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Rigor mortis of fish and shellfish and evaluation of freshness of
their muscles as K value
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Abstract

To evaluate the freshness of fish and shellfish, the decomposed compounds from ATP in their muscles were
analyzed quantitatively with a lapse of storage time.

The K value of muscle was then demonstrated as B/A X100, where B is the amount of inosine and hypoxanthine
and A is the sum amount of ATP-related compounds.

The onset of rigor mortis and following shortening of the muscles from aqueous animals are known to occur very
earlier than those from terrestrial animals, and the content of ATP is closely related to the changing in development
of rigor mortis of the muscles. Consequently, the method for evaluating the freshness of these muscles by using the
K value has become popular especially in Japan, because the fresh fillet of these animals in rigor state were suitable
to be raw material of ‘Sashimi’ and ‘Sushi’.

In addition to the K value, other appropriate evaluating indices like as organoleptical, physical, and microbial
tests depending on the type of processed muscle food product have to measure. The synthetic evaluation by using
several indices used to give us more reasonable evaluation of the quality of product.
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. . . 3.98 0.50 0.33 0 0 0 4.81 PR
S surf clam, Spisula sachalinensis 476 | 050 0.52 0 0 0 5 78 Foot (/&)
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(A) 2V X4 HHVERR (B) % 7 HEM @, 1960 - 1966)
B ]
g 10 Rz 9c B 0 Total
=l1] T
@ 8t Total o gl
E AMP
5 g MIBIEE -6 C
26 HaR+HeeAdR 2 6f
R & HxR-1ix
#74 Q 4+
.{?& P
5 2 )
f«é& kkkkkk = - TMP
i 024 8 20 hours L 61 2 3 4 5 6 days
RTTREATH R ]

[X12

SR B VORI O FRBEE A W D TR YA RKIR I 43 D 2L

(b v~z EJEEE) Gt 1966)

X 20% LUF, fffae LTc—Michiikans v 0z K

EOMITIECEHAIC X 60% LT OMABFH S L Tw 5,
7272 K55 60% P ED b D #IHE Iz HYS 4 2 AR T
HoHZEbHLMIIE->TWS (KM15)., KEIZEEDR
ERLTVD EVDRTWS2, ATP 045 fEICEE b %
FERREDVEFM AN DT B 1) 2 B IR B I L R
WIKET 2 2 2HB2NEHO THROZ L TH S, 1272
L, ATP 04 icf5 4 2 RO KR EEITANEHO
FIZL->T, HBA2VIEFRICETHEEICE > THRER LD
T, ATP OZFbOHE, DY KED LR OHE K R
EHFNTFTNOBE TR B MRS YR TFEINS, E
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Bzt 7 X DN 2T 2K, KIE & IEEE & o
fREFRNIER (K16) 2R 2 &, BESEWIZE KHE
O EFIIE Y, F 70 FEBEE % 0~25°C O OEE T
P L 2B ORBRIEE & KEOZ b2 d 5 (K17), 7
BENEWIZEKERESC»ICEALTHS, L2L,
ZORFERIFEMTIE R L, BENCEELED 258
bRONS, ZhidBZ o { HRNOEFEKIE® ATP O
SR IEDSHETL C pH DR TAEZ 272 &, ZDHEME
SN ZED 2 2 EDNFERICR > TWETHS D EHEES
s, 8T ANEEKEK L HE D KEDOZEL% T
LR (M18) 2 R% L, KMED FRO®EE & Kt
BRBEEIC > T VELS>TWD, ZOHEBEHEL
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S EOIERE L (KfE) 0%t

. 0/ — HxR+Hx

fdE K(%) ATPrADPLAMP-IMPTR T 100
_ o/ HxR+Hx

B SRR . K(%) = ATBTADP+AMP+HXRTix 100

FEE G KW= =iy X 100

ATP+ADP+AMP+IMP+AdR+HxR+Hx

IMP: A /3 lk, AdR: 77 /3y, HxR:A/Vr, Hx:BRFHo90

ROV AFROSMRAER YRR LT DR EME . AROFTIESOES N,
BETNIL R0 RE 2 EENICETTS,

K13 fanEmA LR K#E) OFR%k

adenosine—4-triphosphate (ATP)

CH CIT
adenosine-5°- diphosphate [ADE)

NH, NH,
I
N A5
Y S Y N
HCy C_ .~ HG, e
ip ST ip NN NH,
o 0 2‘
Ny H,0,POCH, -0
{ATPase) HOE;SQCHZ G (myokinase) (deaminase)

CH 011

adenngine-5-phosphate
{AMP)

T
(i)H
C. T
N‘? \,CJI\\\
o 1o BH
: OH HG, &
G N & N oy
AN N ¥
. CI; g /CH i H (l; ii CH ¢ liy%oxanthme
& G S-hydroxypurine)
N( L Z} L N/ {Hx}
H,0,POCH; 0O (p]WOSDhﬂtase) HOCH, Oq (ﬂ;alreoolilsie)
oo H
& H N B H t—o
OH OH OH OH LN
- i\ H # CHOI
innsne-5'-phesphale HO “ e (';/
(IMP} inosine (HxR) éH (,)H
Dhribose

14 AIEHATO ATP OIEEZE & BEERERE (TFES, 1974)

WEE L7e b TldZe s, BN ORBEBER R DR L R
IR AR PIREDSRRF I 2T 2 C LBk L Tw 5
D HHEIN L, KA BN EORERAE, FHRRE, 3
eEME, RO Y A 7 R ORRE & 832 CGBRICB 1T
2 KEOEMDOHEEICHE L RITTHEENPBICHKL sh
T3,

RO ATP 2% L, KENE> T EA LD 3
FREHAIE, AOBEENE T TR —8 L T3, B
ATz &5z, KAED 20% AT O 485 N 25K & O i
BeLTHwTWwaold, 295 LEZodgkED b o
Ths., ANEHREZERTZHAANCE ST, ZOK

954 &5 25 (2006)

RERIGD THEAZFER Thol XS 2%, 22
L, HAOHS (EfEK, K19 OoZ(bE#HNs &, I
TRIRE & OBIRDHRO THEHETH 2 Z e Bhbh b, T2k
g, L7z~ 14 08E1E (6), 0°CH50wi10°C
THIE T % &, BENMEW 0°C DR O A5, 10°C 0%
H LD DHROEHE DN O ATP & & O 2
WS Z 5 TWw3, TRz X 5 RN S HIE
MBI ZERRBLTWS, $2%bb10°C T
ATP KT 2 L 2w/ gk s ba v R 7 CaA
F U RRDABEEN RS 20, TORICHRIZIGHEL,
BHEYS2ICES, —F, 0CCTRATPREERETH 3

39



40

ANBIHRSE < b Bk - Ik B - FrE—

R3 BEHAAORE (FiERE) « KE

AT
f T 7V — R (fHE) * | (month, at —18~ | KfH (%) | MR O Rk
—20°C)
7 Yellow-tail medium 3.5 42 100—120 hrs.
JFIx Swordfish medium 15 46 100—120 hrs.
ATy Sardine high 6 10 40 hrs.
AN Mackerel pike high 3 12
YN 1 Mackerel high 3.5 20
PN 2 Mackerel medium 7 46
YN 3 Mackerel medium 7 23
YN 4 Mackerel medium 7 27
b Codling low 7 89 7 days
ANV Rockfish low 3.5 78 10 days
7AW A Mackerel (or Salmon) shark medium 2 25
3% X Great blue shark low 5 83 20—50 days
B4 Long-jaw flounder medium 4 40
Feaw Halibut high 3 29
aA Carp very high 0 0
A7 Squid very high 0 0.1 freshly caught
(T. Saito et al, 1959)

* 7V —F(@E)  Zv—NRWHEATOLEATERREC L DWREL 2.

s Kig (%) 0 10 20 35 60
XL A 20 (%) LT LA ]

HBE 40 (%) LT | —iREEA IR
FIEAIEER 60 (0 LA E [ TR  —
15 fEOLERE K EOES (B, 2002)

50 |- /‘
0k 20°C
S 30y
fd
= 20 b
10 b
01 L 1 L I—t. I 1 1 - L j‘\‘l 1 1
03 6 9 1215 18 21 24 28 32 48 70

By B (RRRE)

16 b X 5 LERECITFRE L 72O K E0Z b
CEA - (e, 1987)

Ry S WS e



X117 7 XEH#EE%E 0°C(@), 5°C(O), 10°C(A), 15°C(A) B XU 25°C(V¥) 1ZiFr L 72 K fEDZEAE,

S EOIERE L (KfE) 0%t

80 r

60 -

KiE (%)

20

AT ()

KENZPIE oz 3. (L, 1995)

954 &5 25 (2006)

(%)
100 (-
7{i‘ AT
80 - A A
FuaFAq
K
=t

IR HE (7))

X8 s - FsHOKE T O KEDZAL (i, 1998)
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B EED N

L or L

L: fIBRERCENTE - IIETTORS
L s TR - ofiEE TORS

L-1/
R= T X 100

X19 wHEEHELE (R) (ML, 1995)

100 -
BO -
S 0
=
iy
EE
w40 -
i
oL
0L A5 T P I
0 3 6 9 12 15 18 21 24 28 32 48 72

R i (BRRE)

20 0°C, 5°C, 10°C, 15°C, 20°C IZHmek L7zBig%E o x o g oz b, (1, 2002)
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S EOIERE L (KfE) 0%t

WHBEDLSIT/NEER S ar R 7 OEEREEZIT T
CaAt A rriFHdT 2., ZORE, ARIGHEL, BEED
WBE 2 EBRICHERTIHE ATP HEAHIZRRTh TR
ZoTBOERLRW), F/2, I X% 0~20°C T
T2 (K20), AAOEEEHEHOEME 5 ~15C ORE
WOFBT L HEL, »OWEIRE ORI OREE S ELFEH
EDEHEE DS, L WHIIGEOREL RS 2 e
Wz, B, MiELs hary )76 CaA 4>
OFHEIZBATO pH DIETIZE > THEI 2 2 EDHIS
NTW32, EBICKY 7 ORGOSHE T (K21, &
PO pH 6.5 LF, ATP A 2> KfED L& 220
% LA LIS 5> 7RISR OREL S8 E 5 2 RSN T
W5, 7272, ATP 04 & pH OE T 23k D R 12
BoTW2OTHEZHSTHS S LifERan 5,
BRI EAREANHROWThr2bT, 22
WEENTWE ATP 3 - Td L, SEeiiEic
ELHEXLCFHERLTWS, 72720, FEEE XU pH i@
XoTR/MaEkRLsrary Y 7»s0 CaAd 4 Ol
WX D BEAREICEES LD, BT, BE
X, KETIZATP OS5 LEL, ZEHNICKEO LF
LIREEICKEL TEB D, KEOHPHEW X D 2D
RiFAR o, -C, ANEELET S L&, BHRAOD
ATP &5, BS RO KHEICEZ 223 irgic i+ 2 fA

80r

60

KIE (%)
5

R OEH M X > THERZT CEMICED 2E
FEERFTCEEL, ANEGRAONAENCEDE -
L THIE RS 0,
BNEHATO Y X7 B GIEHROE S K fEic
HARTHEBR O > D L2ET 2, ¥ 7 HIZERES
TThY, 2OEE (&) OWELERD L. ¥ o7
BHOMMT AR TH SR 807 VKRS, kOZ 0T
FRITH2EHTVHD I 4 ¥ > Ca-ATPase {E M %2 Hl
EL, farKBELIzE &0 KMEEOREEMEZ2FH~ (M
22), Zhicks &, ZffEoficizARO KED LAIZ
AT b IR DELMESA, Y a T F eI NDKED
FRENRVENST, UL, IS DOAAD SR
WIS LU 72w B3 D B D Ca-ATPase £15 13N D
EVEHLAHICEIL, yulF e NS TR, *
DWW VR STz, £T2, TNOSDEHT VRS
—EDFM T CHRE L 724 D B ORMHEEE & 130 N
DEEH TR ERHLIHIL, YO/ F A7 I ¥ ITD
BE B DEr 5 T2, ZOFEERZ T NOEEIZ KED
K<, BMAOEENHRD TELTWS (o 2 I KM
20% LLTD) X5 %HATY, ZhrobElT T %2H
Ble e, ZOMBEEPEDSY, BB VIBKE DS
BLTws ZEERLTWS, ZOFEKIE, Y NHRGT
DA HBER > TpH BMETF L2201, $4 ¥

Nl R R TR o F - R R

pH

X21 &7 x4 HiED pH, Kl & b & OBfR. (L, 2002)

@ : fififk, O: JEfik

954 &5 25 (2006)
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UISEME LU Z LTERAL TWwd 2 EBRICHE» D Tz,
—FH, AT VU ITOHERHAOKMENKE L LR
L, 60% A EOWIAEBUCHE T 2 EEck->Ty, &
BROBETOEY VSV EOEMUEIZ/NS L, ZOF5 )V
EREDREF SN T WA T EWRENT WS, Thbb, %
iRz B, ZOFBRIZARNO KMEO EFIZHRS
WHFAET 2 BEORRHOERIC L > Tl2Z Y, ¥ o3y
BOZEMEE IHCET LTV ARG TH 2 2 L 2mD TR
RERLTWS, AUL, HERHPOHAOHEDI X 215
PR L 34 v~ ATPase MR IR L LIS E O ARWYF
DY NI EOEME L 3L Rk, ZhThsFlhc

1500 a———A__,

HEITL T ZEbBICHsMIcER TS (K23).
KEOHE X, 14 ZEBEY 7 A% iz mdii
hra< 79 712&k 5Tk SN2 TES—REIED,
ECTEOLA—tnvu—2 &2k L-#E 7o~ b7
W& BhHEbH D, Rl tGEEHEE HE s Uk Ak
DOFFIZHEIILTE Y, ATP BE#ELEY DS RR %
DOFEAERITICE D 2 BERTF L BREB 2 L 7231 4 &
v — @BRERY o —Kr—y a4 (M24), %
7z, s ERBHR I RE R S e R (F
) REDBETEER TV,

snyd A Ry b G, A Jn
60 - o 41 200 —\.---o\
// ﬁ'—j -~
510004 g e L
o' Rt o ' ﬁ ~,_ 4
Z S, AT e -~ 2 N o
4 TToealo 40 g AT N
| N £ 150 N
5 ~ 2 ) wvarg s T .
B 500 \m ’ A < g
- N i 00 b ~7 g e
> [n RO TE
N~ —n l— - o Eloo
— %4; :
0 1 L I O[[L 1 ! = L 1 ! |
0 1 2 3 0 2 3 00 1 2 3

BE (7 r FyodkEdE (1)

B2 A7 N8, vuss, wH o EKE LU0 KAE, 2L TREE, W Ca-ATPase £ 02 1L,
VI RBE & W R AkAE Ca-ATPase {13 90 F 2T L 21, HIE L7z, KETORE pH: <~ ¥ 3%

5.7, ¥uZFBLUAT MU ¥ T136.8—7.2,

(&4 - FrFt, 1985)

i
~ 200 — —1200 g
=
2 =
H o i
4 = ﬁ
q) - [
d . 100 — ) —100 =
< A 1)
S 3
el 0Ll | | | | 1 | ] | L o -
0 2 4 6 8 10
RTEE (H#D)
K23 27~ v IBUKROIE (3°C) HIzB ) 2 B D% L.
JnE»s, 1973)
O: Ca-ATPase 27, @: HFMEERMEERE
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M EOFERIE L (KiE) 0%t

fAlg

LI A (

0
I.

e 0y g

X24 fEEFHHHANA A2 Y 2T A

¥ NT

IMP ——% HxR & Hx —=—4 wric acid

NP

—} Hx ——

FLEkET

A4 7T
Fa—TH7

X0D

HXRL Hx —&D‘) wric acid

X0D

uric acid

BRI HEH S O, 5 HXR+Hx 28 X O IMP+HXxR+Hx 23R D 5,
HxR: 41 /¥ >, Hx: e RFH>F >, NT: X7v4F¥—+, NP: X7V A4 ¥R
RARY 7—¥, XOD: ¥¥>F >4 Fv¥—+, unic acid: R

(¥, 1998-H Okuma et al, 1992)
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