some of the fastest assays
currently available for the detection of microbial contaminants.
bioluminescence have been developed for the enumeration of ATP on
raw fish.
"A study into the technical development of an establishment's food
safety system in order to promote the demand for fish using materials
for sliced raw fish" was conducted by the Ministry of Maritime Affairs
and Fisheries on 7 types of fish that are popular throughout Korea,
including the olive flounder, black rockfish, red seabream, yellowtail,
and seabass. The study determined that their freshness and chewy
texture expired in 10 hours. Accordingly, they proposed guidelines for
the gutting, processing, packaging, and transporting of fish.

The raw fish industry's mission was to promote the demand for fish
by using materials for sliced raw fish, and also to contribute to the
livelihoods of fishermen and people's health in the process. In

particular, we were able to prevent Vibrio septicemia and food



poisoning, and provided our customers with reliable and safe fish at a
cheap price.

Thus, the objectives of this study are is to gain the trust of
consumers, promote demand for raw fish, and contribute to the
revitalization of maritime industries by developing an easy,
on—the—spot method for evaluating the expiration status of fish.

To develop an index for evaluating the freshness of fish, we studied
the changes in ATP related materials throughout the progression of
time using a lumitester and HPLC, and we also used a Rheometer and
portable hardness tester to measure the changes in meat texture. In
order to make this index useful in the field, we established a method
for using lumitesters for measuring ATP levels, and a portable
hardness tester for measuring the level of destruction. We also
selected an optimal solvent for measuring ATP levels with a lumitester,
and we established a quick and accurate way to sample products in the
field. Using our selected solvent and sampling methods, we produced
shinshinghoe for each type of fish and studied how their ATP levels
changed as time progressed.

As a result, ATP was extracted on the 0.5M phosphate buffer(pH
6.8) and assayed using bioluminescence of the luciferase enzyme.

In order to measure changes in the texture of the fish according to
their type, size, storage temperature, and storage time a rheometer and

portable hardness tester were used.
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Ao gt AxE B A Hol, E31% Aol fAE= &AL
HE 10A12F 71502 Frol A443] Akglel EAdS AlAlsta vk whebA 4
d3]e] Aol fFAIE = AL YAz el AvjRbEo] H
FAAE G o] FolRT Fast, A3 EukE Fee s A4
3] APAEE B sk A EEdo] A Eo ok st
ATP (adenosine triphosphate) = R AE FTF3t= oA goz o)&
1y

He et Aolgls AEols REEAl EAskal, AlE7F AbdshH 4143

rr
Jo

RANSS wob 2UFIADE, ATPE A £4 o¥E & F 9t
AE7h fek ATPY #32 S4ett e ks, ol %9 ATP #d%4

°of e FAskr A e WRlel AA AT (Kennish and Kramer,
1987). F4E WS ofSdel &A= nucleoside$t  @7IEFH
nucleotideE #287] 98 barium$@ S #Fsto] FEsg o, 7 H9
FZHH 2 perchloric acid(PCA)E o]-&3}= ®Ho|u trichloroacetic acid
(TCA) S} acetonitrile 7]<=©o] o]€% 1 ¢t} Chunyan et al.,(1995)+=
paper chromatography(PC)& ©]&3ste] IMPE &<2lsllal, Saito et al.
(1959)¢] ©%5#<¢l WA lon exchange chromatographyS ©]&33 vt
# o= High performance liquid chromatography (HPLC) WH o & oA 5
T gler, Gill(1992)2 C18 2= o|Fske] 16 o|uiel @udo] A
AE o]& FEEo|A IMP, inosine, hypoxanthine2 A3ttt 7]k
capillary electrophoresis (Nguyen et al.,, 1990), phophorus—nuclear
magnetic resonance (Chiba et al., 1991) %o] o]gxo] ATP dHAEZL

A5 o5 AARS FAsta A sFSItk 18] Tapani(1997)+ North

R

American firefly®] 93 Photinus pyralis W2AE luciferasedl= 42
o] g3to] oS Ule] ATP &FS S5t WHol AAHN oY, A4S

1% ATP &% 5742 ATPZF AAF 5 5438] gashy] wiel AdshA X%

ATH ey AAE & DA ARbeig ATP 9RFe FA Ao
2 =



_C')_
W FAL weshs WHOR ol§ s ANAT
"

A 5233 (Bioluminescence) < HFH E9| (firefly), dldz] T2 23T EO]

1.1
f

O
o
e}
1:01'
1.1
olo
2
1o
o
o
2,
i)

[
z
1o
oY
e
itlo
ru
o~

S U= Folu=, oSS Jyste] 4§ Ao S0+ ATP v s
g o luciferase Hbgol o3 YEheE WS SAst] oS ATP

AELFS o] g3l B9 7|E dal= AlEAE(cell viability) 4]l
4 249 ATPE SHsl= Aoy, AELdHox Ho] okl n|AF

Wiel EAsts ATP el HlEH sk, dok3le mAd=2 AT U9

ATPx A7st AlxoA = AgstA 4= A8 A2 =53 sAld 323
a7t dojunz AEwge] #HdE luciferasedhs B4 E o] 43te] ATPE
=438 4 9t} Luciferasex= ATPS} Eo]jZe¢l 7]z¢l D-luciferin®}
REgstol  oxyluciferin®®  ASAIZL FH "WE wWEATL gE A
D-luciferin®] ATP®} Ast] D-luciferin—ATPS] HFES F93H9
F7104F HsPOy 7 wAHE AA ST o] wl D-luciferin $#d&o] =il
ChA] Abagb wbgsto] EQbd st olufA] Abefel QA "k whEbd E9bE e
AHej o] AbslAbE o] & H8EH o] oxyluciferin® AMPE A shd A Hl(light) &
Ak (Fig. 1. old], Ao W ik 3t FAteA] ATP A7 v ojeict
WAL Firefly luciferaseol = 400~600 nmE "¢ Y& AHEH] W&

g whEo] W, BE 540 nmelA FAS ol FA A old g



lucipherin

=—== | ucipherase

| [ + AMP + PP + H,O0 +
Ho s/l*’\slo \

light
ATP = adenosintryphosphate - PP = phosphorus inorganic - AMP = adencsinmonophosphate

Fig. 1. Structure of bioluminescence reaction catalyzed by luciferase.



Sold| g7} Wil Photinus Pyralis® firefly luciferase, v}t}e] #H2+5
A=<l renillar reniformis®] renilla luciferase, ¥ISE W5 Gausia
princeps® renilla luciferase, Aequorea victoriagls= &g SAE
ATEHI Slew, BEe fireflyolld ol «A=Eglom, ofzf (1),(I)9
49E E3) =4 Ho]WY(Contag et al, 1997; Bhaumik, S. and Gambhir,
S. S., 2002; Bhaumik et al, 2004; Hoffman, R. M., 2004; Tannous et
al., 2005).

Luciferase
ATP + D-Luciferin {<————————— > Adenyl—luciferin + PPi (I)

Adenyl—-luciferin + PPi —> Oxyluciferin + AMP + CO2 + Light ()
ey =] (hv)

AEWFL D-luciferin, ATP, luciferase B At4 9] 4] sl A Loy,
ATP7} REEA] HQ 3 whg-0]7] wliZe| Kinases &A= B7kst=dl, ©] ¥
& olg37IE Ftrh o] mbelm 27 ol FeA Mg®', Mn”', CO*' %o
ool st Ax 4 A vt Luciferin® luciferase’} #Foz =g
B AdEE By 2 ATPY el AR 4o g Bttt Fig. 2+ ATPY

Fof wE Ho &8 #AE vehd A o®H ATP standards ©] &3t

9
10] <fo] tFHo= vFshi= #AAE B F o 13

D
rlo

ol
bl
o
k)
©

ATP7} AEstd A= AEUelel ¥ Lxska glor, A=7|F2o= ATP
geFol Mol AlEW 2~10 nmol/mg dwt FFOE EAste] Aletnirt 2pol=
Aoy 1 ol wwlEith gEEE ATP &% FE3 A4S F3h9
Alea A== A ™S 9% luciferin—luciferase R o]
AREEO] B, AR EE, T 248 E2A Y Al @S SAsket
Sg50o] ¢th. 18] Robert and Osmund(1967)%  dFAlHS] ATP
g 0.5~6.5x107° pg/cello]gbal Bk 217} o], Alfule] ATP T

vjgFo 2 o]E dtgFo] Fu|w-u el (lumitester) S o] g3lo] HHA 0 FE o &

1



RLU (X 10°%)

0 1 W ) 1 1 1 1 1 e, '\ |
0 10 20 30 40 50 60 70 80 90 100

ATP contents (umol/g)

Fig. 2. Standard curve of the ATP. concentration to determine with

luciferin—luciferase method.
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EER

B AFgH o]FS Y X (Olive flounder, Paralichthys olivaceus), %
¥ 22+ (Black rockfish, Sebastes schlegell), %° (Common grey mullet,
Mugil cephalus) %5 (Red seabream, Pagrus major), 59 (Sea bass,
Lateolabrax japonicus) W &%lo](Red drum, Sciaenops ocellatus) 5 2]
A 65 FaEolA ofFw 2FAAE B (Yellowtail, Seriola quinqueradiata)
18R & 7F4 oFS FAMA Wigs &A1 ARl Agdojoa &o] 4
B2 ot AgAz atele] YRolE ARESEon, ytE Foj= 30
H = S2A7]3 pizky 289 Wa, 29 8
WE A T IIARE olgsto] AR Aot WEety AY AEE
ARgSRth AY FHl= A E 2GS ofFHE 7] WE data baseE &
Hale 2o |A 600g, 800g, 1kg, 1.2kg, &°] 800g, 1kg 1.2kg %
o] 600g, 800g, 1kg, =° 400g, 600g, 800g, 1kg, %% 800g, 1kg,
1.2kg, 29 &2 400g, 600g, 800g, 1kg, 2B 7o) 1.6kg, 2.5kgs
7o g2, AojFe A7 A2l £ 30~50¢g oJHE FYsith

N

1A AR =AM

2.1.1. ATP &8 AA
g e &

TCA (Trichloroacetic acid), %%, Phosphate buffer, Glycine buffer,

Ast= ATPE F£387] sl PCA (Perchloric acid),

Tris—HCL buffer, Tris—Malate buffer, Tricine, Citrate buffer % Borate
buffer 5 % 10%9 WHAEZ A3 0.1 M, 0.3M, 0.5M, 1.0MS] FE=Z



Az F 747y pH 6.0, 6.5, 6.8, 7.02 sty Axsta, Az 247 W
o SigmaAtell 4l 418 ATP #FE4 (standard) 2 0] RLU #%& 57433l
o ATP ¥xEdo] &3d FE8v 0.5 mLE F 3 Kit(LuciPack W, Swab
test, Kikkoman, Japan) el F¢3to] Kitqte] WdEd E3t=v &3kste] F

v = EH(PD—-10, Kikkoman, Japan)Z ¥33<x]2l RLU (relative light unit)
e SAsT ATP 5845 5o Axd F58m¢ RLU #ko] vl
AR FEEES AAste], xSl APE WHE FHall ATP F+54¢
= shlth FEWHS 255 ATPE FEs7] 9l g9x+5 05g, F=8&1
10mLE F&l 23787 (NISSEI ACE Homogenizer, AM—2, Japan) & A}
g3to] ATPE FEA1A o#st FE45 0.5mLE Fa Kitell F43ste] Kit

o) 4B Bl AAH F2EAlT Ags AR o8 A5 %3
o ATPE #HuZ FZst: PH e Agsslsl Y, Aaw, g,
£FFANNE ol gtk HEAL A PHES L g YA% 05g,

FEH AL ¥ RLU @& AT AIFHS AR S A #
U 0.5g, FEEM 10mLE FHall 287 felBo® ofFo] #AHES vl
Astder. A F WU Q8 Atk AP AR RS whRpAbl
of §X% 0.5g, F=&v 10mLE Fall 287 Uo7 ofFo] #AHES
v akoleh o] o] W 9o} FUsith wiwo® AP ATE AHEShE
e FE e 9XS 0.5g FE8W 10mLE FH3 °F 40%, 16,000 rpm
o xHo® ATPE F T 99 FU WHow RLU @S A3
U

=%
FZ Wl W2 RLU @S wlaste] H49 Fays A4l

_|_4

=



2.1.3. ATP F&z7A XA
AR E FZv) e}

o]&3t] ATPE F

o
e
oF
rE
fijo
S
ofo
ol
£
>
,%
v
o
e
=2,

SN
i
o
2
Ho
1o
o
&
A

2.2. 3397} % (breaking strength) 8 =73
2.2.1 devetel g% A7) 53

Ando et al.(1991)9] el web Y o|Fe] & Table 13 #2
ZHo® FAscy. gxe A, Wdo] FaPshA FAste] 20x20x10
me] 7|2 ALY ZAHS felA AL Feoll, APAR EFFd FES
Zeplla §9 FAE 10m=E FUsHA ] SHANERZ A oE
o]F9 AT ZHAEE AHEHE T59 HEge 94X sdsith dAGE
e A7 10mm cylinder plungers AF&3tEoH, &% 60 mn/min W FH 1

e =AU, AdAy= 4-835 Ao FF+EFHAA (mean*S.D.)

2.2.2. FUHEAEA &3 g 54
Aol FystA AP TS5 FAE FHEAEA(FHM—-1, Takemura,
Japan) & AFE3tY] €97]% (cylinder), HH{(hemisphere) X% plungers
o] gste] thd olF9 & JEHe] AT P& Uikl UM Fo dEdE
SAstlt. Addne 4~83 =Asto] HrxFHAH(meanTS.D)E
e ST

2.3. ATP #d3}3E (ATP related compound) &8 &3
2.3.1. HPLColl 93 ATP #H3FE =3

_10_



Table 1. The condition of measurement of breaking strength on raw

sliced fish
Instrument SUN RHEO Meter Compac—100, Japan
Sample thickness 10 mm"
Cylindrical plunger 10 mm” in diameter
Crosshead speed 1 mm/sec
Load cell 10 kg
Chart speed 60 mm/m

1) ; simulated a slice of “sashimi”
2) ; simulated the molar tooth

_11_



At} HPLCE watersAte] controller 600, TM—600 intelligent pump, dual
A absorbance detector 2487, column oven 410 % differential
refratometers ARSI O M, columne CAPCELL PAK C18(4.6 X250 mm) 2]

AR column (SHISEIDO, type UG120, 5 um)S AFE3FTE o] 54 £ 2

S|
A& auto chromatography data system< &3l Z&3sto] Aibst § 7b7}9

e e,

2.3.2. o8& o| &% RLU 9 54

A9 fg e o]% 05g, 0.5M phosphate buffer(pH 6.8) 10
mLE s3] 40%, 16,000rpm® Z#HSE F=3% F 0.45um membrane
filter® o435 o 0.5 mLE Kitell FHste] TF=4d 3= WAl +
RLU #H= SA&a(Fig. 3). Frlkevge77]e] Hd #H=z SAA<=
999,999 RLU°I B2 & AR ol wo|§7k b 7
ko] Z4sta S4 € dlojgel FAurE skl AAtsklth =g,
L10AIZE o] -9 ofF2 Atha o2 ofF dade] Astd JHolng L3¢

A71% taste]l g B Abgatel £02 ATP F&o] b5tk

2.4. FAAE
ZA AHglEs SAS 23S o] g3t FAFEX HE (analysis of variance
table : ANOVA table)ES ZAI39 29, Duncan® ©="H<27A 4 (Duncan's

multiple range test) &% p<0.05°1A4 A7t F-JAHS AASAUL.

_12_



Homogenizer
Fish Meat 0.9 Phosphate buffer

% & (pH 6.8)

cuvette

Filtering

P R R L A LT

Kit
(Lucipack W)

RLU value
(Relative Light Unit)

Lumitester (PD-10)

L R R R R N R Y]

Fig. 3. Schematic diagram for measuring ATP content in the field using
the lumitester.
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1. 4733 27zt

—I—l
! <
oX,
X,
kKl
1o
i,

%

1.1. 333 Ao w2 dIF= 9 ATP #dEd9 ¥3

1.1.1. 9x
1.1.1.1. JFxe s}

Akt x5 43 E Astel W $ A Azt
Fig. 4] uehdiqdct. 2 A5 |xel A7 es
Az Aol tEel JHPFTE w2 A5t 6417 ¥ AP EE
1.58*0.10kg® S AF R ok 17.9% 578k (P<0.05). °o]F A=
= FAaEH7] AFRsSleH, A 12417k 1.42%0.02kgo 2 FA FF9)
H523 93 e e Yl e® (P>0.05), A" 16417 o] FHE 5543
A8 FAZE g A0 Aol AATHEP>0.05).

o

1.1.1.2. ATP #¥EZ° A3}
Fig. 5ell HAE SAsto] A3z Alzste] WAstdA F9 ATP
#EA Was Yehiodth |@ASe ATP ##Ed F 52 oF 9.20
mole/go|n, =AF #HZ o] ATP =& 7.67 gmole/golFon, 7%k
b A3 FhAste] S AR Fho] HUE s A 5AITbelA = 7.34
ole/g®] ATP &g Uehlglth w3, A3 7Z2-%e FA47F 5§ IMP
= 0T A% T AAs] F7etdon, SAAFol= 0.23 mole/g,

2]
2 10AIZFell= 1.26 pmole/g= 7 sESith. A7 24413 o] o= IMP

o

o ®

=

Yz

ot
o

2
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ol 547 pmole/golglom, AAF 40A7tel= 7.38 pmole/gE H A%
S7Fe Holi . =, A 7Igte] AojdeE Ao gk FopAu
450 wade FAsA FaFgoeR, vt AAIEstE aEAdds
59 G SAA S} HSzekA A HREA, 33 St FolA= A%

2~
o~
10A2]7te] 7p Ajpsirhar ddbdny mEsh A3 o] ApA|zte] wel ATP

=]
grerol 7h4 o] 74w whle] IMP #ee AR AT Wk /et

1.1.2. &9
1.1.2.1. AFE] W3}
Fig. 6 &ol& A4 3z A#ste] WA & A4 =e WHatE el
AN BARAAE AR o] SR O olfel FA43] st

AEFE etk 5, 54 AFelE 1.42+0.09kge HHFAE Fho] vek
wom A 5A17ke 1.61+0.07 kgl Huh 37 =S YER It (P<0.05).
WA g vRRZEA R SAIRE o] FHH gFAstr] AlArete) A 10417 B3

e SEAFe vRRWHIAEZ 1.43+0.17ked A FE  fte HERSIT
(P>0.05).

uetA SAPEE TEoR dHeigle [ m Fo] A3 e AW
HA L gro] S AFo] wjstelAstE AlFe] obd of 10A1F o=
TH ol anEHo Aok & Jlojtt,

flo

1.1.2.2. ATP #¥E9] #isgl
Fig. 72 &ol& SAstol 0Tl AFstdr £ ATP #dE=4d9
FrEdsts yehdidith ATP #Ed=d9 F %2 6.47~6.55 pmole/g
ojlom, A 7|ZkEet T I Wak= A otk v ATP e
ZAF 213 o= 5.30 #mole/g, A% 10A17F 1.60 gmole/g, A7 15A17F 0.5
rmole/g, A 25AFFll= 0 pgmole/g® THS Yehlo] ATP 32
Eohx] eFgkom, 15A17el= A3 ste] FAQl IMPE2 5.65 #mole/g
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2 AR T P =S F¥e Uehlt S, delx dF® wkek ol

SAAE gl FAgowM QMY Fde g 2 Gee mAE 4L
ZetA fAHT AAHY BE Fob

Mo A EABAD ] ST v
P

A= A 10A17k0] 43 e 7 A fevIte R askEn

1.1.3. 19
1.1.3.1. #9Z=2 A3}
Fig. 8ollAe] Boa AAQl Wol= 24 AZi= 34 QM ¥ S3e

g g E e 1.25+0.14kgo 7 wi$ wgton AR F P Ee
Bee A gokor, AR 7.5 A= SAAF AR E g A
ZFol7F AL (P>0.05), 11 ol§ole dAZ =t FA8H A Akt o= 4
T AF T o459 A5EA3tel ZEkAl Type Voo AAAHS  ZARSH
Shigemura %(2003) HilolA A& F W% g we] FHaFo] A%
A1l 156 %, 6A1Ztel 20%% HAAHFO Hste] A FidE o=
K 313kl T}

weba HAZEE 7|Fow wol 4S9 HA AN dIAFE Flol
A A%} v 2E A fAEE 75470 8 E o] AvEHojof 3 Aow
).

NN

r,
v’

1.1.3.2. ATP #dE4°) A3}

Fig. 9] =43t Woje] 0C A & &5 9 ATP #AEAS] W3 E
YeRggltt. ATP &4 7.29~7.30 pmole/go] R S H,
Ad71sRt & FgEe W= A9 gldvh IEv ATP RS SA
ALo= 6.13 gmole/go] G o™, A& 10A7F o= 0.43 pgmole/g? &S
e SITE o Sule] ATP #d &L gadel dWyds #A7E lomn,
ool AEAA F IH ATP/F dAFES AR s el

=
myosin¥} actin®] Agte] 9sto] FHFE ZLHL JrelAHor ojghdnt ey

o 1o
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ATPS AMAAAZE etzlo] ATPO o] A myosin®  actin®]
=7t Ao w AstAl Adeto] Ak A o] §43] & o] ATPY] &7t 1
rmole/g ©lstE Aaletd ArF7 A o] 7o) ¢kmdnt EF A% Fo IMP2
FFS S AFole SAsHA Lt A ge] Aojd = IMPE]
s7hetAth. =, A% 5AIZrelE  2.78 pmole/g, A 10A13tel= 5.32
rmole/g®] §Fo] ettt

1.1.4. <9
1.1.4.1. S F=e W3}

Folg Zaelel WWZEe WHE Fig 100 Jehih 33 A5
ST e 128 £0.16keolHow, AT SATER A Foli

1.47+0.18 kgl 2 Hof A ZE=F Yebllth. G4 9f 5o vzt 2 A%
10AZ7HA] S 59 333 Fhol FAE oM, 1 o] F o= HAastt
Haruhiko and Shimizu(1988)+= UWH oz AAH A& 1 oFk ddd
Zolgta FZH AR oA 9 AbS BAE L of §L] drhshe dA|5HA| ki
B 18l Ando et al.(1991) % o 59 A3tz ol A5-73 2 2 A%
Z719) dojuybd| Hiroyasu et al.(1990) 2 Aghe|| = A3 A7F glom M=
e adle) ofste] MBAT= Bl AT

wets SRR EE 7IFo R Bdalals w FAH S AL gho] A H =
10A1ZF oJ el &5 o] AnlEojof & Z1 o= Jheke)

—

1.1.4.2. ATP #¥EH #H3}
Fig. 112 Z43 $ol5 0 Col AZsdAA 59 ATP #HEH WH3ts
UERA Zlojth ATP #a &4 o] F a2 oF 5.00 #mole/gol 32
T F FEke) Wiz A9 @IStk ey ATP @92 54 A3 3.58
s mole/g, A% 6A17F 1.46 pmole/g, A7 9AIZF 1.10 gmole/g, A 1547+
o+ 0 gmole/g? FFS dehgdct =& Hdo AP = S vekd
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154 2kol &= 28] o] A1) IMP o] 4.02 wmole/g® A 8713t 5 /M4
CSbelA AFE v} ol HHFE gro] SO A

=
-
WA FAol 7P F AR mAE QL] H(EAEAD ] S

1.1.5. 292
1.1.5.1. 3AZEG AFRAES w3

Fig. 4%} Fig. 6° Uetdl X9} 5o o A Ao A% T FA4F =
o WEket fARHA S 27lell= S AR Flol 1.26+0.13 kgol ot
A 5AIZFelE 1.52+0.13kgo 7 F7betinh. E A 1043 o] Fof=
A FEIE AasR o, A% 3047 A% Fele AT Wt ve
A ekttt

w2t RAZJEE Vo ® ddelS W xulEer e BHAIRS
HHZE gl S4 HFe] vlale] AskE AlERl oF 104072 WA s
s ALY stk (Fig. 12).

m{n
i
1o
R
Yot

1.1.5.2. ATP #d
Fig. 13& Z¥EZ JA3E B4 £ 59 ATP #d=49 % #3E
Uebd Aol FSAAS] ATP- #aEde] T k2 7.00 gmole/g
ojglom, o] w ATP ¥Z2 6.40 gmole/ge TS vetdigich. WE &
ATP g2 AA38] Zdastion, A% 9AZF B3 Foi= ATP
gmole/g, IMP &2 2.3 pmole/go®, 7|E} o]F3 vlz7IA &2 IMP
e Skt A3 UERST

1.1.6. 3=
1.1.6.1. $9F=2 A3}
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N
i
_0|L'
2.1_3

s AEL 0°Col AgauA W BE) MEE Fig. 14o] YRyt

=2 A% FEo By EE 1.48+0.79kgolgon, Azre] Aol v ol
B eE wW2A AdFstel 5AF Fo] A EE 1.8110.12kgS e
Bihel FAZEE 10AZE o]Fo FAS] UAHET] AlFerlon, A%

20217te] 0.85+0.12 kg® ® JERRQITH

wetd AP EE V|FoE fdsidle W iy AAsel AWAzS
A= frol F Aol wlste] AskE Alflo] obd of 10~12Akte %
dAet A wlssigith, 18 Eg 2 5(2003)0] Hrel wpel o] sz
fFEataal stedw B AYPAIZEQ 10A7ko] el AH|7} o] Foj Aol &

o7 day

N

1.1.6.2. ATP #d 572 A3}

Fig. 15 52 0C A 5 ATP THEZE ®3E Yeld Aoz F
g3 7.95~8.00 pmole/golSith. Fig. 59 yebd | Z8oM 2] ATP

£ Wsle} nRVIA R AR SeATP 215 Akl

o]} o], ol& F 59 ATP} dAF=ES FAstn 9
myosin® actin®] ZAg e gsto] FHE THE 7 F o w olgkdth Iy
ATPS AMAAAZE zpetzlo] ATPS o] FAE™ myosin®  actin®]
E7F9 A0 AetA Afste] AbE Aol &3] o] ATPY %71 1
pmole/g ©l3tZ2 A&tstd ALF7ZAZ ol A9 @a® ) Bate—Smith(1948)+
AFEZ Aol ATP]  AH] Fof ZFo] Aol ArpAWA  EAstha
B3ty 91om, Bito et al.(1983)2 AN o]Felx ATP T2 AFS74 2
& A s AL oy, ZFEFY AV|E ofFe] wel tEv ATP gyl
BANE Atol o] BEA thekst @gle] 9dte] dojwdttby Raskar gk

1.1.7. 99
1.1.7.1. $9F=2 A3}
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S FR0lE WAsA HABE 9 AFAAEY WaE Fig 169

1
o}F ¥ WM E A 5AMAA] &Ae] ddgte] Frlatqion, ofujg
3% e 1.82kgol Atk

uehA] DA EE VFoR wietdl S ul AYAS S E gho] a4t
A%o] mate] AskE Aol ol o 10AAR thE AR A9
] =3kl o

Fig. 172 &w¥lo] AA43E W T H9 ATP #dzde W3
el SITE ATP #E4e & %2> 9F 5.31 zmole/goll o, A7zt
R ATP #9E4 T e wsle A9 gtk ATP %9 W= o &
oFI w7 E AR 7Ibet #aededH, 4 A% 4.80 pmole/g,
6A1ZF A Fel=  3.70 pmole/g, 24A3F ¢ Fo&= 0.30 gmole/g?]
s e 30A13F o] o] ATP $HeF2.0.30 1 mole/g ©]3te] &

mlm

(4\1
2
N
2k

Bt IMP ##2 ATP @%d= Hid= AR7|Kte] HAojdxE F7t
s, A AFo= 0 #mole/g oI oH, AR 3AI%E, 6A3te= 2z

0.7 pmole/g, 1.4 pmole/gZ 3vraFo] =718ttt 241 toll&= 3.2 pmole/g®
=2 IMPS YERJSIT
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Breaking strengh (kg)
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0 10 20 30 40 50 60

Storage time (hrs)

Fig. 4. Changes of breaking strength on the muscle in olive flounder
during ice storage.

10

ATP related compound (pmole/g)

Storage time (hrs)

Fig. 5. Changes of ATP related compounds on the muscle in olive
flounder during ice storage.



2.0

T=
Ot
[ .-l

1.0

Breaking strengh (kg)

1 1 1 1

0.0 L L
0 10 20 30 40 50 60 70

Storage time (hrs)

Fig. 6. Changes of breaking strength on the muscle in seabass during
ice storage.

Contents (pmole/g)
»

0 5 10 15 20 25 30 35 40
Storage time (hrs)

Fig. 7. Changes of ATP related compounds on the muscle of seabass
during ice storage.
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2.0

0.5

Breaking strengh (kg)

0.0 1 1 1 1
0 10 20 30 40 50

Storage time (hrs)

Fig. 8. Changes of breaking strength on the muscle in yellowtail during
ice storage.

Contents (umole/g)
»

0 5 10 15 20 25

Storage time (hrs)

Fig. 9. Changes of ATP related compounds on the muscle of yellowtail

during ice storage.
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2.0

1.5

bcd.

1.0 4

0.5

Breaking strengh (kg)

1 1 1 1

0 10 20 30 40 50 60 70
Storage time (hrs)

Fig. 10. Changes of breaking strength on the muscle in mullet during
ice storage.

Contents (umole/g)

0 3 6 9 12 15 24 36 48

Storage time (hrs)

Fig. 11. Changes of ATP related compounds on the muscle of mullet
during ice storage.
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2.0

Breaking strengh (kg)

1 1 1

0 10 20 30 40 50

Storage time (hrs)

Fig. 12. Changes of breaking strength on the muscle in rock fish during
ice storage.

Contents (umole/g)
»

0 3 6 9 12 15 24 36 48
Storage time (hrs)

Fig. 13. Changes of ATP related compounds on the muscle of rock fish
during ice storage.
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Breaking strengh (kg)

0.0 L L
0 10 20 30 40 50 60

Storage time (hrs)

Fig. 14. Changes of breaking strength on the muscle in red seabream
during ice storage.

10

Contents (umole/g)

0 3 6 9 12 15 24 36 48
Storage time (hrs)

Fig 15. Changes of ATP related compounds on the muscle of red
seabream during ice storage.
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Breaking strengh (kg)

1 1 1

0.0 L L
0 10 20 30 40 50 60

Storage time (hrs)

Fig. 16. Changes of breaking strength on the muscle in red drum
during ice storage.

Contents (pmole/g)
w

0 3 6 9 12 15 24 36 48
Storage time (hrs)

Fig. 17. Changes of ATP related compounds on the muscle of red
drum during ice storage.
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8 2.0
—@— ATP content
—l— Breaking strength
S o
D 5 415 X
o =
g 5
2 c
-~ [}
S 4 410 &
2 7]
c (=]
[} [<
o =
& 2 0.5 g
< -
0 L L L L L 0.0
0 10 20 30 40 50 60

Storage time (hr)

Fig. 18. Changes of breaking strength and the ATP concentration on
the muscle of olive flounder during storage ice.

8 2.0

—@— ATP content
—ll— Breaking strength

ATP content (umol/g)
Breaking strength (kg)

0 1 o—O0—© 4 0.0
0 10 20 30 40 50 60

Storage time (hr)

Fig. 19. Changes of breaking strength and the ATP concentration
on the muscle of seabass during storage ice.
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8 2.0
—@— ATP content
—l— Breaking strength
S =
2 6 415 =
) £
£ 5
2 c
-~ [}
S 4 410 &
9 7]
c (=)
o c
o X
& 2 0.5 8
< T @
0 L L L 0.0
0 10 20 30 40 50 60

Storage time (hr)

Fig. 20. Changes of breaking strength and the ATP concentration
on the muscle of yellowtail during storage ice.

—@— ATP content
—l— Breaking strength

ATP content (umol/g)
Breaking strength (kg)

0 1 1 1 1 0.0
0 10 20 30 40 50 60

Storage time (hr)

Fig. 21. Changes of breaking strength and the ATP concentration
on the muscle of flathead mullet during storage ice.

_30_



8 2.0
—@— ATP content
—ll— Breaking strength
S )
D6 115 =
o E=
g 5
= c
-~ [}
S 4 41.0 &
i 7]
[ (o]
[*] c
o X
& 2 0.5 g
< T @
0 1 1 1 1 1 0.0
0 10 20 30 40 50 60

Storage time (hr)

Fig. 22. Changes of breaking strength and the ATP concentration
on the muscle of rock fish during storage ice.

8 2.0
—@— ATP content
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Fig. 23. Changes of breaking strength and the ATP concentration
on the muscle of red seabream during storage ice.
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—@— ATP content
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Fig. 24. Changes of breaking strength and the ATP concentration on
the muscle of red drum during storage ice.
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e

2. AELFE o] & A3 =F T ATP &F 573

o +© ATP7} luciferases @AAIA WS WAy sHA =,
o] AE= ATP el wepd depxzs RLUMS wdax) 2 o
T ATP &% gRlstqict. 71Eod 259 4 AEE glst=t ol &4

WL SAstaAl sk 3t EWAS kite] AAEHO e WEOo® il kit

Ho
ofy
1o
o
Jo
i
9
§9

el ded E3ed WA RLU gk SAsHA Halod of SuelA
ATPE FE37] Slaide muwks we FEib obdel o fe &2

2.1. ATP &=F S5H & 93t A3 24 A4
2.1.1. AL FZ=Lw 43

1M, pH 6.88 =g 7t FZ§WME Axdte] ATP ZFELT
W-SAlA RLUS 4% 4y}, Glycine buffer(pH 6.8)% 362,732 RLU,
Citrate buffer(pH 6.8), Phosphate buffer(pH 6.8), borate buffer(pH
6.8) Z+7 225,652 RLU, 70,660 RLU, 676,402 RLU %S uYERASOH
umz] FEEmjelA= RLU gho] vepA] ehsivh(Fig. 25). A ARE
Hgo g ATP E+E24S &aAA RLU gl Yehdr] g §a8 A9
Al71aL, Y x] FEEwo ATP %F=EZ3 dHe-3F  Glycine buffer,
Citrate buffer, Phosphate buffer, Borate bufferE® 0.1 M, 05M, 1.0M
FTEE pH 6.0, 6.8, 7.5% Axsto] vESAHH(Fig. 26).
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FE=Emel 544 Glycine buffer+= pH 1.8, 2.0, 2.5, 2.8, 6.0, 6.8, 7.5,
T 0.1M, 05M, 1.0MZ %A & ATP ¥FEd3 vksA 71 A3}, 0.1 M,
pH 6.82] Glycine buffero]A %k 370,852 RLUZ UEltow, & F%2 pH
2.8914+ 36RLU, 0.5M, pH 2.0°14%= 2RLUZ Yebsow, 7|et %
el A= 4mizbA] s AE o HojxlE ZHskglvh(Fig. 26 (0))

Borate buffer, Phosphate buffer, Citrate buffer= &% 0.1 M, 0.5M,
1.0M, pH 6.0, 6.8, 7.5% Z}7} ZAgte] ATP RF=4AH WAL 1
A3}, Borate buffere= 0.1 M9 FZdAM= 27 217,679£28,090 RLU (pH
6.0), 664,323%£5,157 RLU(pH 6.8), 656,707%£24,765 RLU(pH 7.5 %
UErstth(Fig. 26(D)). 28y 71EF sXZeA= pHel ot &3lE A=
Asfo] A zE]A] kol AT 5 G

Phosphate buffer 1 M9 FEoAe XTEFS 4¥7HA] gAstglony, Hu
AEFAQL 999,999 RLUS %3319 o, RLU %kl pH 6.8, 7.5, 6.0&°02
e o 1 (Fig. 26(A)), Citrate buffer+= Phosphate bufferel mFz-7FA] 2]
TE, pHEZE Axste] A 3 A3, 0.5M, 1.0M, 0.1 Mse2.Z, pH 7.5,
, 6.0¢2® YEH T (Fig. 26(B)).

9 AHpelA ATP EF=4S o]&ste] RBU #S <A X% FE&8WE

AL, F 3F9 F=g&uwE FEHYE, pHE=E ZA¥ Phosphate buffer,

=
[e)

6.

Citrate buffer, Borate buffer 10 mLel ©]§ 0.5g& H7lste] AFFA7E
o] g3t RLU #h= S sk3ith

Phosphate buffer= 0.1 Moll4 ATP ¥%&3 wx7HA 2 48i71x] 34
stout ZIAlS] HYAE ek, 0.3MelAM= ZH2E 1,007,841+
16,596 RLU(pH 6.0), 1,857,031£85,782RLU(pH 6.5), 2,153,742=F
91,502 RLU(pH 6.8), 3,036,936+230,834 RLU(pH 7.0)& YERoH,
pH 7.501M= 4ui7kA Akl ot HxE 238l 0.5 MeA % 0.3 M
*% 9] phosphate buffer$} wFz7FA 2 pH7F A5&84E =S RLU I+s
Yebilor, 1MelA: 7l sx9F FARE A37F Yesoy pH 7.5
M= HhAE =aelivh(Fig. 27(A).
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Citrate buffer:= phosphate buffer?} H|<=3F Aoz pHIF A5
RLU g% Fobslow 0.3M, 1Melxs 4ui7bA] 34sieloy HAgAE
Zedh. HWbE) 0.1 Me] pH 6.0914+= 449,140£112,356 RLU, pH 6.5
o = 898,817£104,022 RLU, pH 6.8°|4+ 1,286,510+63,258 RLU, pH
7.0014 = 1,553,825+74,680 RLUS WSt 12]a 0.5 M9 &=l =
pH (6.0, 6.5, 6.8, 7.0, 7.5)% 77} 86,722+7,682 RLU, 310,099+2,423
RLU, 482,411%+38,216 RLU, 589,265%44,292 RLU, 644,175%£17,272
RLU gk& Hebigivh. (Fig. 27(B)).

G ATP =47 HEgo A% A uiel o] Borate bufferi= 0.1
MellARE pHEZ  buffer’t ZAES e, 7 A3 pH ¥=2 Z7F 371,180
196,229 RLU(pH 6.0), 414,290£302,953RLU(pH 6.5), 1,090,820%
251,855 RLU(pH 6.8), 1,253,133%393,883RLU(PpH 7.0), 1,054,434=*
573,554 RLU(pH 7.5) &% e} phosphate buffer, glycine bufferol
Hjgte] w2 RLU #t& HeEbvh(Fig. 27(0)).

I3 Y ATP Bioluminescence assay kit CLS 19 w774 AKX in
vitro *Fol = luciferase WHg-©] pH 7.75, 20~22 €2 ZHelA 71 #H7t2
whgos Adsty, 1wkl ®ye ZlE pHE ZHAe AlE4Y AU pH
#e 7THE AEE ddekA dv H '] S¥F= = & vt sgley
AA &9 o]gAE thih o)zl dew  Tris—buffer AGo] ofH
HelAd  ATPE FE3H7]el=  Lolstd 2 571 luciferin—luciferase
=d=5 ol&3ste] ATP @&s SAst= Ao, o] FE8W7F a4vsg
Asfistel RLU ol A3 yethA ok Axs sl

ool AyE A¥E W, AL HPA do] FAHE HES doy
AxolA AAATE Ul A AR EA Y s, pHEE 7P &
W33 Phosphate bufferg AAsom, SA9 gse HAXSE A&
AAAGA 5L 19838, 0.5 M Phosphate buffer(pH 6.8)2 Fr|:-HEZE
o5 F9 ATP 33s S4st7] 93 HA 9 F=8v= dY sl

u
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8x10°8

6x10°

2x108

AN=B /0l D FE _aF G H I J
Species of buffer

Fig. 25. Change of relative light unit(RLU) by various buffer when
reaction with 8 zmol ATP standard.

A : Glycine buffer (pH 6.8) B : Tris—HCl (pH 6.8)

C : Citrate buffer (pH 6.8) D : Tris—malate buffer (pH 6.8)
E @ Phosphate buffer (pH 6.8) F : Borate buffer (pH 6.8)

G : Tricine H : Water

1:20% TCA J 1 10% PCA
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* ez
A Bl

(A) Phosphate buffer (B) Citrate buffer

(C) Glycine buffer (D) Borate buffer

Fig. 26. Changes of relative light unit (RLU) with phosphate, citrate,
glycine and borate buffer that reaction with 8 x mol ATP standard
solution by various concentration and pH.
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Fig. 27. Changes of relative light unit (RLU) phosphate, citrate, glycine
and borate buffer that reaction with extract from olive flounder
by various concentration and pH.
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Table 2. Changes of the ATP concentration measuring with Lumitester by

various muscle weight

(unit : RLU)
Muscle weight RLU
0.1g/50mL buffer 33,592
2¢/50mL buffer 633,995
5g/50mL buffer 805,592

Table 3. Changes of the ATP concentration measuring with Lumitester by
various extraction method

(unit : RLU)
Homogenizer Clean bag

0hr 102,594 93,133

8hr 149,839 125,851

28 hr 1372 899

52 hr 878 672

76 hr 437 743
100 hr 541 331
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Fig. 28. Changes of RLU on the muscle of olive flounder which passed
10 hrs during ice storage by extraction time.
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gk vler 24T MR Agsalh. olEZHA, ofF 0.5 gl F=8v 10
mLE Yal 285 £o2 FEA FES F RLU @& SHshs @i

FeAe] o8&, FEEWE Y 40%, 16,000RPM ZHdo® ATPE

d RS ALgE ATP 22U e A% 271 ABAR ks o] et
2 AA Gol gasgone AUAF LWt A FEuel Aot
F2 &3 W (B),

dg)ste] o] & oM FEFH ATPE RLU #o2 &l (Fig. 30).
Hdd-& o] &3te] SAHet= > APARE Z7F 709,162+47,637 RLU,
842,081£39,051 RLUE A#A7Ee] {24l ztol & el om, ANE#H-S
o] &3 WL 365,598+80,413 RLU, 422,458+10,417RLUCE, nH|dH
o] &%t FEWHETE At A9kou, AA Al RLU 32 wtokth gxpapbd
S o] &3 WHolMqE 413,892+£118,989 RLU, 371,115+136,591 RLUZ
Adgel e @A YErET 2FFAV|E o] gst WS 1,375,477+

21,456 RLU, 1,326,508 +22 857 RLUZ A& zt7te] Ax7F e F2uH
¥ vl wate] wj§ ko o ANy Vg FEHUHEL =2 RLU #S

vHeb Sl
2 Ao o]FE 44359 RLU #& AHAzte] wel WeEs A5t
wARetuA stEw, wdAS ARgetE e APARS] \AE sk,

Al g EARS o] 85 WS AdARte] A 9 b ol =A7E

LA N |
ol FEst wHAo] oyE Zom d|oHT. PR AFAAIE ol &t
NS #HA9 FEUWorR Addsksled, 1 e v 2 (Fig
29(D)).
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Extractive method

D. Using homogenizer

Fig. 29. Extraction method from the muscle of fishes and measuring

method of the ATP concentration by lumitester.
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Continues

Measuring of the ATP concentration by Lumitester

UMITESTER PD-10

Fig. 29. Extraction method from the muscle of fishes and measuring
method of the ATP concentration by lumitester.
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Fig. 30. Difference RLU that two researcher measure the content of ATP

on the muscle in olive flounder by various extraction method.
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2.3. £2FFA7E 0] &8 ofFE, A7 WE ATP FFSH
2.3.1. ¥ A3

Fig. 31el Yehjgich. <A AmE HPLCES ol g3 2449l w523
BEoR HAaxsiylon, £ox FEUA BAS Ayl vlwste] 10w A
F& @ JErdl ek (Fig. 30).

Sk o] %9 e A7ERE 2,154,36015,335 RLU(1,200 g), 1,988,320+
35,016 RLU (1,000 g), 1,872,930+21,867 RLU(800 g), 1,594,359+
15,903 RLU(600 @) & A717F 45 RLU #ol =A vebstth AgA 7k
el RLU @ AAs] Zaskglon], 1043 A3 Fole 1,616,368+
2,817 RLU(1,200g),  1,500,712%42,460RLU1,000g), 1,138,013+
16,955 RLU(800 g), 922,900£13,161 RLU(600¢) . #= YEMANOH,
A7NE=2 2713kl vlste] 4zt 25.0 %, 24.5 %, 39.2%, 42.1 % FasAh
P E ZAaZE H 60029 HAC B, 1Az olFele thE A7]st
H)sgt S Jegleh A 16412 B3 Alol= 952,342+ 545 RLU
(1,200 g), 665,185+ 61,404 RLU(1,000 g), 516,954+2,113 RLU (800 g)
, 421,700+12,578 RLU(600 g) & & el om, 24417 AaprolE A7)¥
2 Z+7} 68,955+31,185RLU, +7,225+3,290 RLU, . 6,471+2,700 RLU,
6,374+ 364 RLU #=& uWEho], 27182 7] 3 96.8 %, 99.6 %, 99.7
%, 99.6 %= 2% RLU gk YeERHSIT

JeER 43 ARA wE Fexederz 3% RLUG W99
dolg +&%E Fstol ArEe] wE APAES A = s e

s,

bl

2.3.2. 5o A4 3
Fig. 3204 %o]9] %7] RLU 2 9gxel H|3te] w$ Fe IS
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YeRfglh A7 R Fol: 1,271,406+15,432 RLU(1,200 g), 1,225,014
+548 RLU(1,000 g), 1,159,264+15,592 RLU(800 g) &2 uEFSth {X 2
R R A re] A oghe] whEl RLU gre]l HAaskelor, 1,200 g9
sole 9t fFAeA 24430 A3k A ATP7F €8] EafEgled 1,000
g7 800 gollM= A7 20A17te] ¢hd3] Raly 2& FAT 5 AU A%
10212 AFAel= A71¥R2 972,557£8,654 RLU, 828,805%18,075 RLU,
784,27219,5683 RLUZ WEFEOow, Z7[gkel Bleto] 235 %, 32.3 %, 32.4
% zastlch 28l A 16ARkelE A7PEE 36,622+1190 RLU,
145,940+7,133 RLU, 70,396*3,681 RLUZ el o, 7+7} 73.5 %, 88.1
%, 93.9 %9 2713t W] #aF Ao Vet @50l djatelo] WF F
ATP #dAEZe] W3lE AR Hae] w2 (Shota et al,1999) FA7)
Fole ATP #gol ©& ofFel #Hste] 0.3 zmol/gd W& TS
el on, Z1El @oje] ATP &2 1.4~45 pmol/g, Aol
2.4~8.2 pmol/go.® YEsott AR 19 Ay Ale] 0.1~0.5 gmol/gE
743 Tadte ASE vERg vidE, MR sk ATP7E fAdh R

B2 F743] Slkskeled, ofFHE AFAZE o|Fd AA 3] Has:
RoR BRI o,  AFEFME fAkst A E &30 18l
gxet g0l 5 oFE ATP &3 &= A& ATPES %3ls= ATPase
A o] ofFHEE o7t W] ot

2.3.3. 59 433
Fig. 339 o] AAsle vE AFPolsd Hlsl 7P @2 RLU @&
YER T 7] Fo] 435S aridEe wE RLU @2 727} 286,189+
9,809 RLU(1,000g), 232,062+3,923RLU(800g), 208,864+7,896RLU
(600g), 157,581+6,300 RLU(400g)Z YERESH, 1,000g2] wofelA]
e F7180 & RLU #hol debstth. A% 8A1zke] A et o] 4239
A7) w2 RLUZS 108,521%8,765 RLU(Z71%t tiH] 62.1 %44,
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74,868+ 1,906 RLU(Z71%k di¥] 67.7 %%t4), 58,754+1,766 RLU(Z7]%k
Bl 71.9% #4), 51,501%£2,436 RLU(ZZIEE W] 67.3% #HA)O=
UERTE 600 g9 ol AdslE WA 16A1%F0]F, 400 g9 o] A8
WG 1447k o] 5o ATP7} HEH A gk},

Fig. 34+ Wol 4439 W4 = ATP &S A3 4y, a7)de e
%7] ATP %9 uw& RLU 32 2,269,516%£12,589 RLU(1,000 g),
2,096,304 142,890 RLU(800 g), 1,877,916%£23,798 RLU(600 g) ©.& U E}
wor, A% 7TAIZ AAlele ATP o] aste] A7EER 77
1,366,445+19,700 RLU, 1,322,899+27,316 RLU, 931,944£584 RLU %<
Yetilem A% 7TAIE ol Fols 543 Hasint. W & A4S ATP7
IMPEZ F243] FalHw, AA3] I[nosine®] HAAHY, H2A2 inosine©]
48 FHEo] ALE #AASE Kitol S7Fe o (Murata et al., 1986).
ol AlMe iz F24e  EASE NAD(Nicotinamide adenine

4

rmol/g)= AR =7|RzdA F48HA H#HaH7]

of

u{m

dinucleotide, 0.8 vs O.
uf Z-o] o},

A7elE AR 25 2gstd AR T AeRZ
7

I
)

32 AWE A3, 0

4
@ [Fages denigloy 643

il

0

C, 5T, 15 TCelM= 6AZ7HA= HI=

o] FFE = H&3] st ATP o] 5% = 0 CollM = 12413t
o]l AEFHA @ken, 5T, 15 TolME 18413 olFd HEHXA
okolth Wi, 10T ARE SollAEs MM 7Haste] 2447 A3} Fow |
pmol/ge] HAEH the 2=} W v AFE YR AT Misima et al.,

1995). TE3F Murata and Sakaguchi(1986)+& Wolo RESI 4SS 712+
W T ATP #-54d W3le RSy dbs B5 A 27 ATP+=
B EAE I glon, HESelAE IMP7F SUbsteE ATP7F 9hds]) 4
. HAWAE HEAATrE FAasE7] AlZelb, olu inosine©] F7Fak3itt.

W BESS ATPS IMP7F A Z7]o 3243 724431 inosine°] =713+
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Fig. 359 Z¥&e JAs]e A7|dHe] ©& ATP &% W= 400 g7
600 gellA= Algte] A#REFE Histe A4S dHehddlon, 2 FelA
400 gellXl+= 10A1%F A3 $ol, 600 gollA+= 14A12F A
A BAHASTS & AUtk ", 1,000 g3 800 goll & AF717E 4t
A8 ghaston, A% 190l A Aleli= ATP @&Fo] HEHA &gtk
a7 zxyEet AA43e &7 563,409 £11,332RLU(1,000 g),
538,797+1,365 RLU(800 g), 496,668% 10,635 RLU(600g), 464,243+
46,659 RLU(400 g) 2= Yepton, A% 10AIRE A¥ Fels a7H=
334,328 +15,288 RLU(Z71% w8 40.7% &), 277,896+3,976 RLU
(271% divl 48.4 % #A), 161,770%421,459 RLU (&71%k divl 67.4 %
4, 70,156 +£12,063 RLU(Z71%k wiH] 84.9 % #A) = HEuidt

o
o
3

e

Fig. 36& #EF 4432 Adsiel W T ATPIRS S48 AzH,
g olEdt 9 uj$ WE ATR B 41 4TS Jehiglon, 4%
16417F ol Folt= ATP @aol A% HA ebgivh

e AN %7] ATP e Z7|¥M= 1,200g, 1,000g, 800 gollA
1,691,477+ 45,630RLU, 1,361,111%+30,175RLU, 1,266,640+25,264
RLUE YeERlTE A% 10A13ke] A¥ Foll= a7z 242 919,676+
9,591 RLU, 372,020£5,542RLU, 218,164*t14,549RLUZ e oH,
%71 ATP &&e g 22718 RLU #2 ZH7ZF 456 %, 72.67 %, 82.8%
Akt
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2.317. 1]01 11§]

Fig. 379 Fwlo] AA3ME v ofF3 vi7A= AgAIgto] A3
gholl weh ATP %9 #HAES AT 5 3o, 25kgd Floe

16417, 1.6kge] FWloli= 12417 o]$Fo] ATP shgo] HEEHA A9
E v)5zskA 10A17k0] A3 Foli= 7] ATP ol tjg RLU gtell 2.5
kgl A& 82.1 %, 1.6 kgl M= 96.5 % 4= At

opgel AuE Foto ofFE, ArEe wEt 7] ATP kel dist RLU
#2 oE2A vetgoy diAgo® gx], W], FE, Swole] x7]gko]
Hsaton, Fol, o], B TE oFel nlse] v %7] RLU
e UEhglon, 2443 oyle]l ATP7F RF EaHE 2 g 5
ATt T A7|EEE A7)7F E55 thh %2 RLU e dERdgion,

Harze 377 45 a2 Aow UrEWD}
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RLU (X 10°)

0 5 10 15 20 25 30
Storage time (hr)

Fig. 31. Changes of RLU on the muscle in Olive flounder during ice
storage.
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Fig. 32. Changes of RLU on the muscle in Sea bass during ice
storage.
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Fig. 33. Changes of RLU on the muscle in Flathead mullet during
ice storage.
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Fig. 34. Changes of RLU on the muscle in Yellowtail during ice
storage.
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Fig. 35. Changes of RLU on the muscle in Black rockfish during ice
storage.
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Fig. 36. Changes of RLU on the muscle in Red seabream during ice
storage.
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Fig. 37. Changes of RLU on the muscle in Red drum during ice
storage.
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3. FUSAEA A% £ @Ry 23 PH B

SAEAE olgste] AAAE & FHs7] A Fig. 38% o]
Gt WbTESES plunger®] A ol FE @Qlstaat S3ivh |A
Azsto] SxHe F IHA Beke] =E o] g3t HAAE e
A w2 A 10AIZ7HA

i
=

o
)

2

5
3 3]
& A7 (Fig. 39), 971%% B4 AMEo
b FREA T Aadhe AEE dERS
% el WEke ARZ7IE Fek AAF] Facste AFS dErdeloh
auRE govEers olgd YA E e wetel fAret AHuh vERte
U755 ol&3te] 7l ofFel dig AAAE G S8k

Fig. 402 FUl€4=Ae A7]5EY% plungers olgsto] ZuEe
47339 AR EE e Aot AF 3AelE 0.49£0.05kg, A%
10417 = 0.50£0.05 kg FAAEE vJeRo] B T4 AA 1043
O]|FH T T 2 %S Yehidth AF 10A27h4+= H# 0.5+0.1 kg.
1 olF o= B 0.4ked #S UERISITH

Fig. 412 ¥+ AL7IZ &% MM gaste A3 % @ Ued
glom, A 3x7kellE 0.40£0.01kg, A% 1022kl =
10A17F o] o= 0.32~0.42 kg Al & HERS

olFel AFeA FUELAEAE ol&s HAAYFEH FAHS HodHErE
o] g gt mRTIAR 10AIW A= s gro]l s A FAE A
A 7T A 10A17E o] $el= Hadhe AES UEwow, o)&
13gre] AxpyE am APzt w2 9 Aol Tl gste] 1E=E

¥ zbe] oA AFo] Aol st TAY JomE AN 3]

FATE BYIE FATHAL,

oz
mlm

||\
o

L

2

%)

s
o
Ny
N}
I+
o
o
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o
o
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Hardness tester Gauge of Hardness tester

hemisphere plunger - Cylinder plunger

Fig. 38. Hardness tester.
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Fig. 39 Change of breaking strength which measured with hardness
tester on the muscle in olive flounder during ice storage.
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Fig. 40 Change of breaking strength which measured with hardness
tester on the muscle in rock fish during ice storage.
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Fig. 41 Change of breaking strength which measured with hardness
tester on the muscle in red seabream during ice storage.
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4. 3733 AH{AIZ] & RLUZLS %3}

4.1. HPLCS} ZEv|xrelo 93+ ATP &=k Ao AHA HA

1,200g, 800g, 600g A7I1¢ WAE 443= Al&ste] HPLCY
wHERE o] g3te] o] o ATP ¥#& At (Fig. 42). =717}
= oA %2 RLU & dediglen, HPLCE A% o5 59 ATP
At ATP e 343 AArztel o A
TAFHAL Zase 2l gAd 5 ot 9x9 A7 wE RLU #9
WaolE 27|l ta zelE mou, A 10417 Ak Aol wedt
RLU @& dERSIth 1,200 g9 |49 %7] RLU #2 2,154,360%5,335
RLUE YeRfgled, oju] HPLCZ #A% ATP &2 9.81 gmol/go]t.
10413t Ael= 242 1,616,368+2,817 RLU, 7.53 pmol/g, 1817+ A3
o= 694,464+33,443RLU, 1.84 xmol/g® & YEETH 800 gollAE %7
RLU #to] 1,872,930+21,867 RLU®|#, HPLCZ +#43 A= 8.13
pmol/go. &2 YRt A% 10417 2 #el+= 1,188,013 116,955 RLU, 6.70
pmol/g, 600 golldE %7] RLU zke] 1,594,359+ 15,903 RLUZ UEFsE o1
oll HPLCZ ¥A% A= 7.89 gmol/g, 10A3F AItel= 922,900+
13,161 RLU, 5.22 gmol/g® IERSETH
Fig. 432 o4 4743 ZAAAzrel] thst HPLCe FulxmwetE o] &3
olf U9 ATP &S 3 An=H, F %E9 Th Ao fAsHth
4339 AuArE A avke] AH|l HPLCZ A4t Al

Sulwvehs $AE Aele] Aol e

o

r_?(l_lz
o
=2
>
>~
o
o
N,
~
il
o
o
o

-6
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Fig. 42. Relationship between the ATP concentration that measuring
with HPLC and Lumitester on the muscle in olive flounder.
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Fig. 43. Relationship between the ATP concentration that measuring
with HPLC and Lumitester on the muscle in various fishes.
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4.2. derete FoAF A g FAZ=E A3} A

H
24

AoEHEYZRN S FHSAEAGIAGEA)E ol gsto] Boo 5
o wude 2 A% @9 Aols dou AMAA FFES KA

JEh} FUEAEAT olgael A FA W) A Ao wAH,

gy "Zole T8 FYS Ei, 55 ol&d IEE AAYs] e
AIZEARL o] o] Ao¥E wAIZE vk PR dAYIHS S5

AbgEERA] okal GA A Fol ntE S35k AdRdes A A
A7)0 E& o183 Ao} vlaA, dovEl F8% gholl 1kg 3%
A Ueb o, £ kel AdAe] r=0.69% =4 ch(Fig. 44). Fulg

3y AEATY
=dE 7|ES ek BAZE a1, BHAIE

WE 7 GRS WAL S Aol 448 AIAE BHAIdE o

A%
oo
o
%0
itlo
Y,
|o
u
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u
o
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X
ri)([_[‘
o
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oX
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e &
Ho
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>
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!
o
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o]
FoleHErE olgd RLU kel S82 Agsih Fu8d=71E °l&d
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Fig. 44. Relationship between breaking strength that measuring with
Rheometer and hardness tester on the muscle in various fishes.
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4.3. B33 BN wE o]FE RLU g9 X3}

Fo)eretE olgstel =d® ATP el uidt RLU # o] &3]
2733 frEAIbe: wAstaA Slth Fig. 31~37004  ATHE o],
7o) W RLU #hel Wghelq & F ol%ol, 4438le oFHE fashe
Aol "EA etz el Fd¥ RLU @& Ee oF9 443
BHAIE] A gslE oA FErE Ads ZAeE dEv, 39
A Zre] gt WS el WFER =EA7] 7] mf$- ol go] Stk
o] FHE Z7] vhE RLU kel W& A&7 fsixe ofFH=E 4439
A Zbe] wE ATP §ge] Wsks JgstA gelstolof & Fojtt,

I8 EE RLU 35 olgst J4d3 AoAzre thge] Avgl o] ojFH,
AR Uroix WHHE AAstolor "tk A A9, d5olE 7H7t 5004
BAAHE AFe] WA T ATP-FFS Akske] Table 59 F4E&
EE3on, o] £2A& Fsto] ofFHE A3 AHRAIL 5AIRE, 7.5A17,
10A1ZY, 15A1%F, 24X1%0 &g RLU #kel WSS F3t3th(Table 4).
oluj, AZAIzte] whet AxbE ghel tist 5% ele) BAE 7F A zbde] wE
RLU ko] W91z 73t

7

[

0

7

[
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Table 4. Equation for the time elapsed of sliced fresh fish (Shingshinghoe)

Fish species

Equation

Olive flounder
-1200¢g
- 1,000 g
-800g
-600g

Sea bass
-1200¢g
- 1,000 g
-800g

Yellowtail
- 1,000 g
-800g
-600g

Flathead mullet
- 1,000 g
-800g
-600g
-400¢g

Rock fish
- 1000 g
-800g
-600g
-400g

Red seabream
- 1,200 g
- 1,000 g
-800g

Red drum
-2500¢g
- 1,600 g

Y=166.90X"-8170.9X>+16582.1X+2.11x10° (R*=0.99)
Y=245.76X-9756.94X*+11549.1X+1.98x10° (R*=0.99)
Y=258.68X>-9235.84X7-2370.12X+1.86x10° (R*=0.99)
Y=232.68X"-8116.7X>-2973.94X+1.58x10° (R*=0.99)

Y=257.97X>-10283.8X*+46322.4X+1.22x10° (R*=0.99)
Y=200.33X"-7754.17X7+13289.5X+1.18x10° (R*=0.98)
Y=118.63X"-5536.74X>-4693.37X+1.13x10° (R*=0.97)

Y=1212.33X>-40069.3X*+112981X+2.19x10° (R*=0.95)

Y=-2339.75X>+5732.52X>-42590.9X+2.08x10° (R*=0.99)

Y=4698.11X>-95552.4X>+292180X+1.77x10° (R*=0.92)

Y=-18.17X+1182.43X°-29830.1X+2.78x10° (R*=0.97)
Y=-30.69X+1489.66X°-29349.1X+2.35x10° (R*=0.99)
Y=-63.31X+2269.32X>-33234.9X+2.10x10° (R*=0.99)
Y=-110.28X*+2779.02X°-28106.1X+1.52x10° (R*=0.98)

Y=138.35X>-4756.25X"+12443.1X+5.43x10° (R*=0.99)
Y=137.75X>-4296.73X?+3255.17X+5.28x10° (R?=0.98)
Y=240.10X-6313.57X"+6430.68X+4.81x10° (R*=0.99)
Y=259.96X>-5510.05X°-8968.32X+4.54x10° (R*=0.99)

Y=488.24X>-16136.7X’+25405.6X+1.67x10° (R*=0.99)
Y=644.15X"-18026.2X’+30398.5X+1.32x10° (R*=0.97)
Y=1125.34X>-25886X"+44747 5X+1.23x10° (R*=0.96)

Y=614.44X>-11641X>-115196X+2.31x10° (R*=0.99)
Y=566.47X-15470.9X>-55032.4X+1.84x10° (R*=0.96)
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Table 5. RLU range for the time elapsed of sliced fresh fish (Shingshinghoe)

Time

Species

5hr

7.5hr

10hr

15hr

24hr

Olive flounder
-1200¢g
- 1,000g
-800g
-600g

Sea bass
-1200¢g
- 1,000¢g
-800g

Yellowtail
- 1,000¢g
-800g
-600g

Flathead mullet
- 1,000¢g
-800g
-600g
-400¢g

Rock fish
- 1,000¢g
-800g
-600g
-400¢g

Red seabream
-1200¢g
- 1,000¢g
-800g

Red drum
-2500¢g
-1600g

1,909,025 ~2,109,976
1,733,315~1,915,769
1,567,109~1,732,068
1,321,733 ~1,460,863

1,165,425~1,288,101
1,023,753 ~1,131,516
933,796 ~1,032,091

1,809,478 ~1,999,949
1,631,995~1,803,784
1,357,886 ~1,500,821

148,332 ~163,946
115,577 ~127,743
88,013~97,277
63,802~70,518

478,423 ~528,783
431,373 ~476,780
366,060 ~404,593
288,707 ~ 319,097

1,381,908 ~1,527,373
1,046,763 ~1,156,949
899,892 ~994,618

1,443,810~1,595,790
1,186,431 ~1,311,318

1,752,905~1,937,422 1,544,349~1,706,913 1,029,388 ~1,137,745 103,320~114,195

1,540,397 ~1,702,544 1,297,279 ~1,433,835
1,360,247 ~1,503,431 1,112,825~1,229,965
1,139,328 ~1,259,258 922,707 ~1,019,834

1,042,896 ~1,152,675
881,613 ~974,414
791,735~ 875,075

1,230,166 ~1,359,657
1,041,143 ~1,150,737
540,116 ~596,970

107,464 ~118,776
81,441~90,014
58,595~ 64,763
48,450 ~ 53,550

405,793 ~ 448,508
350,394 ~ 387,278
261,615 ~289,153
177,145~195,791

1,100,887 ~1,216,770
765,477 ~ 846,054
555,058 ~ 613,485

997,919~1,102,963
756,198 ~ 835,798

867,173 ~ 958,455
700,918 ~774,698
615,621 ~680,423

498,950 ~ 551,471

75,783 ~83,761
56,796~ 62,774
39,209 ~43,337
36,033 ~40,489

313,648 ~ 346,604

255,197 ~282,060

146,347 ~161,752
69,608 ~76,935

758,695 ~ 838,557
442,239 ~ 488,791
203,504 ~224,926

577,961~ 638,799
293,603 ~ 324,509

747,997 ~ 826,733
588,458 ~ 650,401
469,707 ~519,150

448,048 ~495,211
295,230~326,306
203,499 ~224,920

33,508 ~37,035
25,040 ~27,676
7,982~8,822

120,100 ~132,743
71,221~78,718

64,730~71,543

34,742 ~38,399

32,839~36,29%
56,302 ~62,229
47,476 ~52,473

13,856 ~15,314
33,690 ~37,237
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