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SUMMARY
I. Title

Studies on developing method and equipment for low temperature

transportation of spiking live fish.

II. Purpose and significance

Farming of maricultured fish has been rapidly developed these days
and the total production was approximated to about 8.360M/T in 1995,
plaice and rockfish was 94.3% of total maricultured fish. Almost all of
these maricultured fish has been eaten as raw fish flesh, “sashimi” .
Especially, plaice and rockfish has been known as high quality sashimi,
because the firmness of these fish flesh is excellent.

Transportation of live fish for sashimi is commercially important
because the consumption has been increased and the total cost of
transportation from farmer to consumer is estimated about 30 billions
won a year.

The condition of live fish transportation is 80~85% sea water and 15
~20% live fish In container with oxygen supplying on the truck.
Therefore, the transportation cost of live fish is high.

New method development of live fish transportation is essential to
have competitive power for import opening of live fish from July of this
year and decrease the cost of live fish transportation.

Sanitary safety of sashimi is very important for health, too.
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. Contents and scopes

This study consists of two parts, new method development of killed
fish transportation and improvement of live fish transportation and
development of transporting container for live fish.

To achive the new method of cold transporting conditions of killed
fish for sashimi, the effect of stoage temperature, killing method
preparing form, with or without bleeding and the difference of life and
death before cooling on the physicochemical and rheological properties
of plaice muscle were studied.

To develop the low temperature-high density transporting conditions and
transporting container of live fish, the optimum low temperature of live
plaice and rockfish was checked and bthe change of serum
components(hemoglobin, glucose, GOT, GPT, LDH and triglyceride) and
muscle components(lactate, ATP and related components) were studied
at the condition of stress {low temperature(10C)-high density (50%)}
and recovery (18C, 5%). In addition, the “effect of temperature
difference and loading height on stress and death ratio of live fish were
also carried out.

To evaluate sanitary condition of sashimi during transportation of
spiking live fish and live fish. Viable cell count and poisoning bacteria

were checked during transportion.
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IV. Results and Recommendations

New method of cold transporting conditions of killed

fish for sashimi

1. Effect of storage temperature

ATP in samples stored at 10'C were decomposed more slowly than
that in sample stored at around 0C. The maximum and highest ratio
of IMP and lactate accumulation were shown at around 0C.

The maximum breaking strength of samples stored at around 0T
were reached within 10hrs and then drop significantly (P<0.05).

Due to muscle contration, it was not easy to distinguish H-band from
A-bond observed in muscle stored at 0'C within 13hrs, and almost of
Z-line was dismissed after 20hrs storage. The changes in morphological
myofibrils was related with the breaking strength, clearly. Any
extracellular space was not observed among muscle stored at 0T

within 10hrs using light microscope.

2. Effect of killing method

The longest onset time of rigor and full rigor noted in the samples
killed by dipping in sea water including anesthetic among all samples.

ATP breakdown and lactate accumulation in samples killed by dipping
in sea water including anesthetic was retarded more slowly than
spiking and electrifying.

The samples killed by electrifying showed maximum value of

breaking strength immediately after killing and then it dropped
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significantly(P<0.05) until 25hrs passed. The other hand, values of
breaking strength in samples killed by dipping in sea water including

anesthetic rose steadily over 13hrs after killing.

3. Effect of preparing form

There was no difference of ATP breakdown and lactate accumulation
changes in samples by preparing form through storage.

The maximum breaking strength of samples prepared such as fillet
and round form were reached within 10hrs and then dropped
significantly(P<0.05). However, in case of fresh muscle prepared as
slice form, there was no increase of breaking strength through storage

and was decreased rapidly after 10hrs.

4. Effect of anesthesia killing and non-bleeding

The onset time of rigor-mortis and lactate accumulation were
retarded more slowly in samples killed by anethesia without bleeding
than those in samples killed by spiking with bleeding. ATP in samples
killed by anesthesia without bleeding showed little breakdown until
22 5hrs, but it was decomposed completely after 30hrs storage.

The value and time reached around the maximum breaking strength
of samples killed by anesthesia without bleeding were 2147.8+29.0g and

13hrs respectively, but it maintained constantly until 20hrs passed.

5. Effect of life or death before cooling

The onset of rigor-mortis, ATP breakdown, lactate accumulation and
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breaking strength in live samples before cooling were accelerated more
fastly than those in dead samples.

From results above, it could be concluded that dipping in sea water
including anesthetic without bleeding was the most effective way in
delaying of physicochemical changes after killing. Therefore, these
results will be avaiable for cold transportation of anesthesia killing

without bleeding to preserve the freshness of sashimi.

Freezing and thawing condition for raw fish flesh,
sashimi

The profile of ATP and its related compounds drastically changes
after thawing : ATP entirely decomposed and IMP accumulated. These
changes were not affected by freezing and thawing speed.

Due to muscle contration, the breaking strength of muscle increased
rapidly until 3days passed. The increase degree of breaking strength in
quick frozen muscle was bigger than that in slow frozen muscle
through freezing storage. The toughness of muscle gradually decreased
during frozen storage periods, due to weakness of collagen matrix and
rupture of myofibrils by formed ice crystal.

Mg(+Ca)-ATPase activity in both samples quick frozen and slow
frozen increased until 3 days and then decreased gradually through the
whole storage day. Ca-ATPase activity in quick frozen muscle is higer

than that in slow frozen muscle through storage.
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Low temperature-high density transportation of live

fish.

At higher storage temperature, decreases in dissolved oxygen and
increaes in ammonia in sea water were observed. But, the survival
time was short at low temperature(0'C and 3C) due to cold shock.

Almost all of the serum components(glucose, hemoglobin, GOT, GPT,
LDH and triglyceride) and muscle components(lactate, ATP and its
related compounds) of live plaice and rockfish significantly increased
after 6hrs and then gradually decreased until 18hrs passed in low
timperature-high density(10°C, 50%) conditions. Those values decreased to
the initial levels after 4~6hrs storage in conditions of recovery(18C, 5%).

The ratio of ATP to the ATP and its related compounds {ATP/(ADP
+ADP+AMP+IMP) X100} in the muscle showed 50% for plaice and
48.7% for rockifish after 18hrs storage in low temperature-high density
conditions. Otherwise, these ratios returned to their original levels
within 4~6hrs of storage in recovery conditions.

These results showed the possibility of low temperature-high density

transportation of live fishes.

Sanitary safety of sashimi

There was no food poisoning bacteria in the fish muscle submitted to
the sample such as pathogenic Vibrio, Salmonella, and Staphylococcus
aureus. Viable cell count of the killed muscle were less than 350/g

during the storage time until 30hrs at below 10C.
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When we transport live fish with sea water In a container in
refrigerated conditions(0C and 107C), the viable cell count of both sea
water and fish muscle of the samples were not significantly increased

during the storage time for 20hrs.

Development of container for cold transportation of
spiking live fish.

The best conditions were dipping in sea water including anesthetic
without bleeding and 0C storage for cold transportation of spiking live
fish from results of chapter 2.

Medium size styloform box(560X375X255mm) sold at market is
proper as container for cold transportation of spiking live fish and crush

ice 1s available as coolant of raw fish flesh.

Development of container for low temperature-high
density transportation of live fish.

It was the best conditions that 10C and 50% density for low
temperature-high density transportation for live fish from results of
chapter 4.

Crush-ice is more useful than ice-pack or freezer assembled in
transportation truck as coolant of sea water in container, due to its low
price, easing purchase, convenient handling and so on.

Shelf fixing(2 or 3 steps) in container is need to reduce the stress or

death ratio of live fish by high density loading during transportation.
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Developed new method and contamner from this study for spiking live
fish and live fish transportation will have competitive power for import
of live fishes and will be available for cost reduction of live fish

transportation, especially.
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zagolel Yassys wHd #Fe VERE /e AR &
"ol 2ol 9 Fol £5UEY BHY Re FFUSES Fol7) AW
Y 2 48718 AL Bolo) Hesse) HHLE ¥ £5UES

2 A3, HSLEE Aeoz 37 9T WAA 7
B 4 QEEE Z3E $ASI] 9 WY AL, 1UE F8o) e
sRol +8% Fols ANAAAES 9F Awre WSl Wato TAE
2 AESY, Folo Ae - TUE £82 93 HHEY 2 FARLL
st
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A 2% Fagole] WaS

op
Gl

O}

A 13 A A
Seuet AlgEo] A3 E Ye 3L EAE AHAT e QA
ZeAL Bt2 3E ERE HIZ2 X7 g il ARdA Ao} e FH
2 8olE F53 Utk FAY o] FFEHE F4F EY oz
g A BHlE AEE A4AE FFIAIPEA FEste hHo] dRbE o]
™, o] do] AH % oFd W& Aol YAY Fojxude HRES
E(80~85%)3 °Fztel #oj(15~20%)& A 1A FF3=z, dage d
ZFol 8 4ol 2= AAVE Hol FF vyl FdEY. oL T &
B 452 FAHAM 4y Ra8 F7HAZ B ople, FAZ
o #% 24z #5559 EEYH T g3t Zojrt WE stress WE
AAsigtel AetE zHsA €t oA FAHE BEstr] fsto A
=1 dEA e IKESHIME Fei(F4ole] sgEReE ZEtsie F4, A
AFo) ofF 10CE FAFFA FHate )2 F4 8oj9 a3z
F WHE Axstn Qo #HiA, 1991), vl E A3t Fde
Fgog FolE F4, W Fo WALFAAM AL BT g
He o] 9 A9, agjn AFAA AGRE Pafn gt
gojo] AF o] 233 Wsld d¥FE v|Ae Qo2 AL A
| oI, 271, FAZEY, FF 23T 98 A7 ey, A4 Foe
Wy, Z2 ¥, $HFFFol FFE deok 2y, A3 st
FBES vAE 279 AAE g HFFAHA SAAA Y AAHA A
|, 32 ol8d F Y& oK
o] AMF Z71GAld AFTHA AN FHAY AF FEI} o]FolA
A, F4 809 AFAHA FE2Po] FEHARE & Aol

|

[

2

2] A}
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ALE 28F9 ATPY A4do]l w2 289 B4 w3ls} Ao olzs
Atole) 2o Fx ¥iste £HAY 57 V2o £ ddo] U
Fo] &EA UthEd:, 1982 ; Lawrie, 1996). Fig2-1-13} o] 28& F
date 244 R 2H(sarcomere)?] Zole ZHA 9 My A FA H
i, thick filament(myosin filament)®} thin filament(actin filament)®] A}o]
of mlme}@ol dojdri(sliding theory). &, A% ASde $237)
Aate] AAF AZel) od] FAZAZRE Ca”olo] FASH WEHE
Rol PYFHolAgk, ALF ZAL olFH AFgle] dojue Holth I, A}
T & 5L SN ¥ ol w7t A Hol A2K9 =53 ¢
2tk 24 A3 Z2EAWAE 2EE9 Ca¥ol EASAT A7) A
o} @A SAZAWY Ca¥sEe Astein, o9 WMl AEUe] Ca¥
FE7b 45sA Btk 3 As, A28IAE 10°MAARY Axu e
Ca" s %7t AFE 10°M HEAA F438l7] gFol, A28 A 2o
filament Atol] vjareizo] Yolur ST Alolo] 73k Ajol Yo
A "o

oldoll A A3t vle} o], AlFo] T8 HAL WI{oN Yojye
Ashatd wslel g2 AAVE Atk 28/ BA Az Adle B8
Al e 2 G Aert dFS ojxs], oA ALFd dove 2§
el Aststy wsl, 53] ATPE F33le w80 ZA 938 vx7] o
Eolrh. =, Z5U¢ pHe ¥yt Z Ao Hao @A AL, pHY A
toll web Z2EA Y JlFol Asste Ca¥'e) wEol AA FFgg vr
Ro g2 Huda tHGreaser et al, 1969 ; B, 1986).

AL AZHe] Ao} tlEolA dojue AME AR ATPEFe BAE
Aolslg wio oAl e, AR, BEREF, 281 A meiy ge
th. ATP9 Z47t A= ATPE ADPE Bai® S ZtaAolA ztzte]
A9 88 ol AMP—IMP—HxR—Hx2] Z22 B0 ojslzge
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A-band {-band

Tension

Z-line Z-line

S ——————

/
H-band
T I f | 1

0 24 28 32 36
Length of sarcomere (pm)

tig.2-1-1. Relationship between length of sarcomere and
tension of muscle.
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ATPEEEA Y YT AMF ZBATY o9 HAx FHY F2 AR
7b "o =, ATPO #afdl o3t AHE IMPT g oprjiil
glutamic acid®} 4 oA&F 9 Hul e FA71 Ho, 0|52 MHFHR
g YoAM umami(ZETHE FFAZC] LA UATHEES - /K, 1991
; Yamaguchi and Takahashi, 1984). o] &= glutamic acid7} 19| &3]
(0.03%) olst2 FFH UAT ALF &l FHEHE IMPSEe] Apold
umami®] FeEZ7F 17l WEe, IMP7F &8 oAl Hx](0.025%)
o]3le] Folztx SH(M|Z})o] 34t 7]ogitt.

T, Ad38e F48 ZA3e sRleze Az re w(ED)
RAE oldeE Fa% 8oy, A3 dddHtoughness)S ©1F, Y&
o s R zYFo AR x| wpA Atk HZY A7 Ao
3l o] &5 APEA9 FAEQ collagend] 3 2 EX st $3
o] gddel ol BAET UZo] A UAtHAndo T, 191a, b). F,
collagen®] ol 2 o|]Y +5F 7Y ddgle] I5 FA 2 B4
o2 waA Jon, o] gudt oFdSsE 1y APoF FHIH
ATHEIR, 191). &2 dYge Fig2-1-2¢ ZFE(1994)7F At vie} 2+
o] background toughness(o]Edl @& 3/ YE3IHL actomyosin
toughness(Z&9] & 93 g9dihz yE 4 Ao Background
toughnesst 5ol EAj3tes Adx ) 7Idst=d, 28 232 AX U
HARE) 2 MX FE(FR) oY, 1 FAAEL collagenolth. AX e} MEE
FZ 9] collagen®. 2 ¥ M EQ matrix@til 2= FRE HAEo] o
o}(Duance et al, 1977), 448 E§) Ede 2LYF A7 oz 4
X9 matrix®] ZEYS AJASIG. 3HH actomyosin  toughnesse AFS-
ATPY E&e 34 dojubs myosin® actin®l Aol 2% actomyosin
E3tAl o] 402 Fig2-1-1149 o] ZUdFe ZHo] AotAA A7)
© 289 F72 Yol dthlA - Fuli, 1988).

&

rlo

o]

_L 2
o

I

K
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Background Toughness

Toughness by the density and the arrangement of collagen

Actomyosin Toughness

Toughness by muscle contraction(myosin-actin junction)

Fig.2-1-2. Schematic for toughness of fish muscle
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%9 BBPLe A4 ol A, $Po| VLA JFUSFE 3
Fazoz AFdnz 522 vustd Yt AP A7 WY
Atk F, FY RS S5del YWV FAZ LEANLEN 2LFY
AALE U2 £BAAN $22 GesbAl s PUUE 5, 1988) 2

9 A¥xFY FFS PN Adtd FFAE AtRC Hrbste
Tol A7 RIuHIT UTHER - &iF, 19D). AAE AA&F9 ANAF
ZAaA717] A% wyoln}, EAE  background toughnessE 3FAFA)
Hjolgtn & Jon, olF WHEL Bl A8HE BHO
At} ¥ actomyosin toughnesst &2 F£Eo] 9sld A= ddFgo
2, AbE %719 background toughness A3}7F dojutz] & Z7)dA o
A 873 24L& 2H3XM actomyosin toughnessE F7FA1Z £ Ao
H background toughnessol] ©]gto] gsixlng 259 daddgs o &7}
Al = A& FAolth

o]gol M A3 upel Z-E oK AlFzTII 23 W3l ol
& AR 39, S48l AH2FFPHE FHI}Y] A, AZLE,
A, 2 e, BHRTE, Wz Ao 43R Aol Fo] o8] AR
z719 £d - 53 wste v g dste HESHAD ABEE
Table 1-1-191A48} o] FAojo] RS A3t Jon, APog A
=7t 7H8 &8 9AE AT

N o o
23

ir o

A 238 AF2E 4

o}

2=

o] AtZ 7o) EFsty Wil S viAe AA FAM AF
, 257 B2 E AL 93 ZAXEAY FEFog ZTIAUWY

ar o
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Ca”o] AZWz wa] f25oA ATPES 7 239t ATPESI £
& myosin® actin®] A o7 2EFF £Jo2 AFFHE

2] dojigd Bk ol AoM AFAIG AF Fole §AY Il 4
3t HulAdRQd IMPAAC]l F3go] EeiAdtt. BHdAe AR2E7}
Gx 5o Atz EelsE Azt niAle 4¥FS AESAH

1. Al 2 9y
7b. AdAs

Y] X (Plaice, Paralichthys olivaceus : A% 25~30 cm, A= 12~14 cm,
A 2~3 cm, HAF 700~800g, ¥4 19M)E FTFFAHEFD 1FTE 4
Ayl A Foj ez HPHE s, 429 siFdA o 6A A=
HZE G JHEAZ Fo FRE FEIE FHAANAAM A4S A3
AMASD, BFEFA(-3T), ¥2(00T), ¥FGT ¥ 100)2 2FE 32
(DAEWOO MODEL FS-240B, Korea)oll AA3lHA A|82 ARt

v A3y

D Az &3

Bito et al. (1983)2} Wyl welr Fig.2-1-33 Zo] Ao AwE
Bl Yol 23 DAHAIRN Foll 1 A=ulrt AFREE BEAXY Az
o] #M3}E ofg A7 o] WESE JehAct

(Dy — D)
Dy

Do 54 AFel Ag)
D : A% A2 Wl A

APFBHE(%) = X 100
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Fig.2-1-3. Determination of rigor index of plaice.
Regor index(%)=(De-D)X108/De
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2) ATP #3839 &3

Iwamoto et al(1987)9] Whieo =z &4 AW EFE FE3d FE48
-25C 239 §2 BEHsd. Al F/HF2 108 343t 045
#m membrane filter2 3% HPLCol FY3slgct Column o5&
0.05M2] AL} &5 &4 (pH 6.78)S AME3tdy 34 A &4 EFEFL
Sigmarle] EEL A2 ZASFAT. FHE WaterAldl 1£93)
chromatography A& %4 systemS A3 Q1 Column Waters AFA] <]
# -Bondapack Cis, 300 x 3.9mm2] S4EH] columnellen EAHZAL
ANg FdF Bl olFF % 14 mi/min, column &% 37C, F5u3%
254nm, peak VAR, A2 0% oIdth 221, BME ATP &3l
EEES molEEE 73, JAHETY AHJ K ooz e
t}.

) _ HxR + Hx
K-value(%) = 2757 ADp ¥ AMP + IMP + ExR + Hx < 100

A FZHg AL8-3led Baker and Summerson(1941)9] ol wat
ZA39Y. &, FS8(dorsal muscle) 5g& st 45mle] Wzd 10%
trichloroacetic acid2 @33l G¥AE AAT Fol 5000rpmolly A4
st 45 Iml 9 20% CuSOs ImlZAM 4+ F2lok @3l FF
F2X 10mlZ F&3Qqth d7]e CalOH); 1lgo2 ALdA 3087 WA
gt GRS AAT 3o 5000rpmolA 44 EeFo 4EFd Imis} 4%
CuS0s 0.06mlZ2 ZF F4HE AA @SR 7] K3 4t 6mlE 718
AT EFHol Y= CalOHRE EAZIL 20CTE WAF 15%
p-hydroxyphenol 0.1mlZA] ZA(30°C, 30)AHed, 100CY F==AA 90
%3t p-hydroxyphenol& &8JA1Z1 Fofl 560nmoll A 48 s}t

[+
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4) fr&} otuixitel &3

5% 20g2 #3tH Lee (19872 ol @} 10% trichloroacetic acid
ZA owgde AAAAST ether2A] ALE AAT Fol £3
column(Amberite IR-120, H form, 100-150mesh)ell E3}A|AA F& o}
o) x4 FFAZ o, §348 8 obrx4r2 2N NHOH 150mis &
HA £3AZ Fol AF F¢ BXVIEAM FF3HA citrate buffer(pH 2.2)
2 20ml A& EML AMER AT # olvixite] 42
Resin #2619 A2 FZA% column(Hitachi Model 835-0636, 26 x
150mm, Japan)& F#% 1% opnlxit AF  E471(Hitachi Model
835, Japan) 24 43t

5) 33 7% (breaking strength)®] &3

Ando et al.(1991a)¢} ol w2t YA §£& Table 2-2-1% 22 =
neg =3Pt &, s LHol F¥IA A (fille)std A 20 X
20 X 10mm® 2719 HAAE 22 {& Yoy B Fo, BPA=
2% RS o o FAE I0mmE FYHA sl FF A5
Argstgch #3 2=zke F7 10mm cylinder plunger® AR8-3}5on,
HYL 60%, £% 60mm/min o] Huge SHAT. 4F 2RI
6-83 &A% HF+EFE A (meantS.DIE YeERH A TH

=3}

) 24 AR Fegy #F

29 A& A= Takahashi et al.(1967)3% Tokiwa and Matsumiya
(1969)9] w-g ¥esdch &, ZAH2E T5F 58 FHslo =A4& &
N(1490g KCL 7} 344g EDTA % 478g boric acid® FF+2 &85ty
0.05M sodium borate & pH 7.0 &8 ZXEZF 2082 L) 30mS 71844 2
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27t 72 3H(Nissei homogenizer Model AM-7, Nihonseiki Kaisha LTD.,
Japan)&t Foll 600xgollA 1583 d4dEsta o4 JAEo] 30mig
ZA & &4E 7isto 1023 AU 47 AAE 13 wE}o 2
AAF g4 24, A3gen, 29 4&Y BEL A FAHEA
(Nikon Model FX-35 Japan)7} ##€® 943 &7 (Nnikon Model
HFX- 0, Japan)& AH&-3te] vi-& 10008iolA HA st

Table 2-2-1. Conditions employed for breaking strength profile
measurement of plaice muscle

Instrument SUN RHEOMETER({(Compac-100, Japan)
Sample thickness 10mm”

Cylindrical plunger 10mm? in diameter

Crosshead speed Imm/sec

Load cell 10,000

Chart speed 60mm/min

1) simulated a slice of "sashimi”.
2) simulated the molar tooth.

7 259 =AY AF

338 Hv]Ze EE AFS Ando et al.(1993)9] Wid] wet HAL B

2g AFstA F, 88 4 I/ ALFU0X10X10m) o2 Ze}
A Instron(Model 1011,U,S,A )22 27 40mm cylinder plungerZ A}-£ 3}
o 100g/cre] $HLoE 102 T 7HEE Fol oAl 4B AZE8%X8X5
ar)2  Ze}, Bouindo2 24Xt A3 FRFE 24A FAHF
ethyl alcohol2 A3 @438l paraffin wax(M.P. 56~58C)2 3 EA|



At} Paraffin wax2 $32AlA AlE blockg THEE, microtome(Model
PR-50,Yamato Kohki, Saitama)& AFg3td 7me} A& wsor, o
AL haematoxylin ¥} eosing AHE3 o]F vlm JME 3o AN #HY
A3] (Nikon Model AFM-D Japan)7} #2t® 338 & o] 73 (Nikon Model
MSM-9 Japan)2.2 w]-& 100ujollA HZAstdch

2. 43

o)

k-,

7h AAF A A ] Wst

&% 53 FTYUSA ALF 2] 3} =
He 4ol dojved olAE AMEA Folgtn dtr, ALF Y] ofKoME
SATHZRE Ca¥ol fstd ATPEZ 23AA AFe] A=, ATP
o] 243 B HAL Sxdct BANAAL © BHAEZAILE o
Fo 5%, A2, dUA ARAE, $FAE, ST, XARYD 2
AFLEEo JFE wgo] dHAA}Y

ALFEZA A Bddle AFEEe] FFE HE ] sl F4% RS
%(-3C, 0C, 5T, 100T) AZ}AX AFHA=YY
W3le A3 ZAHE Fig. 2-2-19 JYebiAch. ZA7RA A1a @37
Ao sg3le AlZe AF LIt ¥E £F AYT F, AR
A3 AMNALH AAAF =@AIHL 2}z 3Tl A 0543k 22413, 0
ToAlAE 1A7H2 28213, 5CAlA 3A1ZE= 32413, 28] 10ToA < 10
A Zr3k 40X 7ol ek ol e Ade F(1994)9] Aot {FAMGE BAEE U
Bl Aolddh 28ln, 1 AATE -3C 2 0CAAME 98%, 5TAA
£ 85%Idou, 10CAME oF 68%aUHE Yet Aot

4% A& AFerd YAAGEE FUo A FAXY ®ste
AF LTl BeFE ALE AZIRAl A FAHAZF GAte] #ALS

£
oV
ot
o
i

o
of
gt
ok
2
£
o
rlo
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188 =

.l‘. 'h’ o~
.
) CHOHH
S _C
x
3 n
=
‘é @ et : -3°C
S —e— ;o
~—— s 5°C
—{3— ;i1e°c
i i
@ 10 20 38 40 50

Storage Time (hr)

Fig. 2-2-1. Changes in rigor-index of plaice muscle during
storage at various temperature.
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gtollgl AFAEE U o]zl A= Yamato and Noguchi(1964)
B Alojel Ho] Poulter et al.9] ®Hlgjo], FAT(1985)9 FF, 281
5(1993)0] Y& A2 83tod 2483 Aot FAE A2 Yehidd

&

o

Y

APERAE ] x99 o&Ad thdle Iwamoto et al(1983)2 ATPS}
CP(creatine phosphate)e] ¥3]& Zuj3l= ATPase ¥ creatine kinase$t
2e ih Aol 0THRY 12(5~10T)M & A4S Uehdle ¥d
o, 0CelAM A% Aol 2P olfE HMIEWY Ca¥Fxol &3y
old o]l 0CE Astgtel] watd Z2EA ] F£2203 AF Ca¥9 HE2
MEW Ca”% =7} HolA 22 myosin® actin®] Z2do] 93 @Ao]
ol A Hol ATPY ¥si7F £257] wioletn AW Aot

nedA £ Yolg AL AR A, AT Ca¥sr 4
o] wa JojuA ALF A9 Rgo] XAt BRI (Fleming et al,
1990 ; Watabe et al, 198%a, b)T 2AXA 9 Ca® F&%5H9 A& H&
olglz & 4 Aok B A A E -3T9 0THZAA ALF 33
MAAA S Alro] GEFHE AL AL g3 ZaTA Ca¥FE ¥Y
o] A& wjFolztn AR §H, -3CAZANM e WA AL
2 Astd ZAEA7 FHHN Z2ZAYY Ca¥o] TIHFUE Bol
B25]7] g Heo ¥ tjEo] ATPESZE o &3d 7oz #
z9c 283, AFLErt 2252 Y AFJEs) BolAEe AR}E Ca
o] X2 Fo] &2 myosin® actin®] A o] F7istd 25 9]
BA #5387 frog Mzdc

ARG &5 A54E AE7] Y3t &d A F =dd
APE AR AR AIE AMAZEEREDEZ JEHd 3o, FS5HEF YS
< Azt @2 AME AARE, 23 SPHEF XFLS AP A=

Uello] 371348 73z, 2 3713 A 7&r|E 99 Aiges 4

=
=
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2L

Absle] £ A48 ety =3, zZF A% 250 g2 L AFES
A disgez gidstd FEHHESFE YEoR 9T, HY 258 5¥ 4
F X£22 3t Arrhenius plot2 2 AHHTE Uehd o 37 A4
71& 718 783 Arrhenius¥ & ol8st 37 49 71&71E 1A 4
T 1986Cal/mole K2 Fsted 843t ouv=|(o]3} Ea)E 23R ed,
Qudte logiQio = (219Ea)/(TUT+10)e] Ao dgdsld ArEs o
Fig2-2-2¢ ZA% 50 og Z2 JPe] 25 &S Arrhenius?
ol&3tq Uetliedl, 4ed vt 2ol A9 P AHdSsE
AEE ¢ F Aok -3CEG 10ToHA o 2uf o] AF Ay g
E7F =35er, 0CAAM A3 ZIHAUT F, 0C~10CIFHA 9
Qe 0912, Eas -11.02Cal/moled o™, -3CT~0CIEHAAM Qe
0997, Eat 0.348Cal/moleZ, AALT7l E&4E 73 gL s =
How, A2 FgolMe B2 FAHA

L

b e o

. ATPEYd E3FE9 w3

59 ALt ATPEZ 9 Atolole UG FAIZE Jovy, ATP
€ AH¥ ATP—ADP—AMP-IMP—HxR—Hx9 Zzz 2} wge
Zkztel B HAd o3ty YT B £ oFel gy xjolst
@t Nucleotide #3-& Zajole} wjo]o] mepr & Aoz} glo] a2
5~10 #mole/gel™, o] §& ALFE ATP7} §43] Pasted IMP7} F713 o
a2A At

APEZ7ZIG d215o fAB—[EA W e AFexY IFLS
HES A3 34 FAF o] Yx&o ATPEZL 578xmole/gl 8 2839
A ATP BEEZY 718%E AA A28, ADP+AMPH-E 1.95zmole/g,
IMP=  0.32 #mole/gl 11, inosine(HxR)#} hypoxantine(Hx) ZH&EH X
¥t 123, ATPHHEEA S F22 8064 mole/golAtt. Fig.2-2-30
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8.4

Qie= 0.997
Ea = -8.348Cal/mole
8.2 | e
8 -
V4
c Qie= 8.912
7.8 | Ea = -11.82Cal/mole
1.6
1.4 L . 4
3.5 3.55 3.6 3.65 3.7
/7

3.75

Fig.2-2-2. Arrhenius plot of rigor index changes at various

temperature.
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Contents (umole/g)

e 5 10 15 20 25 56 35

Storage Time (hr)

Fig.2-2-3. Changes in contents of ATP and its related compounds
in plaice muscle during storage at -3°C.
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4T JA&E -3Co AAse ¢ ATPRHEEIES WIS e
WAt ATPEZHE AR 27IFE d& AY &xd vis] g43] Z4s
o 20X+ @A) BEHAL, ADPY AMPE A3 Z7)1%g @9s}
A ZAaste BALFAE 124 pmole/g®] & YeEpAT IMPE -2 20
ATt Foll 6.08umole/ge] Hh A HFE HQ Fo A dAEA FAH
Ren, AR =PAIZ 22U 2042 Foe HdgE JeldAd.
Inosine(HxR)® hypoxantine(Hx)®] ##& oh& AHA & vis| I3
@ubstAl F7HE ATt S A 5E 0T AFste SAdl ATPEHS
A% 2719H 748 Aste 26A17HFed @A Eal=E A2, ADP %
AMPE €93 Zrasdd. IMPe AR AFEEH FHHM 4T
g AIZE B32A 25A12EF9 6.13 pmole/gS YERAATE Inosine(HxR) 2
hypoxantine(Hx)9| &#& AA7|rFd &3] Frtste A 3BAL &
& 131pxmole/gel #&& UEtHATHFig2-2-4). AZL= 5CAA ATP
B8 EAE59 WK (Fig2-2-5%, ATPEHE x7)d AMM3 ZAddHo
o, A% 10X FRE FA3) FAdte 30412 o] Fo fHd] RN
t}. ADP+AMP<= AR 7I1ZH& Fatq MA 3] ZAsdar IMPE A% A¥F
BEH 7139 AHF 30AI7Fo 596 ¢mole/gl 2 Ho HHFE BT
ZAE YX & 10Col AFste 549 ATPRAEAE9 ¥sHFig.2-2-6)
g B9, ATPE#E2 -3C 2 0T 28 10AF71A dA A FA=h
7} ol & &whs] Zaston], AREAHZ WA 104 Fol 5634
mole/gl. 2 ATPEIEEE Z7|5E futsiy o 30417t o]F ol ATP
T @313 BHAT. ADPYF AMPE AF 271%E A dASA KA
Ak IMPE &2 AF271FE F7rEol ZA A7 1021350 1.04 ¢
mole/go. 2, L2 AAAZIE 0CY 2.25umole/gell vls] IMPS] F&o] =%
on 3B5AIEF 498 umole/gs HERNUTE AL 2559 ATP #d &2
9 Fal= Al BHel A e dE Aol ot FHn YrhA
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10

Contents (umole/g)

e S 10 15 20 25 30 35

Storage Time (hr)

Fig.2-2-4. Changes in contents of ATP and its related compounds
in plaice muscle during storage at 8°C.
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10

Contents (umole/qg)

(} 5 10 15 28 25 30 35

Storage Time (hr)

Fig.2-2-5. Changes in contents of ATP and its related compounds
in plaice muscle during storage at 5°C.
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Fig.2-2-6. Changes in contents of ATP and its related compounds
in plaice muscle during storage at 18°C.
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o8 2EIYEAHE UelE Ro=Z dA JAdCEER T, 1985 1986
1990a, b ; Iwamoto et al.,, 1987, 1988 ; Watabe et al.,, 1989, 1991).

2 4A39 A, AFE z7)o] ATPY E3l7F A2elAM FxHe Aies
AZeEd e Z4EAY Ca'FE58Y 2o] wEolgE Iwamoto et
al.(1988)9] Biet & dAHE AAHA =, 10CRT 0C ¥ -3Co A
2o IMPe] A £%7} WE ATHE Bito et al.(1983)0] B3 ule}
zol IMPE F7le= AMPY €oluix ¥ge 2= &ol3tA
BT IMPS] €14 B2 Ao ¥ =olxmz AHFLEr} &
T& IMP9 o] 235 Aoz A4dY. olyd Ayde FF(1993)
o] AxATe Ao dAFA.

o ATP E3&xd dgd AF259 4

Z5%9 energyd2 dF 2 ZTFAL sl EAARE ATPEY 3
HA ] Qito] AAH R EolE HenergyZt 2350 glon JigEE| s
ol ATPS} datog = oo Imole B ¢ lkcal® energys ‘A 3o,
o] 313} energy’t %W Av 54 IHAQ myosin actinoll 93}
&% energyE BEHOA ZFFo| dojdrh oF 2859 ATP 3
~10mmole/g el Moo, ALF Hupate Z&F9 ATP7F 4A3 e /A
st ol A2 ATPAA S WHEAIZE EA8t7] WZoltt. F, 2839 ATPZ
B} oF 3~4uf Z£A43}= creatine phophateZ} creatinekinaseol] 3t ADP9}
B33t ATP7F AAS= 2 Z 9} adenylate kinaseZhe &4 23t 283}
o] ADPERH 1328 ATP7 ANEHE 98 A=, 22la F71HA el
A FEREERC fsld ATP7E AAMEE ¥ A27t dew, o2§Fe
glycogen©] ©] &% ATP= 343 #Aasith

S4F HAKE A2z AAFSE B ATPY Bl HxE
Fig2-2-79] Yt Atk ATP £3le -3CelA 71 @wxton, Loz

re
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Fig. 2-2-7. Changes in contents of ATP in plaice muscle
during storage at various temperature.
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0T 5T 10C =MAt -3TolAM ATPE A x7|12EH 343 %
2391 & B AL 20402 g AR exro Fgen o

20717t o]FE -3TRT AZHULD, AY 2521H%9 A
AR HAolAtk 5TolA ] ATPE -3C % 0TS 2 HAF Z7]4)
= dASA FASGr 25X 056 P EHALH, o] Ho BAEE
o 70%%th =3, 10CAM] ATPE 5CS FU&A Z7ldle A
A FAHTUIE o]F 4] AP oH, A A 30X ©
22 Y& AY it dAHAT, of W AHxE of 50%E A
A xFAA 7 #e ¢g& JeEhRUTh

ATPE&e] 4urd] AL AZJexr7t FE4E 27|HEH #xton,
A 257t ¥EFE Z7lde AY dAEA KAHGIL ol F &uke] 7
2%8E Yetddo. -3C 2 0T A& HAZAA ATPe £l &7t w
& A& Bito et al(1983)°] IFAE -25Td AZE o, gz
Matsumoto and Yamanaka(1990)7} R 2]l & -1TCo) HZ& ool ATP
o Ryt wiitts Bug AdA3APG 5C 2 10T AAgoNA ALF
AA 717 TG ATPEFHo] YAA FAHAEH, oleidt A= Watabe
et al.(1991)8] 2%% ¢ creatine phospate?} ADPOlA QA& FF3&}7)
QFolgks Bl BER 5019859 #7134 FHMNM glycogeno] E3i5
AN ATP7F AFAF=7] dhFol 3] 33 271 ATP7F 4A 3
A FRAHGE F243%) #a%de Rug MU £ gt 4F 254
o] ATPES] &% A4+ -3C 0292h7, 0T 0241h7, 5C 0203h, 282
10C 0.113h7'gch =, ATPRES £29 £59&4 L Arrhenius g ol &
st el Z3H(Fig. 2-2-8), Z3 g 2z &4 {FAMSG AAE
YJepiien], 5C 2 10CTET -3C 2 0CAA 8o FIAHAY. F,
0C~10CE AN Qe 0862, Eax -11.628Cal/mole@ o™, -3C ~

rr
B
X
f

..69...
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Fig.2-2-8. Arrhenius plot of ATP breakdown rates at various
temperature.
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0CE =AM Qe 0.809, Eax -18.805Cal/mole°] QLT

2t fAFe ws

AAFe] ATPRIAC BH3le HAMAIZAM glycogen 2 glucoseE &2
242 e 718 oAl #HEE £ & Atk Glycogene
glycogenphosphorylase®] 2t&-o 93t glucose-1-U4HS A AIS}s o]
ImoleZ2 8 E HFHOZ 2moled L-#4F ¥ 2moley] ATP7} A"}
FLEHZ S5de f4o] A EH5o UA Fon, ATPHo] #ZAs}7
AlzbeE A Ao] JHAIHEH o] A YA fAre] FHFE Flsy] A
o 2 & ATPY Ao waby AT A2 e 43 Jgss {1t £3
Fe FUigth AR ZAAE7E 100%] =23 FH P2 Al o)A creatine
phosphate % ATP7} A& 13| L4487 FAld {ite] HHFe FHo
gholl Tt

F43% A& 4% 25 AZse T¢, 28T 2HHE 429
W3S Fig.2-2-99) Yehlidth 54 A F 2 F4%FS 123 #mole/gel AL
o, AZo] APHE Fto] Fsts AFL B, -3TCAAM #4F &3
ZFe o8 AR 2xd v&) FAS] FrHHALH, Y 271HE FAI
Z7kslth7E AR 25412 F o High(55.3 pmole/g)oll BF & dASA &
15 Ak 0CoAAE 2020l F4 HHZFE 432pmole/g2 2, 3T
Bla] 2 e JeEhliNes 1 oj&2 Z Frte AU 5ToA #4
o] ZHo] 7 i, Hd FHF £ M HAew, BAE
35.1 #mole/gS YERAATE 10CE 5CTRT F4ke] &3 o] FAHo|A 35
A ZkE o) 415 g mole/gg VERA AT

2 239 23, -3CAHAAA A3 54 St HupiEd A
ol A WA A4 % Y 5 o2 A%
go] 2157 fFo) ATPe 74, 7239 A

N
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Fig. 2-2-9. Changes in contents of lactate in plaice muscle
during storage at various temperature.
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Aol FHo] A BICERE, 1989 5 A - 1,199 9 I A5 A
o} =3 10CAZAAMY {4 F7H7E 5TRG e, oA 1d
o3 siFe F wWFolzle BICER, 19899 dAjsle Aoz 47
th 84 239 259 EA S Arrheniusd & o] &3 Fig2-2-109] e}
A &, 5CT~10T FgM = Qo2 1.928, Eax 8516Cal/mole, 0T ~5
T d9HE Qe 0.305 Eac -11.803Cal/mole, 18]3 -3T~0TC 99
AME Qo 0.55 Eas -16.84Cal/moleo] At}

o 2

vt IMP %A %] W3}

A& F o AuAPEL olv]xitF 9 glutamic acid 22|32 J4aAd 4
Z9] IMP ¥ GMP(guanosine monophosphate)?} F4lo] Hu©, ZHoA
or8 H A7) glycine, alanine, proline, betaine, methionine, TMAO,
glycogen @ A 28l: E71ANa’, CI, K, PO S)So] UAThAL - i
#, 1987). =, glutamic acid$} IMPE HIRERE Y2AA umamizt &4
Ho(FEE - /MK, 1991 ; Yamaguchi, 1967 ; Yamaguchi and Takahashi,
1984).

Z243 gx8E -3C, 0C, 5T % 10T ZF 2xd AAss U
IMPZ & %] #3tE JYehlAthFig2-2-11). IMPY Hol &3 Azts 2
o] e -3ColA Z+zt 25413 6.10 p mole/g, 0TllA 304122 6.43
zmole/g, 5Tl A 30417t} 6.32 #mole/g, 12132 10Co A 35A17 7 4.98
pmole/g ATt oleh o}, Y Lxrt FE&4EF IMP AHEE7 wEn
Ho F8Fo] gov 3 £k AAHEH, ol8g 2 IMPEZE
7t AMPO] Zolnjxytgo] A2ME §oldtA AT IMPY

Gl HkS-2 A 2o H =ofXBE AHYFE IMPY FFHo] &35
o] &2 eo] FoltlE Bito et al.(1983)¢] R} < x)3FH ).
7} A exdAe IMPAA 4% A4= -3C 0254h', 0T 0.284h ',

...73..



In.k

1.75
tie= 8.55
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Fig.2-2-18. Arrhenius plot of lactate accumulation rates at
various temperature.
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Fig. 2-2-11. Changes in contents of IMP in plaice muscie
during storage at various temperature.
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5C 019%h" 283 10T 0.121h '9) gre2, IMPS] 44L& -3CAA 7+3
wely t}go2 0, 5C L 10CE02 ALU4E £2ES ¢ + Yo
(Fig. 2-2-12).

vl frejolulxidel ¥sg

Z4% EXS& -3TC, 0T, 5C ¢ 10T #F &= AFste A9
S0 R olnxAte] W3E Table 2-2-204 Table 2-2-59 YEHA
ot 4 AZFY feg ofrxAt FFEL 147.8mg/100goIR e, 2F A
lysine®] o] 93.2mg/100gL.2 7} ®ol AA 9 63.1%E A st
2 Y822 arginine®l 12.6mg/100g, alanine®] 10.1mg/100g, 1&]l1
taurine®] 9.6mg/100g2 2 Ztzt AA 9 85%, 68%E 1|3 65%F 2}HA
3ttt

-3TeXM Y 2 ofvl4itel ®¥stE Table 2-2-29 YebliA=d, A%
AlZkol g wetd 59 fa otvliite F L 4 FUhsiATh
0CA(Table 2-2-3)14 Ajzte] ZAzpe]l et {2l ofvlieibe] F&
Aol W3l gilen, 5C(Table 2-2-4) ¥ 10T (Table 2-2-5)°lX = A
FAIZbo] Aol metA fa] ofplixibe] FFL o FrlstAY. A
AR ExolA f8 ofvuliite] Wsle] g AFex JFE A I
o, it Y EAFO IMPe BREAE 3t umamig FFATIE
glutamic acide A% A|Zto] ZAggd we} 7t F7tstAn.

2] olu:AbEo A umami® 2t glutamic acid®t &4 #dE EZF
o} vl AU IMP7F M2 52188 st sto] &4ge]l deiA Utk
%, @=9 glutamic acid®} IMPE o}F W& uto] A7|1& 7HA AT, &
llls M2 245 28 s o] Al7I7F A3 ZAA umamizt &
}©tH(Yamaguchi, 1967 :Yamaguchi et al, 1968a,b,1971 :Yamaguchi
and Takahashi, 1984). Yamaguchi et al.(1967,1968a,b 1971) 2 glutamic

S
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Fig.2-2-12. Arrhenius plot of IMP accumulation rates at
various temperature.
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Table 2-2-2. Changes of free amino acid in plaice muscle during storage at -3C
(mg/100g muscle)

Storage time {(hr)

Free amino acids

0 10 15 25

Taurine (Tau) 96 9.5 10.3 116
Aspartic acid (Asp) 04 05 05 05
‘Threonine (Thr) 09 12 1.7 18
Serine {Ser) 27 32 40 50
Proline {Pro) 0.2 03 04 06
Glutamic acid (Glu) 26 33 47 49
Glycine (Gly) 0.7 07 09 16
Alanine (Ala) 10.1 9.2 12.3 127
Cysteine (Cys) 36 4.1 47 7.0
Valine (Val) 06 07 09 1.1
Methionine {Met) 10 1.3 15 19
Isoleucine (Ile) 2.1 24 31 53
Leucine (Leu) 08 09 1.0 27
Tyrosine (Tyr) 25 29 33 32
Phenylalanine {Phe) 34 4.0 46 49
Lysine (Lys) 93.2 927 9.6 972
Histidine {His) 08 08 13 1.2
Arginine (Arg) 126 137 159 17.4

Total 147.8 151.0 166.9 180.6

Table 2-2-3. Changes of free amino acid in plaice muscle during storage at 0C
(mg/100g muscle)

Storage time (hr)

Free amino acids

0 10 15 25
Taurine (Tau) 96 104 11.2 127
Aspartic acid (Asp) 04 05 05 05
Threonine (Thr) 09 1.3 1.7 19
Serine {Ser) 2.7 33 36 4.7
Proline (Pro} 02 03 04 06
Glutamic acid (Glu) 26 32 45 74
Glycine (Gly) 0.7 09 1.3 24
Alanine (Ala) 10.1 9.0 11.7 119
Cysteine (Cys) 36 44 45 5.6
Valine {(Val) 06 06 08 1.1
Methionine {Met) 1.0 12 1.2 16
Isoleucine {Ile) 2.1 27 35 52
Leucine (Leu) 08 1.0 13 2.1
Tyrosine (Tyn) 25 26 2.7 39
Phenylalanine (Phe) 34 31 32 38
Lysine (Lys) 83.2 93.2 974 98.6
Histidine (His) 08 08 08 14
Arginine {Arg) 1286 134 148 16.7
Total 147.8 151.9 165.2 182.1
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Table 2-2-4. Changes of free amino acid in plaice muscle during storage at 5C
(mg/100g muscle)

Storage time (hr)

Free amino acids

0 10 15 25
Taurine {(Tau) 86 126 138 158
Aspartic acid {Asp) 04 04 04 0.4
Threonine (Thr) 09 1.3 1.5 1.6
Serine {Ser) 27 30 4.1 44
Proline {Pro) 0.2 04 04 04
Glutamic acid {Glu) 26 35 42 57
Glycine (Gly) 0.7 07 1.7 23
Alanine (Ala) 10.1 92 10.6 125
Cysteine {Cys) 36 49 59 6.2
Valine {(Val) 06 08 1.1 1.2
Methionine {Met) 1.0 14 19 21
Isoleucine (lle) 2.1 35 43 4.7
Leucine (Lew) 08 14 2.1 24
Tyrosine (Tyr) 25 14 28 32
Phenylalanine (Phe) 3.4 29 34 3.7
Lysine (Lys) 93.2 9.3 96.2 102.0
Histidine (His) 08 038 08 1.2
Arginine (Arg) 126 12.9 15,3 158
Total 147.8 156.4 1705 18586

Table 2-2-5. Changes of free amino acid in plaice muscle during storage at 10T
(mg/100g muscle)

Storage time (hr)

Free amino acids

0 10 15 25
Taurine (Tau) 9.6 125 14.8 17.2
Aspartic acid (Asp) 04 04 04 05
Threonine (Thr) 09 15 19 23
Serine {Ser) 27 31 39 47
Proline {Pro) 02 0.4 04 0.4
Glutamic acid (Glw) 26 37 54 6.4
Glycine (Gly) 0.7 08 1.4 19
Alanine (Ala) 10.1 10.0 123 148
Cysteine {Cys) 36 438 48 57
Valine {Val) 06 0.7 1.0 1.3
Methionine (Met) 1.0 038 1.2 1.6
Isoleucine (Tle} 21 36 37 498
Leucine {Leu} 08 24 26 29
Tyrosine (Tyr) 25 1.4 27 30
Phenylalanine (Phe) 34 30 35 39
Lysine {Lys) 932 978 1039 1172
Histidine (His} 08 10 12 19
Arginine (Arg) 126 133 15.6 16.7
Total 147.8 161.2 180.7 2073
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acid ¢} IMP9| ¥ 5 228l TE EFAE ARt B HAG 2
T2 RE, T gt Az A AHE A ysutruveE YehY
Q. A7 ue EFAF glutamic acidd EF5(g/100md), ve ETTA
Zol IMP9 ¥%(g/100me), 2212 r& ¥hg A5 24 1128%10° gg e
At

Table 2-2-6°le F4F PASE ZA2xd AAse ¢ 59
glutamic acid?} IMP$} 45 38-& 3l plZto] 45 AEE vt 4
7124 et S48 FAF o v A5 Ads 00379 #& Yl

Table 2-2-6. Synergistic taste effect of glutamic acid and IMP of plaice

muscle during storage at various temperature

Storage Storage time(hr)
temperature
(C) 0 10 25
-3 0.035 0.523 1.349
0 0.035 0.503 1.582
5 0.035 0.253 1.042
10 0.035 0.098 0.104

Data was calculated by the following eguation;
Y =u + ruv
where, Y 1is the taste intensity of the muscle of both
glutamic acid and IMP
u is the concentration(g/100g) of glutamic acid in
the muscle
v is the concentration(g/100g) of IMP in the muscle
r is the positive constant as 1.218% 10°
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ou, Azto] ARBEE = AF LE7t RSS2 %Y 45 AR BE
¢ & otk F, 1042Fe) R AZlE 3TN AF L= Re4E

weA ZF7islgy. o3t dae, 4% 2% AAF glutamic acid$
Z7tol 9% J3 Hue Fig2-2-11¢ vebd uiglgo] ARLeErt ¥
FE IMPAAY £ Az U 45289 d¥os Azdrt

A719] AD2RE Z4 @olE IKESHIME 229 10CRTE AL2(0
CTAF)ANA IA AZF ARstnaz g 4A3E HE o sz =7 7
zto] ¢ d44d Wl opJzh 4 AF Rox HFU|The] HojAFE ot
o] At & 4 Utk

I

A Kgkel @3}

K@e& 2559 ATPHYE SFES AR 3te ol iy Adx #F
o] AxgA, Ax Ao metM 2 gol Frigdh Al - ILF(1970)
el Ad A8 Kitg 3% 24, 33T 5% Jg #3e F4
ofell A 351%1.9%, 117 FAot 2NFA AHEHE AAE 18714.0%, &
o] AAole 34.0£27%9 & N, d¥FHoZ Kgko]l 5% ol
ol BAEe ¥olz FHFHM, 20%7A e Ao, 50%0] 4L 7] RHE
deix Aok =, AFSF, VBN, 223 TMA7ZE A2 27209 FEE
Uehlle A8 2 AMRHE 9t Kge AME 2719 Adx 9] ARE AL
oo

2423 JASE 4F 250 AZSE T AME A FQ Ko W
3} & Fig2-2-13°) YeEATh AME AF QA AlFAA 2 A 2%
Aol Kge ®lms] By -3CUS5AIHYAME 0%E  inosined
hypoxanthine°] H&H 2] ¥k, 0T(10A17F) 2.7%, 5T (10417 2.7%,
283 10TCU0AIZHAN A oF 8% g Uelildo. =, ¢d F A
o] Kgte -3TollAM 4%, 0CAA 12%, 5CA 195%, 22813 10T A
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Fig. 2-2-13. Changes in K-value of plaice muscle during
storage at various temperature.
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35% oldoz, 3 2= &S YA 33 A 3o A
oz dA e KI 5% =Zdte= AlZF2 10T 7A1%E, 5T 10417, O
T 16213, 283 -3TXM e 2

& Kgkel 20%° =23e A1k 10°
dMe dA3 IF=HAL. F4E GAKE 5Colstdl AF}AL B+,
Adx XNEJ K F7b7b @Az AA=HA=d, olEg AApe
Iwamoto et al.(1987)7} QX & A2 HE3 Ao 3tH 0Tl 48
AIZEE] K& 6% olHZ 7Hg R%A, 5T 10CTAME 20% °o|WH=Z
AXFE Jepgded, 15T 20CHZANA Kae 343 F7etdds
Bt FAS Agg REoh K@t 3719 229&EXL 5T ~10C 9
A Qo2 1.295, Eav 24.667Cal/mole, -3C~5T F =l Q1o 1.058, Ea
= 5.247Cal/mole°] 1 THFig.2-2-14).

@)

719 AR2ZRE, 4 FojE IKESHIMERER 10CHTE H2(0TC
AZY M ARSEEA Aert o 2 A9 &85 gk

o}. B2 Zxo] Wiz}

&2 adgloles §F9 AFEF FAEQA collagens] FF 2 B
Z e oax ZAH|AE background toughness(o}Fol] W& TH
o] g@etdhol AlE 28 F o ATPY ®alol 984 myosin® actin®] ZAF
o] 93t actomyosin 2% Aoz IdMWElE actomyosin toughness(
& F3o o dgdH)E bFoiRoh(lA - AL, 1988). Background
toughnesst %% F#foll collagen matrix] H 3ol st A A3 A 3s}s}
£ ¥k actomyosin toughnesst Aol e ZF2 olgArldls AAAEH
2] eAgk Bk BaRol ATPe] E&fol 28l actomyosin 2 A7 84
2 A M3 A B ol §9 ddghe ofF s W ze$9
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Fig.2-2-14. Arrhenius plot of K-value changes at various

temperature.
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ARZED Tl S ool &HA don, §Fo] Y oAFIsE
Zeg HFEO mabA, g9 §AS Ko 9o e o
TE°l AEHI AT F, FFAE AtEC Hristd 5o stz
A Z8F9Y collagend] FF E EIXHNE fHAIAA  background
toughnessSFA A7l (A AK - FF, 1991) 2 2 AAHFE &35t
A4 71 BAZ &€ AAAM §H & dDEA e PHGE 5, 1988)
otk FEE Bf#idl 2/ F&d 9o FAEE=  actomyosin
toughness< Fig.2-1-1¢] YEeld vio} o] myosin® actine] A 93}
o Arie AYPozRE Jeldo g B &9 dAstdl 93
background toughness®] A38l7} dojual Fe Al IA  actomyosin
toughness?t F7}gchd, Fig2-1-291 Jebd nke} o]  background
toughness®l actomyosin toughness’} Gsldxzz, Szo AAZFHQ
toughness7t F7t=o] &3o] of s d AHolrh £ FelMes S49 A
AHQ toughness?t Z5dte 2WS 37 dstd, Lk Hfiel 539
toughness®] ®¥slol] & A 2x9 J&S HEIY

4% JAE 4F 2xo AFsE ¢ |9 APz WHIE
Fig.2-2-15°] Uetiilch. £4 AF 9 33 =& 173621329z oA
, -3CARANM HAAFEe I3 F7hstd 5AF] 18536+354g,
10A1Zb50f) 224631302g2 2 Hdigtel =23 oH, o] th& HF2
Hla) FA3] Astetd 20A2FFo] 11735%27.2g01ATk 0C AR o)A g
HAZEE -3CAAMe Zo] FH3] Fristd 10AzHF Hogd
2207.2%31.2gS JElA o™, 1 o]F o} A&}t 16412 Foll 1786.3%
427g9 @& UEAS Hugd =28 F9 A&z -3CROE
3o 204 7H50] 14965+ 237g2e 2 HJYoh 3, 5THZAME 104]
ZHEol 21533+352g02 HugE YERALOY 0CRT wgtoy, 164
ZbSoll+ 1900.7+1263g9 #o2 0C AAFERDG £ g2 Yegdide
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Fig.2-2-15. Changes in breaking strength of plaice muscie
during storage at various temperature.
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4 A3 Rgs: Utk E, 16X olF Y IA £ 0CEYE &

U 10CRTHE etk 39, 10CARANE 10/ HaBEgte
2t st oyt A dASHA FAHULH, o|F E A LxRG

SrsiAl AT A4F A 2TdAM 9 APz Huge 10
b AFAZ -3TolA 22413%302g, 0ColAM 2207.2+31.2g, 5ColA
2153.3+£352g 281 10CToM 18235+29.7g2 2, -3ColM 718 =& 3t
2 YL theo 2 0T, 5C 2 10CEe2 A% 257 Re42 =
3 7o Huge e 28%, 37 FErt Huige) =2 o F e
As&EEE -3T, 0C, 5T, 10T 22 ARLEr} @242 F&319
th &, 24 A3 FAZEs} Hoged e FIHEE A5E -3
Toll A 53615h7", 0CollA 49.358h ', 5ColA 42868h~', 28] 10°CNA
9.821h'gom, Huigd =g olF A & AFE -3CAA
91.197h”", 0TCelAM 73.891h', S5TolAM  55084h™, 281 10CA
15973h7'e] g-& VehiAch Fig2-2-1601 24E A Lxo)Alo] mx 7
£9 2% 9FEHL Arheniust S ol43te] Uehidth F4 JFRE
s ZE7t Al T2aE 27t £59) Holge] 229 o F o) As
e AY 57t $242 wig 33 FER F7F FRAML Qu
€ 0.851, Eat -18565Cal/molec] o™, AT Q02 0.863, Ea
= -19.848Cal/mole°| A t}.

=3
el

12

>
N

A 9479 333 33
29 AFAlA e ZAHdlA ZA7RE ZH-(sarcomere)©]lgtil B2
o o]lAo] ZH=9 7|27 F) Z&o] FEAd Al 2 Fo}

fu

A g AWZ FXHA| g HH L Ith7) FolFol 4 duj3d e
BaEn F2Ad 2AHo] g5 += AL thin filamentQ actin©] thick

filament$l myosin Alejo] vjl118] A So]7}A 7}al(cross-bridge) =,
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Fig.2-2-16. Arrhenius plot of breaking strength increased(O)
and decreased(®) rates at various temperature.
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actomyosin B A& FA3s7] dFol TZHo] dExw Ao wAx

o (LA - Fully, 1988), o] A # o] FEiE B Ml actomyosin toughness?t =

o 2 Hol 2283 ZAde] BEsA BEHAU, AZ TAL Foe 25
ol 5ol st I 2 Hi7b dvjsiA dEHUAow, AR 13450

= Itk ¥ Hilo] #8& Erbsstda. 28lx, A3 20413 ol F ol z4
o] slnlstA THEUG. o9} & ZA FeAHA +£5PALE actin®
myosin® Aol 23 actomyosin & Aoz ZHo] Relo] WA}
A ElEd, A 7A D 10A1 Foll 89 HAPFEs Assle A
el gk AR 10412 ol ol AgAzto] Zojell whabA Iy ¢
Hejel o] ojzigloy, Z4x 2383 s Hstn AU

Yamanoue and Takahashi(1988) % Scki et al.(1980)°] R el of3}®
F2 AAFZAY I 9Hg A4 BAE AT e
AR A AEE 4 £ de Az Rudige
Aol A £5L T8/ FHo wAld 23 {9

2 259 =54 W

o}8-2] ALE A3t T dsiM e ZAe] B3 (Seki and Tsuchiya, 1991
. Tachibana and Tsuchimoto, 1990 ; Goll et al, 1983), actin®}
myosin Atole] Aol FFH(RIFE - EK, 1988 ; Goll et al., 1983 ;
Parrish and Lusby, 1983), &4 ¥ A<l connectin®] ¥ 3} (Seki and
Watanabe, 1984), 12j31 A3t 229 F(KHIT F, 1989) 59 ¥
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Photo. 2-2-1. Changes in morphology of myofibrils prepared from
plaice muscle by phase-contrast micrographs during
storage at 8°C.

a : immediately after death  d: 13 hrs storage
b: 7hrs storage e : 28 hrs storage
c: 18 hrs storage f:48 hrs storage
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2 Aggy lon FHIdde ol FoAM AY A9 o4l 9% 2§
o] dzdo]l FHIA HH=EAAn ok F TAHRFY ZHFE F=2
collagen® 2 o] A& M EQ matrixgln Boe 722 HEAH AL

B (Duace et al. 1977), A=7F & A3 5F9 4
A7 o MEL matrix HEol o Aog U
1991b). AbE AJZbel Aol tEoiA d3rb dojue
AHE AFstn Jdd A E matrix7} ojd Yol 2ldte Feokslslo g
A o gy Zxrt AEstr] WEelth 283 Az dFE vH
5 A% 2AFXME thick collagen AF2 ¥ MEM 2% 2=,
3% F)ETE thin collagen AR Z HE AE FwHeo A% A (2
ok 5)o.2 VE collagenolth. oMt e 9std VE collagen 2/
F, A X9 matrix®] 71AIA Z=7F Zastd AE FE AY 2F] F
sty S Ao] dsiRth(Hallett and Bremner, 1983). A& Zo] X
matrix®] HF3 A= U7t AP TR A S dgHo=
£3A71 2 YAl M EQ matrix®] YHFZE HsLE A2 Gu)H(SEM)L
2 #EY 5 ot
24 F, 0T AFT dA&E BAHez n3e vojA 10x10X10
THE oA 100g/cr FHLZ, 1027 7I9ts & 289
BEd z27$ B3 dvj@ez #FS ZAHE photo 2-2-20] YERITH
259 XR AL #F dojhoz B A 4 ¥ 24K
ZARFE ME HFASA Fo] A #ZHA FRonm, M 13XHF
TR Atolol] <fzbe] tAo] HAHT, A 20AHE AHAF Atold
Aol wWolch 7ol 2Af 22A ¥Ee APz ¥ 1
, TUARY AR @V #E Ao PHS dAE Jgln

3
AT =, 10A74A] 24/ Abole] bAel BAEA e AL o A

rr

7

g
o
U
S
fru
Ho
i
fijo
.

u

A 2459 TARE dAA T e AEY matrix(VE collagen 4



Photo. 2-2-2. Changes in histology of plaice muscle compressed at
188/cm? far 18sec by light micrographs during
storage at 8°C.

a :immediately after death d: 13 hrs storage
b: 7 hrs storage e : 28 hrs storage
€ : 18 hrs storage f:46 hrs storage
C : Extracellular matrix structure

M : Muscie fiber
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)8 237t Qe A8 =, background toughness®] 3}7} Yo}z ¢
BSE AT, o] wel 2§ FFd 3 A WA F actomyosin
toughness?} 2713tk wrebAM,  background toughnessel actomyosin
toughness7t Bl&ted A 7] @&l A 10AEF =7 HgS v
Bule ez siddd. &, 132 ARZF 24/ 247 Aol 2
Aol WolAe AFde AR 71 T 259 50 g A Aoz
A XY matrix7t £28]3 &45 A7 WEA AdAqZ =Y AR e
Ao sAH).

ol4e] ZAM|ERE, ZH FFo 3ty WAIE HFHo] HME9
matrixoll €4 4317 olA &, 18] collagen A H E3f &V}
z2+-2-317] olAMeo &Al, & & A2l background toughness?t YASHA H A

= @ANA myosin®} actin®] FZo 23+ actomyosin toughness& 4
SAE 7 Ao, $29] o] 9gd YH3E e & g Aok F
A48 o] 85 0CHAF ARE ZAFol o Aol 104 AEFQJ AR F

e

olel AAZRE, F4 FE AT AF:)llA LA A 104
h) ARezA A5 FA MR & 4Fe viAle HE Wy £33
(ZBREZ)o F4 AF %2 IKESHIME %% 10T ARRUx o &4
gga & 5 Atk

A 3A APEHY 9T

ol%el AtFxrie £ - 883 Wzt YFE viAE A8 dAE F
oA, AApEH L TYUALRT AN Aol energy2E7F HI o9
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7 HlgoM F5FQ Ao 2 & U (Johnston and Moon, 1980).
B Hole xAlubyo] ot ATPREERS RiAL, &9 gAi%x
ANERAT AL To B - 3183 Wil disto FESACH

1. AlE ¢ %Y

7b. A8AE; Al 1 Ao I dygoz A AEE AP

. Ay Y

1) XAy

g o8 H2E SAF IEAF Fo FHAHERY F4AE FEDY,
o} 2 AH(1,000ppm ethyl-aminobenzoate®] v} Yo} 382 IX]) L A7z}
ZAHE S Fo] BolE Y 110BE AYoer 3HxI 5AH) 59 9
ALY o2 XAl Fo, YL AASD 0C2 =FE FZ AP}
HA A|E2 ALl

2) AAT, ATPHHEEZR, #4% 22y Ay3x wste] &4 @ 4 2
Ao FdUHez Yt

2. 25 4 23

7h AR AF=
AP (54, vhHAL 2 AVIAFAHE 22 J9AE 0T AR
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Fote] A3 A™ 9 M3 E Fig2-3-1ol Yehidd. 932 =2AI
] A7AZALNAN dA3) GdEHAoH, ggog F4, A £og
AZEE & F UM F, ArPYel ©E F3A NAATGTG FARY =
GAITHE 747 AZIAFAN A 0A1 3 TAIZY, Sl A 25412k 30413,
a5 vhFHARA A SAIZE 344120l AT AL A Ao JIPEE AeE A
712 2A} 12.931h7% 24 2383h7), 2@]: vhE A} 1.754h7 oled, Ho)
AN AAxE AIAFA 9620%, S 96%, 2 uhHAL 85% 2
opFHAL A 74 gkt AZIAFTALNA AL EARH 9 AL} weked),
o|RE H7AFel g3t ATPE37E £l F53 g8
o2 ZAAY Y Hxrt A5 wHRIoks R FARSIATHWIN et
al., 1979, Shaw and Walker, 1977, = F, 1990; Crenwelge et al., 1984).
oAb A 9] ALF A Z ] o] HF =F e, o2 A3 Fraser et
al.(1967)9] E 3o} o] viFHAAZ hFKollA ATPS E3li7F 22X 7
Zo] o] AAH HAog A, Az dEt: SRR =g
o9 sALTE & AolE Holx FRed, oy A= MF
(1990)°] Wol& Ag=2 A¥F A, AL o] AHFE ZAF 9 AgPdl&=
2 FFE nAAT 3 Sxole AXNZRIAROE AP 259 FFo|

o At Hane $A %S e

[«

. ATP &9 B359 W3

AP (S 4, vHEAL A7IASADA @& YA S AbER7e] ATPH®
dEZE9 W3} Fig2-3-2 ~ Fig2-3-5 o) YehiAt

ZAH(Fig.2-3-2)dl M= AR Fo ATPEHS 579umole/gleE &5
o AA ATPRAEAH 718%E A3t ony, ADP+AMPHLE 1954
mole/g, IMP+ 0.32 1« mole/g©l 11, inosine(HxR) + hypoxanthine(Hx)-&
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.é” —O— ; spiking at the brain instantly

—@— ; Dipping in sea water including

25 anesthetic for 18min

—— ; tlectrifying in sea water

1 i 1

0 10 20 30 40 50
Storage Time (hr)

Fig. 2-3-1. Changes in rigor-index of plaice muscle during
storage at @°C after killing by various methods.
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Contents (umole/g)

e 5 18 15 28 25 30 35
Storage Time (hr)

Fig.2-3-2. Changes in contents of ATP and its related compounds
in plaice muscle prepared by spiking at the brain
during storage at 8°C.
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AEEA sk 0CAHZ Fol ATPEHLS AFx7|REH @] 2Adto
25X 7+ 5o @438 Rasign, ADP+AMPE 99H3] #4sdd. IMPE
ARAEZRY FHHAN SAEE =2 FIA 26A470FC 6304
mole/g& el ATt Inosine® hypoxanthine®] 3 HZA7|tFd &
oks] 273t A 3541 Fole 094 #mole/ge] @& UeERRATH

v} # AKFig.2-3-3)ll A& AR E ATPEEHLS 628 umole/go.2 F4
B Egen &8 Fo A ATPHAEZY 746%E AAFAT
ADP+AMPZ-& 190 mole/g, IMPE 0.24 # mole/g°l 11, inosine(HxR) +
hypoxanthine(Hx)-& ZAZ&HHXA] &tk 0T AF x7lo) ATPY ZA4ASE
B F4E0 2oM A 1047 FeE 507pmole/gd] %& FAA
o] 11 olFo] we] Esdtd A 302 Fel ¢Md FHAAG
ADP+AMPx= A% 71Z7H&St @9hd] adgen, IMP: S4EGE &
wE] Z7bste] A% 40417 Fo 6.07 pmole/g] & JERH AT Inosine
7} hypoxanthine®] F#F& AA71F o @3] FristAd

A7IAFAHFig2-3-4e M 4719 54 9 #3HAge 98 BFE
et &, 2223 A% ol ATPE S 3.97 #mole/gel1 1, inosine
(HxR) + hypoxanthine(Hx)& ZZ&H=x &¥tth 0CAF Z7ld ATPZA
v AE3 £315Y AF 10/ Fele ATP7E IR a4dHULH,
ADP+AMPE A% 1541 Feol AR E3lsUo. ¥, IMPg
HxR+Hx9] 271 54 2 u3Alegs @3t

. ATP E3&5d g Ay 9%

Fig.2-3-50 AP S 2 g%& 0Tl AFste §¢o ATP
3 A= dehido Zzbe AApdgel @& AL HF o] ATPEZES
24 579mole/g, A71ZAFAL 3.97mole/g, 2] v}HAL 6.28mole/go 2
HA21AFA A 7HE 3 38 dedAdn. AR5 ATPES =
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Fig.2-3-3. Changes in contents of ATP and its related compounds
in plaice muscle prepared by dipping in sea water
including anesthetic during storage at 8°C.
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Contents (umole/g)

@ 25 5 15 18 15 286 25 386 35
Storage Time (hr)

Fig.2-3-4. Changes in contents of ATP and its related compounds
in plaice muscie prepared by electrifying in sea water
during storage at 8°C.
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—&@— ; spiking at the brain instantly

—O— ; Dipping in sea water including
anesthetic for 18min
; Electrifying in sea water

ATP contents(umole/g)
S

Storage Time (hr)

Fig.2-3-5. Changes in contents of ATP in plaice muscle during
storage at @8°C after killing by various methods.
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A71ASAL A 71 B3ton, gdgo2 F4, 121 vpFHAY £22 o
FAAIA 71 =0, SAA 9 285359 ATPEZS ¢ 51712 4%
A FAEHAJAG7E 3 Fol] ZAadto 2520 fAs] B Ao, v
AL ol 5F9 ATPEHS o& AXpHHZes 28 X4 A Fd 626
mole/g 22 7FE =}, AAFY FIAESER =X & 10AF
507 pmole/g9l &S UYelHA LB, AF 304 Fd &3] = A

AZIZAFAAZ o] ATPEZH S the XApda vlwstd A 2
718 F43%] R 1022 Foe 4d3] EHATG. ATPY ¢4
3l AIZEe AR F AL 1041202 M #BkE, dgeg F4 2547
g vpF A 30AIZHY o2, AN Y dAE A

¥, XAleHHO @& ATPES £% A4E A7AFAL F4 aga o}
HAF ol F4F AVAFAIANZ AFY o fF9 ATPEH o]
€ 1.82umole/gelAel, olaidt AdE BAR 5(1990)9] Big}t o] 3
UFol ATPE 4HIEA7] Wielth &, S4BT Al XAl 3%
o] 2559 collagen®Fol i 1 Fo 4 &=t wan, {49 F
A3 ATPENSE7 wakx A9 Jgo] FIdde BI(BAS 1990;
Boyd et al., 1984)9} A X|3}= Ao Z Aztd]).

PFHALAIZ] BR-ol ol §F o ATPEHo] 71 &3 W& XAPHEG
ATPE&|7} 74 gvbsien, @A A0z A3 JdFHAEH, ]
2§ ZIA+= Fraser et al.(1967)0] HFE wHAIAAAM &59 ATPHH
EAE R3S ARSI, ATPY &4 2aA17 239 zdgo] #A 3
AAZUATE Bt fAsHch
H, o|FE AZIAFAINZD B 99 A3ty g g d7e A9
ol & UNLH, A7 AFARAZ B9 2%F 9 ATPREINEE7 o

ARG FHAIZE Bgred, ojdd Are, U] AFAAIIW
Ao P& 7t wEn ATPESN7E £3=o] 4% gL Yo

oX Mu W

- 102 -



2 %9 pH7} Ast=x ATP7F A9 diRE Ri=EAE o &3 A3
Tg3oE Ba(Will et al, 1979; Crenwelge et al, 1984)9} U x&tAt.
228)3, Bendall et al.(1976)% Konos and Taylor(1987)% A 71A= A7 ¢
S(F A ATPE F2350 w2z 2oy, ¢33 g s
GE5dcta ¥adtan Qo E3 Calkins et al.(1982)% 7] 2=l o
& ATPRAMAEE APt FARE ZA&S 2Estn Ut

<. IMP £ 39 wis)

Fig.2-3-6° A P8 E 2elst GX5E 0T A3t s¢d o4
9 ¥93Y IMPY ¥ E Yedido ARF IMPY FHEEeE A
NZAFA A ZH wgon tgo g F4, uhHALY] £o2 vh3H At A
7}g =3 &, IMPE3 £344E A7AFAL &4, a2l w3l
o2 A JeEtth AZIAFANAM Y IMPEFA &0 M wan Hu
ZAH o] e, o83 Ade, F/S A7) ASARIIEZA & A
o] ALAZE FEstnz @A Fasy B4 B-E LA diEte 8
A8 E FAste 9L sy, Y4 FHEEH Y FFHo| dAs= 5LV
gAslslo] IMP7E wWzA ZZ"c:sE B3 (Yamaguchi et al, 1971;
Calkins et al, 1982)¢} YX|ete Aoz Azdch

agug, A7RFe g F43 ATPY #3le #Z2asHumami)g 3
ZA71E IMP7E #E2A 2AEHEE H{2 7jeve] d4Ede BRi
(Whiting et al, 1981; =&, 1990)9t= dAlgch A, vp3HAt A IMP
o] FH&EEE & AL 274 vl M =8l O Hd FHFx 3%
=4, o]&g AH}E Fraser et al.(1967)9] B9} FAsIH o

o fratge] W
AAgae 2eld WASL 0T Agate 5o 430l 247 44
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IMP contents (umole/g)
B

—@— ; spiking at the brain instantly
e © o ; Dipping in sea water including
anesthetic for 18min
—#— ; Electrifying in sea water
! )

a 10 20 350 40
Storage Time (hr)

Fig. 2-3-6. Changes in contents of IMP in plaice muscle during
storage at 0°C after killing by various methods.
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gaFol WalE Fig. 2-3-79 YehUTE XA A F ] {4 S 4 127
¢ mole/g, A7IAFA}L 436 umole/g, 2211 vlF A} 156 pmole/g S & A A}
o) welA & Aol HAT AVIAFAMZ of&o] F4dRE HE
AAEYPRTG §43] 283 Bol FHHUY F, AFRIIFH 43 F
Vsl A ATPS AEsAI7EQ 10478 542« mole/gle 2 FHu&H
%o B wdAdd, FAAZ A FdMe Fite EFHo] Ay, F
o 232 £33 7R AHQow, 20417 Fol 434 xmole/gl 2 AL Hu
&E YepiAT. shHAE MY {4 S FS F45 AEFH FAls
| 3] Frhetdou AARRERE A 7|Fd HFL FESEG
oFZF Wakth
Z APl 2 {4 Hd SHAND FHFS S 20A0H
43.4 pmole/g, A71ASAL 102174 542 pmole/g, 22lal vk AL 204173
478 pmole/gol Attt Ed, KA FH whg SxAFE AVIAFAA
7V Zen &4, aga vhHAR ol AIIAF AN fike] 3
£x71 w2n HUFHgo] gted, ol ATs AAFA oA
ATPESIZE RS 43 1328 APo g F4+ %2374 pHA
7} wEte BE(Will et al, 1979, Crenwelge et al., 1984; Powell et al,
1984)9F A A3

¥, FARYG 2UARZ] oK FY {4 £ o] A3 wE
2 AT E Afole 29Fo) glycogeno] B E O] fite] 2
ol 2H5rg AAl AHAAN £F 9 glycogenFFol Hi 11 ZAEEI}
ez fikol o] X HYE RI(EARS, 1990; Boyd et al, 1984)
gt dxFe Aoz AzEHY, £ upHAlAA {4 FHo] X A4
g ZAI}E Fraser et al.(1967)2) 239t x|t =, ALz T
Alglol Zrzhel AL WHolA ATPY &4 EaAZ {4t Hd =
HAIZko]l A AR, ol F4te FHFA ATPEHde 2 4

]

X,

)

u<2
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68

; Spiking at the brain instantiy

—O— ; Dipping in sea water including
anesthetic for 18min
—— ; Electrifying in sea water

Lactate contents (umole/g)

20

1 1 H

a 10 208 30 40 50
Storage Time (hr)

Fig. 2-3-7. Changes in contents of lactate in plaice muscle during
storage at @°C after killing by various methods.
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BAE 7R ks Watabe et al.(1991)9) B 19} o x)stqc).

w3 ee Ws)

Ao WE f9o fx3xel WslE Fig.2-3-8¢ Ueh AT RAL
AFe 93y Fxe F4 2 2UAA 1,736.2+329g, 18lx A7|AF
Aol A 2,287.7+232g2.2, A7] AFA A 71wk =3, FHFEr)
Hofjgkol =gste A# a2 W gk F4olA 10413 2,2072%
31,29g, vHFAAlA 13A12k3} 2,147.7+232g, 23 A7|&RpFALoA XA}
| &ofl 2,287.7£232g010 % K9 B, A 271 HHF =] M
q3 Z7hste] 10A1F] Holgtel =2 Fol At 1643 Fol
1,7863+276g9) oz MNAMNFERTE oFt itk E, 15K T} 7
£ e A7ASAEGE =3 vpHAR e w3t ohEHANS ] 9
Zxeo ¥Wste thE APy vlale 7R =g on, A z7)¢ A4
3] Z7lstg 13A17HEol Hujgtol =@t o 20A%FE 17645+
208go 2 XAl FHTO % & & YEL, A3 F4T
frAbgt Aol AVNAFALISE XAF AFo] Hugs dEhfdn 2
Zoll F43] #Zastd 34 Fol A9 HAZ R =2t A7IAFAL
A AP Hojge]l Zn o Fgol FAEEVE wE AL, HIARF
o] W& ATPAR7I £3= 0 ZAFo] weixing ZAAxrt AAH, dA
A R g3l MEE JdFde collagend 79 7t @
dolt7] g2 WA, vlFAlY ZFeE olet Wi H A9 1Y
o] =AM collagendH B 27} 43 JYPHU7] WEolgt F52
=3

3, oF 25417 A Fo] IR EE ApYHol dEl: A AT
e Yehided, B5(1990)9) Rae}l go] A AAHY 89 Axe
Atz & s LT B K9 FAHL AARDEOE A
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2400

2288 ~—@— ; spiking at the brain instantly
—O— ; Dipping in sea water including
anesthetic for 10min

— ; Electrifying in sea water
> 2008 4ing
¥~
o
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= 1600
RV
o
-
L 1400

1260

I aaa L 1 ] [

e 10 20 38 40 50
Storage Time (hr)

Fig. 2-3-8. Changes in breaking strength of plaice muscle during
storage at o°C after killing by various methods.
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F2xod FFE 27 dolet APt ArAFA A AR F ] T
AZ=7r 7B e, olve AZIAFA 3 F4% ATPY £z
actin® myosin®] Y& Zdge] 7t&EFHAY] R 2 FFHHG 13, 3
ARz FLEE7 F48 S0 2 Qlsled pHYF 943 Hojd oz
BAA HAdE actomyosin®] FEAFe] F3HI(Will et al, 1979
Shaw and Walker, 1977; Crenwelge et al., 1984), Ag =z g8 AR
A collagen®] vlAlFz7t WA o] gyt F3EdE Bue o
X &te Aoz AZrEcH(Bendall et al, 1976, Shaw and Walker, 1977;
Will et al, 1979; Savell dt al, 1979; Makeith et al, 1981, Cross,
1979).

A 48 x7 o] F

2 FUEo] YMIE He L, PN o5 AnAI HE
Roll A ZeAh viE & £ RE HuZ 7] gl o] whyo] Utz
1o a8, £ Zule dz 2 35te] &3S fgte oo F4AL
FEHd gt dF 237t o w(Cho and Kim, 1993), ¥8}d A& 3 o
Al slicedEl 2 2|3t A3 E Boljste RS 47ie A+ AHAE 0] &3
Ao g, o] WL AAIRE FRHEAM HHS 71Fo FF M5
H wEo d&stso] ok e, Wago] AEFHAA AHAIE sliced
HE zFd, Wz Jg, Boste Re AP HAF w oy,
WRlo] s Eeistard Wil vl P& 3 HEE AFE A
ol c}.

B HiMye ZAFH(round, fillet, slice)7t WAK9 AlFE 27]9]

O

oft o o

_‘2.
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E 38t wglo viAs G distd AESFIT

1. Alg 2 9y

AFAEE A 1 3 TS o g AT AEE AHESELH, A
EE 24 -8 Fd round, fillet(dd H3F) ¥ slice(2em X 2cm X lem,
AAAA) g2 22 ze)g Fol, 0T AAsdEAM 3=, ATPEE
2 FAF -] H3lE A 1 dn Y YHeE FAHIYO

2. 4% 4 23

7} o= o] W)

ZA42 %5 ol 337} 2N Fig.2-4-1)& 1,7362+262g°19 2, round %
filletFejoll e A7 ol AAZ =7t T ¥WHE JehiAS
Z, A% 10A12EF0) F 2200g7hA] 5t SAAF RO o 27%NE 2
gtel Frhstd e, O olFE Fasty AR 24AFd= o 1200g7HA
sk 39, slicedele AFolME round 2 filletF el o] ®3lole=
tg2A AFNTE T3 o AR Ee Frte Ao FEHA gon,
A 10412 ol FRE wEA Zasdh oy Ade Ut AF
Z719 g5 843 g vixe dFo] F& AAEte Aoz A

€}
. ATP 2 #4339 w3}

zZPed W& 2§ T ATP B #4%F9 ¥sl= Table 19 Yebd
uho} o], A 7Itol ZojFo| metM ATPES R *4a5F 2o JAYHN
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Breaking strength (g)

1480

1200

1000 ‘ : : *
0 10 208 30 40 50
Storage Time (hr)

Fig.2-4-1. Changes in breaking strength of plaice muscle during
storage at B°C after treatment by various forms.
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o zFed BE Aole FAHA @gith

oj9} Zol BHAE sliceFelE 3 AL AAFAl, ATP ¥ /4t
Zo] ¥slE round R filletF e ok xpol7t AAT, AAZ T FIH7t A
o BEHA FL AL, sliceFe|2 st HAFA AFZK
2ol 9]3lo ‘i‘%”‘g"}% actomyosin toughness7} 252 ddgto 2 Jelgd
F de AAA 7] dED Reg Ydd.

olda e AFHAAZ RE, sliceFHl2 F2]Fo YF) G - B
wiate @] Wby AFHAMY AME A F e, round T fillet
P2 A2OT)AZsIAA o] FofAel] sliceFel 2 zelste] Hofs}
€ o2 upyjojoput AAdsinte] &4 2 KA Ao AR 9l
€ ¥ o, F4 o] S50 843E & AS Aok

Table 2-4-1. Change in content of ATP and lactate in plaice muscle
during storage at 0C after preparing by various forms

Time (hr)
0 5 10 15 20 25
Forms
ATP 57 54 38 22 14 0
Round
lactate 132 168 276 337 443 46.2
ATP 58 54 39 2.3 1.5 0
Fillet
lactate 13.0 169 274 338 44.2 46.3
ATP 57 53 38 2.3 14 0.
Slice
lactate 13.1 17.0 275 336 445 46.1

ASAYY 759 9%

AR A 82 de 4 Fo wEL 38l

fr
2
PN
.Q_i
tio
L2
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o ANEE FAMNeH EFH7 Av A2 dHA AT FAHY
drdle A fled, HITEAM LK S(1996)°] HEAHY 65 FA o
of tisted Wl §A Ao niAE FFS FESA [ 4FY
ol Aol 2 MIANBEA 57t RojAe ATVt oy, AXMA
o}Fd &, dATL Ag JA EFHV J4SE B I

BHAME oo AFZ] £ - 833 e dAAAN UM
o fFAANZS AFA B2og, Wy ARt AMRZEV| AR JAS
o] 2 - 33t Wl v]Ale FFo et HESIA

l

o

AgAge Al FY3 LYo g 33 AR E gl ed, F4HF
B 25 Zeh¥F Wy, agln o3 AN2,000 ppm MS-222 vh3 el 5
20 AF g, 0C2 =238 W3 st Z3E,
ATPZAEE, 7%, §4 £39 ¥ & A1¥dy 59 YHoez 23
3t

2.4% ¢ 3%

7L AN A xS g

ol&E F537 npAIAE AR 2HKo] 53ty Gdsln EFF3H
se #8240 dojued olRAE AFFH Aoletusin, ALFY oK E
ZAZAZRE Ca¥'o] fEstad ATP7L oAz Esisid ZAzo] A%
53 ATP9 4247 dEdA AL Az doh A3 MAAT 2 33
AEAIZHE oJF9o FF(Bito et al, 1983), XAFRA(Kim et al., 1993),

di
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A A& % (Kim and Cho, 1992) 59 I&& v

ol AL 2 F9o] ALEZ A W3le) nlXE 4FS BESV] st
Z4 -9y 9 olFAlL - 29 Hele] Al GAE 0T AFste FU¢d
AL Az W3lE Fig2-5-1¢ Yetlidth 34 - w87 AA 54
Zb Fo olu] Aol A&H o] G Fo] A9 o] wgton 3043t
Zo) 98%9 Hx ZAAEE Jelluch I, wFHAL - FE s B39
Z18o] Aol A 125X 271A 54%9 2F2 HARE /A7 2
Fol Z74she] 40A12F Foll 914%9] H3 AAEE Yehiich o9 ol
o} AL - o] A4 - ¥R A2 o] =Y ®al olys} H:
AAT7 ¥e AF}E Cho et al.(1994)8] Bme} o] ulAA ] YAS
A ATPe a7t =8iA ZA9 zgo] AAdtes Bus e
Roz Azten, T BIHRFEIL o] K] AF A uAe FFE AR
Bie IAAT ATPESN S A A9 BHEAAM BYE, o] 2/ F
9] ATPEEE 4AANR FAXNAM ATPEE A7 JAHE 4325
s} e BA YE Aoz FEEG

. ATP &3

AR Z5FY ATP %2 5~10umole/ge BHoly, AlE HrlEte
5% ATP7L 43 s FAst=d, oA ATPAAYSY wkgAZ
EA3t7] gZo|th ATPREHE T AF2E L XALRY T 4L ¢
oo AALxrt FE&4E a7t FAHM(Kim and Cho,1992), XAtz
2 WAL AR T #37F E31Ege] ¢2iA AHKim et al, 1993).
gy, BERFe E ATPRAE T dg d7e A9 glod, 53,
G Ao Byl ATPESO] 3 d7Fe AL Al=s At
CEA Y 9 oA B Al 9AE 0T AREE 5t
ATPY ¥ =& Fig.2-5-20] YER AT S4 - oM & AR F 4
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—@— ; spiking at the brain instantly
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anesthetic (for 10min) without
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Fig. 2-5-1. Effect of anesthesia killing and non-bleeding on
changes in rigor-index of plaice muscle during
storage at 8°C.
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—@— ; spiking at the brain instantly with bleeding

1r —O— ; Dipping in sea water including anesthetic
(for 18min) without bleeding

ATP contents (umole/g)

o 1 L [}

/] S 10 15 20 235 30 35
Storage Time (hr)

Fig.2-5-2. Effect of anesthesia killing and non-bleeding on
changes in ATP breakdown of plaice muscle during
storage at 8°C.
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5.84 pmole/ge UYENASH, HF7|zro]l Aoy wats Fasted AP
2542 Fo As] EalH AT A, vlHAL - THYME F4 - HEHR
= gd AR 225A770x] ATPS #37F 2zt fdHGr o olf 2 J
£3] 2=l AR 3041 Felle A3 BIAHUSD F, XA F9] 6.20
pmole/geld Aol A& 225A17F o] 53 umole/gE 37t AF3] JA
Hoprl, 2 olFE A Bl EUT

o|9} o] vhFHA} - Ao ALFE 225X 77bA] ATPEE|7E A=<=
AeE, wHE A ZATAZY CatE: AAAGAY Ao A%
ATPE# S AA ¥ ofye}, FPo 2Ry ATP/I A= ez &
ggth ATPY ESE A5 4 - H8oME 024%h 'olded, o3
A} - 2o xe AR 2577 AE 0038h, 223 225413 olFE
0.820h'e 2, 29AI 2 B3t

th. ATPEHYE 2359 Ws}

AL 2 Fbgo] |x§e] ATP HFHEZFS] ¥ rixle dFS
AEZ AA, F4 - F¥8(Fig2-5-3)Me A2 Fo ATPEZHE 58y
mole/ge2 2859 A ATPRHEERAY 67%E Aoy,
ADP+AMPx 13umole/g, IMPE 1.0uzmole/g, HxR+Hx& 0.6 2 mole/g
olAth. ATP= AR7ITto] Aol wretr] st 254 Fo 433
=R, ADP+AMPE AR7IHg §3td 4T g FASFAt &
#, IMPE ATPO Z2¢ tjBolA Fretlen ATP7h €3] E8id
25212 Foll 66 pmole/g7hA] 45 AL, 1 F BARMAA] S e e
Wdch HxR+Hxe AR 7i7te] ZojZel e} ozt Asdte A% 3BAIY &
ol 1.1xmole/gg UERNRITE 34, wiHAL - 54 8(Fig2-5-4)0lH e 2AH
%o ADP+AMP= 1.2 #mole/g, IMP= 0.8 2 mole/g, HxR+Hx+ 0.6 #mole/g
o2 FA4-4gx & Aole AT 2y, ATPY Hste 4 - W
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Fig.2-5-3. Changes in contents of ATP and its related compounds
in plaice muscle during storage at 8°C after spiking
at the brain instantiy with bleeding.
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Fig.2-5-4. Changes in contents of ATP and its related compounds
in plaice muscle during storage at 8°C after dipping
in sea water including anesthetic without bleeding.
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= 22 AR Fo 63umole/g 22 H ATP BAEZRAY 71%0|FeH,
T ARZNF 237t dAEHA A 2254 7HA] 53 pmole/gd] S
fFAReH, 1 Fo G535 FalHo] AR 30X Fol LHs] A H
Atk IMPE ATPY Z4aet tEolM F7hsted AR 30AFd= 674
mole/g7tA 3}t 4dA® #E& FASAT A, ADP+AMP %
HxR+Hx#t& AZA7I1HE T3t #sl7t A9 #FHA G

g BFxe s

S99 g collagend] FF R EX Feo watx AAHHOA
£ background toughness(o1%o] W& 1/ GEHYg AF ZFKFe
ATPS E3&o] ©& myosin® actin®] ZA¥ol 93} actomyosin E 3|
g Ao WASE actomyosin toughness(2S 3= 93 dadshz
Fo] (A - ALy, 1988). Background toughnessi AFEZ7]9) collagen
matrix®] %I} 2|l A A3 AF}3l= wtH| actomyosin toughness=
Zolle 259 olgAdle AEHA GAL, AFFExT] ATPY £
o] &t actomyosin BgA7F B X A 3] BAsA Frh AlFol of
%9 gdge nigle oF, AAx, HAMYH 2 Ze Fo [FxP Tl
FEFS LSl FA Jon, §Fo] dd§ oFUs-E nFAFLR F
#
RHAL R Ft¥o] fo st re] #¥td vA= IS AES] A
sl 4 - WE 2 oA - FHE Y A8 YAE 0T AFste Tt
%9 AT ¥W3E Fig2-2-59 YepdUuch. X2 AP
1736.2£65.4g olR oy, F4 - F¥olMe AF7|HF A3 F7}8d
A 107z Foll 2207.3£602g¢ LR, AAAF R 271% 453
Rov, 32 o2 F&IA LAY FH, vhFHAL - BN 7
ABZEe F7/HESE7} SN PE B ot Hug: wFRoen HF 20

)

)



T —@— ; spiking at the brain instantly
2208 with bleeding
; Dipping in sea water including
anesthetic (for 18min) without
bleedin
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Fig. 2-5-5. Effect of anesthesia killing and non-bleeding on

changes in breaking strength of plaice muscle
during storage at 8°C.
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A7 A 2 gkel FASEAY F, A 1382 Fo] 20468+67.4g2 e
Wol XApAZ o 179% 4355t oH, olF & 747 glo] dAFSA #
A 5ol A 20412 Tl 20855+27.2g3S JER U

E85L 280l3 %z AT WHATA god HAxAI 2g
ol ¢l on, AxHES A AAFFY vtz F¥A Il RS
dxoz 3 U A, L1996 Wol, Bl § Ffols oo
|49 dstell BASIAL, &, X §9 HAojs ¥do] A Al
A7 58 sty ok £ A¥9 vhFA} - FEAlo] S2e dd
ol o] F4 - WdET & AL vFHE A 22¥N 2 Ca¥
Z ARAAHGA ] et ol ATPES AN wl& 2§9 olgez
FZo] AAHE Aoz A & A58 ANPe Ay =& A

oje] AT RE, F4 - UdBce vFHAL - Y A2 0T B
TN FFIHE, S - WY FEHEGE $F9 ddge HE7|70]
Aoz FHolE$add 588 Ao Azdg

ul. FAbFe] st

S48 9 oA - 2] Al PXE 0T ARsls 5 #
el %E}% Fig.2-5-69l Wetldct. AT {FAFFL 104
mole/gol A28, S4& - FHAA A7 /A F3Ho] wal G 204
H3l ¢ 50 umole/g7tA] 5 d Foll YT e YEAUAS. FE, v}
HAL - FREHAXME I5A7HA] FAEHo] Ao #AHA s, o &
2 127 Aedtd AR 25413 Fo] 51.7pmole/gl 2 Huigte JEhY
Atk FAEH WM& A5 4 - wEL 129107, A - By
2 AR 15/ 2742 0.086h 7, HF 1541 2Hal A 25417k A& 4.01h

- 122 -



70

—@— ; spiking at the brain instantly with bleeding

—0— ; Dipping in sea water including anesthetic
(for 18min) without bieeding

60 |-

Lactate contents (zmole/g)
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Storage Time (hr)

Fig. 2-5-6. Effect of anesthesia killing and non-bleeding on
changes in lactate accumulation of plaice muscle
during storage at 8°C.
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o] gtez, ATP a9} o] F vA2 Zrstgrt o8 Ade, ATP
Bajlo] & siFaEge AyPoz {4t H3Ho| Yszz ATPES
fA=ZFo] Alfo] Atie B (Watabe et al, 1991)9} ¥ X5t e, v}
HAL - Al fArE Aol dA3] AAdE e Ane vhFHAL - FHEA A
ATPE37} A 7] W&ol F28o] JAd 22 FF5dt

u. E o] @ 9w W
gojg AWM ZsAY 445 HERES A Aol 3
Wake Aol YwAoln. WEsA oW AT Yojo| 28U} ANZ
of 2Tl gobd $metel B VA WEoltm LA Uk
B 4% ARRE, vhAA - 2R Z9o] 4439 {49 v
gol BE JIzte] AF AASAAY, THYE Astel $Y FHo2 A
A5)e] gj@o] Vmi Friw AgHozE N7 9e Relch
WAS F4 48 I oAb 238 JHE 0T 2043 AFF
o fwel Wsk FEE VAP AFHE photo 2-5-17 2. ohAA} - T
Y 5498 25 2042 AFFAE ue Wske BRHA I

A 64 WA 4L Aol I

stoll diste] o) F, XALEAY 0], AR AFLE, W
&g vAe Ae2 g Jdt(Johnaton and Moon,1980).

A 2AS ARARAZD o] AN A B}, AR W [PLE
T ALLEFS(E 3,1993), 282 $EAY Aol FHFA A BoKCho
et al, 1996), AbF ol%¢] &2 - sy} £31go] ¢aA Uk

2

du

o

>

of ot
87
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Photo. 2-5-1. External appearance of sashimi after
26 hrs storage at 8°C.
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golE AgolA 0T7HA] WA 4389 Aole AH2AZFA ox
B2 - 3lsha wsle] A¥¥E vE ook F, AFHAMY 25 52
A doll 2Jsled ZH AR ,
EolME ZAEAZ AYH 715e A48 wET] B Ca¥e AA
3] &34 dd.

B HoMe golg WAAFN 7] Mol AFEe| Aolrt, YA S AMEZR7]
ol 22 - 38d Wil v G dete HESH

1. Az 23

HX(700~8002) 8 Eoldel2 A4BH2 st 20T sisollA o 64
b s 3BAZ Fdl, ulFHAMAIZ] 2(2,000ppm ethyl-aniobenzoate vH
Aol 1087 A2 Fojdee] F £/HE 0CE =Ad W4siFd v 2
A S AAsEAM ARZ AMRSHRT

AIE R AT Bitos(1983)9] Wyeg FAHIAL, FAZEE AndoF
(199D} By, & ¥xe 2AE HHsA o] 20x20x10mm’ 2712
gA &HLE Mgz Agsded, #A9PEe A 10mm cylinder
plunger® A}&3}1 deformationd 60%E 34, £% 60mm/mintje] 3
&S YA 24E FAge 6~838 s HFLEFH A (meant
SD)E YEelddo =, ATPRHEEZILS HPLCE #4891, #tde
Barker$} Summerson(1941)% el webr 3o

2. 4% ¢ n

i)

7b AR A= W)
Yzt Aol H3Ee] Aol of 5o AR F A W] vjAe FFE FE
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371 9ot o}AAAY AT o) gEel AEdANE 0CE Z2RE ¥
sigol vtz AR s Hgse Aol AFAAY WSHE Fig2-6-10 Y
ehBQch BlAAES 0C Wakalsol vl2 YNAEP R A 254
Az AR} APe BFHA FLOH, 5AZ ol 106% &S e
Atk 2 olFo] Azt ATel WEol Zrbste] 0A%F HRF
98%E UEhAATH §8, Aole AHZ 0T WSl vz AAAY
3 e AAAT AAsA AAon, AF 247 Fo| AYSI} 7%
nA gt 2 olFols AFEAATY e nhHAR ARG W
zrbate] A 18M7 Fol 98%el A1 AAEE Jeh. olgtzol,
Y2717 Aol EFES] olo] matd ALEAFE Wsle] Aozt v
AL, gl 289 $22 0T Wzss A0 oo 2LEH
RE Ca¥ol 43 MATUz LE5HolM myosin® actin®] ZF el oF
289 42078 AAEAH] UNE WA, EHANE ARFRLAHo|
ol AL VAo g TAEA F202 Ca¥o WEEE =27 o)
2o AEAMo] EolAE Aoz Az}

. ATP &3}

o] 89 ALE ATPY 238 &xv AZLE, A2, BEFFFA 3
&g won AZLErl R&¢+4E vt FFHM(Kim and Cho, 1992),
ArzAL ANAZTAZ Aol Bzt 7 Fgo] dejA  Athk(ol
5,1995). a8la, $ERFE oFd @ Aolr UAAW, YXE X8R
3 AdoAe Zatdo] e no ATPY Ed7l dAddn vastan )
tHZ &, 1996).

opFALAIZ] A GoldHY A8 YA E 0CTE 23" YZsisd vz
AAE] AZste FUdol ATPY EHYEE Fig. 2-6-29 Yehlidch
ol AL 0C Watal ol vt AAARF AL AR R 6.4 1 mol/g2
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Fig. 2-6-1. Effect of live or anesthesia killing before dipping in
refrigerated seawater(8°C) on changes in rigor-index
of plaice muscile during storage.
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~—@— ; Dipping of live plaice in
refrigerated seawater
6 —O~— ; Dipping of anesthesia plaice
in refrigerated seawater
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Fig. 2-6-2. Effect of live or anesthesia killing before dipping in
refrigerated seawater(8°C) on changes in ATP breakdeown

of plaice muscle during storage.
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e Jetgglen, A% z7)de ATPY B&#7t A9 #aAHZR g3 A
7 207274 A] 54 ppmol/ge] @e FASHAT 1 olF 2 F7H3] A H
A% 2542 FoAlE 34xmol/ge YERHAR, AF 304 FollE 23
B EAct. W, Mojsle AdHIZ 0C YZsgdd vi2 JAAZ3 A
ATPE&7} @ttt &, AR 75AA7AE 64pmol/gde2 FAHT}
3 ol% 2 F&3] BalHo M 175ANFA e &3] EHUAG

ol9}zro], viFHALEO| 0C WZs| s vl HAAZF Aol Aol
JeEZ AAAFS AR ATPEH7E JAHE 2F3e oHHE A% 24
A2 AAFAGA A £ Aoz #GAHAUAG 281, Hoile
JeElE AAAZ]} AT A 7527MA] ATPE o] o84 ¥ AL
Ao 2 HE] ATP7} AMAE7] dFolgtn FH3F Cho et al.(1996)9] B
1o} dAFE Ao E Azd.

ATPE#HEE A3 vl3ALEd 0T Wzslsed vlg A AL
A 17582 7AAE 0.038h 'Qem, 2 ol%F AR 30A1274AE 0.48%h '
th. Aoldle AHZE 0C WZsiso IAAZS AL A 7523 744
0.004h 'Q3 2 o]F A& 3041271 0.664h7'e} @& JEAU

o
L

. ATPEYE ERAE9] W3}

ol AL Fol 0C Wztsigeol vtz HRA[Z} AL&(Fig. 2-6-3), XA
Fol ATPE#EHL 64 pmole/go 2 Z8FY A ATPREEZY 74%E
225t QY o8, ADP+AMPE 12 xmole/g , HxR+Hx+e 0.6 zmole/gol At
ATPE A#7I7te z7de BslEAdn 43T s A%, A%
20712t o] FRE FAF] Ay AlRst AR 0AF Folle Fd] £
Aot A, IMPE ATPY et tjEolA F713tgen, ATP7E £3d3]
Fal=e 3071 ¥l 664mole/g7tA] dEdt AT ATP+ADPE AR7IHE
53l Ao IAF ge /AN, HxR+Hxe A3 71| ZojFo]
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Fig.2-6-3. Changes in contents of ATP and its related compounds
in plaice muscle killed by anesthesia without bleeding
during storage at 8°C seawater.
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Fig. 2-6-4%} 2t} dZzAlg8c ATP+ADP7} 12uxmole/g, IMP= 054
mole/g, HxR+Hx¥ 05zmole/ge 2, vFHAIAZ A8} & Aol {1
o iy, JFFol ATPe #de niFAI Aes g, A2
1527 B8ll7t Aol BFEHALYGI O o|F R F43] FLE A
F 17523 Fo &3] ZaiEAct IMPE ATPS A9 tiEoM F
7}sled AR 175412 Foll= 6,7 pmole/gZ7hA] 2535, 2 o]F2 A9
AA3 e FAsIYT §W, ADP+AMPE A AZA7|1HE 3l A9
37F g1, HxR+Hxe AR 7Izte]l ZojFo] upabs 3t F53te A
Z 35417 o]Fole vhFAAZ &3 FUF 1.2 #mole/g7tA] 5.
ol e ZAAZRE, WMo &olo A Alold] WA ATP ¥
A& 27 AAT, Az AFEA Kt Wstde ztol7t gle A
o8 gwodd

2t s 3xo W3l

WA golel 439 Aojrt Ao duge] Wsld ulXe IS
HAES7] 98k, vpHAL Foll 0T WZsisol vtz AAAGI} A &
Jeje)l AlE |HAIE 0C WZsiso) vtz JAAAGse ¢ &9 3
2z W3lE Fig. 6-2-59 JelAdth dAzA5Y FAZF=g%S 17362
t654golAou, vt Fo 0C WS g vg AAdS (P AL
HAqZEe ZrtEest gursted A 12543 T 21263+322¢0.8
7ol g Uehien, hRASRG o 2% %Z 443 1 o
ol A3 Aststd oy AP 2047 Folx 18965129.2g02 R T
Bo} ¥ e RASYT old @ e, 2 5(1996)°] wpHAAL - £
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Fig.2-6-4. Changes in contents of ATP and its related compounds
in plaice muscle during storage at 8°C seawater
without killing.
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Fig. 2-6-5. Effect of live or anesthesia Killing before dipping in
refrigerated seawater(8°C) on changes in breaking
strenth of plaice muscle during storage.
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d ZHE 9AFS 0C A1 AT 59 gAqF=ge] wzr 20
AR H2RFRYG £ gozZ fFAHE A 2L AFYZ, HALF
W& == ATPRS ¢ |9 FAZETF £ - &3 WHsld 34 9%
o] & AAtste A"=E AZEo.

g, Aolsle ZEE 0C WZs|gol vtz Fzstd HFe AL AF
Z719) &9 FIFEgol Frhstd A 75X Foll 21833£322g2 2
HEFED F 26% A5adth 2 olF 2 Ast AR 204 Fode
1367.2+£409g 2 2, vl3AL AlgR o 4338 we & el ojg
22 AFs, A4 BE &9 A E HsE AT = F5(1994)9
Aot FAME Aoz Folles HeHE WZtslgol JAAAZAE wol F9
730l ALol7] Wi AP FH IS 22, o] ujo] ATPY FA%
32 myosin actin® Aol sty A= Y wjFo] 89 3
Zro ZUlExr wgton 1 o]EF collagen matrixd FHetslel st
3t W Eol S AAZFEgY Ayt @ Aoz YztHE

vh F4rEe W

RE®RS ZFde fratel A A5 UA@goH, ATPge] Z4a3d}
7l Azshs Al ARo] AHEH, of AYPolN FAZE Z7}817
A1zpetg}t, AMZR R A7 100%9) =23 - A7 AlHNA  creatine
phosphate 3 ATP7} A9 @33 49T FA Fite] SHZE Ho
groll =&38hA dch

opH AR 0C Wztalsoll w2 I A8t A g4e A oldeio] YA
E 0C JZssol vtz At AFsts Tl 2559 FAZFY W
31& Fig. 2-6-6° UYelAth dEAI89 #4833 98 umole/golAL
o, upHAE ] 0T WAsligo vtz AAstd HFg AL 10A74HA /

&
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Fig. 2-6-6. Effect of live or anesthesia killing before dipping in
refrigerated seawater(@°C) on changes in lactate
content of plaice muscle during storage.
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Arel 717 Aol BER A Gort, 1 olFE MA3] Friste] AR 204
7t Fol 239umole/gg& UEMNUIL, 1 o]F 2 FAI FUistd AF 25
Ao = 504 pmole/ge. 2 HgtS Ve g, dolle deHE
0C Wztslarol] vt At S A HZZ27]o FA5F o] wito
o, A% 1541 Fol 493 xmole/g®] @7HA] st HngS vehd
t}.

FAFEA Y RIS EE Adge, vhHANE 0T W2hslged AAAZE A
& 10A1274A1E 0.116h7, 10A1ZkAl A 20412 7b A1 1.468h !, 20217l A
25 AAE 47019 e JYEMRATE @3, dolgle A 0T Hzta)
Zofl AAAZE AL AA 2542 15420744 3.134h ') ge UEh
WAt
ol & Wzl 4£IEY Aol wE Z/F o 4 SHH Wl
, ATPE 3¢} At@o] Zthe Watabe et al(1991)9] Ru ol A xstgch
B AgolA viFHALE 0T WZsisol vtz ARt A A5 &
Ab Aol JAHE AL, Fig. 2-6-20 Yehd ulepzo] ATPY #3371
AA = 7] 7ol gl TAH k] FFHo] xR AoeR Y
L21=

&2

[

fr
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TAZ AFARESH LA AFAFH S ol &3t e A7V
B 23510 Qo (Hatae et al, 1990), Yamanaka et al.(1978)& A}E A
A7 52 FETAA E Aol7t Jon, sFA Aol ALFA F e H|
st FFol Z3HAl dojdtix sttt sFAAL o5 S FATHE F
Ald dojue e, old FEH EHA Ue EAolAW A
S&ee dFe AFE APtk HE F(1984)2 FAE e
oS ATPY #3Fe EH3lo, sl ATPH I ¥ FA{L &%
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Aot L3, T2 dold #MEAA 25 FAT=9 glycogen FF F
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7b AAE D, fA4ke] ggro] FU1dd . B ud o (Yamanaka et al,
1984). dFAY e FEZY, ATz, Axe AP Fol &
FHE vAE Rog LA UHER, 1986 Ma et al, 1993). 53], 3l

F2F6 AoiM AA9 duxgoez ALEE ATPY Eajs dutzoe
2 ATPased| 2743 W& A2 ¥43A Uth

71 A e AR AA3Y Ao FFE vXA HH,
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sy

s dLe 0C, 5C, 10T, 15T, 25CY FE4 ¢ 25TY 3712 4%
stde, 24 FFEAd s T8 EFo] 1 ¥E=F polyethylene film
o2 & Fd, &9 27} 0Ce =2 d713 sl5AAA A5 AHS
&t

. BAZ = 53

Ando et al.(1991a)9] *#3el wiebA] Table 3-2-13% 2 o2 £A
A &, XSS A Az AE Fol, 4R dstd g
2 AHI3to, 5mme FAZ ZepA {9 HAZEE I A%
=9 g2 A 10mme plungers AF&3lged, % 60mm/min® 2]
1S Yeldg. dd8daxEe 10~128 A3l HF+ EFHAX}H(mean
+SD)E Jel At

Table 3-2-1. Conditions for breaking strength profile measurement of

plaice muscle

Instrument Rheometer Model NRM-3010D,
Fudoh Kogyo Co.

Sample thickness 0.5mm

Cylindrical plunger 10.0mn in diameter
Load cell 1,000g

Chart speed 6cm/min
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2t ATP 3dE2d 2 faohuledt 3F 83 289 24 A3
A 2% 243 YT WP sk

v, 24479 =4

= Fig.3-2-13} o] Perry and Grey(1956)9] WS AR 74z
3t zAsgon, ABZAL A48 2E 22 HE dFo e @
4T olstollA 3ttt F, vhsfd Ao BE Ko 25mM KCI& 373}
€ 39mM B4A4SF&A(pH 7.1)€ 58 7isted FASS Fol 600 xg, 15
22 A4AR s T. FAE tet $Y 23S 13 wEF o, A
AE 422e tAF 2Ewe st 4uF 01M KCIE F§3ts
39mM AT Y (pH 7.1 FEHE Hell, 600 xg, 1583 A&}
AAEe xS AANIYY. §Y 23S 33 wrEstd AP
SR8 AAF F, 5YI S5 Lo dFEto )AL TIHYRE ALk

. 29479 ATPase@do] =34

ZAH2 ATPaseB AL ZHE2A0AM 2H 5=, Mg? -ATPase®
A& 5mM MgCI2, 0.1M KCl, 20mM Tris-maleate(pH 7.0), 2mM ATP,
05mg myofibril/ml % 025mM CaCl ¢ ®Brggog ZA3lgrh
Ca”-ATPase@/-2 25mM Tris-maleate(pH 7.0), 2mM ATP % 05 mg
myofibril/ml Z+2} 5mM CaCl; 2 0.05M KCI& H7H3F yh-gdolx &3
gtk ATPE 718l ¥hgo] AlZd w2 RE 280 A3 ¥ 2mly
< #H3d 15% TCA ImlZ ¥H3-& FAAZHG. K28 F71AAH2 Fiske
and Subbarow(1925)8] W] wie} FAHIPon, AFFIZHMoz RE
ATPase @4 oz gakatgich
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Muscle tissue

Homogenize for 2min with 5 vol. 38mM borate
buffer(pH 7.1) containing 25mM KCl solution

Centrifuge at 600 x g for 15min

Supernatant Sediment

Homogenize for lmin with 5 vol. 33mM borate
buffer(pH 7.1) containing 25mM KCI solution
Centrifuge at 600 x g for 15min

Supernatant  Upper layer of Sediment

Homogenize with 4 vol. 39mM borate buffer
(pH 7.1) containing 0.1M KCI solution
Centrifuge at 600 x g for 15min,

Repeat 3 more time

Supernatant  Upper layer of Sediment

Suspended in 39mM borate buffer (pH 7.1)
containing 0.1M KCI

Myofibrillar protein

Fig.3-2-1. Preparation of myofibrils
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1. 3559 55

AFolvd AAE FASE FLo] AsisiA Ho 29 P2 A7
A WEZ A B FHo] IPHE Fol ALY Fe wE
F29 ZHsle s34 2 FH ¢ + Atk Fig3-2-28 & chunk
FHZ sl FE5FHA(AAALFTA)H} STFH(-15C T2 ) 3RS
o] FAFHE YU AAHLRE FHEFASHE HWZEAY 4
A Aol oF 102 ol e -15T Y FZnNAME 1158 2
ot

52" ARE #FAld 2 315 = polyethylene filme 2 ¥ %3}
o o] fo @ REEF 3l 329 FrFolA F3AeH, FIHE
< filme 2 A 25CY F7IFd IR LAt FSFA(AAEL
T2 2 -90CA 2 dUFACIST)IFA #4F sz yez sEAol
EF20°] 0C7A Bs3ted Zege A2 Table 3-2-29 2o F2 -90
T TAXEE Z4F Yoz sE3ds ol 0C7HA silFol £85+=
A|Zte 25CY F71, 25C &5, 15T 54, 10C &+, 5C 7%+
2L 0T oA zZhzh 48, 13, 24, 35, 81 ¥ 600%°] A8 %ALY, F&
-15CQA SZAEE 744 45 11, 17, 31, 70 2 4208°] 28 H At

w3 HAd NAAZFHHE FHA3E Aol 25T F7=2 iFF
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Fig. 3-2-2. Freezing curve of plaice muscle by frozen temperature
Muscle size ; 38X 30X 18mm
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+, T -90T AET 3408, F2 -15C A5 375%°] A8=AeH,
25T =52 FstdSdole zZt7 95%, 808l AU

Table 3-2-2. Thawing time of frozen muscle by various thawing

method
Thawing Thawing time(min)
method
-90C freezing -15C freezing

25T air 48 45
25T tap water 13 11
15C tap water 24 17
10TC tap water 35 31
5C tap water 81 70
0C tap water 600 420

Thawing time is from frozen temperature to 0C

ulz7EA2 15T, 10T, 5T 2 0Ty FF=2 dEd Fedcec §&
-90TC AlgT ZzZt 178, 28%, 69%, 560%°] 28HYeH, F& -15C
ARE 247 148, 278, 6%, 40680 225 5T ol4te) H5e
N Zzte) sigesd mepd HEe Aot AYANT AEAA Baol Y

K1
2

AL dolbx gtk ¥ud Wen dXsAon, sELTe et
A AAe AHro & Aol Ae Ao FIH)
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|29 doge {9 ZA¥xH9 dgFEE AAStR A€ collagen
matrix°l 9t == background toughness®t AlE &% 9]
ATPasec] 23+ ATP2 232 myosin® actin®] Zgol| ostd FAHE
actomyosin 2 Ao o8ty WAE actomyosin toughnessZ Hyoi x|
ol ¥ 249 Zod wabd ZHHoIIh Cho and Lee(1994)=
background toughness¥ AF¥E 719 collagen matrix®] 32 AJA{3]
Astgctn slgeny, ¥rdo actomyosin toughnesse AFE Z7]d] ATP
o] E# & actomyosin E:A|7} FAH 7] o MA3 FrtEGR 3
o} =& actomyosin E3A Q] FAAL ALE oK LR A ¢
g Bong A3 AE FHAIZIA o] E o] &3Hr] HF B
7} AP Ak Iwamoto et al, 1987, 1988, Z-=, 1992; =-Z, 1993).
3], o9} Zo] 2EEAAE AUt AFA A HFAAE ol &3
2e ZA)71 A} e Q37 o]lF oAl A (Hatae et al, 1990).

o]-59] AlFo] FAe] 9] background toughness® 37t dojiiA]
Re A ™M )FEA A 93 actomyosin toughness?} 713t $2
o] HAZHY toughness7t F7t5o] Aol FuiHold Aoz wddd
welA, B Aol siFol 23 actomyosin toughnesse] As2AS
Z7] st T4 2 AFEE 2esE Hol S toughness® ®
318 HEIAGD

HAE S48t chunkZElE2 AAYF Fo| FEFA(HALLTE,
-90C $23 A" SUFA(-15C F2AEA 39 ¢ AFE o
<, S 2estds dol &9 HAZx WE Fig. 3-2-3¢ o
et 435 gy sE 585+387gelR o, 25T FE52 &
A, 355238t -90TAM HAE §& 7225£128g, 16T §2
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C 25°C, T 25°C, A 15°C, T 18°C, T 5°C, T @°C, T

Thawing method

Fig. 3-2-3. Effect of thawing condition on breaking strength in
frozen plaice dorsal muscle.
Abbreviation: C,unfrozen; T, tap water; A, air
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chunk, slice?] F3el2 Xx2ldly 3YT FHAARZ Fd 15T 242
qEslded AP EE Fig. 3-2-40 Ueldch F4HYF 9 259
ATt 5885+387g e, S5FAAZS AL AN FuHE B
fillet3k AL 7245%13.7°10 2.8 chunky sliced RE& Zzt 7176
23.1g, 7104%175g2.2, A ¥eo] gty & ol & vehlA gt
a3y, 9t FAAFE AL fillet, chunk, slice 3 ol zZ+zt 6783+
20.5g, 6705+ 265g, 710.0£37.4g2 2 slice B2 FSZHT Ao fillet,

flo
I+
ot

MEL e B
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Fig. 3-2-4. Effect of sashimi form on breaking strength in frozen
plaice dorsal muscle by 15°C tap water thawing.

-161-



chunke] Fel2 2% 2 2ok 4 £ SARE g2 vehidck ol
9 g AIHE, slice Fe) S0l YAME 289 FA7} Fob -15C
g $ZLEANE FEFdol Uy WFoln gzen

3. 2 ¢ d55xd ©E ATPRA 2259 ¥

AP AIZEYl AR fEe] dojus AN AAFA ATPEZY BAls
oA 7} AolUE W e, AR, ARLET fetA G2 8o
3t 2 A 9H(Iwamoto et al., 1987; Watabe et al, 1991; Boyd et al., 1984;
Bito et al, 1983), 1732 & ATPHZFL o|E 8l FTHAEZ9 &
=254 grME F3Fe Wi (Yamanaka, 1984; ma et al, 1993). ATP
o] Zavt AYHH ATPE ADPZ E3d Hel Z dArig 2§ HAA
24 fxo] 93t AMP — IMP — HxR — Hx9 A22 ®3idth =
3, ATPY E3l2 A" IMP= felolrx4tl glutamic acidet 37
oS Fof tAHES FAV HY, ol HEESC] ME 4cHES oA
Umami(282)¢ ZHADGT 22iA 2Ack(Yamaguchi et al, 1968b;
Yamaguchi and Takahashi, 1984). Nucleotide®] &8 A& o] F o}
AL o] {2t Z Alol7t glel WAE 5~10uxmole/golm, &L AE
ATP7} 3434 Z4ste IMP7L S7igtcka e A Aok

Hx& F4sld 5455 2(AGAAL5E, -90C MY SsA(-15
T4 - AR)slod 34 AFF AFAAS W TS fE 25
o] ATPRREAY ¥3¢ AR 27, 54 A% Y89 ATP TFe
7398 rmole/ge 2 %39 A ATP #AEFY 86%E AA}HoH,
ADP+AMP+= 0418 zmole/g, IMP+ 0.600 zmole/g, inosine(HxR)3}
hypoxanthin(Hx)& 0.184uzmole/g BE HAEEJt. 22)x, ATP BHEE
Ao FFL 86umole/g °IUT} Fig. 3-2-5v w5 4dd S9 d5sx
ol @& ATP #dEZ ] ¥M3lE XA ZFo|tth. ATPY &2 5T %

T
=
s
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Fig.3-2-35. Changes in contents of ATP and its related compounds in
frozen plaice muscle at -15°C with thawing condition.
Abbrewviation: C, unfrozen; T, tap water; A, air
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o 3E3tFE 0920 umole/gE 0C FEF 0.295 1« mole/gol] Bl}o]
g4 52 @& Yehigiod, 15C 2 10T $£=59 25C 37853
A9 ztel7} gl IMPe #EF S5 $718 B 54~64 pmole/g
22 ATP #dER9 WFEL AAsen, 0T =52 AFT R
inosine® hypoxanthine®] 1.794 #mole/gl.8 T & & EF vlisld =
< &€ UehiUTh @ASE S55dso 3¢ AAF BT FEF
2 F3AE de ATPY &3FL 0900xmole/ge 2 0CY 5T £&F
2 8FY A Bo ga w2 @€ veEd 10T FEF2 {5 R
2 ADP+AMP7} 2302 umole/go. 2 t3 &R on IMPe #z#e 5
g3 FES YehlAle ¥%ey 0C EF7E 6449y mole/go 2 713
=%t 283, ATP #dE29 32 8080~8600xmole/g HAS
ER A HFig. 3-2-6).

et

=

olel Aoz FE|, ATPEFS W= FRT FPL vIHA @A
15 Eol G2 e Aolg vehiel, FEAEE Rol FVATE A
of wistel ATPS W&ol ERhos FASENE 24 9T wAYE

Aoz AZtErt Yamanaka(1984)v= T2&EC mE #5359 ATPHS
< FE5F2E Aol AUFET A4 vty oz Budoy, B 4
ol AApoMe ol b2 F3lg AEE Jelx] Lstoh Fig. 3-2-3
of Yetd uiet Zo] F&3F] A% 289 FuPze A5L HER3F
o] ZA doASS RAF3 glon, ole sEAAY duzYez A}
€5He ATPY £R2E ¥=4] Fukshidl 9o 0C FE5 si5S As
A HFFTAAN sFAY LA HEHEAZ Asle ATP7} A5
245 AFE Fig. 3-2-59 Fig. 3-2-6& 3 yedlo] £dxu Yzdr)
2 A3 Ad, FE-3lFo A3 ATPe Rslc F2o 93 A ¥A 9
Ca™ #8589 Aoz FYHFY Ca¥'(+Mg?)-ATPaseoll 28 ATPS] A4
olny, ajFA] IMPS o %42 Bito et al.(1983)0] B33l ue} o] Lo
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C 0°C,T 5°C,T 18°C,T 15°C,T 25°C,T 25°C,A
Thawing method

Fig.5-2-6. Changes in contents of ATP and its related compounds in
frozen plaice muscle at -98°C with thawing condition.
Abbreviation: C, unfrozen; T, tap water; R, air
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A AMP 2Zotulmyrgo] wazl AYse wde] IMPe glitste A2
M A FF IMPY F3o| ZJEgn Hopth

s o3 Fopu|=iel W3}

F4% dAKE 455 2EAZLTE, -90C A= SUF5H(-15C
T2 - A)std 397 AT, 2 0T 15T sfFstdede 5
o Rl otvl=itel ¥ UILE Table 3-2-3 E Table 3-2-4°] YehRY
o F43FY F2 olrixitel FFE 679mg/100g0INeH, I FolA
taurine®] o] 16.0mg/100go.2 7} Dol MA|Q 238%E 2}A| 34 ).
I 9322 lysine, alanine, glutamic acid $°] ®o} ztzt A9 13.5%,
134%, 648%E ZAstAT. F5FZ % 0T W9 15T 242
B FstFSH Fel otr|xite] W3lE Table 3-2-30 Yellded, sl
F 559 #Y olvite] FHLE FAHE AES BFPon, olgd A
FE 0T aFol vlgtq 15T slFoAAM % dAstAThole s e,
Al 23T AAHE WAl 20 E AFFHA R3}2 dripe 2
FEEHA7] WEojet Az, dgslFo visld FHEFY B o
AT Aeg Addd. =3, FRelotvit Fo R ES AA3I2 Y

+ taurine ¥ aspartic acid, proline, histidine °] A& v &L 74

S
ol
i)
%a

%

o =

ey, threonine, glycine, alanine, serine, cysteine$ < Z 7} #Adk
€ B 29, arginine, lysine, tyrosine, methionine, valine & A< #3}
E Holx gsitt A, dNF AT YXSKE 15T FE40 a5 2
9 frel olvxt FFe dASA ZAstY 153me/100go] 233ttt
(Table 3-2-4). Z12]4, lysine, cysteine, phenylalanine, histine®] &2
& W3 E Ho|x gt

olde] Zutet ol o§E F&EFTAT Hol 5 FF Ad wEly
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freezing

Table 3-2-3. Changes of free amino acid in thawed plaice muscle after quick

(mg/100g muscle)

quick freezing

Free amino acids Control 0C Thaw 10C Thaw
Taurine (Tau) 16.0(23.6) 0.6(1.33) 1.2(3.39)
Aspartic acid (Asp) 2.6(3.83) 0.7(1.55) 0.0(0.0)
Threonine (Thr) 2.9(4.27) 3.4(7.54) 3.8(10.7)
Serine (Ser) 4.2(6.19) 45(9.98) 3.5(9.89)
Glutamic acid (Glu) 4.4(6.48) 5.1(11.3) 1.3(3.67)
Glycine (Gly) 2.2(3.24) 3.7(8.2) 4.1(116)
Alanine (Ala) 9.1(13.4) 8.8(19.5) 9.2(26.0)
Cysteine (Cys) 1.2(1.77) 1.2(2.66) 1.3(3.67)
Valine (Val) 2.1(3.09) 2.2(4.88) 1.7(4.8)
Methionine (Met) 0.8(1.18) 0.6(1.33) 0.3(0.89)
Isoleucine (lle) 0.6(0.88) 1.1(2.44) 0.7(1.98)
Leucine (Leu) 1.0(1.47) 1.5(3.33) 0.9(2.54)
Tyrosine (Tyr) 0.7(1.03) 0.6(1.33) 0.3(0.85)
Phenylalanine (Phe) 2.3(3.39) 1.2(2.66) 0.7(1.98)
Lysine (Lys) 9.2(13.5) 7.2(16.0) 4.0(11.3)
Histidine (His) 2.1(3.09) 0.7(1.35) 0.2(0.56)
Arginine (Arg) 2.3(3.39) 0.7(1.55) 1.2(3.39)
Proline (Pro) 4.2(6.19) 1.3(2.88) 1.0(2.82)

Total 67.9(100.0) 45.1(100.0) 35.4(100.0)

freezing

Table 3-2-4. Changes of free amino acid in thawed plaice muscle after slow

(mg/100g muscle)

slow freezing

Free amm? acids Control 0C Thaw 10C Thaw
Taurine (Tau) 16.0(23.6) 3.6(9.25) 0.0(0.0)
Aspartic acid (Asp) 2.6(3.83) 0.2(051) 0.0(0.0)
Threonine (Thr) 2.9(4.27) 35(9.0) 0.0(0.0)
Serine (Ser) 4.2(6.19) 3.5(9.0) 0.0(0.0)
Glutamic acid (Glu) 4.4(6.48) 3.2(8.23) 0.0(0.0)
Glycine (Gly) 2.2(3.24) 4.1(10.5) 0.0(0.0)
Alanine (Ala) 9.1(13.4) 8.4(21.6) 0.0(0.0)
Cysteine (Cys) 1.2(1.77) 1.4(3.6) 0.7(4.58)
Valine (Val) 2.1(3.09) 1.7(4.37) 0.0(0.0)
Methionine (Met) 0.8(1.18) 0.2(0.31) 0.0(0.0)
Isoleucine (Ile) 0.6(0.88) 0701.8) 0.0(0.0)
Leucine (Leu) 1.0(1.47) 0.9(2.31) 0.0(0.0)
Tyrosine (Tyr) 0.7(1.03) 0.3(0.7) 0.0(0.0)
Phenylalanine (Phe) 2.3(3.39) 0.7(1.8) 0.2(1.31)
Lysine (Lys) 9.2(13.5) 45(11.6) 10.8(70.6)
Histidine (His) 2.1(3.09) 0.3(0.77) 36(23.3)
Arginine (Arg) 2.3(3.39) 0.6(1.54) 0.000.0)
Proline B (Pro) 42(6.19) 1.1(2.83) 0.000.0)

Total 67.9(100.0) 38.9(100.0) 35.4(100.0)
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BESE £7 ojulxate] o] Beoz 2w, We 584 ofrlxas
ol A FUBS F UANSH, FAALLES A5 WHel et
%2} obelcate] F@o] AolE Uehdkn 4zEth

5. 52 2 As&5d Be 259 2254 ws)

&9 AEAF Vo) HME Z-49 B3I actin®¥ myosin A9
k3, 2L FY S GY AR connectin®] F3 £ AR g4 F
o2 A9 Aoy, FAS 25X sldle FZHA 3t {3
AEE WAAA Y3t 2Fo] FYHY &S Bol FHYgEuges Hol
AS ®oly, Tl e 259 z3 Wsle A¥HA UA &k
2R 2AAFE FE collagen matrixzt Eg$= AE L matrix2
HatElo] lom, o]Eo] FZ st HAHE WZEA st ZHKo
&S &g Holgt AAEY =3 HFEEE 23U SW ATPY #
3|2 actomyosin EFgA e Aoz <3 Y wFd ZHo] F A
Eeyoz &48 & F Ut
F4%d F5F2(HAAALTHE, -90C AF) 2 dWFHG-15CTEE -
Azetd 3Y T AT AKS AF T wEkd s FE, 24
fro] wigol disted Hztwgko g Hodst SUE vEo 28/ FHzRF
< FFErBAME FF% ZAE photo 3-2-1 E 3-2-29] YEAN
o 259 REXZS FEHuiFo=z TES Ay, FH4AHFTA doM e
2T 247 WFol A BFHA Fhon, FE5FENA 25T
15C 54, 10C &%, 5T 25 % 0T ¥ df5s 2ix
A8 #ZHA FUth FAH, B5C FE=FE HFHF AL
1AL & sF7tel HlEleq Extole fAAeY 2AHF7
oA BAHAe FFE JEhUT. old 4L 5% T og Qlstd

- 168 -



Photo. 3-2-1. Changes in histology of frozen plaice muscle at -98°C with
thawing condition.
a: immediately after death
thawing 25°C tap water e : thawing 18°C tap water
: thawing 25°C air f: thawing 5°C tap water
: thawing 15°C tap water g : thawing @°C tap water
: extraceliular matrix structure M: muscle fiber

[ =~ T -
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i

Photo. 3-2-2. Changes in histology of frozen plaice muscie at -15°C with

thawing condition.
a: immediately after death
: thawing 25°C tap water e :thawing 18°C tap water

.

: thawing 25°C air {: thawing 5°C tap water

: thawing 15°C tap water g : thawing 8°C tap water

5

C : extraceliular matrix structure M: muscie fiber

Qo w
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Zeo] A dojun o] %
olzt Aztdct I, ArFAst HFT AL AR A WA}

A=t AY v o, 25T FEF2 5 AL FAHRe 3t
Ao ZHF AA Y HFo]l YElTh

BFEFAT 250l YoM AR Al o] BAHA YGv AL
o] XA 3 Bxo FAAF od3td UK} 2HRE Jds=
A X Q] collagen matrix®] 42 32 S8 Yehlls Aoy, 25T &
F2 Hegd AL AFAA /Y F
actomyosin toughness?} @A &A] Al 8l
g qAZXG. gy, Hd WNZAA A4 E B2
o] 8% 15T 2% /S TAHALY HFo] AxAL2 F
g 5o vlstd AJed, o|RH2 grtE A ot AAHE WAA
AR A &4 7MY HEe Jehd e s, oA
collagen &9 FHefslrt wel AP Uty Azt

ol4el Axz RE, FUYd B2 fngzel wad xzHA W
52 BE collagen 478 FHAIF1A] &1 actomyosin toughnessES ol
2 3UAZ 5 de P, F 285E §5525d 15T #29 x4

fegors AHse] 2432 FUHAZ F A& FHolzt ATt

e}

S
N

]
]

(i

6. 2 I AFFo <Ko AAFx W

s20o doghe A3 APRE AAd}e TS 2008 offo] £
# zZ1 e background toughness®t actomyosin E&A o] 93
actomyosin toughness 27}xjoll &8l 2=t oM F&£F52 2 g
A HESEEE 22 stdsud 289 AIPEE zolE YERY S,
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TE&HEA Fo FART o o] =1 s FAlY e ARE AU
HFig.3-2-4). o]&l AF}E 0|83, FZAAZAF backround toughness
7} AslekA] @= Al-A actomyosin toughness?} Z7lsle 7|He @
opintd A% ANAFPE riFoz AFAF F dogn A
ghet,

HAE FEE Fol chunkdHi2 S552(QAALTZE 2 -90C AHAR)
I dDHFACISTEE - A)st A A, HF 7|z wheia] 15T 9
Frad slEstd FHdxe HIE AHBIHFig. 3-2-7). FHAF
259 A EE 5651.71503g olden, Y 14FY 289 #HyPs
T F5F2% AL tL U8t 656.6+474g0olon SuF AT AL
582.7£36.7goldth. 28la, AR 3dFde Az 7156122.1g, 6209*
348g2e2 A9 HUgE Yvehlo 745 AIA FAHGI) 2 o)F
2 Zaste 2SS Jeldd. AR 30 A ASA Zaste ztzt
650.5+37.5g, 4504*335¢8 YEHHUT. F&HFZAl] dixFo] B3}
TEAR 2719 AAZEFE A dsHe AEFS Bged, o3 2
= collagen matrix® &40] oJUA] & AHANA sl st 2
9] #Z0] doJuA actomyosin toughness?}t 4453 wjEolatn THud
o =%, AAFIY FUd FEFEAN 2859 FHFTr SuEEd 2
9 AAZ =BT A deikted, oled A dUEH FHFA A
AdE8 ¥ WAEAl AR EUHA &S sy 9Ed
background toughness7} Z4&Ho] 289 HIPxgo] AHHJG A
zhEtt.

el Aoz P, FEFAsA HLAFA 1YL 4o A
e gol=gx g@n fASE Aoz wodg
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Fig. 3-2-7. Changes in breaking strength of plaice muscle by
15°C tap water thawing during frozen storage.
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; Quick freezing(NG freezing and -98°C storage)
; Slow freezing(-15°C freezing and storage)
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. AARFA 289 ATPaseg/do uist

So ZF o BAHE FAA —40}04 AT el AYEHY2 Y,
BAZEFL Fd}e HeE Hol dHF
toughness7} S39] Gdglte] Afo] & d¢E vlE Zolg FRAYSE
FstdE HEH, glycogen, lactate ¥ ATPO o] #ssioj(ud %
1978; Yamanaka, 1984), Ma and Yamanaka(1991)€ 2% ¥of 2%
18Ce &F2 MFAAHE do 23 FFHo] dojton ATPE AY
Axo] AT AT FHe R, AT A JojM ATP A4S
294K ATPased @43} wWRolxqt 57325 ATPased 43t}
BEE 717 BEBIT Aolle THAMT FFo] dolyrl 93ty
FAHZ MEE AN $5AEY 2 Ue FFT ol AFLEe
REl9] 2T e ZAEAE RE Ca¥oleol FA8 W Yoyt
A g, AbZ e ZKAXME FFo] o™ AFglol goljur 1 &xx ¢
gretar ¥7FgHQ Hol b2 ofgh o], A% &9 AL 2K
Fo A dojvte AstA wistel WA B/AZ Aotk Fig. 3-2-8& 9
A 2He RE FEF ZYHRY ATPase 849 229848 Y
A FHolth ¥WHELEe) 27t Mg®(+Ca’)-ATPase $4L 25CAHA 065
pmole Pi/mg/minolem, 1 oo xois F43] FAsiHtt x3
pH &|&42 Fig. 3-2-9l vepd upel o] pH 70014 HEAE Bt
Fig. 3-2-10& $Z2A% 1o wets 29449 Mg*(+Ca”)-ATPase
gAe W3ls velido F4 &= 061110009« mole Pi/mg/min
gdov, 45543 19 HAS AL 062310011 #mole Pi/mg/minl. &
o4 Aestden, A% 38sds 065420.030 £ mole Pi/mg/mine 8 J
WE8AE JetUAL, I o|F2 MA3] ZAste A 1A= 0526+
0.011 zmole Pi/mg/mingtS YA, SNFHT 2K 2 Y 2

oy,
M
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o8 actomyosin
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Fig. 3-2-8. Influence of temperature on palice myofibillar
ATPase activity.
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Fig. 3-2-9. Influence of on palice myofibillar ATPase activity
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Fig. 3-2-10. Change in Mg(+Ca)-ATPase activity of plaice myofibril
by 15°C tap water thawing during frozen storage.

—@— ; Quick freezing(NG freezing and -98°C storage)
—O— ; Slow freezing(-15°C freezing and storage)
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& 29T Mg (+Ca®)-ATPase 842 A% 198 065530017 4
mole Pi/mg/min°j¥ oy, A& 34 Aol 0669+0.015¢mole Pi/mg/minl
2 HAgAE U, 2 oFE Zase BF¥E v 31¢el
AL dols 052210014 £ mole Pi/mg/ming el dch

ojg}go], M 7deo] AAY W7t H5 ¢ U FHI 2/ EFY
Mg®(+Ca’")-ATPase B4& F4 %9 287 vlssAY ¥ AL
Uehi e, Mg?(+Ca®)-ATPase @4%og2e H4uo| Brl5aA A
2 7471A 9 H3Z et FEAAFTY] FAZE g Hlgtd & RAHY 4
#dAZ agn B £ ok @, 4% FIFF 289 MT(+Ca)
-ATPase 842 F% T2% 259 nvistd & 2%S Jeguded,
ol ST ZEA AAHE WAA ot ZAEAS EFA &S
WA o]RAL EwWo ZATEA Ca¥olo] oz HEHo]
Mg?® -ATPase 4ol F 25 A7 o F-ol gt 1 Azt Ey,
Mg® (+Ca®)~-ATPase 842 Z7}= actomyosin toughness® =& 73}
Al olFo] Wo] slFFHo] Z3HA doldE AAtstn Utk e, @
A 28L& F& 23N 15T 5o dled 259 Ay r
o} @gtedl(Fig3-2-7), o7& &t 2% Aol & 4% R vlgt
o FAAATA AAHE WEAY HEA 2559 collagen matrix7} £

Hog ¢&A& 3AA WolA background toughness?t BA A ZA3HH 7]
uf Fol2tx oA Z}(photo 3-2-1 ¥ photo 3-2-2).
ol&S FZAANRZIE K5 duFol WYy deid e, o

0% FH2xs AR 9dtd 4FgE ¥Evn BRuHy Yo
(8@ # &, 1981). Fukuda $(1982)& TZAANA] 9ste] mFoje 2

Aegdwdoe] HA"HG D gen, 240 actomyosing Ca’'-ATPase®
de& FAAZFA A8 ¥ (Sanae et al, 1981). Fig. 3-2-11&
WA E S48 F 524559 $2A%7e] @& Ca¥'-ATPase 49 d
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Fig. 3-2-11. Change in Ca-ATPase activity of plaice myofibril
by 15°C tap water thawing during frozen storage

—@®— ; Quick freezing(NG freezing and -98°C storage)
—O— ; slow freezing(-15°C freezing and storage)
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3} Jehidt F4AFe 29479 Ca¥'-ATPase @4ol 0649+
0.017 #mole Pi/mg/min °l¥loy, 34 Fd3ld 547 AHAZd = 0621
00354 mole Pi/mg/min@2o™, 1 o]%2 Hat Ast=lo] AF 10U Aol
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olde AAZE HE, oFE TAEAFFTA AVl HBojAFE 24
AH9 Ca”-ATPase 4L AdtHied, Aslsze 9w FAAL
Aol F4£TAT Ao vidld weEA JPHo FANZLET} &L
g4e Astzt dAsttde AL <5 U old Ane, FAHE
of ety @¥ide] sAdL&er dagde AS Yede Zolth

8. AW & FAAZFTA <59 X353 W3}

TAAGS Fof] HFIAE wol] ojue SFY dAzle FHR7de
Aol YetuA] gfov FZAF 717kl HojAd dAstGEY, o)y Ax
£ ome Ao skl THRE AAFE A marixsl AR 7
T a2 Udsle AEaHe Az o] Brgezy dojddn Azt
¥t Hallett and Bremner(1988)& o]&<] Wzt AgAle] wAsE= £3
o dsle SAHE ¥ A¥RA 9 ZAYY ZH X HERJ EA3te
collagen matrix7} 53#3t7] WjFolaglm 3H o™, Ando 5(1992, 1993)&
AL AL {93 HIls Bolx] &t ¥k

Photo 3-2-3& 2%& SUFEZ(-15T) AASHA 289 EHRZS
Hae A4 E iU dHsFAAZ(-15C)8 S 15CY 252 3
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Photo. 3-2-3. Changes in histology of plaice muscie by 15°C tap water
thawing during sterage after siow freezing(-15°C).
a : immediately after death d:Storage for 7 day

b : Storage for 1 day e : Storage for 14 day
¢ : Storage for 3 day f : Storage for 30 day
C : extraceliuiar matrig structure M: muscle fiber
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Photo. 3-2-4. Changes in histology of plaice muscle by 15°C tap water
thawing during storage after quick freezing
(NG freezing and -908°C storage).

a : Storage for 1 day d : Storage for 7 day
b : Storage for 3 day e : Storage for 14 day
: Storage for 5 day f : Storage for 38 day

C
C : extracellular matriz structure M : muscle fiber
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Dissolved oxygen (mg/1)
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Storage Time (hr)

Fig.4-2-1. Changes on dissloved oxygen in seawater with
non-aeration during storage at various temperature.
The density of plaice in sea water is 100g/1080mI(10%)
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Fig.4-2-2. Arrhenius plot of dissolved oxygen decrease

at various temperature.
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Storage Time (hr)

Fig.4-2-3. Changes on dissloved oxygen in seawater with
non-aeration during storage at various temperature.
The density of rock fish in sea water is 180g/1000mi(18%)
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Fig.4-2-4. Arrhenius plot of dissolved oxygen decrease at
various temperature.
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Total ammonia (ppm)
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Fig.4-2-5. Changes on total ammonia in seawater with aeration

during storage at various temperature.
The density of plaice in sea water is 180g/1888mi(18%)
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Fig.4-2-6. Arrhenius plot of changes on total ammonia at

various temperature.
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2x9] 3o Zolg ulE AAGFAU, AL - AYEE 18X FEFEFI
g dgo) ut2 AAY who] o7l BE stressHEE F4-2-19]
B AT 227 10C7AHAE ¥4 R 529 A% 9F2 Ao A
ujulg Aoz wadth a8y, XAV 15T Ave 53], 249
wtp = ol gojAel w3 5 o]y} stressE Bo] we Aog Aztdr)
a2jx, 20T ol 2=aeMe YA 2 524 EF stressE @Ol
Rgton AAbste AE AR

ojde] Wzt 9 F2Al9 L Ate] &3 &ojo mx= I APAH
2 FE, & A2 1UE FEANE FEXEAVE 10T =7t v
g ez wddEd. ay, spE7de dF2xrt ¥oB2E
stress £ WA 15CTHES] 2EAEE 4 75T Aeg Addqg
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Fig.4-2-17. Changes on total ammonia in seawater with aeration
during storage at various temperature.
The density of rock fish in sea wateris 188g/1088mi(10%)
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Fig.4-2-8. Arrhenius plot of changes on total ammonia at

various temperature.
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E. 4-2-1 ¥ R A0 29 %

= A&k e s =< ¥l 11
o | E94d 3% 24d 5 | wdkd 2 249 %
o wWals Aol gle | o Wsl A9 ge
5] Al oz} w3 1 A =
EAAEE] R W | g | 80 % eeAd eEd
. 2 2xapel o I i of 9§ <zt stressE
10C o Wam ey g3 | | >
Q) £ ezte] £ Yo ] e A gou 2 Jdge
. Qo] BaY =
B2y g ez 47y
gsiado go wa | EUAY WS 2 24| wrecke seAd 2x
15T Qo] WZARYG o ¥ | el F¢L o Pol we
o g7 B
& Rog muy
A SHoln o L= UF AN ol
) s g Ho|n, x ]
20C | AAgel A gl A [ S EIN T s age wive
Aste RE AATH =7 ‘ A2

A 338 AL - -19YE F8& 2
2 2SR Wi

JFT FETEY I, FH 832=9 ¥z, 8FN4FY Hx, F
71ed T YUJLE stressE Lo FPAHFo] WHol Zed UG
Q

Wwow A adrenalinec] EHIEHAAM HZE FH F

IEFF FUL g9 3, A9Esy
£ 37l Y@ 7t Fol dojunz FJAFo] Wit
t} olgd zFol Z3AY XNEE wWe IHEo B AAHA
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£ AolMe "ol9 e 18k FFE& A% 21E& HESI] Ao
10T, 50% Y=g Fol& F8Fo, A E(glucose, hemoglobin, GOP,
GPT, LDH, triglyceride) ¥ 2§48 E(ATPEAER 9 f4h)o Hsgtg &
skt

1. Ag 2 94y

7t. 4 G ¥s}

oo A Ao Ty FEFH mAF FH EREG dF A}
oA BlEEoZ FAhlso] meEldA HEFo R 45T B AF A
&g FAtupsol T & w7tA WA, Tl @O 1~2mmAE
o717 st AT 2, AEF AR AFE FALE7] AsH
benzocaine(o}n| =t 4ol ”)E FHvlH FEFo 23, w3
3l i3 A7 5o A¥sHTt. Hemoglobin® A& $1Ex] @ AL
ol-&3t i, VA HPAEL AHT AL 5C WA 1A WA
3ty § A7l Fol 3,000rpmoll A 15% ¢ 4L EH S =AE
o] AMR-SIAT

N
i)
2
o
2

1) Glucose

Glucose: glucose oxidased &EAE o]f3 =& AR(3HY
AM-201-K, @oritAlef, $=)& o] & ¥} GOD(glucosoxidase)®] 2ol
ol3l glucosers £NAFY &4 L B3 vhgdle ZFEAY AL
7 "t} olojA, o] #|4ikEl =47} peroxidased] ZHgoll 9)3ted phenol®t
4-aminoantipyrine® A& o2 Z3AHA, F=F HN MLE AAF
of AM MAE #HF 500nmeA wlM ZAst HAMF glucoseBF S T

st
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2) Hemoglobin

Hemoglobing $15XA] &8 A¥E cyanmethemoglobinl & ©] &3 =
P8 AH(FHY AM-503-K, oA, g=a)oz FAF JRIERNS
el Agtsl ZdFF W-2AlA met-hemoglobine & HAgAZith o] wkgoH
€ B3 B=A A 540nmolA FFEE FHEA ARSI 2NFS 7
th o] ZAYL 4 Y HFE 43y BEEHoIT

3) GOT % GPT

GOT (glutarmicoxaloacetictransaminase) 2} GPT(glutamicpyruvictrans-
aminase)= Reitman-Frankel§-& ©]&3 234 Ald(3d4 AM-101-K,
EobatAl ek, 33)S AHEste ZHzt SAHAY. F, o -AESTFEAH L-
ofxzteiziat R DL-<ehd S Z4ztel 7122 3t zZtzt S4x4% gF
Baoz APAA 24-dHE=RZ mHdi=gRoz IcdEHE AA
0.4N-NaOHZ 24g A|ZIFE 550nmeoll A HIAg 33l HPgFHo] watr
a @S AxtstAd.

fA e A & 1 (LDH)
LDH(lactatedehydrogenase) tetrazolium@ & o] &3 =& Al (H
2] AM-159-K, &JolitAlel, dx)S o] 83td, HA T LS E5ia
A FFRAE AGAIZ F(o]ld BEA NADE NADHE Hz, 4A€

—

NADH<¥ 1-methoxy PMSe] &alsle] NTB(nitrotetraxolium blue)E 3
YAA dreezks A4 T) graoizie] HMS 570nmolA vAA
#3l LDHe &4& +#3io

5) Triglyceride

- 210 -



Wi

Triglyceride(F4 A% el 5AHL ELWUE 83T FHE AWNIFH
AMIS7SK, @oMtAlel gh3)g o] &3ttt HAF o F4AUL xR
< Aol os] FlMAFG Aoz Ry i
UAleh WhEEle L-a-FEAE Rl4to] HH olg L-a-3HZE S
AlctA o] 2802 HoOp7b BASTh o] kst 4247} peroxidase] 2%
| o8t F)ol=AMAE MG o] MAE A 550nmollA] HlA &
Aste] AAZ9 triglycerideBF g A3

1) ATPZHAEA

ATPBEE A9 £X& Iwamoto et al.(1987)2] Htye g HiAHER
& FEe] FEA2 6T 2 §2 HAFAG. FHAA SHF
2 104 3438t 0454 m membrane filter2 3% HPLCY FY3tAct.
Column °]FZolE 0.05M9 14t &3 &Y (pH 6.78)& AH&stA 1, L
#d 22 EFEFS Sigmarlel BEE S ANl zASAT ZAAE
WatersAHAl 249 A]  chromatograph AHE5EA  systemE AHE-3E,
column® WatersAt4l 2]  x-Bondapack Cijz 300X39mm¢$ <4 Euj
columnelled, & 27L& A5 FYF 5, °l§F #F%F 0.8n/min,
column €% 37C, ¥4 33 254nm, pcak WA HiHg, B4 A|ZF 30&0]
xok a2z, BAE ATPES EF 59 mols =& 73t

Fratekol 232 A 2o AMRSle Barker and Summerson(1941)
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o Wl wep FFsAG F, % 25g8 Hsld 225me] W€
trichloroacetic acid® @23} 3o d¥idL AAIL F A4 Eesid, 1
2Ed 1mee 20% CuSOs IMZA #F4HE FE|¢ A@sn FHTZ 10wl
2 Agstdd. 9719 Ca(OH): 1g& H7F 27 E AAS g

M AdEe Fol 45 1mes} 4% CuSO, 0.05m2 FF F4& A3
#3tdct 7ie] g FF 6mE 713t AF 9 Ca(OH1RE E3iA71 20
T2 ¥Z%d 15% p-hydroxyphenol 0.1m2 ZAAIRIE 100Te x4
A 90237t p -hydroxyphenolS £381A171 £ 560nmollA] vl A st

3 LELERE
AFE 4% % FRFE FY, FEVAFY P, FAxEFY A9

o2 stress§ WO YAGEo] WEFol AU F, T AF
wow WA adrenalineo] FrIolN Mz §A HgPein o), of
& S& FUF €8 &Y, s Sk AaAAAEY S Y
T8F F7F ol dojutzz Qg Ro] Wit ol#d AFeo] Z
AU A&E W FEo] Erbeste AAReAl drt

gojo MuiFe$S AT 7I2A8E &Ysr] Astod, g1 ¢ ¢
S 10T, 50%Ex2 AL -19x P IFRZABT, 5%LYE) HZF
& o4 A B-(glucose, hemoglobin, GOT, GPT, LDH, triglyceride)d] ®3}&
Z3% AIE Figd-3-1 A Fig4d-3-127tx]] vehldct.

o

1) gxlo] ghdie w3l
7h Glucose

gojz o] glucosed ] WaE Fig. 4-3-10) Jehldch ARH Ao
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12.2mg/100me e} ¢t& Jebilen, A x7ld F743] Frlsld 6A1LF
ol 231mg/100meS Yehidev 2 F2 Zaste 124 Foe
24.1mg/100m¢ 3& JERRA2H, 18A1FolE 152mg/100m7bA] 748}
Aok 283, EZA (18T, 5% YE)ANME glucoseqtel #slsla A3
22 Folle B #d7bA] AsEoh olgko], AL . 1¥dE AFAF
A% 6A17F o] F e glucosegto]l ZAaste A& dA7F 10C, 50%nE =0
ol=Fx AEASE /\]'A}ﬁ}{t— AoZ2 JEHG. o {7} stressE L& of
o ¥ZFo glucose FE F7tl tidted Bimbaum et al(1976)%%
Hayashi and Oshino(1977)< #4143 adrenalinec] I}tz Fu]s o]
A HAF 9] glycogendl A glucose2 2] BlE &gty Bustan ot
I, Ottolenghi$(1982)& stressAlol] Ao ZHE insuling #1817} A H
of, de] gty Rusty Yo

b8}
oz

1}) Hemoglobin

&l Z 9] hemoglobin(Fig.4-3-2)¢] #3lx glucoséQI Halol {fASE A
&S Yetd Atk &, AFA A 121g/100MI A Aol AL - 1dx HF
2710 F43] F7kste] AR 6A12EFol 27.2g/100me7EA] st ed, 2
ol 2 ZrAsd AHA 12413 Fo 24.3g/100mE, 18A1F Fol= 15.4g/100
m7kA ZAastdoh 2gla B Al 2A1bFe] Belgt oldttx A&} s)
At

th) GOT ¥ GPT

o} F7} stressE 28 djo] GOT ¥ GPTY F71d) disto, #HK(1970)=
obmliiboll Al glycogene] Aol Tste 1Tl 1A S0l 7
= ool HolFast A A, stressE oW ojui it tiAbe) o
4e doAM Holaael BAo] Frley] wiFoletn BuEtm ok Heo

- 213 -



58

23

20

15

Glucose contents (mg/108ml)

10

Recovery

Stress condition o
condition

1 I\ | 1 1 1
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Fig.4-3-1. Changes on glucose content in serum of live plaice

during storage in stress condition(18°C, 58%density)
and recovery condition(18°C, 5%density).
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condition

135

Hemaoglobin contents(g/188ml)

‘a ! H i i i L
/] 4 8 12 16 20 24 28

Storage Time (hr)
Fig.4-3-2. Changes on hemoglobin conten in serum of live

plaice during storage in stress condition(18°C, 58%
density) and recovery condition(18°C, 5% density).
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Z9 GOT 2 GPT9 4d3} (Fig. 4-3-3 ¥ Fig. 4-3-4)% glucose ¥
hemoglobin®] ®iste} fAst ZAdS Yeh Aot

GOT< AZ2A Aol 20101 AL - 1dx A 27|d 343 57
ATt F, 621F0l 468712 FFad o, 12A%FdE 473744 F7}
oo, 120lF 18AMR] A3 #AEAT I BAdE 24T &
e g7kA AstatA

GPTE A%Z A Al 163824 AFz71d FA3] F7tstd 6417 Fo
214, 12417t Foll 2278 YElIon, I olF 18X 7R §43%] A3}
Aok 2 x, sEACE GOTS TYstAl HF 4A12F Fol 2o g7t
A Attt

2}) Triglyceride

A F 9 triglyceride® ¥W3HFig4-3-5)% 4719 FHHEE wze}
AR 3¢S detdATh &, AR Al 258mg/100me i o] 6A1%F
ol 424mg/100m¢E FZASIA Asdlgqoeny, I ojFZ 4uts| 743
12212t o= 382mg/100me, A3 18A17F Fol= 303mg/100me 74| 7248}
Rew, 3B 2A1% Foe BAUAA AR Triglycerides
glycogen®} ©EBo] oJF{F9 energydFa ol =0, olrNEEIE) dejdllAM=
z719 8 energydF¥°] FtHYoon et al, 1986). Takami et al.(1995)
2 HABE B F ol triglycerided Fo] MA3] ZAEES BIdtn

At.

o) fAtg 2 E 4 (LDH)

o Fo FAEFLAL(Fig. 4-3-6)9 Wsle A A 408°](W
Aol A% 7o FASA F7hste 6417 Foll o 1250, 12A1%F Fofl <
15907+4] d5atRes, 2 olF F743] F4std 18AEF of 5308 o
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Fig.4-3-3. Changes on GOT(glutamic oxaloacetic transaminage)
in serum of live plaice during storage in stress
condition(18°C, 58% density) and recovery condition
(18°C, 5% density).
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GPT (Karmen unit)
N
[~~]
1
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Fig.4-3-4. Changes on GPT(glutamic pyruvicic transaminage)
in serum of live plaice during storage in stress
condition (18°C, 58% density) and recovery condition
(18°C, 5% density).
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Recovery
condition

300 | Stress condition

Triglyceride (mg/188mi)

258

ZEB i i L i 1 |
0 4 8 12 16 20 24 28

Storage Time (hr)

Fig.4-3-5. Changes on triglyceride content in serum of live
plaice during storage in stress condition(18°C, 58%
density) and recovery condition(18°C, 5% density).

-219-



LDH (Wroblewski unit)

28600

1580

1066 |
Recovery

condition

Stress condition

560

a 1 1 1 i L I
0 4 8 12 16 28 24 28

Storage Time (hr)

Fig.4-3-6. Changes on LDH(lactate dehydrogenage) in serum of
live plaice during storage in stress condition(18°C,
58% density) and recovery condition(18°C, 5% density)

-220-



Blden, sExddMe Ao 4B &S vebd At

olgfgo], AL - nUE FH9 stressAlol LDHY Z7te o 9 &
AbFo]l F7HEHS AlARSlE Aelth. Wardle(1978)8 F23% 5 S 9%
stressA] 9] adrenalin®] Z£7}3ld oo o} FH 74 Fo 93
Aaa B dEHdA Y Y o]Fe A e glycogend]
ol ofsle] FAte] AHS AU Busa ot

ol o], Y HEEY Wt AL - YT AR ZV]d G343
Z718le Re AL - 1YXE(10T, 50%)d 93t stress WES ZHoz
g, £ A 6~1223 olF 18AIZRA] Y A¥o] HAadte AL
AL nYdE 214 A=AHE HIYUSS AAEle Aoz #d
, BEZZ(20T, 5% & 2~4A412 Fol Eejjo] ez 3
AL - 1™ FHAl e stress7t 2FEA ZAA L AALsEE
2, 4719 39 4R AP AHYE BE, XS 10T, 50%E 5%
g oz woddg

PASSDS S CA
lo e K

N

o[r

}.

2) $89o Y Ee] ¥

7H Glucose

T+ A4 F 9 Glucose & W3S Fig. 4-3-79 Yt A3 3]
Aol 246mg/100mIFAE Rol AR Z7ld) FH3] F7Isld 6A13F0
60.2mg/100mI7}A] sttt 281, 1242078 43k ZAasigoen
A% 18417t Fole 315mg/100mi7kA] A aHatdch 82 2A(18C 5% E)
M= 4AI1ZF Fol B g7bA] A3tatdnt H S AL 1dUE AZF
o glucosed] W3 73E Jx9 FASA T

1) Hemoglobin
8o = 9] hemogiobin®] ¥ 3H(Fig. 4-3-8)% A} Aske JehliQo)
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1 i i i ] i

e 4 8 12 16 208 24 28

Storage Time (hr)
Fig.4-3-7. Changes on glucose content in serum of live rock

fish during storage in stress condition(18°C, 58%
density) and recovery condition(18°C, S%density).
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Hemoglobin contents(g/188mi)
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Fig.4-3-8. Changes on hemoglobin conten in serum of live rock
fish during storage in stress condition(18°C, 50%
density) and recovery condition(18°C, S% density).
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, AR AAd] 7.7g/100mIP D Zo] AL - n=UE HFZ7| FH3] F
7bsted A 6417 Fol|l 94g/100mI7tA] A&t en), Tol%g 7HAstd
A& 12A7kF0 86g/100ml, 18A1ZF Fole 80g/100mi7tA] A3ttt
azln, EAd s A 21 Tl 29 7R Aststdh

Y

o) GOT ¥ GPT

GOTE (Fig. 4-3-9)& A& A 186°IAoY A2 - 1TBE AHAZY]
of 323 Z7taldd, A 6AF 27744 Aesden, AF 1242
Fole 4559 @e dEhigen, sRzAN 24250 B @R
Hahsredeh.

o 1361°1A™ Zo| AL nYE AHAZx7| FH3] F7tsto] 62FF
20.5, 12A17+& 0] 2357} HAh gz, 18AF N E 2032
o B zAdME AR 4AFd B g7R] ZA A

bu
oy >
B
o
R

2}) Triglyceride

YA ZF ] Triglyceride®] #M3HFig. 4-3-1D%= 44719 AL 59 W3}
o} FAS Z@3L UEAY. &, A3 H A 238mg/100mIAY el 64
3ol 402mg/100miAA] 2238 A5aRon, 124247 YReA F7)
Horb 18X %= 300mg/100mi7hA] AststA et S HzdM e A
4212 Foll 2] g7hA A 3st At

o}) §APR 44§ A (LDH)

dHF o LDH H3HFig. 4-3-12)= HFA A A 3400199 Hol A%
Z719 43 F7HsAT. &, 6A1F e 1095, 12A12%o 14458 YEl
Wtk 1 o] Fol ZAaste 18AFd & 576744 #Astged, 8z
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Fig.4-3-9. Changes on 60T(glutamic oxaloacetic transaminage)
in serum of live rock fish during storage in stress
condition(108°C, 58% density) and recovery condition
(18°C, 5% density).
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Fig.4-3-10. Changes on GPT(glutamic pyruvic transaminase) in
serum of live rock fish during storage in stress
condition (10°C, 50% density) and recovery condition
(18°C, 5% density).
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Fig.4-3-11. Changes on triglyceride content in serum of live rock

fish during storage in stress condition (18°C, 50%
density) and recovery condition (18°C, 5% density).
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Fig.4-3-12. Changes on LDH(lactate dehydrogenage) in serum of

live rock fish during storage in stress condition(18°C,
58% density) and recovery condition(18°C, 5% density)
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ol M 42 Z3Fol 2o gt7hA] Astet Ao

ol o], $YL AL -uUE ¥ HExH AZFTAE YA
o ¥atrt gxleh FALSHAl A - 2dE A 27 A3 Frlete
#E Yehli AT oloe e AdE, $EE AL - AWE0T,50%) o3
stressE AFZ7dE TR AR 12X ojFdde AL W o=
Ax AL AAtete AeE d@ddn

™

ih2

Sk
—

U 2% ¥ ws}

AL ol & Fol ATPHAEA ¢ {itae) 76 g 2ue BA
THCEA - (L9, 1986, # - 25 1992). o] AeidlA stressy-g-ol
E AE9 wWzlo] s B3 Tomlinson et al. (1961)¢] F Aol @ ==
olo] thdte], 1 - HF(1983)7F FAE F22 A3yt Jojo] AAx ¢
EF 7150 vlxle @] tiste, HES1983)0] R HFF
sloll idted, & - (19942 Helole] H2unUx F44A19 Wl s
o, £ F(1994)°] YA & spraystdrx T2 A2 HFAl 284
Fol wslel] gk A Fol LEH Arh

%

r‘%

A7) el EAgE wste] A $UT 2l AR F
1S GACAM ZSHEATPHEEE 2 FA4%)Y ¥Hsts ST 44 &

Fig.4-3-13 ~ Fig4-3-16°] WerhAT

7h) frAreEe] ws)

A Fo ATPEAE AN #A3te hAMAIZ A glycogen 2 glucosed &
242 e €714 gAY 2 (EES & 4 3ltl Glycogenphosphory-
lase®] Z}-&ol o8t glucose-1-U4He AA38HE, o 1 mole2RE HF
Ho g2 2 moled L-f4F ¥ 3 mole®] ATP7} A3AdH )
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Z2&F o fargeke] Wak(Fig4-3-13)= A 23 A 138« mole/gelA ¥
Rol] AMAz7ldl FA3] Frltstd AR 6A1F 2624 mole/g7tA] %
stgon, 11 olF A4St AHA 12412 Fol 203 xzmole/g, 281 184]
3 Folle 2717 Za3A

SF9 fAreke] Z7bo] disldd Witlenkergers(1975)& %32 Fd &
sidol £ EolA {49 Ado] Wty ¥y ok #HEL
YR & sprayAFAI(1994), 28] FolE AL - nEUEZ AFA(1996)°)

£ 2839 f4%0 F7Hedn Basta o

) ATPEEER

5] AL wstel ATPE S Aloldle WHE AV Jon, 285
9] ATP—ADP—AMP—IMP—HxR—Hxe ZH=zg FE3jdc} ztdA o wt
$e BAEAL o3t APHY, BT E oJFo wetA xolrt vt
28 F9 ATPRHEE A e HMoj9 WMol FAQle] AR 5
~10zmole/g& YERRTE 4o} Qe 28L& ATP7F ADPZ 2389 o 2
A3le energyE 5 energyE AE3H, AAE ADPE 98 A2z o
Al ATPZ AR P& AL 2UE2 AXYFo ATPHEESAY W
31E Fig4-3-149 Jehidc. A Aol ATPE#E#E 51 umole/gole
o, A% AL 7hAE A gAY, A 125A13F ¢ 4.3 2mole/g,
182143l 4.1 pmole/g7tA] ZAstAoH, Sl EZPAE AHF 241 Foj
2o A7A Frlstdch. IMPe ATPS] #sie)l we] A& ¢S Yehgd
k. &, AFE7 04pxmole/gelUT Zeol A 9AIZEZo] 0.7 umole/g,
12571750 1.3 zmole/g, 182170l 1.7 pmole/g7tA A48kt ey, 3
BxPoAe ATPSt fARSHAl A% 2A1b %0l 2ellg7bA] Zastdth. ADP
¢t AMPE AR7I1HE B3t A9 W3yt gller, HxR ¥ Hx® #2EH
A) ik HAF(1988)0] Bl BHANEL ALEF [ATPAATP+Ad+
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Fig.4-3-13. Changes on lactate content in muscle of live plaice
during storage in stress condition(18°C, 58% density)
and recovery condition(18°C, 5% density).
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Fig.4-3-14. Changes on ATP and its related compound and

ATP/total rates in live plaice muscle during

storage in stress condition (18°C, 58%density)
and recavery condition(18°C, S%density).

-232-

ATP/(ATP+ADP+AMP+IMP)X 100



AMP+IMP)I1 X100 g9l ¥isls ATPRH SIS} #4138 Ak
Az 710 e 64%AUE o] AL 1UE AR 18A17T = ot 50%7}
2} ZAadFoY, JEZANA 2417 Fo B gkrtA Aasta.

+49 AL-3dxE ARF 9L FEBzHAM  FAFH ¥
(Fig.4-3-15)<, AZA A 142 umole/golAE Aol A& Z7jo 2243
78t 6A17F o] 286 umole/g7tA] AsEtgon 1 o2 A
A7 12A170%0) 216 #mole/g, 1E8 18AI1F o= 16.6 #mole/gol Y e
H, BxHNXN 2ALFe 2o gx gasigo olgge AFE
P ok FAE 7 gko| At

) ATPHEEAR

e A2 - 2UE AFF] ATPRAEZH W3S Figd-3-169]
Eh Tk Ag2 e ATPEHS 524 mole/golRen] A3 6A71F0)] A
A8} ZFaste], 12413 FolE 48 umole/g, 18217 ol&dlE 4.0« mole/g
oAtk FEZAHAME AF 4AHFol RA@AA ASstact. IMPE
ATPS] ¥sgtet vtlo] B YetAck F, AZ A A 0.5« mole/gol
A Aol A 12A121F o) 1.4 mole/g, 18X 7+E o) 22 1 mole/g7tA] Z7}3)
Aot 22y, B zANME ATPY fARSHA A 227036 2zt
A 28 Ach. ADP 2 AMPE AA7IHe §3la] A9 ¥ty o,
HxR R Hxe H&HA I3t SHARQS A% A 658%YA A
o A% 12417 Foll& 57.8%, 18A17tF ol 487% 7R ZAstgot, 3
B2 A 4A10F el 2o gztA) dsst it
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Fig.4-3-15. Changes on lactate content in muscle of live rock fish

during storage in stress condition(18°C, 58% density)
and recovery condition(18°C, 5% density).
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B condition

—8— atp —O— |MP
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—®— aMP —I— RIP/total

Contents (umole/qg)

ATP/(ATP+ADP+AMP+IMP)X 100

i i
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Storage Time (hr)

Fig.4-3-16. Changes on ATP and its related compound and ATP/total
rates in live rock fish muscle during storage in stress
condition (18°C, 58%density) and recovery condition
(18°C, 5%density).
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€ EPAY DHAZF ®e] #iso] gine Atdo] daFezr, F429
2813d @4 AAFYA FMe1th(H,1997). &, Addo} A 2 o
b EAste WA B F A docosahexaenoic acid(DHA)EHE A
A ARo] B g F dthe Abdo] UEAEAM B2 A5 AR
DHAS Agagad AFHD Uk E, BAVIESHAA E9Ue
eicosapentaenoic acid(EPA)ete A4 AEX DHAS 84 etz
243 AjEE d¥stn A" 5 Addx A 6L At =Ha Qo
23, S Hod mx FopAln AAWEE AU & Y BY of
g =04 o= WAL & Uoks AMY d&gd AAl A7 Hude
Az Abdolth(#;1995).
Ut Fs, IR FEA S9E 339 oF 48%7F FAE 9
3 90E g ohlEH (344t 1996) nESEY BYE A e
& WSALAE AAse Avle @2 F7istn Aok ohd g3l
d HAA vETd BFoR oY &% Fdz & &48 JHHLn
< B9 ol e}l A<t slgdMe AE HBEgTE vRE 9
3 vEgedol FEHD AFES 98 T =AM TEH i
<3, 1997, Z-%, 1997, &%, 1987, A&, 1997). ol Apde, AHE o
529 HJAUHA FFo] AMI 2vFTUE BEoln JTAFA A
o] YA AFHAGE 3= vl FLE 7A=Y & & AU g
A, & d7dMeE 4 8o ¥ 809 A2 1YUE FH5F JAH

L

bt
m[o
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(A4 HrLE AN FU3 A5 4¥F F£5L 1A I

Al 2A F480 A5 AZF AAA

*eetel B AIFEC] MFHeE 274 He AdIe 2 1 &¥

b sol7kn gle. Adolth g, o8 F JEAES AN AFe
ARoz WY WHALFL HEY AF AFTHEY L@ 4

AMsta ek

golg 24wy 121 vhHALTRE FHE -3T, 0T, 5C, 10T
RSN, A2 ATl BE ATFO WHE YHE AAHE E5-2-]
% 2o

Table 5-2-1 Changes of viable cell count of the muscle by the
storage time and temperature.

(count/g)
Storage Storage time(hr)

Treatment temperature( C) 10 20 30 _
-3 <300 <300 <300
Spiking with 0 <300 <300 <300
bleeding 5 <300 <300 <300
10 <300 <300 320
-3 <300 <300 <300
Anesthesia 0 <300 <300 <300
without bleeding 5 <300 <300 <300
10 <300 <300 350

¥ <300 means less than 30 colonies in plating 0.1g of sample.

HolH 25 e v 2ol 2o} AFFE FL PGl v}
A2 gol s AWy B2 Aole gllen, 3T, 0T, 221 5
CAME 30AZte] ABBAE 28clMe 79 ZARLL Ye 9
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goni, 10C AHAAME 2022 7t2]€ 5CoAAst 2 Aoz doF
A " A YA ey, 304 AR CdE 4d 28gTF 320,
35022 Yetsth. a2y, oA AIdFe AFAYY obF A e
FToltt. oA, BolE F4 - E T vhFAL - FHE FHAlde 9
AHoz d¥sige dEE & F UAAH 2=, 25F HL4 AT
Q1 Vibrio parahaemolyticust Salmonellas & Staphylococcus aureus
= Ay HAEHA SFp

A, v 32 TN JS. Leen=(1977) tiFw, FFuln g
2, 245z} F9 2x° & THYAE table 5-2-29 o] Rug u}
7t Ao

Table 5-2-2 Growth temperature range of the main good poisoning

bacteria
, temperature(C)
Bacteria
Minimum Optimum Maximum
Escheichia coli 10 35~37 45
V.parahaemolyticus 5~78 35~36 422
Salmonella 6.7 37 43.8

FolM g Ae v} 2o, 4§ HALEs FPuiEgL dolu

29ee A9 5C olgolm AR A9 10C2g, -3 0T, 22ln
2 fARUN $580DT ST Ao WEA} Qse T4 3
o E A4 2SdME P94 AFol A FEEX LAY BE

(1977)°] AAH5ol WL vETE AAH o2 HFAIA 4ToHAM A
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A

oldel AdelAM & UKol FLEAE -3T, 0T, 5T, 10T &A3t
WA 30AI7A] A1 Aol mE FFEA 23, 283 29 7heAdel
A HAATY S, dAxoz gATe AHS 4 ARD 53,
Fguing e e F& AASGAUE "ol 4FE FAHZ vEuE
Aoz ¥A AouZ FHPoE ALoE FEAH AYHoR ofF
d EAVE fle Aoz wdH

3

Al 3A ol AL - -dFFE3T AAF ¢AA

ol F487ld ¥ 0Ts 10TE Z4z FAgEA A AdEe
710yt olTRolMe] MTEFHIE ZAHE FIAE Table
5-3-13% 2t

Table 5-3-1. Change of viable cell count of sea water and live fish
muscle in the transporting tank by the time.
(count/g or mf)

Storage Storage time(hr)

Sample temperagture 5 10 . 15 20
Sea water 0¢C 70 70 60 58
in the tank 10TC 70 72 70 80
Muscle of 0T <300 <300 <300 <300

live fish 10T <300 <300 <300 <300

¥ <300 means less than <30 colonies in plating 0.1g of sample
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golE 10Col8tE ZHE &71dA #4548 g H2o]7] Y &
ojg] LE T HL B ol TFFE HojAEE 2] H2ET A
A 7] B, oM Bole] 2&oz Fo olFE FH¥ xR
38

Table 5-3-1914 & & U= e} #Zo] sFoAe 0T EAFS o
' E&E8 oA AEFrt 238 #aste AFE YRR, 10T
Me okztel Z71 F48 Jehidoh a3y, 809 28eAMe 0TY 10
Toll BAQel #Fo Faddol YepA ot B ofle}, &ojg 2

Soxe AFE MTFUA Vibrio parahaemolyticus, Vibrio vubrificus,

fr

Salmonella sp. Staphytococcus aureus -2 A3 ZHAE&sS A i),
gxe 2830 Ao vBdeFde 2GAAAM 10T AAsid
A g HEE 4UE Fie Table 5-3-29 Zoh

Table 5-3-2. Changes of Vibrio parahaemolyticus numbers in fish

muscle during storage at 10C

Storage Sample Viable cell count/lg muscle

time(hr) numbers range average
0 6 6.1x10° ~ 72x10° 6.5% 10°
2 6 32x10° ~ 4.3x10° 3.8%10°
4 6 36Xx10° ~ 7.1x10° 49%10°
8 6 1.1%x10° ~ 4.0x10° 2.8%10°
12 6 1.3x10° ~ 38x%10° 2.8%10°
14 6 20x10° ~ 4.0x10° 3.0%10°
18 6 16x10° ~ 39x10° 32x10°
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Al 27X FZ8olo] WRFFE AY V122D E FHs] et A
g A3, AAPPEE ohFHAL 2P EE rounddH, HEFFE FHE
o] Ao ZHolAU}.

2 Al 471 & B2 F48oE FFst7] 94T A& ¥
F5871 NS Ao, #5879 2%, =& AsA717] A E2)
Ao A R Yol A o] FFol st HESCH

A1d 324 vjA e FF e iy

F48o & 4T F5E7E AR ZEHZF FRHE60x375x255mm,
FA 26mm)E A3, S48 WAMAE WM 255 FeAlF)
UM 537198 Zojot WulA F&Fe disld FESIAG. Wz
HAe Al ice-pack E F&E AME3A

1. Al ice-packg ©o]&3 Bz}
F7loll dAjgE 2719 AlF AEZE Abate] viFAL - 2uE o9} jee

packe ¥IA 5437 @ 23 AESAT. F, AR 2HZE 44
of YFFY FABoIE WIA ALolH 0N LEE BoAA T, E
AA FHADA F 1045% 2HEZE A LES 0CZ 4 A

71ed R % ice-packZE T o] AABIACH

7h Y52 R 2EZE A Adsis 9F A4
2E2F A7) ¢ 560x375x255mm
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28| 2F 57 : 25mm
dAE-E : 0.035 kcal/mhT
Q =K-F-aT
A7l Q2 AYEF, Ke ZUIEFTHAE, FE R¥3, ATE 2248
vEebd o

[e=]
D gFae (K) - SRATUEECoallmiC)

= 0.0 -4 Kea/mhhC

0.025
2) 28|29 EAZ(6Y)
056%x0.375x2%H = 0.42m'
0.56%x0.255%2%H = 0.29m
0.375Xx0.255x 2% = 0.19m’
A 0.90m'

3) L=2HAT, 71 &-2HEFE 22N &%) = 25T - 0T = 25T
4) Q1 = 1.4X0.9%25x 10A] 7+=315kcal

. F38o Yg4dF AL
Z4%o] 1Kgg 25Tl 0T FzAld] AAs ot S
Q=W-C-aAT
714 Qe FH4EE WAl AAs T 3}, WE FA48
ATE 2EAE Ve
Q: = 1 Kgx087d/1KgT x25C = 21.75ka/Kg
(&, gx9 vlge 0.87kd/KgT)

9. ¥zt FEF AANRE F AFA0NT 28)
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Q + Qe
315kcal + (21.75kcal X #rojsg )

Q3

g}. 9238 ice-packPF
1) jRolAM Hdste dBAAE 98l B ice-pack®F (&, AlH
ice pack §F4E-& o T0ka/ kg)
315kl -+ 70keal/1kg =4.5kg
2) ] 8ol 1kgs 0C7HA WA 717] HelA R ice-pack®
21.75 kcal + 70kcal/lkg = 0.31 kg

ol Al 2E]2F A F8715% F4 o F
) 28l2F Aze i&H ;
051(m) X 0.32(m) X 0.19(m) = 31¢
2) 8% ice-pack® ;
4)8e] 71 + W) = 45kg + 0.31kg/Eo] 1 kg x 18kg = 10.1kg
3) & 7I5d 4 S
7hs} 2R ALt ¢F 18kg

AL 7] AZ719 Al 2El2F A #8olE 18kg AASMA < 10
A 5 A9 B3 ice-packF : ¢F 10kg

o Zojyztg ice-pack F;
(21.75 kcal/kg X 18kg) =+ 70kcal’kg = 5.5%g
o F&IINFA RIZHREH IYSHF AAE Ssld Has

ice-pack ¥ ;
2}3ke] D2 5¥E ; 315kcal + 70kcal/kg = 4.5kg

of. WALE
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o] 18kgd ice-packS & 10kgS 4 AEZE Al g3 4
ZH& 2 SAS A= Fig6-1-13 29(Photo 6-1-1).

Al# ice-packS ©o|& % FAEO F£F2 ice-pack®d TEAFTEol ESE
o S ¥uolyg}, ¢ AR F QRS HME A, 28 A F
Astdo} st T Aol At

2. S o] 8 Pzt
Ice-packg ©]&3F Wztutyia FU3tA EZFALS P29, ice-pack
Al WS ARSI

7h %2 RE 2€EE FANE Jdste 9F AN

2E|2F 37 : 560x375x255mm

2EZ2E 54 : 25mm

FAHEE : 0035 kcal/mhT

Q =K-F-AT
qd714 Q2 IAEZF, Kt EUEFTAE, Fe B3, ATE 2535
veRAT

) AERS (K) = —LBAIAEE (kcal/mhC)

W AT A (m)

= 0.0 _ 4 Keal/m?hC

0.025
2) 2E|2F9 B (6Y)
0.56%0.375%2WH = 0.42m’
0.56x0.255%2" = 0.29m’
0.375%x0.255X 2% = 0.19m'
A 0.90m'
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Photo. 6-1-1. Measurement view of cooling speed of fish
muscle in container with crush-ice or ice-pack
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Fig. 6-1-1. Cooling speed of fish muscie in container
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th) L= AHJT, 9712-2HEE AR
2h) Qi = 1.4%X0.9%25x%10A]7+=315kcal

rlo

&) =25C - 0C = 25TC

v S48 Yzt 9F A
ZAFE] 1Kge 25TAA 0TE WA A AR EF
Q=W-C-4T
A71M Qe FHEE WA AANE E¥ We S48 F%,
AT a5 vehdo.
Q2 = 1 KgXx087kd/1KgT x25C = 21.75kd/Kg
(&, 939 8lg2 087kd/KgC)

. 3z FE£F AAHFE F AFA0AL £8)
Q= Q1 +Q
= 315kcal + (21.75kcal X @olF4)

et dag HYF
D 9RdA HAste FFAAS sl o A9z (4, 439
Fl - 80kd/ kg)
315kd + 80ka/lkg = 3.9kg
2) 429 o] lkgE 0T7HA ¥ZAA7]17] A osh
21.75 kcal + 80kcal/lkg = 0.27 kg

vl AR 2E 2% AR 587158 F4 P
1) 282 F 4o W83 ;
0.51(m) X 0.32(m) % 0.19(m) = 31¢
2 Bod AWF
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2t.&e] 1) + 2) = 39%g + 0.27kg/8°] 1 kg x 19%g = 9.1kg
3) & 7153 4 8o

7he W2 RE AASAE ok 19kg

uh. 371 32719 AR 2R E GAd 8ol 19%kgHAAY Had
AYF - o 9.1ke
o Bojyztg HF;
(21.75 kcal/kg X 19kg) + 80kcal/kg = 5.1kg
o FF7IAFC ARZHE FASF AAE Azt Lo Al
4)89] 7HEH ¥ ; 315kcal + 80kcal’kg = 3.9kg

A WRER
o] 2lkg? AW 96kge W7 2ELE Ao £8F0 YAEE
239 Aae Fig-1-13 2ok

]

HAYE o] &3 F4E Y FFHAlde, AU AZ oMy A 7
T e, & FaFFo] ice-pack BTt A3, 7MAE AHYEEA AR
eAx gle AFE Zn Uk a8y, €80 ¥ §alsr AEHEE
ZAM el ol EAYE Ao & Folth o] FAY sHAUgeZE
28 2F A2t 7388 WolM g3l EUEls s e ol dg
Aot}

3. YFZAE o] &3 Bz}
Ice-pack = & o] &3 YZols 2EZEEL ALLT ZHAHQY
F8712 #4715 AHE 2 YA, o]Fo] xAsts I sl

S4 2ol9 F£8WF] Fof =& T, a2 AAEAY FAEA L

+



el M2T siZsiorg E/hA EAMHSE 21 Urh WAAE o]&3e
e 54 8ol9 YAEEE dY2 xdHo] Jtd ¥ ofvz, 1
£x71 0C2 A 715322 22T 429 Agx daglth a3y,
AR FEAlde Aunizt Fobste @ o] ok

ool ARz RE, FA dANA FHL F e FY ol FFY
Heze N FEHE 2ol AHZF vhxd YA, vt EZog
FEatbe Wl AT Aol a2y, do g WARY Bgo
=5 YARE o8 syl viFH T ez wod

o

A
e
e}
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H 7% ole] M2 - IUE &7 ILE0}

A 47 A Eolo] AL - nd% 4 A% HHzxAL #Pdr] A
of 4¥% ZA3, #4822 10T, F42xT 50%71A 7te3tdch. 218
R, FE5ed AR ¢ go] 5@ £29 2x3E 10T} uhE A sy,
A 7lole 15CARAE 7h5dtgeh ERdMes olgtze Az oS
AL 1P 2 F5317] Astd, GolFzY sy 2= Ay € 4
8]0 @3l FESIAC

A 138 Folx 5o &35

gol= 29 §79 257 YolxAW MAg ke A9 tBolA $
g HdE uEF T2 AAFo] FolERE AL2UF¥
F&o] 7besitt. olxullY o] s geze YFEFA A
o o]t 2 ZEY, AlH ice-packS ol &3te WY, 2dn IS FYdl
A% s Fsldse AT & Uk
BAAME olE WS BT A& dstod nFstn
ot

1. 3&3A A4 e iy

go] FFate] olxU9 sex Fagoz YEAAE ol&de
Ho] ZbE EE HHd B olyet, Yej2 2x xHo] hedez
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44 2AF Polth WERA ARl A% AFLE FehEe YRA
£ W7 A3t Zbsaa U AABF N5 2E S48 F3E

2g ANt 1o, Fuie] Folddd TR FANTeR dEY 2
n7re} A 8ol dAHoZ oyt ax, e oS
27t @A e dEAMG 2 1719 dulnlyt 25 §5 ol
EYS £YQ8% Zloz ddE ¥l 434 EEUTA ALF
Ae AE Y5EAY Y, FEIFTES A B ¥ ZaA5 i@
ofg FAEe] Bong WA FH o3 syrx Asiyye dd
AdAe A83l7t 8753 Aoz wadc Iy WEAX] A
gk gojo] FfHy o] A ATE+ 19959 FEAA(EFRZ)A Ao
oo WEAANE Aast idte Wyol drH, W AFAES
A5 FolFutoj M Agzgez A3E Adg gan Yok, &4
AM FEHEEH WEAAE FHA37e A8 7k ofE FAHe] ok
ey, WAl X8 ISFAR AFE FAA T oz
Ws4E FE3te Wyor 9 Arie 2 FAHL sFe] vhEst
o2 A83t7t 7bsd Aolth o] MHE YEAA HXE 9 Awuinizl
Sojzte BAFC Ao, oz o] Wyo] 71 FA4EH ol g A
o2 gadrh

rlo

2. 45l 9% &= 3y
+& AFRStY Folggate] oz HF2EE RS wo A ¢
&3 B e 2eAsies dEFEse] BAE B 7-1-19 YER
At AF2EE o 10T #5371 AsiMe Bolz HA AHFT of 12%9]
5ol 22 20TE FF7] HsiMe oF 20%9 Eo] asirt
a2y, ESNE ¥ 2EE AshAE "He €59 gz Jskdo
e d¥F=7t Z48A H22, 98 w29 o st ozt
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E 7-1-1 %9 deo d4ugol Be ergis

sl 4 & i LEEE shrse] dEFs

59 1 1.35TC 2.95%
29 1 2.75C 2.90%
57 3 421C 2.85%
14 1 571C 2.80%
11 1 727C 2.15%

9 1 8.88C 2.70%
53 7 10.56°C 2.65%
13 2 12.30°C 2.60%
51 9 14.11°C 255%

5 1 16.00°C 2.50%
49 11 17.95C 2.45%

4 1 20.00C 2.40%

* e dEFEE 30% 281 ¥&9 §HFEL 80Kcal/kgo 2 A

stressE& et FEFEA BE ZF 8ol stressHEE E 7-1-29
Uehg At

Hxo ¢8e sfirFe Aex ZAdtdd adetr JHH o2 stressE
W EHol FEA UedA gtou, AP 7ol AojHel walA

Fol 8ol 2Asty = g3 Meo] ¥Hale 4o delye AL o
TETo #Fad o3 oyt ofd FHIEA stressE U Ao @
"ot gdetM, AL - 28% FHEAlde 19% F£49] & stress’t Tt 3H
A Zol22 IF 7ol A3 EEFTE #AhE oW Wwyosw Ex Be
o] Hojo} & Zolth. W, o= P E $8 B dEFE A}
& stressE U Bol ¥e RoZE W|IHEE, ool FEAd F2&
H37]l At 455 ¥ R Ao stressE FoAA XAAIE &
s

R
7l1e A7 € Ao wodn

rin



e
i;‘r ;j_%t Stress #% 2] ARA]ZH
30%|e bR Fago] EhiA @ 179 o342
9 o o] waol AAT DvtFel &4
25%|8 FEFo] AZA 129 o4 E
o Nrev] ¥ e wH LA
30%| e olF @abol Uehix %& 179 o] g4 2
o o o] wgo] AAT LetFol &4
25% |8 FEFT AFLA 34 F A4t
o Argn] Bro) o wyua
30%| e obRY del Yt ge 24N ZEFE A AL
28%|e BI7} ozt WaARt & Wste ¢F | 24ABF AL
270l o Aol A3tA ZAHY AHEH
00 L}.‘ 2
2.6% o Eu7 ey 2A17+E XA}
o AZol A3l TAAH gl _
0O \_}.- 2
2.4% o T3} Wy 1A 7HE %) A}

% 10T 1847 4% ARET S sjao) AAFol 15C Ankafoln M

7. 4537 dE 5 AEFE FAE AR HES AvEd

F71 Aty Frtg 239 Falel A o] dEFE

< A7BEEA GEFEE dASA A +
o H7He dE5Fo W3 35%9 AEE ol H e Bol9 stressd
23 A3, B 7-1-201M 9 2 @4 HE By

4 2 AL AR

A ekttt

rd
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¥ 7-1-3 212 H 7t 23 stressHE

go) 55§ SIS SEE A AP 2
_ O].Dad *&d/ﬂ-o] o}_uad 3&)\1_0" -
ol GeruA @e | deun we | 1TY0Y AE
"?" _‘3. " " n
23 / : UM ol HE

% 15CoAM A

A 28 olxjo] At A

Bolg AL nWE FFAd, FEUEI}F 50% ool HEZ Hyn
Zo]l AMykg AX8A @1 FE&3e Aede, Butdd F8&" Zole
&% W&ol stress§ LAY AAbste 97 AL Aoz Algdn. o)
A, olel’t AAE T E Bojxd Avre HAEY 25E £ 3
SEstdol & ot

1. gojx9 A7) R &
golssol AEHT gt BoRHE YwHoz 1E, 258, 5EE0]
AE D ow, Zzte] Edol R F7le golze Fsln Aok

E7-2-1. 8oz A7 @ Yoz

EYESF oz 27 Bojzs
1= 1200x735x430mm 43k
25¢ 1180x810x500mm 63t
58 1260x995x550mm 8zt

- 260 -



FolxE FRP &t ZEolgdor wex o FxE Fig7-2-13% 2o

2Us F£802 Yulgd F£83F oyt ST o Ul #E stress
wx1sty] sl Ankd Ay ey, 8 Fojo mgpx Fojrp @
stressIEE § 7-2-20) veERAATH

rir m{m

® 7-2-2.80]9] F8Fold WE stressEBA

+&%ol il s
13cm stress& Ao wixz]etalct
25cm o}7te] stressE& WA X Abste= AL ¢ladct
45cm stress§ Wol Watom x|Apst= Zo] oldrt
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Fig.7-2-1. Container for live fish transportation.



AN RN RN

S N N N N N N N N N N N N N ol

Fig.7-2-2. Model drawing of a shelf in transporting container
of live fish.
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A 334 F4eE BE 9sio] AL Ao o

& g dEFE 2LE BRI st HUtg &3¢ drtE Addst
d E 7-3-1~% 7-3-37% 2o Bo|FF 2x9 49 2349 2xx
7t AW 55 &% B3 € 2% A5Al o7t stress§ Bo] 2o

22 £42%v5 10C =7 HHoz Addth gy, ddr)de 2
2}7} 10C ol4o] Aolny, FHsldE 1 ol37t € AHolg. 4 =
A, €53 10CE FHAd AMSS 48 2 239 9rte 18 EZdA
€ 80704, 258 EddlE 159709, 58 EHolA = 30,994€9] FHo] F
7td Roltt. 2, olaldt F7tE AL 8o FEatd WEHAE Fast
B9 YA Aujuigte va% HARE AFI FYoln,
52 ol W EZ jce-packS AIRE W] R U Hojxye {y
#59 AU gl 23, AR & AHe A9 2L U1 Fdes
olo] F4UTE HP9 2~3u] FFo] stEsithe Aotk

d
s

N
rlo

(&

gk

F 7-3-1. = ZetE A&l Fg 45 H® &5 @7HET Adh

ey SR 4 & 2 F A
- Z =9 Zo | 29
22 | ok(p) % (kg) % (kg)
° ° Q) 21 (@) @y | @)
=

1,388 1,000 924 3,053 28 933 4 987
(4zh)
25&

2,644 | 2,500 176.4 5,821 53 1,760 10,081
63h)
5E

5,100 | 5,000 340 11,220 10.24 3,413 19,633
87h)

dSa ¢ 330004/F, AF g 10,0009/30kg
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¥ 7-3-2. sl A3E A Hr €5 % 47

o] &7H10C Z3h)

o B & 4 & & B ﬂ?l}
22 g | Y g | 2N o | 20|
(<) ¥y | Y ) | B

1=
1,316 1,000 164.4 5,427 4.93 1,643 8,070

(47})

25%
2507 | 2500 | 3132 | 10336 | 94 | 3134 | 15970

637

5E
(871) 4 836 5,000 604.8 19,947 18.14 6,047 30,994

d-5%k 1 33,0009/E, A3 10,0009/30kg

£ 733 H4LE F8E A8l R 2 B £39 WHIST B

eq 8 F 4 & & 7 ﬂ?j:
Lo
22 | 2 law | 20 | awe | B0 | .
° @ | T @y | T oy | D
=
1202 | 1000 | 2776 | 9163 | 84 | 2800 | 12963
(47h)
25
oy | 2291 | 2500 | 5202 | 17460 | 159 | 5300 | 25260
5=
ooy | 4419 | 5000 | 1021 | 38681 | 306 | 10213 | 48804

A5k ¢ 33,000¥/E, A&F : 10,0009/30kg
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A 44 ol AL - AAE=E FF5F 9471 A4

goj2 HL(10T) - TVE(G0%)Z 583t AR o)A 28272
£roARe TUe SA5EaAd Hod 1047 Fso|th o £4A7

1. 5% 71344 oS s AL
7L 18 EY
FZA7] 11470 X 2,400 X 400 mm
HEAFA 50 mm
FHTE ¢ 0035 Kcal/mhT
Q=K-F-4T
Aq71M Qe AUEF, KeE ZHEEFHE, Fo EPF, 4T 2=3E Y
12auk=2

o 4E7}E (K) = ”J%zﬂg—igf}é;ﬁ%/myc>

= 0.035 _ 47 Keal/m*hC

0.05
o XUAH(F) : 69
147%x24%x2W = 7056 m'
147%04%x2%W = 1176 o
24x04%x2% =192 m
A 10.152m’
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o LT3 4T)= 35C - 10C = 20C(L, 7] &% ; 35C)

o Q; = 0.7(Kcal/m*h'C) X 10.2(m? x25(°C) X =178 5(Kcal/h)

g2t F£A1200] 10417 A95e Aeg 7FEEA 1785(Kcal/h) ¥
10(hr) = 1,785 Kcal®] @ 3ol 10A13te] FHAHFd FoA F2U=2
AYshA Bk 2, o] AYLFe Sl FR3s} 1480(0)Q HE

ZAtatd, e £2& o 12TUE A5dA HEz2 £5A0Fd 9

BazRy AU Ao o3 2] 2445 & AV HAL S A
o7 gdurg
}. 258 E¥

FZ37] 11600 X 3,540 X 500 (mm)
BHAYFA 50 (mm)
dHEE : 0035 (Kcal/mhC)

F

Q=K AT
o dEBg (K) - % = 0.7 Keal/m*hC
o EAHAF) : 69
16X354%x2H = 11.33m’
16X05%x2% = 16m
354x05%x2H = 3HM4m’
g A 1647w

L2 x(A4T)= 35T - 10TC = 25C(H, ¢71ex 357C)
Q = 0.7(Kcal/m*hC) X 16.47(m?) X 25(C) X =288 2(Kcal/hr)

(o}

(o]

oetA, FEAIo] 10417 £88e A2 7HYshE 288.2(Kcal/hr) X
10(hr) = 2,882 Kcal®] @@l 10A139 FEAILF fFolA F2U

- 267 -



2 AYsA "ok 2y, o AYLFS SRS FRA 2828(0)Q

He zetstd, £2Ue £ o 10CUHT A5 "oz F5A3F
o SR2RE AU IRl @ £xus FeAse 2 BAL 87
%S ol
t. 5E EF
£2Z37] 11,99 X 5040 X 550 (mm)
WEAFA 50 (mm)
dHEE : 0.035 (Kca/mhC)
Q=K-F- 4T
o 28ng (K = AL - 07(Keal/m™hC)
o EHAH(F) : 6
1.99x504%29 = 10.03(m’)
1.99X055% 2% = 2.19(m')
504x055% 29 = 554(m)
17.76(m’)
o 253K 4T)= 35C-10T = 25C(Y, 9471 %E 35T)
© Q = 0.7(Kcal/m*hC)x 17.76(m%) X 25('C) X =310.8(Kcal/hr)

g2tA, FEAIZEe] 1041 285 E Aeg 7H4shd 310.8(Kcal/hr) X
10(hr) = 3,108 Kcal®] @&o] 1021218 FEAFol FA S22
FAsHA o 22y, o] AALGZFS 2 F 57 5440(0)0 HE
e, 2o Fo] oF 057CHE s HEE FFHEALF
AR2HY HAF FFd AT £ F45E & A HA &S
Aolt},
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2. 7% 47130 g3 HAFex d5 53
Foj28 AHL(10T) - RUE(0%)2 583t AR o)A A7)

FEALFA AR FRUZ HYT G 3 Fojxug 4
T AeATE FASA ol &y 2xE 38T, £2E IE EHY 17}
(7] 735 x 1,200 x 430 mm, ¥3 370¢)& o83t 7zt 9o 2%
1A% & data logger® 2% ¥iEEZ 233 AHAE Fig. 7-4 1

o Yetldth 2o 27 £ 1015TCTHes &7 Fo Ag
| A5dte] 10X 00 11.8C7F Hlo] Al oF 0.17C %
A, A2(100) c TYEGIRZE F5Fd 97)

el AT 2l F2Y5oE Zolrt stressE BAY AAsle &

Ae ok7lHA &8 Aoz FdodEH} (Photo 7-4-1). &3], 44 F44x2=

X,
v
2
o3
b
-y
rlo
o]
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a

Photo. 7-4-1. Measurement view of temperature increase
cooling water in live fish container.

—Z=



Photo. 7-4-1. Measurement view of temperature increase
cooling water in live fish container.
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13
y=0.207x+ 18.126 r2 = 8.994 o
. ®
o
®
| 59
=
0]
| %Y
@
Q
£
(- }]
o
| 1 1 1 1 L
] 2.5 5 1.5 10 12.5

Time(hr)

Fig. 7-4-1. Temperature increase line of cooling water in
live fish container(initial temperature ; 18.2°C,
ambient temperature ; 38°C).
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H 8% &N +=SE0}

A 1d Aq4

golg F4%el W 4 Wi FYL s, A 23 F4
golo) W £EEokIN ALLE AN, zaRe, BE #7, 39
1 gzAel £ Folzk AFE 2719 @Age g2l setH wslol
Oe 9% 4ERHA FWM FESAT. I A7, whAAL - 2y
el 0Tl AFHEEN HAFol §2e| EAEAG] 45T B o

Uzt 82 =7ie vizde Z5dn, 443 Az 7B 295t BE

-

q2oe 23S Ao ad3, A 639 dEFEE7] Mokl v}
HAF- 7d AHIE 0CE w4317 A48 872X AR AlEH2E 4
AE AHESR, YHRARE HUE &8ss Aol MR Foue ARE @

At

ol doldle AHE AL 1Ux Sl WHE FYslr) s,
A 4729 8o AL nUE FF ForlMe HAY F4x20e A
71 9% 49¢ sk 2 43, 10T, 50% YEE F43 HAkete A
ol f1& ¥ ol FEHFol Bo7t stressE HA gon, 3B x4
A e sEdne 238 AU 223, A 739 o9 AL - 1Y%
TEE7] WL EopdMe dolzle AP o2E 4SS A3,
& AHgl g o] GR T AHIE AW &FS ANBlnEA &)
2 7hedtte d3E AT E, ol Avks M8, Bolg 2
P52 F8dd mE LREEA HAE ol stressE A & & Uoe
AHE A

oleid 4Y AHAFTE 7IZE 3o, B FolMEs HA £4 HAPL sy
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N AN £F 9 gl WaFel tisted PESAT

A 24 dv 543

1. 4809 YWiArF

A# 292 F ARHE60% 375X 255mm)oll A4 - 2y 9 vhHAL - 7 E
o] AlE(dx] @ £8) 18kg# ice-pack 10kge P& RS 7tz PHEA
FEFHWAIZEQD 10A1ZE St F2oM g Fo g9 £ 33t4
3l 9 el ¥ 383, ice packd &3l HAx: & FEASFAC)

10A12F AR5 o] £ 3387 wsle A1y, A5de wE #5771
Yx&9 Bt wste] v d3de] Ad¥Aed fAEAY. F,
HAAEE 40%, ATP 32 584 pmole/yg, 372 == 2213.7+36.3g, 74t
ke 1024 mole/gs YERAT 283, HWe AY FalstdeH oF
b doldlon, AR F& 4 ITHEUT

Photo 8-21 2 photo 8-2-2& ice-packS ©o|&3% Z4 - uty U n}3
Ab - FE gol(dal 2 ) W £5E vERd Aot

o

o)

2. B0l AL - WX FF

-E RS

A 2El2F 42K525 x 370 X 525mm)l S 2=7F 10CT7H HA
deH £F ¢ YA 2483 Hol A8 UXNE BEvt 50%7t HEE &
g3tk 28x, Z7AFIRAM 104 T FEsReH, FEEFA A

AR R B2 FEstAH(Photo 8-2-3).
FE 1047 o] Foll Artsle AL Qe A2 -1k £F R £S5
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SV

) SN - e

Photo. 8-2-1. Plaices in container with ice-pack.
a : spike killing with bieeding
b : anesthetic killing without bieeding
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Photo. 8-2-2. Rockfishes in container with ice-pack.
a : spike killing with bleeding
b : anesthetic killing without bieeding
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Y ol }E 49| stress dAdol TEEHUCD
o AL -1¥: FFE RS 10AT FEFEF
20.4mg/100m¢, hemoglobinS 19.6g/100m¢, GOT % GPTE 2tz 323 %
20.2, triglyceride 345mg/100m¢, LDHE 6809] & Uehiiz, 259 &
AAEHL 49%, A4S HFL 1464 mole/ge YERH o], FFA] Fo] B}
= stressE ¥e Ao2 Jeplidoh a2y, Bz 447 o|Fol=
2o oz IFEHUYG Y, HAFZE 26eml AvE AA =
13cmE Y stressHEE CHEUGOYU AAlste AL U F, 448
glucose= 21.6mg/100m¢, hemoglobing 21.0g/100m¢, GOT % GPTE z+z}
342 ¥ 213, triglyceride® 362mg/100m¢, LDHE 7409 & Jellidm,
259 FAAXRIL 46%, FTHFLS 154 mole/gS Yehiidch g,
FBZANNE 4~6A17F olF e B oz EFU

N

, AA ¥l 13cmZ 3}

%)
a1 ol A1

.

A
[+5
o
rO
Q,
o
[w)
[@]
142]
9
rir

(2]

et

o

Y. 89 ¥

Hael 53 2e Wyges FE3den, 10/ #5250 A
7 % ool AstEs FEstYh(Photo 8-2-4).
& 10A1ZF o] Fe)l AAbste A2 glYlen, AL - 1dx 4 2 &
d 5o W& 9 stress Aol AFHAG F, HAlEo] 13em=z 3}

AL - 1Y% F£3 AL 10X F5Fd HYPEA glucoses
20.4mg/100m¢, hemoglobing 19.6¢g/100m¢, GOT ¥ GPTE zZtzt 323 ¥
20.2, triglyceridex= 345mg/100m¢, LDHE= 6809 & Jelhlign, 289
AN ET-L 49%, FAFL 146 pmole/gs YEMO, F4A Hof
Boe 2 ¢ vtk 22iu, FEZAGA 4230 o) Folle 2
o] ez 3EHJG $H, HAEolst 25cmdd Aee AHA Eol 13cm

Boh stressBEE HEReY AAEiE 2L AW F, dAHEQ

£
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glucosex= 21.6mg/100m¢, hemoglobin 21.0g/100m¢, GOT ¥ GPT+ Z+zt
342 2 213, triglyceridet 362mg/100m¢, LDHE 7409 & Jehlidx

Fo| BHATFLS 46%, FATHFL 154 mole/gs YERAITH 282
B ZANME 4~6A1% ol Fole Bl goz IJEHIUD

o, Aoj9 ¥

Aol 7F&Ho| 74 sto] e AAd o2, HdHo] F3to FFol
N2 oFez deid Aon, 54 £% dEE 4~5%8 =7 ¢
gteolt gz 2 8-S £53 8718 AMEStd HAEolE 13cmeZ
3, #4EUEE 5%, F42Ee 10CE Ak 28x, Hole g%
o £33 sj4rth @57t Mol slgoal AE7|7e] Holxog v
F9] vl 642 3t (Photo 8-2-4).
4 10217 Sl AAAE L e wE FFS F3 50vty
Foll F3] G5 2rigrto] XAl 1, Uw A AlgsE AL - 1UE9

o 1
2QE. 22y, £5%9) HBZAQT, DL 5%, 5
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Photo. 8-2-3. Preliminary low temperature-high density
transportation of five fish(pfaice).
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Photo. 8-2-4. Preliminary low temperature-high density
transportation of live fish.
a : rockfish b : gizzard-shad



L %4 Bolo WAsS 2 A5}

AN# 2EZE ARHE60x375x256mm)el phHAL - s AR(dA
L 2) 19%egd HALE HolA A 75 e BEstd FELET
2, duldgn FUF ZAE AL, FFA] AR ALY FobA|
= ASolle QoS -3t 4471535tk Photo 8-3-12 AA|F54 A
g bl i

FEFd 2 zYstd BVFHAIE HAIFE ZAIAE Table 8-3-194
Table 8-3-474A] e Z, 10219} panel memberE TFAste] Z4t
R E T oA THE BolE 0T AASIEA AAZAIZE & 9

R

o, A4, o R FIHLE 58 BHYeR HrlstAd o
A2 GolF g AP % WERF BARC] Aol Ao
of metM Zashe Aeg UERH HE HE dol st Y E9F

to

ojAlE 49 9uds Yehle g4, 4 - HYdME dA 3
¢ BE AP 105 FA4HFZRG okt g2 g wsked, oA
2% 2do| 43474 dABIATE 2n, uhEHAL - FR-HAME 4
BERGOE F7F A 2RAAT AR 10413 2 157207172 S FRG
2 e wsith ol3d AAE Al 2% Al 5 A¥ARe} dAsAT
2 L7le %ol Hr Ads goiF T ARy 9 WERFol #A
ol AA7IZe] ZojFd wgtM Friste o2 ekt oldd 2
e A 2% 2dY AFZAA, HABEEHA IMP E FE ot Akl
glutamic acid®] 7} 2 J52 8o o3 Zaz A" TR
A4 FA18 235 Jdetdded, oL gPAo] st 713 2
FEE nAE ARAYS AAete Aol F/HTMAAME ofFel AIglel

_{

2

I'

r 1
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oF 4~6A17F o] o

=%
T

oA

gt 129

)

B
E

ol &l g¢7tAl 3

A 3Y F<te] Bujr) Tl 24}

i=]
4y

[e]
o5

ol
ES

-9 s 4o A

ool F4 Fole WRSFF I3 Fojo A
F&o 2342 FE, FH4Tole YAFEL A4 AJH HFo2 A

teh E, #ojo] A - a1dE F

&

Cadi=d

jstng2 A 4§37t 7}

¥

Nir

do} Fo] U= 15~20%8TH I & 50% o] W=z £47)

ozt vtz A8 34

HH
o}

G

49l Aol 7}

X x
=5

Bl o] o

- 281 -



Photo. 8-3-1. Plaices in container with crush-ice.
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Photo. 8-3-2. Rockfishes in container with crush-ice.
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Table 8-3-1. Rank for preference on plaice sashimi killed by spiking at
the head instantly during storage at 0C.

Panel ¢ Apperance Texture Taste Overall

membel- acceptance
r Ohr [ 10hr{ 15hr | 20hr| Ohr | 10hr | 15hr} 20hr{ Ohr | 10hr{ 15hr { 20hr } Ohr | 10hr | 15hr | 20hr
1 413131214514 {214]45151415]14]3
2 41414344 14|214]414|414[4]315
3 4131312141513 |12141414{514141312
4 4141413141513 |2|4|1314]414;5]|4]3
5 413131214({5(3|2{414|5|51]414]13]2
6 4131312141413 1]1414]5(5[414]3]1
7 4141313144412 141314,414|5]4] 3
3 4141312 ]14[51412(414]41414/4]14]72
9 414131214/ 4/31214/5]5141414,3]2
10 414131341414 [314{5{4[4]14]4]41]3

Ijjtr;‘f 40|36 |32|2440]45 (3520|4040 | 44 | 44 {40|43 |35/ 22

lipoor, 2:fair,

3'good, 4ivery good, 5Slexcellent

Table 8-3-2. Rank for preference on rockfish sashimi killed by spiking

at the head instantly during storage at 0C.

Panel Apperance Texture Taste Overall

membe acceptance
r Ohr | 10hr| 15hr | 20hr | Ohr | 10hr| 15hr | 20hr | Ohr | 10hr| 15hr | 20hr| Ohr | 10hr | 15hr | 20hr
1 41414314514 1214]41451414,3]72
2 41414,3141514131414,5,5(14{5/141]3
3 4143121415142 144|4[1414[4]3]2
4 4133121414311 14144!414,4),4] 3
5 414143141514 1314144414144 3
6 4131312141413 121414141414,43]|2
7 41413:2141413 1214445141543
8 4141313141414 121414,4,41414]312
9 41413314413 1114]414;41414]3]3
10 4141413141514 1314{5/5{5]415,41!3

i{:tr; 1; 40|38 134126140145 | 36|21 |40 | 41 |42 14414043 35|26

I'poor, 2:fair, 3:good, 4ivery good, 5excellent
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Table 8-3-3. Rank for preference on plaice sashimi killed by dipping in

anesthetic and non-bleeding during storage at 0C.
Pancl Apperance Texture Taste Overali‘
membe acceptance
. Ohr [ 10hr| 15hr|20hr{ Ohr | 10hr 15hr!20hr Ohr | 10hr | 15hr|20hr} Ohr | 10hr [ 15hr| 20hr
1 14141431414/ 413]4,414(414/4]14] 3
2 414141314/ 4141314, 4141414144 3]
3 4131312141514 ]141414]5]514]15]4]3.
4 41 4141314514144/ 4|4[4[4]/5]4]3
5 1414131214143 [3(4,4,5]|5141414]3
6 1413131214, 414]1414, 414414141413
7 441414134/ 414[3|4/474|51414]413
| 8 1414131314155 ]414]1414.4141413]2
9 4141413141414 141414,14|4([4]4]4]3
10 414131314/ 4/4!3[4/5{5]14{4/4]{4]3
Igsgf 40138 13512714043 | 40 i 35140 41 | 43 | 43 140} 42 | 39129

l:poor, Z:(fair,

3:good, 4ivery good, DSiexcellent

Table 8-3-4. Rank for preference on rockfish sashimi killed by dipping
in anesthetic and non-bleeding during storage at 0C

Pancl Apperance Texture Taste Overall
membel - o acceptance
r Ohr } 10hr{ 15hr| 20hr } Ohr { 10hr | 15hr | 20hr | Ohr | 10hr | 15hr | 20hr | Ohr | 10hr| 15hr | 20hr
1 414141314, 414,31414141514,41]4 3:
2 1414141314514 14141414,5[4]14]4]3
3 4]14(3:i2|4]4:4:4]4,4]14]4|4|4]4]|3
| 4 414|413 |4(5|/54]|4]/4]4|5]4]5|5 4
5 413131214/ 4/4,314,4[14,41414:4]3]
6 4141312141414 1314,4]141414/4/412
7 414141314554 1414[14,;414]5]14]3
8 141414 (3[4]4|/4|14)14:4]14][414]4]|5]3
| 9 4141313 |4'4!/4/4|414|5]514]14.413
10 4414 (3[414i4|4]4]4]4]4]4]4.4!3
RNk 140|390 |36 | 27 |40\ 43 | 42| 37|40 | 40 | 41 | 44 |40] 42 | 42 130

l:poor, 2:fair,

3:good, 4:very good, 5Sexcellent
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Photo. 8-3-3. View of low temperature-high densities
transportation of live plaices.
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Photo. 8-3-4. Diew of low temperature-high densities
transportation of live rockfishes.
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