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DORAFREFIE & BEEAK T IS O SE% ORARRAREE DR &2, BICHR i & DL B 5
MMZTHZEEHIE LT,

I 5k

1. BB LREFE

AEHRIZIE, SMHEA T ONBERZEITHN S W RO 214 (3.55+£0.45 kg, n=6)
AW BRI EIFRN TEE I N TW b 02 A L, FEEIZEELIR Y, 20C,
500 LADRY —ARR— M Z 7 TBAMERUTOERICH L, ABHRITAE
REA CHEIZR O, o RS, KUY =F L AR AL TROKFIZRAF L, #£
HENZ K2 A 7T ORRAEIT -T2,

2. BEHHZA T ORI

HR S A T ORBIBREBUIBERICHE - TTTo72 Dy BlD, SURHE O E AT 2 £ HL
L, BEME Y MAEHERHE LT, RHELVEBOY 7 Hz2AIRMICHEL, B
BLTHBI L, AfITEHER SR OIEWER B 2RI L, 2B, HiFA 7O
IO VA 2K M % FUN T2 ATPase Yefs '3 L3 3 w7 3582 Schiff # "% v
72V a—7 oYtz it

3. ATP BEALAEHDORIE

AEHE DI £ 0 &5h 2 A 7 &R B BIEREL L, ATP BB/ LAY O JIE I i
L7z, ATP B#(LAWIX Ehira &0 J7ik PICHE CildE £ T 217V, fEAR S 07
JEICHE U C HPLC ¥ 'O Tt L7,

4. EEEFBEMERE O ER

REHR LV EMHZ A7 (Ix1x5mm) ZHBEREL, FiEE QI AVZ LT NT

t R, 0.1 M B2 VVERKEENR, pH 7.2, 60min) &HEET (1%MNEILA A I T L,
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0.1 M 7 = P)VEEMET R, pH 7.2, 60 min) Z{To7c, TD%, HIEIZHE->TT & MM
K, =ARFUBAEEHE AT, ZOEEMEZ#EI 7 2 h—24 (RESERCH AND
MANUFACTURING #E8 RMC MT-600-XL) % H\WTH A V& KA 7 THiMRMED
Fa A mIcEo L, 2B, BALTEMHZA 7L OV T id 1 M4 720 395
T, BHEA T TN L0 BED R &2 TR LER L, BT 7 - 7 = UBEh o
CEHP AN L, SR E M (B AE T JEM-100S) A W, J#EE/E 80 KV
TEELED,

m &R

1. ATP BEE/LEY DORFFEL

AR E BT 5 A0 ATP & &% 8.43 pmol/g T, Kk 3 B H TITHK 80%7)3 45 fi#
L, IMP &72 5T e, KAEIZOKE 3 HH THI 5%, KK S HH TR 10%, K7 H
HTHI20% & 7p o7z, BIEREAZIZIT 20700 ATP & &ld 3.51 pmol/g, 7Kk 1 H H
TIE, EEAENDIRL, IMP £ 72> Tz, KAEEKE 1 HH 10%, KiE&3 HEH T
40%, JKJEk 5 H H THI 90% & oKk A B ooféath & & b ICaic LA Lz, AIRERICE
TAHE 7 B0 ATP & &1 5.53 umol/g, JKjgk 1 H B TIXZDIFE A ENGEL, IMP
E7g o Tz, KAEIFOKE 1 H B T 10%, KK 3 HH T 35%, Kk S5 HH T 60%, K
.7 HHTKI 70%E 7257,

X TER LN, 3FHEOM X A 7D ATP Bhi#{b AWk &2 45 L, A
5 10.02 + 0.76 pmol/g, > 7 % 5.91 + 0.45 pmol/g, #RfF 4.22 + 1.05 pmol/g DIE TS
Drolz, KO IR R HHES, WNTE 7 #), AfOIATSH > 7= (Fig. 2-1,

Table 2-1),
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ATP (umol/g)

0 1 3 5 7
Storage period (day)

Fig. 2-1(a). Changes in ATP contents of red, pink and white muscles in
cultured carp during storage in ice; mean + SD (n=3); red

muscle (@), pink muscle (A), white muscle (O).
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(b)

IMP (umol/g)
o

3 5 7

Storage period (day)

Fig. 2-1(b). Changes in IMP contents of red, pink and white muscles in
cultured carp during storage in ice; mean = SD (n=3); red

muscle (@), pink muscle (A), white muscle (O).
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(€)

100

K value (%)

Storage time (day)

Fig. 2-1(c). Changes in K value of red, pink and white muscles in cultured
carp during storage in ice; mean = SD (n=3); red muscle (@),

pink muscle (A), white muscle (O).
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Table 2-1. ATP rerated compounds contents of each muscle type in cultured

carp
ATP rerated compounds (umol/g)
MUl SOTAg
type (tcljna\;) ATP ADP AMP IMP HxR Hx
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
0 351 +£088 029 +003 028 £010 0.04 +004 008 £0.04 0.02 003
1 075 +009 064 £004 100 +009 229 +081 042 +0.08 006 £0.01
Red 3 000 +000 013 £0.04 044 +007 290 £068 178 +048 0.23 £0.07
5 000 £+000 016 016 0.02 +005 014 +0.05 163 +0.33 034 +0.05
7 000 £+000 016 +014 000 £000 011 +008 142 £0.73 041 +026
0 554036 01 £005 003 £007 04 £001 010 £002 004 %006
1 065 +029 048 £012 076 +014 352 +£0.08 049 +035 007 %0.04
Pink 3 000 £000 008 +013 038 007 367 +187 156 +060 021 +0.11
5 000 £+000 030 +011 007 £012 162 +1.09 225 +043 042 +0.14
7 000 £+000 014 +012 000 £000 061 +070 123 £0.13 0.27 +0.06
0 843 £178 056 £009 035 £006 055 £106 0.3 £007 000 %000
1 499 +378 084 £018 070 +015 3.04 £+278 026 +0.19 003 £ 0.03
White 3 080 +139 031 £042 043 +042 465 £414 024 +036 004 £0.07
5 004 £+007 014 £0.02 038 +006 764 £0.77 085 027 014 £0.07
7 000 £000 006 +005 011 £010 3.02 +09 051 £0.07 0.09 002

Each data shows mean * SD of three fish

16



2. HOMIREE O EFEMBEBIE

(1) BIRERICBITD2EH 2 A 7 OMMBEE

AEREIZE T D ARG OIS X, A B E VAR AISHANE LW, B EE
A ORFL AR LT, TR OFRITIT Z #8252 7 W 7RIS IR & il L TR v,
ZHBOMERIZT 7 4 T AL MR L TOWDEEFR O N2 l-, BNk, mES
e & A RRRME O N RH T ANIE N CHFAE L TR Y, T ORI & Y & o 7o Rl
MOZORIZEO BILD TEH T MEERER SN TND Z NIRRT, T b
a2y RU T T, AMEO ZHEEEE & NEICI3ERO 7 U AT 8o b, 71U X

TR AT L, b rinot, 70 a—7 UARIERLY, EICHHERRAERIC
D bIT,

U BD ZRE, AHE - TEN G 7 D BRSO /MR, /i, v v 7 ik
OHER & bICEDBED bR oTo, ks, TEREFHIAZTT 5 2 LTk h o723,
WUT by KU TOHIL, K, ©r 78, ABOIEICEL, 7 a—47  5KE
RLIL, REh, ©Y 78, AfMOIRIZZ o7,

W, BREES ZH8, AR - 1THE» LR OMES, fi/hlE, 7Y a—7r
REBLICOWTE 7 nE b EBEREZBD ONRoT, I har U7,
7V a—r URRERLE, UiV ETE o7 (Fig 2-2),
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cultured carp just after killing.

Mitochondria (M); sarcoplasmic reticulum (SR); Z line (Z); A
band (A); I band (I); glycogen granule (Gly). Each type of muscle
was prefixed with 2% glutaraldehyde and postfixed with 1%
osmium tetroxide both in 0.1 M cacodylate buffer (pH 7.2). The
longitudinal sections of the specimens were cut by
ultramicrotome and doubly stained with uranyl acetate and lead

citrate. Scale bars represent 1 pm.
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(2) )KBEHIZRIT 2 AHMMEEEDORBEE(L

Ff O Z #RIFOKE 1 B B TIX—82W A {E L TWDEFT b0 bz, KT

IRelE &[RRI T ORIz H Y, V7 TG EHERF L Tz, K3 B E, K
5 HEITIZHER LICER SN L, JKEk 5 B BICIXIX & A ERJRBRHE 2 8 2 it
EEHMERFET, 7 HRICQITREEZK T DA ThH oo, A M« 1 10D 722 D08 IE T
K 7 B BAZIEEE O XBIN D2 < BWARBIIRIZ 72 > T e,

B/ IMEAEIE, KR S B BICIEREARRE & M, AREOKE3 BREVBMEL, T
BIXZEDIZEAERER LTV, Kk 7 B BIZIEH /MRS & HITHEITL,
—HBIH R HEED b T,

TR RUTHNEOZ U ZAT130KE 1 B BIIZIMED SEE, i< OIS
L) RBREE R L2 DB BT, SMBIL RN & 72 S S 2 MERF L
TUWe, JKE3 B BRIZIOKE 1 B B XD EFHEEL TOER, SMRIXFEIERIC i) &
AN THERGE A LW, K S B BIZIEE SIS < SIS, AMEO—ERIC
CEEAEE MR L TR O bR Tz, KR 7T B BIZIX Y U 2T 3l < )
MIER LTS, BT B S 2 HERE L T,

7V a— RREERLE, Ok 1 B BIZIEE TR LTERY, K3 B BIZIEZEDOR

SIBERL, KE T HBIZIKIEE A ERD BN en- 7= (Fig 2-3) .
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Fig. 2-3. Ultrastructural changes of white muscle in cultured carp during
storage in ice. a: 1 day storage in ice; b: 3 day storage in ice; ¢ 5
day storage in ice; d: 7 day storage in ice. Mitochondria (M);
sarcoplasmic reticulum (SR); Z line (Z); glycogen granule (Gly).

Scale bars represent 1 pm.
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(3) JKIERFIZRIT 2 v 7 HiMEE 0% B £

B 7O Z#RE, KK 3 HBIZIZY 7 I REED AR L, R RRAME 2 BT 2 A
EIEA~ZE L, —HIHRG RO BTz, JKIE H A DIER (TIPSR L TIH AR5 230
L7zbD?, JKE 7 HH TH IR HAR S 2 MR L T, A H - THI D72
ZRROEIEIE, K3 B RIZIOKE 1 BB X072 0 AR E 720, JKek 5 A BT
S OICARBRRIZI o7, K7 HEIZOKE S HH & RERNP-T,

i/ MEARIE, KR 1 BB XD REREEOIAE S 16E 0, K3 A BIZIIREREO =6
RO R AR L, = OMMEORENRRD OND L LB, HEME, AEED

ch
m

bz 2 L7z, Kk S BE, 7 B BIZIZIXS DICERES 02, AREZOFRE
£ LD TWaenoiz,

SR RUTREOZ U ATIE, K1 B BIZIEAME Sl L, M < Gl s
NI XD RICRBA R LTZ b ODFRD HALTEH, FMEIT IR & duv e A & 4 K
FFLTWe, K3 HEIZIZZ UATHREHIZHEEKL, SMEPRHEEL TWDEHDOHF
DOV, KIS B BIZIZAL EAMEDIEI N S HIZH#EITL, Sk 7 B RIZIZZ U A
T MOIMEDF IR 3% L < 1T LTz,

7V a— U ARERLE, K 1 B BICIRRIRE & KA HvT, Kk 3 H H L
BEARAF I OIE R o T LT3, Kk 7 A B TH RIS S bt/ (Fig

2-4)
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Fig. 2-4. Ultrastructural changes of pink muscle in cultured carp during
storage in ice. a: 1 day storage in ice; b: 3 day storage in ice; ¢ 5
day storage in ice; d: 7 day storage in ice. Mitochondria (M);
sarcoplasmic reticulum (SR); Z line (Z); glycogen granule (Gly).

Scale bars represent 1 pm.
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(4) )KBEFIZBIT 2 RBHMEEOR B L

RGO Z#RE, K 1 B BIIFAERRICE O b 7 P 7 s 2 &3, BHTKR
< 7o T FEA-45 BE D ran O T RIHE 2 BT 3 2 MR I ~ 281k U T e, DRI Ot
L HITW AL LEMERB A E TR L7228, K 7 B B TH % O 2 i aiE
FFL QW o, AHE - THD D72 RO X, KR 1 B B IZEDERE X 0 5T R pE
272> T e, K3 BEIZIFOKE T BB LV AHBRE 72> ThD, KES HE, K
7 HH &S BITARRABIC > Tz,

/N, K 1 B BIZIZTERE D DN HEED b, SRR L, TEDIZ
EAEITHER LTV, K3 B BIZIZS BITHEE, AL EITLTERY, KES H
BICITHORIYE, fEE, ARESTHHAL TUIEALRD LN Kol KK T

ZITRENBO bNLDHTH T,

TR RUTIE, KK 1 BRIZIEZ U AT BER L TOLEDRRD BN,

AT LI & v 7 TEIEREE A HERE L QU 2, KR 3 B BIZIEZ U AT O AN
TL, SMEHRAG HRO B, KIS BE, K7 HH & S HIZZOHKDBEITL
T,

7V a— 7 U ARERLE, KR 1B BICIZANERE & KEE DT, ki3 B HLUET

R OIER > TR L7223, K& 7 HH CTH2EEED bz (Fig. 2-5) .
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Fig. 2-5. Ultrastructural changes of red muscle in cultured carp during
storage in ice. a: 1 day storage in ice; b: 3 day storage in ice; c¢: 5
day storage in ice; d: 7 day storage in ice. Mitochondria (M);
sarcoplasmic reticulum (SR); Z line (Z); glycogen granule (Gly).

Scale bars represent 1 pm.
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A DEFHZ A T OWAHEE L, Kk B ORE L & BICHREORIAZ R L, €O
BARIZE A A T TRR2->TERY, UTDL S Thote, ZMOY 7 7, i/
fafk, I har RUTEE7HNEMN LY RERELS, RiFLVEN-T-, £,
7 3= ARERLOERIZEAHDR b - L b, NTE 7, R ThoTz,
Z D RITDOWT Jabarsyah OIZEIRRRFICBIT DA & I fh, Rz LT, 7
Ja—2 UGBTI 7RG LR LV THB L VD TE <, TBREFHITA T
B I BOB/NARITABRRG LD KAELTWD ERELTWD Y, £, AR
TIEHHEN L, T rar NI ToRLEL, Z "I ENMRERES IMP 5y fifns
FHEOFMMEROEELE N E SN TS 2B bz Ly, 7V a—Fr
DHERIZHOWTIE, AIRRHCB T A7) a—F U 5@& 0 7 HixaMm i b T%
<, R LIZEZERETH STl ORREILZ N oT2D, ZORGFEL STl b
Bbonl, £7z, thoMEN/NNEE DRREIZOWTIE, B 27 T E CiHEEE D

M AR AN S B RTREME DB 2 B LTz,

—7, Yada b %, A DHKFHEA T OKEFICET D KED LFIE, o
MEMA LY BHL, RIHED BBENEREL, HEMGEFICED D B 7 HHfilkoEE
MK EAOERICEES D LERLTND, ZOMBRIE, ARICBITDLEHEA T

DOIEZELE LSS LTED, FRER~D & 2 77 1 OO IRAE D388 75 0 0D FEL ik 13
IR DH EHEE I LT,

LML, ZRO ¥ 7 7 REEDOEA LTS, B 7 B Afh & W IHERPES,
T EAFERBETH 572, ZO/RIZONTE, B2 7/ E R ORI 5 Z #
WHBOZNEVE TR & LY BCHbERORE L0 Z MEkT 5
BB DORERREEDE D, RALPOBRERE > TS0 LRV, o
TN ESE OREORAE E KT DR TH D720, SOICRMBRE L Bbh b,
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BI3E M DEHZ A THIIELFENH Ng”-ATPase FHEDKBRIZH TS

SERE L

=1

if{

I &

FHHOKMAFIE, BT EFHE, € OWEMIZHEGGHE, S OIS @iEs &
D, TNOBHSEEL TEREZ LR L THERIN TV ZERNEHEIALHALNATND
I HAMHRITRBCEEVREN R IR D2 A 7 THY 29, IEFEAHR (Type
[) 5, FRIFGESEIEICEAE DY 7 fn G, Eliman i (Typella & Type
Ob) NHRDZEDRHALMNERSTND D, IHIZ, FHLIL, ABEEEFHDILA
5 (Typell) DA THERINTNDLDTIERL, B HmnedA 7IRIGEELE
RFENRZLHOND ZEEZHRELTND O, O DORAFETIZARGG DA THER ST
WD AT LT B TRRIHE O ETTIHEE SR S, ZOFREL L H@Emn D, £72, a4
DY 7 HHORBRIEZ Q5 LR Tl L7z & 24, LDH &M A i & R L
MZHY, RFEY BBEICES, 7Y a—F UGB bREERLVLT, Aff LR
& OREIHEE 2> TV D EMEESN TS 9, Zib 3FEDOF X A 7 DIEZD
FARRRIZEARIZOWT, 2 E T, B A 2K LT, MEEIIE B 7o
RGBS X A B D ARAE A 3 8 B BLEE D FIEZ AV T, B & 7/ & O i TR
AL, B 7 B OB TS THI MR IR & A O P TH o722 &30
S72 9,

EZATHEDIE, ~& A Himislk T oMk Mg2-ATPase % 7o k& b
R b AR L, EBEEE A AV isilia b e Mg2t-ATPase D2 L WE AL
DIFEL 72D 9D 2 EERLTND 10, 22 TARIFETIEEIE A Z#HNT, RIFEH
(ZF T DEEREZAVITAE © K h 2 A 7 O bR Mg2-ATPase {EVEAL ORIA 2 H
i LRI & DD S LML LD & L,
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0 FEBJE

1. HBREREFE

AUEHRIZIE, B 7 MDA B B Lo WK D o (YRR 47.7 + 2.1
cm, AHE 2.7 £ 0.3 kg ) 3BEMW, aAIEMETEEINTZLDOEIEAL,
WIESRICRE %, — B R LEBRICH U, 3B & R CRIf L7k, &
BEfgEE, o, RV =F L AR AN TROK ISR L, SRRITEIRRE %, K
3 HH, 7THRIATY, FR—RIELY 8fh, ©r 7, REOERGHIA 7 %005
W U7z, 7o, &MFA 7T OREBUIBERIZHE > TIT o 72 9, BISEURHR O AT % £
MU, RELVMAEFHGBERMHE LT, RHIVERBOE 7 HZWIRAICHE L,
SIRITE LT, FARIEHEHER ISR BTV 2 LTz, i, HH¥ A 7 OERIT
RO 2 ) F AL MEERrEI R & V72 ATPase Yut? 10 L3l = 7 3l Schiff 1% 120 %
AW ) a—7 Otz I iTo 7,

2. ATP BE/LAEH DRIE

RBHE ORI £ 0 555 2 A 7 & BRI BRI L, ATP BELEH ORI It
L7z, ATP BE# L5413 Ehira © 0 715 BICHE Tl Rl Tt 2170, BRSO
{EICHE U C HPLC 5 W ToHT L7z,

3. TEETHEMBEREOMERGIELBIE

BRI LIS 2 A 7B 2 BEICHE L C 2% 7 VX LT LT b RIC X DHIEE, 1%
UEgfb A A I 7 LI XD %EER, —AFUBEREZITY, BIZ7r h—24
(RESERCH AND MANUFACTURING 484 RMC MT-600-XL) & %A Y€ N A 7
FRWCHOIL, FEY 72 - 7= UEino “EY A L, EiRE M (A

AEAFH JEM-100S) Z MV, JEHEERE 80 KV THIZ L7z 19,
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4. MR{LFH Mg™-ATPase i OB THEMSERB O MER Ik L BlE
AR AT & A 7B ORIE E 2 EfElC 30 71T > 721%, Wachstein &
Melsel OEERTE 19127 U C ATPase Ui & 25°C, 40 53T -7z, BSOS IZADE
Wl AR & [FIARICR EE - K - DB - 39217y, BEYLE T, e R B
ZAWTBIZE LT, BIBRICH oo TUE, MiRsE, fvMak, I har R 7200
\Z, AERE bR Mg2+-ATPase GO JRE L Z LD 2 A FITOWTBIEE LTz,

m &R

1. ATP HEE/LEY DORFFELL

IR EZ ISR D Af O ATP &1L 8.45 + 0.62 umol/g T, Kk 3 H H TIFKI 83%
WL, IMP & 72> Tz, KAEIFOKE 3 B B THKI 8%, 7Kgk 7 H B TKI 21% & 72
STz, AIBRERIZBIT D E 7O ATP & &1% 4.79 pmol/g, 7K 3 H B TIZZDIZ
EAENRGEL, IMP L72o T, KEIZOKE 3 B B TK 31%, Kk 7 H H TR
66% & 7p o=, BIFREZICEIT 2RO ATP &8 4.23 pmol/g, K& 3 H H Tl
IFEAEDRFEL, IMP &7eo> Tz, KAEIFOKE 3 B E T 42%, K 7 H B TK
84% & oKk A B odikil & & bz /i ER- LT,

3FEHDFH X A 7 D ATP B#E{b AWk &% i35 &, HEf5 10.93 £ 0.13umol/g,
TR 6.23 +£0.44 pmol/g, ¥ 27 fih 5.34 + 0.42 pymol/g DIETE - 7=, KD _EFIIHR

DI, WNTE 7, BfDOIETH 7= (Table 3-1),
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Table 3-1. Total ATP related compounds content, ATP and K value in each muscle of

cultured carp during storage in ice

Total ATP
related
ATP (umol/g)” K value (%)”
Muscle ~ Storage compounaﬁjs
type day (umol/g)™
Mean SD Mean SD Mean SD
Justafler 10934013 845+ 062 02 £04
killing
White 3 146 £ 089 81 +24
7 013 + 003 214 +28
Justafter oy L 040 479 £ 025 24 +21
killing
Pink 3 063 + 028 307 +54
7 0.08 + 002 656 + 1.0
e 5
L 623 + 044 423 + 004 32 +03
killing
Red 3 051 £ 0.16 421 +40
7 005 + 001 838 +27

a): Total ATP related compounds content were calculated from ATP, ADP,
AMP, IMP, HXR and Hx contents in each muscle type.

b): Mean z SD for 3 fish.
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2. HOMIREE O EFEMBEBIE

(1) BNRE#D 2 A ERIBH BT 2E8HZ 1 7 OHMMEE

HIRERFIZ 31T 2 B OGRS X, A H# & T AL EICHBIE L I, Bk
AORA AR LTz (Fig. 3-1) o f/Madix, skt & i e O FIC R il 7
AICIETHEL TR Y, TOMRRIELEED G- R O OMICHEOLND T
BT OMMBENERIN TVWDONRI N ZT, 2 hay R T T, SMED &
TS & NEBIZITFRIR D 7 U AT 03580 bivTz, ke, 7 U A7 I3MIcHafm L, 4
HIEF D07 (Fig. 3-1) o 7V a—5 URREERLE, IS RAHER I B E
RLRICER O B, —HFHEHHE LIZ bR BT,

B 7L, WESHEIT AR E D b0 2, A - TS 7R DA,
i/ NEARIE, Bl L FEEEZRDRNST, I har FUTIERZEOBEBAH LY %<,
RFTNZES L TRO L, 207 VAT HAMHE D BIZHM LTz,

RGTCIE, BEHMEIE 7 IV EFMroTboD, Z#, A - 1T#H)rBR
DHEREE, B/MARIZOWTIIE L 7 o s L FEEZRBO RN o7, I hay
RUTWREr 7B E0ETEREL, 7V ATE 30074 7R TRbIEEL TV

7= (Fig. 3-1) .
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Fig. 3-1. Electron micrographs of (a) white, (b) pink and (c) red muscles in
cultured carp just after killing. Mitochondria (M); sarcoplasmic
reticulum (SR); Z line (Z); A band (A); I band (I); glycogen granule
(Gly). Scale bars represent 1pm.

Each type of muscle was prefixed with 2% glutaraldehyde and
postfixed with 1% osmium tetroxide both in 0.1 M cacodylate buffer
(pH 7.2). The longitudinal sections of the specimens were cut by
ultramicrotome and doubly stained with uranyl acetate and lead

citrate.
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(2) a4 OBEBIZBIT 5 ML Mg’ -ATPase &M D% B £k

BIRERE D F B2 31T D il b0 Mg2t-ATPase {EMEIE, ARARHED A+, fh/Ma
&, T har RUT7 ROBIZRIE LTZHABER Y CEREnotE L L TRl bz, €0
FEMI, ARJRRRAED AR ETIT AR L THOERE X VAT A H X0 ISR
BEWT 32 O RRRIRIS, f/ NI T 21EMEE, ) S AR T T o REE
FIZ@EOBN, T har RUTTIIRNETH L7 U AT KUOSME LICERD iz,
TIIEBEICENEZRD T, b, BB D RISIZLLFIZR R e 7 /), Rz
WTH RIERICHRH ST2h, BRTOME A T W TCEFBEMEORE RICHET 5
BEOBEEDMRD TR o 7o T2 O A Z b 2 BlE3 T D IIT B o7, Kk 3 HA T
%, FRJEHRRHED A EOTEMITRNERFIC A 232 & 5 1IZ38 0 7=V Rk
IROBISITHER LT, F/hlafke 2 by KU 7 EOTEHIZAIERICS T 5%
NEBREIENERD RN o7z, K T B HTIE, MJERHE A # EOTEMEITOKER 3
HH &R S, /iR, I b=y U T7IICET 58 EoiEM oK 3
HEEXY U VERSAOIREAED L, EHEMET LTS MEZ7R LT (Fig. 3-2) &
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Fig. 3-2. Changes of cytochemical
Mg?*-ATPase  activity in
white muscle of cultured carp
during storage in ice. a: Just
after killing; b: 3 day storage
in ice; c: 7 day storage 1in ice.

Enzyme activities (Arrows);

|
sarcoplasmic reticulum (SR); , ,
mitochondria (M). Scale bars i e i M _
represent 1 pm.
c ]

The white muscles were prefixed with 2% glutaraldehyde in 0.1M
cacodylate buffer pH 7.2 and incubated in Wachstein-Meisels Mg2*-ATPase
reaction medium for 40 min at 25°C. The specimens were postfixed with 1%
osmium tetroxide in the same buffer. The fixed specimens were dehydrated
and embedded in epoxy resin. Longitudinal sections of specimens were cut
by ultramicrotome and observed with an electron microscope without

staining.
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(3) oA DYy 7 BRI 5MEILER Mg™-ATPase &M D B 1t

BRI D B 7 31T D Al b 29 Mg2t-ATPase &1 TlX, A CTRH LN
AL & [FERIC AR RARKED A 4 b, /MR DR, X hay KU T OMEE 7 Y 27,
P BIR 7e ) CERER O & U TR Sz, Ok 3 B H TCIE,  RIARIRE LS A A
A HERERT 5 X 9 I Sz R O BOSIE g LTz, fi/ MRk o ¢
(X, AR B T OIETED AT L TN ASENRR R & bl U CIETEIR T3 3% L
Mole, X hary Y7 T, MERDY VAT ZnEOlEm EOTEMHEITAIERIZFE
DHENIZL~VEIVIRTL, UUVBInOLE LD RoTWe, Kk 7 HH T,
R IRARAE I TG PEDSGR O H VT, /MR BIEENIZE A ETHERL, T har FU TR
BT OIEMEDFRD HALIEDS, Kk 8 HE LV U U EREnOILEA A L, iEMHENZE L <
IKFLCWDHEEZ R LT (Fig.3-3) .
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Fig. 3-3. Changes of cytochemical Mg2*-ATPase activity on pink muscle of
cultured carp during storage in ice. a: Just after killing; b: 3 day
storage in ice; ¢ 7 day storage in ice. Enzyme activities (Arrows);
sarcoplasmic reticulum (SR); mitochondria (M). Scale bars

represent 1 pm.
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(4) 24 ORBIZHB T 5 HELFEH Mg* -ATPase FEHE D& B £1{b

BN OFRFFIC I B N L 22H) Mg2t-ATPase JHMEIE, ERS TRl B ALIZERAL &
[FRRIC AR RRRAED A b, fi/NafEoEm, X ha FUTOAEE 7 U 27, B
(CIABR e U CERSR OB & LTIt & dL7s, K 3 B H TIE, RIERRO I ERAE A
A BT 5 K 5 ISR S A7 AR O RIS IZIZIE 2T AR LTz, fi/h e
FEE AR OTEEZITIHE L, I har RUTONEE 7 U 27 EOIEMEIFRIZ I
OHNIZIEMEL Y REEKTL, UV rminobkb e oTne, K&k 7HHET
%, HEBHEOTEMEITFR D LT, Hi/Makk I ba v Y 7 OIEEITIZE A EHE

KTEBY, TOWMEOEMILI3ISOHZ A THTHRLE L)-7- (Fig. 3-4) .
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Fig. 3-4. Changes of cytochemical Mg2*-ATPase activity on red muscle of
cultured carp during storage in ice. a: Just after killing; b: 3 day
storage in ice; ¢: 7 day storage in ice. Enzyme activities (Arrows);

sarcoplasmic reticulum (SR);  mitochondria (M). Scale bars

represent 1 pm.
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Pl

a1 DEHZ A T O ATP BE(b AR EIXAF N R H % SIRWTHRES, Br 7/
DIETH -7z, £72, KEO EFITRH AR LS, WWTE 75, B Th o7z,
B BAMEE T AT IR IR IZ B 1 DI 18 TI3, 455 2 1 7O EHMED K &1
AR B RS IRNTE Y 75T, RHIIE 7 HE0ETMN-oT2b DD, 7 #,
AW T DD 72 DR, B/IMEERICOWTEG X A TICEZERD RN T,
T IERHE & /NI OV T, Jabarsyah & 913 EEFHAID B T2 i/ N R D
IRMHME S T2 O OFRFEEITARM, o7, AMOIETE N7 &b TERY, KIF
FERDOFIFEHED KR EANED Z & & KRBk LTU e,

3

&

MR Mg2t-ATPase {EVED JRTEI, MHIRARHED A4, F/MalE, I har R

~

V7, BICRO B, RIEORKRAZRIE, FHOEHE TR HELS, RWTE LY
i, HIOIETH -7z, FHE S INTREELOERNEIE~ 7 A LIBWRK~Z A 2 M
VY, EFEA IR L) Mg2t-ATPase TEMEDOIR FIZRIRMA L 0 HOFEREZ ST
5o £, BES IZMAERH CIXE@EFICHBE LTI har RUTOENRELS 7 U A
THRELTEY HOWHLEEZROEELEWTHA D Ll TRV, ¥ X7 G
FEFRC IMP 3R FE DS FEMER OTEHE b @MV E S TS 1819, T HDZ &
5, Er /i ThHOHMER OIEHER R T ENO TIERWM L BRI,
I BT, FHEDIIHEA OBFEOE@FOMHF A T atgat Lzt 25, R D H
WA I HBEYA ZRICREL CWHRENZHAZ TG Z L 2WmET
L& LB, BEUIHDIRBMEDLZED K EFOEBHRIZEET LT LamEL T
%20, AW TEH, KA O A TEEEIR TR, 7, BfoIETHE, BEER
ERBEDRERZMD & & bICK M & A 7 ORIl LR Mg2+-ATPase 1614 K75 OIEHE
EFRSKMLTWZY, ZhoDZ & Xh, BRY VT EOIIEN L HI-WEL

WIIRER, B/, AFMOIAETHEWEELERI N, hEB~D ¥ 2 7 hiRAE D% E T
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B4E BEIAMDKBHRIZETLEH24 T (BH, EVVH, i)

DG HBMEREEOEL

1 &

LOWETHIAEL, LF0o0r, BRERELKOHMBIER EOFERMOI TN
o TCTHLHEMREILS B EERNEIMEOEIEICRDTHA I LEZXHLNLTND
AR 72 8 OETHERT 5 AARTIE, AORIK, SF 0 AOR S IZRE RN+
Theb BHARK A L STV D 2D, FADRIFHIC I D BN T I E S WEEIEbIE
iR PN O 5 JERRAE D ZE L SRR D LD Z ORI L D BE2ZIT D LB X
HRTWD Y | BRI T D M ERRHE O AL T, il O IXBAlE~ & A 2K L,
W3 T BT K OV E BT BB O TIE A W TR DM Z RO HA
BEAEHREL TS F, 2RO T P IR ERICEB T B ERRHEO W R Lo R
U ERRHER D a-2 % 7 F U D B-a R 7 FUATHR L, WEE(LAZFHE LTz & WiE
LTWD, fEEHikORTIE, FIZVEa T =5 TR S LTV D i NI O S A fH
T DEACITHONT, ZHE S IXARRHEIZ 5 U CATITINE L7 1% OEE il 2 e L OV
TSI CHEIZE L, AR OBILIITREA B OMMEE O REN K& <BEE5T5 &
WELE W, EHIZZORIZONT, AR ORFERIHEA B O,
FDEKDTH DT 5 ORGSO RRE L S @E M CBIE L, 5 LT
Wp P F 7, EEE M A O RETTIE, RIS SRR 2 AT

27— U EORE b ST s B

LLED X 912, ZhE TOMERIE, RFHAOELE RIS @ 2 i & Lok
M2 x5 & LTSI TS0, — ORI IXR L) b FHEE 2R SR
(2o T, AR & BTSN TWD Z EIZEmTh b, £, L@
(V7 B EIRICAET 2 RFES, B 7 i BEmicE A ZRICFEEL T
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HfafE L A OB THRRSN TSR D 5 2 & BHE ST 5 2, RIFZE Tl
B2 EITIHNT, BT A KL, BEEEICHED B 7 5 OME IS AR EE O RRAH
W E T EMEB DO FIEZ AWT, B &R & DI THRFIL, B 7 i0E
TRAMEE CAT AR IR & A ORI Th oo Z L 2|E L7z Y, Lo L
O, RAFFORERACIZHE D K0 & A 7 OREEHKEN & O X 5 B b & mT o0
TILFEZHA S TIER, RIFIETIE, KB ORI NI S AL OHEST & &7 &
A7 (Bff, ©U 7, K OMEMIEOENER NI T L7201, JFHFA
7D ATP BB LAY, MR s oORIE & OE AT E B 2 W TR Ak o 8l
BriTolz, £, EEME FIHMEEZ OSSO BIZ 21T 5 T OIZIEHmA O
M BEE T D AN & 8 B OBRENARAIR ThH D, & 2T, RIFERIZE
ST, EESE T BMET TR G 2 B2 2 7o D ORI T IEIZ DU T HIE E 7
EORE A T2 7,

I EBRKEE

1. HBRLREFE

B, KELOFRIE 2 A (Cyprinus carpio) FEMEIRE 48.6 £3.1 cm, {AE 3.0 £0.5
kg ) 4 BEMWZ, 2 IF3EMARTREINTZbOLA L, PFE=ICiER, —’
BOEDKEIE S, FEBRICHE U7, SBHR A JERERIRL 1O CRIEL L7k, TiEmksE, M
D, RV ZF L AR ATV TR PICRAE LT, BRPITEIE B, K& 1 HHE, 3
HH, S HE, 7 HBIZATW, F—fEX A, 2/, RBEOSHmaA 7 %5
BB LT,

ipds, EAME TBMBEREI ORI T 2 BEEFIEORTF T, KE 1 kg F2E
DEFAaA (5R) kL U THW, BBHRZ TR X v BpEetg, K
B, RO R®T I > THEE@EH LW i L7e7 ey 7 (2 x2 x 8 mm)
itk L7,
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2. BEHEATOHRISE

K2 A 7 O5rBI5 B Jabarsyah B 0 55 #) \ZfE - TiT o 72, D, 3UEHEa D
WERAMIAG 2 BB L, REME D MAEHERHE LT, FMilviREOY 7 HhEN
HREIZHIE L, 4081 L CERIR L 72, AR HE B IS i bW IRIE S 28R L 72, 738,
i 2 A 7 DML D 7V A A% M &2 72 ATPase Y4fa & Schiff £ T1T -
7=

3. ATP BELAEHDORIE

ABHER DR K 0 &5 2 A 7R HRICK) 1g 2B L, ATP BhE/LE ORI
EICH Uiz, ATP B#YLAMIE Ehira © 0715 "I Uil R RE CHIH 21T\, BBA
5D J71E UL T HPLC 15 THHT LT,

4. WEWTTREE O JIE

MEWTSR L OWIE X L AT — (LB RE-3305s, B, HA) & HAWTH LiAZAR
BRaAT o T, FOFEMIZLL T oM Th ol

AEHRDOEEFHA LK) 10 mm OEI 20 H L, #EEMETH D AR L BT,
WHIRAVIZA i # A 72 L7s &, A B (N) 2 0E L7z, BIEE, Ml
DD FHFHCE L TETH RIS @2 mm FHAR T T > Uy —%2 AL T (F LiAAHE

JE 1mm/sec, 7 V7 T2 A1 mm) HIEMEEET-,

5. EEMEFHMBERBIOMERICKBIT 2R1LE (BEFE) OB

5.1 REEH&RMH (RiEE)

ATALERYE ([EEJ71E) Bt O 7= OIZLLU T Tilb R 5 5 O RiE SR & 1ER UkGT 2
1To72, BID, RiEER A %/ X7 HK/LLT LT E R, 0.1 M U U ERiEER, pH7.2),
ATEER B 2.5% 7 V2 LT VT R, 0.1 M Y o EekEEiik, pH 7.2), RilEEH C 2%

RIFIVAET VT R, 25%7VEZ LT IVTE R, 0.1M VU U EeiEEik, pH7.2), #i

48



BER D (fafny 7 U U EeK - kR~ v kErEE (15:5:1) ORBEKR (7
T P, BIEEKE (10% =% /) —) &AW, ZTRENOFEERIC L 540
HIRFFIZ=RIC T2 AMEZIT S A E Lz,

5.2 EEMETHMSEBEALOMER

TVH ) KIZEREE 2 IS X0 ISR L IR 2 PR DR U, IBIRARAE O Zx OFEA
AER L, EATE BN TR AT oo, TOFEMIZLL TITR LT,

Jod 5.1 THRATZFIEERE FAVCENE 2 BEKEOS B ERIEE 217> 72 2,
Z D%, AIEERZ 2 M KEE(ET MY U AEHRIZZ# L, 3-7 AR E O L33k -
BEPERAE 2 BRE LTz, 7238, 2M KER(ET B U w7 AVRIRILAE A &QH LTz, MKz k2
KRR OWEERR, 2% % = M2 FFRIRIE L, 1%4 A I U LFRT 2 WFfH# EE
Ao 72 20, BEER TRITEECH > TEF A X ) — L ThKEIT- 2%, Wik
BRICED AZ )= Lzl L, BV ) THEREIW Uiz, MRt A%
— kT FAT T VICERICER L, HHEREELEE (FD-320, HARHE 1)
THFEHIR ST, $RA—A N CEBUEEZTo %, &% (F—Fr77 (v a—
% (JFC-1600, HA®E 74, 30 mA, 60sec)) Z1TV>, EEMETBEMEL (JSM6380,
AAE R, INHEE 15kV) IZXDBIEEZToT, ok, KW A 7 O A kM
HIFEIE D LA 2 BIER T 5 7o D ORIEE FEITIE, ME S IZHIEER (2.5% 7 V50
TNATE R, 20% /X7 HRVATATE R, 0.1 M U U EREEE R pH 7.2) THIEEZ K

4-7 HEICIT o 7=,

m FEER

1. ATP BE/LEY OREEFEL

BIERZICHBIT D&M Z A 7O ATP G &iX, Hl 6.1+0.8 umol/g, ¥ 7 5 3.6

+ 1.0 umol/g, 7R 2.8+ 0.3 umol/g TH o7, KKk 3 H B TIZEMB D ATP & &3
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FREAEL TR, B 7L RGO ATP & 8IXIFIEHE L, AfFO KEITK
3 HHTHI 6%, K7 HEH TR 21%E /eoiz, BV 70 KAEIZKEK3 HET
% 28%, K 7 H H THI 56% & o7, #RHED KAEIIKE 3 H H T 44%, K& 7
HE THI86%&, KM HE DR E & & bIZAMIZ LA L, 3EEOMZ A 7tk
T KMED ERZHET D&, RHPRbELS, RWTE I, AHOIETH

-7 (Fig. 4-1),
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(a)

ATP contents ( pmol/g )

0 1 3 5 7
Storage period (day)

Fig. 4-1(a). Changes in ATP contents among white, pink and red muscle in
cultured carp during storage in ice; mean + SD (n=4); white

muscle (O), pink muscle (A), red muscle (@).
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(b)

100 [

0 1 3 5 7

Storage period (day)

Fig. 4-1(b). Changes in K value (b) among white, pink and red muscle in
cultured carp during storage in ice; mean + SD (n=4); white

muscle (O), pink muscle (A), red muscle (@).
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2. FEWrEEE Ok

KR I1T D455 2 A 7 OB E D% H 281k & Fig. 4-2 1R LTz, RIEERIZ
BT D&M XA 7 OREWHRE L, F5 0.37+0.07N, ¥ 7 0.84+0.12 N, 7/ 1.00
+020N Th o7z, KETOLEMTIE, ARIRAENMZBELC TRESELR)>
708, R 1 B B OBEEIWEIX 0.97+£0.17N 75 3 HEH® 0.63+£0.11 N £TIZ
BMITIERT L, 20RO TR, THHTIX058+006N Tholz,
2T IEHRA R0 B TARVMEZ R L, RAFTPIZI T DR T ORBMIEAR & & < B2k
MZEZLE, i, 1 HBOBBHREX 0.85+0.16 N 225 3 HEH® 0.50+£0.06 N £ T

IZABICIKR L, THHETIZ041£0.12N L72o 7 (Fig. 4-2),
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1.2 7

Breaking strength (N)

| I I J

0 1 3 3) 7

Storage period (day)

Fig. 4-2. Changes in breaking strength among white, pink and red muscle
in cultured carp during storage in ice; mean + SD (n=4); white

muscle (O), pink muscle (A), red muscle (@).
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3. EEMEFHMERABOIMERIZRBITIEESFEOHE

B ZATEEWR A, B, C T2 HREE721%L5 ARERTEE®R, Mlashssarmkdm 2z
17V, SEM BIZEEI O ERUEICE » TR 2 1572, —77, B ZRiEE®R D, E
THIEE Lzd, BET ORIz EnAaeaEiiaaz 2L, Wby
MU RBE O REZ R > TV e, LML D, D, B CHIEE L7230k E Hi22M
KEELT B U D AEEIRIC K DI E SR OFRE & ilas e SRk o it B ERIS, IR
F XA L CoealcifRk L, SEM Bl 0= OREIZ RS 5 Z LM TX 2o
7=

Z 2T, HIEEWR A, B, C T2 HREIX S ARAIEE Lz =2 A 5% @i, 08l
5B SEM ICTBIZE LT L 2 A, AIEEKR A XU C T2 HH#TEE L7z SEM #4

%, KB ET B U U AEHRAPRIZ X o THHMIREZ IR E DIZERE S 1,
AR (BURRME) Bl E iz, LovL, —#ICRE < RBZEW TSN I
EDGH 2 LUWVERAEDMBLEL S, ATEEDR 3 ThhoTe & B2 bz, AilEER A &
NC TS5 HRERTEE L7z SEM R T, Wbk LI ER T e =
71 DARICBIEZE S 723, BTEER A IZATEER C TR b SLREE I~ TR T
FAILCWD K9 Thote, —J7, HilEERK B o 2 AMATEE L7z SEM & TIE, it
R R T EREN T BRE S VTR E TN RGO B, BIFHRHED LA &I
AARTH -7z, AiEER B TS5 HRATEEC LV ER L 723080 SEM & T2 B
FATEE U72ilBh D SEM 8 X U FLEGH) & U722 =1 DR DO SEAREE DB S T

AR DO BER N+ 3BRE SN TR, BE LB ZHBILE Iz (Fig 4-3),
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Fig.4-3 Scanning electron micrographs of carp ordinary muscle connective

tissue prefixed by different reagents for 2 or 5 days.

Carp ordinary muscle were prefixed by prefixed different reagents
(a: 2% paraformaldehyde, b: 2.5% glutaraldehyde, c: 2%
paraformaldehyde, and 2.5% glutaraldehyde in 0.1 M sodium
phosphate buffer, pH 7.2) for 2 or 5 days. The prefixed samples
were immersed 2 M NaOH solution for 4 days at room
temperature to expose the collagen fibrillar network and post fixed
with 1% tannic acid and 1% osmium tetroxide. The connective
tissue samples were prepared with freeze fracturing method using
methanol and liquid nitrogen. The samples for scanning electron
micrograph were substituted by t-butanol, then freeze-dried and
coated with gold and palladium by an ion coater. The samples were

observed using SEM at 15 kV. Bars represent 200 pm.
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ATEE A K ONC T2 ARAETEE L TER L728EO SEM BIZB W TR, faHl
W= H LAOREOWEEZBEE LI 25, BERICE T A0 X v T — 7 1
TS, ATEER A K OVC T 5 AFATEE L TER L 7281455060 SEM % T,
BIFE#HEO R v b U — 7 BB SNz, — )7, BIEER B T2 ARATEE L
THER L 72 BlI30B 0 SEM 4 Tl MBSO » U — 7 HEIE TR IT8IEE S
T, i ER SR SEAL TV D LD Tholz, HIEER B TS5 HMATEE LT
RS L 7= 8120 O SEM A Ti, BIERED %~ h U — 27 L < Bl S 7= (Fig. 4-4,

Fig. 4-5),
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-a .

Fig.4-4 Scanning electron micrographs of carp ordinary muscle connective
tissue prefixed by different reagents for 2 days.
Carp ordinary muscle were prefixed by different reagents (a: 2%
paraformaldehyde, b: 2.5% glutaraldehyde, c: 2% paraformaldehyde,
and 2.5% glutaraldehyde in 0.1 M sodium phosphate buffer, pH 7.2)
for 2 days. The prefixed samples were immersed 2 M NaOH solution
for 4 days at room temperature to expose the collagen fibrillar
network and post fixed with 1% tannic acid and 1% osmium
tetroxide. The connective tissue samples were prepared with freeze
fracturing method using methanol and liquid nitrogen. The samples
for scanning electron micrograph were substituted by t-butanol, then
freeze-dried and coated with gold and palladium by an ion coater.
The samples were observed using SEM at 15 kV. Bars represent 5

pm or 1 pm.
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Fig.4-5 Scanning electron micrographs of carp ordinary muscle connective

tissue prefixed by different reagents for 5 days.

Carp ordinary muscle were prefixed by different reagents (a: 2%
paraformaldehyde, b: 2.5% glutaraldehyde, c: 2% paraformaldehyde,
and 2.5% glutaraldehyde in 0.1 M sodium phosphate buffer, pH 7.2)
for 5days. The prefixed samples were immersed 2 M NaOH solution
for 4 days at room temperature to expose the collagen fibrillar
network and post fixed with 1% tannic acid and 1% osmium
tetroxide. The connective tissue samples were prepared with freeze
fracturing method using methanol and liquid nitrogen. The samples
for scanning electron micrograph were substituted by t-butanol, then
freeze-dried and coated with gold and palladium by an ion coater.
The samples were observed using SEM at 15 kV. Bars represent 5

pm or 1 pm.
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PLEDZ Lont, AWFZEICBWT, FAEEEG O EMERICHB T D SEM 8520z
DO e BiEEHRIE, NTHENVLAT VT RETAVZALT VT E RERE L 2%
RIBNWVET AT E R, 25%7VHZLTLTE R, 0.1 MY UEREERR (pH 7.2) T

HY, FOHIEEREIXS HERRETH A 5 &l L=,
4, EBERETFHEBEELE

(1) MRERICBITS2EH LA TOEENEFHEMER
AR EAZIZ 3T D& 2 A 7 O EERE T BMEHE % Fig. 4-6 |\ Lz, Kb
FU D ATHIAE ZRE Liciod, RIBRERITSH X A 7 Ofs ik ORISR #& L,
27— UM R AR T D E W e = AEEN B S, EEELE Th o7,
B, T UMHETIE, ALY BT E RO K OERHES X D ARIR O 7 xR
v bU— 7 HEEOREENBIE ST, B X A T ORGSR ERER T D =0 LOE
REtd 5L, AMOBERIZ—FREL, 113£15um THY, B 7 HERHIX

FTNENOELITT2+3um & 48+2um TH-o7= (Fig. 4-7),
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Fig. 4-6. Scanning electron micrographs of different muscle types in

cultured carp just after killing. a, b, ¢ represent white, pink and
red muscles respectively. Scale bars represent 50 um.

The samples were prefixed in 2.5% glutaraldehyde and 4%
paraformaldehyde (pH 7.2, 0.1 M phosphate buffer) for 4-7 days,
and immersed 2 M NaOH solution for 3-7 days, postfixed with
2% tannic acid solution and 1% osmium tetroxide solution for 2
hours. Samples were dehydrated through a graded series of
methyl alcohol, frozen in liquid nitrogen and fractured with a
cooled sharp blade. And then substituted by 2-metnyl-2-propanol,
freeze-dried, coated with AU-PD, and observed by SEM (15 kV).
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Fig. 4-7. Diameter of the honeycomb cell in the white, pink and red muscles
of cultured carp just after killing; mean + SD (n=4). Honeycomb cell

diameters are measurements of at least four independent studies.
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(2) KEFIZBITEEHEA T OEERETHEBES
HKIEIZ BT D&M 2 A 7 OB E MBS % Fig. 4-8~Fig. 4-10 IR L7,
KBTI T 5 A O EEE FIHEBLE TIE, 1 A H TITRHEHEO =0 4
S NBEE SN TEREY, 7HBE TS DICAENEAT (Fig. 4-8),
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Fig. 4-8. Scanning electron micrographs of white muscle in cultured carp
during storage period. a, b, ¢, d represent 1, 3, 5, 7 day storage in

ice respectively. Scale bars represent 50 um.
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KIBHIZ BT % & 7 i OEERE A BHEEBIEME TIE, 1 BB TIEHEEMED
= LREEITNEE AV EEL LR Do T2y, KT B B TlEAN=0 D AR 5 I D
FRHEIRD R > FT—7 MR, N AONFEENETHREL TWDH LS Th

~7= (Fig. 4-9),

65



Fig. 4-9. Scanning electron micrographs of pink muscle in cultured carp
during storage period. a, b, ¢, d represent 1, 3, 5, 7 day storage in

ice respectively. Scale bars represent 50 pm.
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KB R 2 AR5 DA E RS 24 Ti1E, 3 HH E TRaMiko =7
LHEEIRIT L A ER BN -T2, 5 H A TGS O =2 L2 R 5 IR
TFETHLICARY, 7THHETON=0 MEEO AN TR BIZE Sz (Fig. 4-10),

67



Fig.4-10. Scanning electron micrographs of red muscle in cultured carp

during storage period. a, b, ¢, d represent 1, 3, 5, 7 day storage in

ice respectively. Scale bars represent 50 um.
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EAE PSR O ERIC I T D ATEEE & E i < AP HIE TR L7z 51

FADORIEEWR D 9 HIZ, BIEER D (77 K, TAT e RREEERVATEER
E CaA/EME@amaaiEE Lz 24, WTIb/AKER LT N U T LB I 5
FREREOMIEP T, ARG EZ Z O THEM L, MKIC X2 HEEEETHA
Lico ZOZENBYY Y U Elm T HRIEEKR D &% ) — Vi FEsm s
THHIEER E XD HBEOEENEIH D OO, FESKRRIC T 2 EENTFH<,
ATEER TR KEB(L T R U 7 LALPEET, MOMIRESR & & b IZERA LTz L& %
b,

TIT b RREEKR THD 4% /ST RNV LT VT B RETRS & T HRIEERA T
X, 2 AMEY b5 AMATEE L TER L7230k o SEM 812 T, BIFSHEI LRI,
MOFy N — I iEESEICBIE SN Z O GRTEERMIEIZ2 A L Y 5 B REIR
WL TWDEZZ B, LLans, filEE S AW RYHIMOBEETH =
B AR DSEEFEE IR TE TE LT, TALDORRIF/NNTHILLT LT B Rk
PR T DIRE NN E N B OO, TOBEENINFH N LICERTLI 0 LEX
BV Y 2B5% I NHNT VT v REEEMS E T ARIEER B T, 5 HHR1E
E L7 SEM 4T, MERENERF L, BIFIRHED =7 LR OSLAERGE THER S
TWLHDD, ZOXy MU= HEITHSBE SN, 202X, JAvZALT v
T FIZEENPRNSDODRFEHNTN LICERKTS 32 b0 LEX 5, #iE
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