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The Optimization for the Improvement of
Sliced Raw Fish Quality by Cold Brine

Solution

Gi-Bong, Lee

Department of Food Science and Technology, Graduate

School, Pukyong National Untversity

Abstract

In Korea, texture is a particularly important factor which determines
the quality of sliced raw fish, similar to that of sashimi in Japan.
However, most people in Korea enjoy eating raw fish just after the
fish has died. This is different from in Japan. It has generally been
accepted that the texture of fish muscle is tough in the rigor state
and is affected by various handling conditions. Rigor-mortis of fish
occurs within a few hours after death as the first stage of
post-mortem brings on the change. However, it's progress depends
on storage temperature, killing method, washing, and bleeding/or
non-bleeding. These factors result in degradation of ATP in the
muscle and acceleration of the rigor-mortis progress.

Meanwhile, we happened to have discovered fish muscle to be stiff
in the cold brine solution. So, we developed a new method to
improve the texture of fish meat by immersion in the cold brine
solution. However, we still do not know why the texture improved
or which condition is the most proper. The purpose of the present

study was to investigate physicochemical changes in various fish



muscle subjected to the cold brine solution., Also, we wanted to find
the optimal immersion condition in the cold brine solution.

Fishes were immersed in the cold brine solution by various
conditions and killed instantly by spiking at the head. Effects of
various immersion conditions on sliced raw fish quality from fishes
were investigated in the rigor index, breaking strength, ATP related
compounds, lactate accumulation, structure of collagen matrix in the
muscle.

The onset of rigor-mortis was accelerated by the decrease of
immersion temperature and the increase of immersion time. Also, the
time reaching full rigor was shortened remarkably too. However, the
rigor index of samples immersed in the cold brine solution
decreased more than that of samples killed instantly. Rigor index
was the highest in samples killed instantly, followed by 0T, -5T,
-10C, -1257C, <15, -20C and 25min, 5min, 7.5min, 10min, 15min
in that order.

The breaking strength of samples immersed in the cold brine
solution increased slowly but did not increase through all the
conditions in the samples. Breaking strength of all samples immersed
in the cold brine solution decreased significantly after reaching the
maximum values. The content of ATP related compounds in Olive
flounder, Black rockfish, Yellowtail, Common grey mullet and
Common sea bass were 12.0 4 mole/g, 8.3 xzmole/g, 8.0 zmole/g, 8.1
smole/g and 8.0z mole/ g, respectively. However, ATP decreased in
the samples immersed in the cold brine solution. The ATP were
lower, at the optimal condition and then it was increased. Also,
lactates increased, at the optimal condition and then it decreased, in
contrast with the ATP.

Samples immersed in the cold brine solution showed a few
extracellular spaces in all muscle cells. The collagen matrix was

weakened rapidly with the decreased temperature and increased time



of immersion in the cold brine solution.

These results suggest that some textural changes, probably
associated with breaking strength, occurred in the muscle during the
time it was immersed in the cold brine solution.

We concluded that the optimal condition for improvement of sliced
raw fish quality was to immerse in the cold brine solution. The
optimal immersion condition of Olive flounder and Black rockfish
was at -12.5°C for 5min, and that of Yellowtail, Common grey mullet

and Common sea bass was at -12.5C for 7.5min, respectively.
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Background Toughness 3D
Toughness by the dens:ty and tﬁe arrangement of cona.en L

Actomyosm Toughness :
Toughness by muscle c;ontraczmn(myosm—actm junchon)

Fig. 1. Proposed schematic for toughness of

fish muscle.
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Fig. 4. Determination of rigor index of fish.
Rigor index(%)=(Do-D) X 100/Do.
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Absorbance(640nm)

0 10 20 30 40 50 60
Concentration(mg/ml)

Fig. 5. Standard curve for the determination of inorganic
phosphate by Fiske and Subbarow method.
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Table 1. Conditions employed for breaking strength

profile measurement of fishies muscle

Instrument SUN RITEOQ Mecter Compac-100, Japan
Sample thickness 10nm"’

Cylindrical plunger 10m™ in diameter
Crosshead speed lmm/sec

Load cell 10kg

Chart speed 60nm/m

1) ; simulated a slice of “sashimi”

2) 5 simulated the molar tooth

_17_



1. 1. 3373} % (breaking strength)¢] W3}
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o AALEE 0T, 5T, 10T, -15C, 20T 5 2alate] 02 &
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2.2

2.0 - b a a

Breaking strength(kg)

Control 0 -5 -10 -125 -15 -20
Immersion temperature(°C)

Fig. 6. Effects of brine temperature on the breaking

strength in olive flounder muscle.
= : dorsal

1 ventral
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Breaking strength(kg)

Control 0 -5 -10 =125 -15 =20

Immersion temperature(°C)

Fig. 7. Effects of brine temperature on the breaking
strength in black rockfish muscle.
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1. 2. AAF-7 3 Y (rigor index)e] W3}

AEAALE oFe) AbgEE B F Qojuis g " d@aon
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8 9o vhERACh. AbE A A o) i shis WA S5 2947 5 g9
BOARAARE UEIA D, 0T 2747 F 85%, 5T 25471 &
83%, 10Tz 23413k F 799%, 12503 20A17F % 80%, -15T = 184]
S T6%, 2008 164K F 0% Pom, ¥ EATL A7 B
0%2 H G A8 Vet 0T 2347 & 879, 5T = 224 7
¥ 86%, 10T 20430 F 82%, -125T % 18417 % 79%. 15C =
16A17F 3 74%, -20C+: 144170 3 71% =, @29 $¢ 5% 1xqen
bostebgel ety AuH Az e Taa ko] @olm HuAgAe
& vobAlE Auts Yehggd .

ofsh 3tol Bapqlel HAMZ Ao A% A AYLLr) wekiey,
olFE Mgl HHAl Ao olste] ATPY Raj7} Zau o] F&a
el Ao Qlate] Ao WAL AAs] wela)y) g
ol Azhe},

F71e] dil= Cho et al. (1995)0] A7 23471 W A7F =48 3
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100

Rigor—-index(%)

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

Fig. 8. Changes in rigor-index of olive flounder

muscle by brine temperature.

® ; control(spiking at the head instanily)
o ; 0T for Hmin

® ; 5T for b5min

a ; -10TC for 5min

4 ; -1257T for b5min

a ; -15T for 5min

¢ ; 20T for Hmin
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100

Rigor—index(%)

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

Fig. 9. Changes in rigor-index of black rockfish

muscle by brine temperature.

® : control(spiking at the head instantly)
© ; 0T for 5min

m ; -5T for SHmin

o ; -10T for 5min

4 ; -1257T for S5min

A ; -15T for 5min

¢ ; 20T for 5min
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1. 3. +4H(Lactate)3} <] w3
AT ATP Ao #ofshs thapA A glvcogen % glucose®
FUHETUR &= gy gakel dwe = 4 9o Glycogen -

glvcogen phosphorylase2] #H&of ©]3}ef glucose-1 -phosphateE A4

atr], glycogen lmole& e HZEAH 0 2 Impole 9] L-lactate ¥ Zmole 2
ATP7E A feh AP 2219 280t 524k0] Ao Aol gla o
Sl ATP3H o] ZhastHA A o] Ay =y o Al e A ke

FHE FEe] Al A evh neluh W A gl A= A 7o) ok gk ol
WEbE AR sle] ofdu), A4e meEbele] o)dto] rfo] ER
srabEel WA A n o) 9etel zAbsbeio)

A 8s Bekel 2xHOT, 5T, 10T, 25T, 15T, -2
0C)= A Fo F4¢# HEE Table 20 Uehdioich v % e =4t
T E 75102 umole/golR oy, 0T = 78504 pmole/g, HT:
87102 pmole/g, -10TCE= 3001 gmole/g, - 125C = 105+05
mole/g, -15C+= 86+0.1 umole/g, 20T = 79206 £ mole/g o] FHats
HERRLE gk $-Ele] Satdl s 6.1 +0.3 1 mole/go] Yo >, 0C e
72501 pmole/g, 5T 77202 mole/g, 10T = 3.270.6 £ mole/g,
“125TC+ 87102« mole/g, 15T 2= 66104 xmole/g, 28] -20C=
62105 mole/go s BEkele] &7l A)shgte] whal gabsrare =)
shet7b 125TeA HAbe 7hAa, 1 BT g e Lnoas ot
Al bshe AaFE At oleld 4Ee Fig 6, 7oA Yehd A 2f
T AR A% FASAG. = 18 725 TEHHA 4
e A% AUAZA ATPE 2vlaal d3, sulE ATP B8 §4

T A Mo s Ao,

1%
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Table 2. Effects of brine temperature on the lactate
contents in olive flounder and black

rockfish muscle

Lactate contents( z mole/g)

Immersion temperature( ()

Olive flounder Black rockfish
_ Contrc;l 7.5 +.0.2° | 6.1+0.3'
0 7.820.4" 7.2:101°
-5 87.70.2° 7.7+02°
-10 9.0+0.1" 821+0.6"
-12.5 10.5+40.5 8740.2°
-15 8.6 £0.1° 6.604°
~20 7.91 0.6 62205

"Means with the same alphabet are not significantly by Duncan’s multiple range test( o =0.07)
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1. 4. ATP #H3 35 (ATP related compound)®] A 5}

Re] AFFRSeh ATP wH¥A o) ofgajoloi= ulw st Azto] <l
2y, ATP= Aol ATP — ADP — AMP — IMP — inosine(HxR)
—> hypoxanthin(Hx)9] 428 %] Fajdo Ea= 2t A 9
® faell ool AEE D) BajEv ofZe] mela ol LHERH
. Nucleotide®] ##-2 2/ sloje} wimofo] upgp 2 Ztojgle] Wil =
O~10pxmole/g Al F-F5lo] glow olge i ATP7} 3498 3
el wheb IMPe] gherel Fvbehdbn wel A lub(wamoto ot al.,
1987, T98K).

HERl M0, 5T, -10T, -125C, 15T, 20T)ol wel 14|
ZL E A ek 989 ATP%’*E:‘%%EQI W3S Fig. 10, 119 vl gloh
ATPARAS RSl AAF a2 JA7 o 120umole/e, $81€ oF 83
A}oH o, dA S8R A ATPE o] 854
mole/gollal, 0CE 76 mole/g, 5T 74 pmole/g, -10T+ 6.8 4
mole/g, -125T & 65pmole/g, -15T L= T2umole/g, 20CE 774
mole/go| 9131, §-¢] FAtol 79 ATP3) ko) 6.9 zmole/g, 0T 6.6
#mole/g, 5T 62pxmole/g, ~10TE: 6.1 pmole/g, -125TE 594
mole/g, -15T+ 6.1 gmole/s, -20C & 6.5 mole/g e 2, Wx9} 2
K -125Te M A A ATPE Ee] b i) Lebst e ADP9}
AMPe| 32 a2 v)szeeint,

ol &ulel ATPHHA S8 g rel Wgs v} 9o 21, o] 9]
A A £59 ATPYY dAF#S A5 1 U wWelli= myosin
4 actin®] Aol olglo] &y 142 SdHoz o|gtHE ) 1Ejih
ATPS AAYAAZL Adslo] ATPS] $Heko] zh25m myosin®} actin

of B Mo ekl ATstel AF Aol Fx3 HaAHo] ATP

fmole/g 2 &
-

o] X7t lumole/g olatZ Aatabnl A7 Fo] 79l 2k Et} Fig.
5 6 W Vbl wheh ghel 125T o)A A9 2d o mhyagns) e
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e Bl A e, ATP 9 b we g Ry o)
Kim(1998)e] Hareh 7] A Abell ojb A9 wstol Al vhell wpe} 2
o, st%e] Fsh T'?F]?\i:%[m b s ATP gababe: ofof
= hddvbes Mot fabstginh gelmR, T80 Sde] Ay 2o
W 125Ce N we A st fakgharel sbab ko, ATPe Febe
7Fd S ek
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10 -

Contents(umole/g)

Control ¢ -5 -10 -12.5 -15 -20
Immersion temperature(°C)

Fig. 10. Effects of brine temperature on the ATP related

compounds in olive flounder muscle,

mw ; ATP
i 0 ADP+AMP
mam  IMP

;» HxR+Hx
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HxR ™ HxR

Contents(umole/g)
o — ™ w E-N [&,] (9] ~J (o] 4o}

Control 0 -5 -10 =125 -15 =20
Immersion temperature{°C)

Fig. 11. Effects of brine temperature on the ATP related

compounds in black rockfish.

mm ; ATP
e ADP+AMP
= | IMP

; HxR+Hx
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Lo, 7% =487 wg

Fol ARE sl v el e ZHe 2 al(Seki and Tsuchiya,
1991; Yachibana and Tsuchimoto, 1990 ; Goll et al,, 1983), actin¥}
myosin Abele] AgRel eRsh(JU - LK 1988 5 Goll et al, 1983
Parrish and Lushy, 1983), ¥4 iz o) connectin®] ¥3(Seki and
Watanabe, 1984), 28131 A% 229 oFshkmil & , 1989) F<] vy
Cw AWEL 9om Hitoli: o]y oA 73‘?} B -ﬁ?jr"ﬂ 2
el lghdoe] fElaly) duEe)x 3 9} I, AT A e
T collagen©. i weo] )= AISEQ] matrixedal Bo)is pxza KA
°f 1o Duance et al 1977), M7} o Ay %%9] A
= A AATE ok M9 matrix BEel)] o8 Ao a delA gl
Y{Ando et al, 1991h).

Hebel gode HHews wale yx e

1.

b

1

100g/cne] 38 & 71 =
B Hog pas Aym
]

r

oﬂ 7-J7d%_ TR U]—I;o.],q oz A

Fig. 129 vetisler. Sabel A9 %ol a)sapolo)] ofzke] 717 o]
wE o, AALEA Qe gtel ubeh AlEAbole] 7hAo] o)z iz
g sel B S gl

CRAE IR B WS LR T

WAE Vel QY. F 125074 3146 abole 776] wa o
= AL o] LRAA Ege 2aeE o

matrix(V3 collagen 4199 27} Ao ol= 48 = background
toughnesse] o7k Qo] b4 s1gke& AAbskel, o] o] ytge] s
A e del WA 5 actomyosin toughness CRdias A
background toughness®l actomyosin toughness?} ™ #ho] %] w12 off
25T s g wst dolgs debiis Aoz s dn, ojmot
8 P2 RIAE actin® myosing] At o 3l actomyosin toughness
tEEE FrhetAl gston) 125C KR we S A= A& 9
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1M actomyosin toughnessi= tha  Z7bsht, a9 matrix(V &
collagen 4-r)el 7 2384 B o2 background toughness”} #|

shebAl w o] v} vl Qo w A
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A5C 200

Fig. 12. Light microscopy of olive flounder muscle by
brine temperature.

C ; extracellular matrix structure M ; muscle fiber
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2. FAFEAE A 44 AAA A A

2. 1. 937} % (breaking strength)2] 3}

Fde Aol £59 d%xe F459 collagens] I 2
=X FEo] wely AAgE el background toughness(of Z-oll w2
el SehEhet Al 2859 ATPY RBaol 934 myosind

actin?] Aol 93k actomyosin toughness(s: S F=o 293k ok
ovkro] Akl - il 1998). Cho and Lee(1994)+= background
toughnessi= ALF 2 7)o collagen matrix @) %3] 2 s KT s ey 3 e By
shalo, W e actomyosin toughness= A& % 7] of ATPe R}z
actomyosin = F A7} G 7] wito] M AMs] 2rtsitn sk o &

oF WEhEhe o F, AME 2 Fo)Fe Amy=z

4 B gFge wool
delH eler], fdo] VR o FUSE wF Nygon Hauvk

HElel 2ol wE %ol . she 4l

ool olFolA A B2 SRS Bl Ex: 125(Cgonw
} =]

feis -125TCT R uAsn AQA S
sted AR 23k Ao e xAlsA )

HAS e olel FuleA QAsI7 o wro] An|x T gl o] %
°f, ¥ol S E3sle] st} E WelE Fig. 13, 14, 15, 16, 179 e}
ATk WA et See S A 227 148kg T} 1 57kgol A, 258
w L73kg¥ 1.75kg, 5% & 1.95kg? 197kg, 7.5% & 168kg7 1.85kg,
1055 1.49%g# 1.71kg, 15%-> 1.43kg?} 1.65kgo 2, 5% =)Ao <
dof dddo] Sabye vlaf zHzt oF 30%9} 5% 7Y e gamo
B}
1, wgole] AeE ZAt 125kg, 2583 1.31kg, 582 1.35%g,
75w 152kg, 1022 146ke, 158E 143kg o2 75% AAA|e] <2
o whebghel Aol o 21%E b 2 ARE gEydu o9t
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@& A gz gAY e 2 olae seel 174 o=
AL usEel Aol Wk &o) WHAA NEsse] Azke] o
2oy Wiel FEgel WAy sElur vedow Aguag.

ol JuHon wse po] ol 7
EfUiolel. &oje) A 91z =amgs) 1.51kg, 2582 159%g, S5Ee
182kg, 7582 1.90kg, 104 S 1.71kg, 15582 167kgo|Sl @, Holo] 7
T FATIL Ldlkg, 25% & 155kg, 5RO 1.57kg, 7582 1.85kg,
10 1.69%g, 1502 1.50kg o 2 755 A7 A 2h7h 958059h 31990

g me AEES Bgu.

ox“
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Fig. 13. Effects of immersion time on the breaking

strength in olive flounder muscle.
mmm - dorsal

¢ I ventral
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Fig. 14. Effects of immersion time on the breaking

strength in black rockfish muscle.
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Fig. 15. Effects of immersion time on the breaking

strength in yellowtail muscle.
mm : dorsal

. ventral
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Fig. 16. Effects of immersion time on the breaking

strength in common grey mullet muscle.
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Fig. 17. Effects of immersion time on the breaking

strength in common sea bass muscle.
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dojrb=d o] A& 4?1732401&}3 sk, AL o] of Kol A

frelstel ATPE #aiAl7) Ado] Al#tE
ATPS] 2dat Bl A2 shigtl AANAA 9@ 7 =4
A2 oire] $4, Az, oux Ardr $LAv A}84e 3]
Fa WEo] e glon =&o] AlE: A
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Fig. 18. Changes of rigor-index in olive flounder

muscle by immersion time.

o}

b
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’
?
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control(spiking at the head instantly)
25min at 125T

; bmin at 125T
; 7.5min at - 125T

10min at -125T

; 15min at -12.5T
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5 10 15
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Storage time(hr)

Fig. 19. Changes of rigor-index in black rockfish

muscle by immersion time.

® ; control(spiking at the head instantly)

o

(]

; 2.0min at - 125T
; bmin at -125T

; 7.50min at —1257T
; 10min at -125T
; 15min at -125T
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Storage time(hr)

Fig. 20. Changes of rigor-index in yellowtail muscle
by immersion time.
® ; control(spiking at the head instantly)
0 ; 25min at -125T
® ; bmin at 125T
o ; 75min at 125T

4 ; 10min at -125T
A 5 1bmin at -1257T
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Fig. 21. Changes of rigor-index in common grey

mullet muscle by immersion time.

40 -
30 i
20 1
10

5 10 15 20
Storage time(hr)

25

30

® ; control(spiking at the head instantly)

O

s}

; 25min at -125T
; bmin at -125T
; 7.5omin at -125T

; 10min at -125T
; 15min at -125T
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Fig. 22. Changes of rigor-index in common sea bass

muscle by immersion time.
® ; control(spiking at the head instantly)
0 ; 2bmin at -125T
®m ; bmin at 125T
o ; 7.5min at - 125T

4 ; 10min at -125T
A 5 15min at -125T
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2. 3. frit(lactate) 3 Ze] W3}
APAFGRERY ) Rl fate] A2l EHE o] ol ke, ATP
of ghaxstr]l AlFehe Aol A Ae] A=, o] AlAoAl 8t

G Fobeb7l Al AbE A A ) IOO%Oﬂ L=

ghar 3 7\]/\] Fe 254, 5, 75%3, 103, 15892 & gz, £ v

of, Fol, Felel Farske o i‘% Table 3ol vFEFW AL, yxe] #H 2
ST 75102 mole/gold oy, 25K 80102 pmole/g, HE-&
87102 ¢ mole/g, 75 82106k, 10%L 78105 xmol e/g, 15%&
77203 pmole/g o 5% HA A 7Hd =2 vER It $-E =

- s
oleh Abeh ks mAvh g ”01'0193 25 Ew’%}ﬁlﬂ 138103 ¢
mole/g % 2, 2582 14.020.1 £ mole/g, 55-& 1491 0.3 g mole/g, 7.5
W 2561105 smole/g, 1082 198202 1 mole/g, 15% & 15.3+10.7
mole/g % 75% PXA 7w Fes JEhe mé wojg)
FHE FARE Fol, Fol Tx o9t fAlE ARL BPE=d, soj=
ST 61202 umole/gl o, 2588 65+ 0.3 g mole/g, 57& 7.0
£0.1 g mole/g, 758 7.3i0.lumole/g, 10+ 6.8+03 emole/g, 15
o 64104 umole/ge] e W= solel AH§ FAGr)
634101 zmole/gR oy, 2582 8.4i0.3umole/g, S5 1141024
mole/g, 755 135+0.3 zmole/g, 108& 10.210.2 pmole/g, 1582
67204z mole/ge] kg vhebdlv)
ofdut ol HAAA L WE 2HF) fat AL M= ATPE
& 2} ’S*l’.lrol At Watabe et al.(1991)¢) ® 3
oh §-2 e ATPRE S 7} 7 e 58 2744, 0‘01, 1?01, %;01 o
758 FAA A 7 Ee HAE S wed,
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Table 3. Effects of immersion time on the lactate

contents in various fishes muscle

Lactate contents( . mole/g)

Immersion time(min) olive black common common
.. vyellowtail  grey
flounder rockfish sea bass
- mullet
75 6.1 13.8 6.1 6.3
Control

(102 (+£03) (2039 (+02y  (r01h

)5 8.0 7.4 14.0 6.5 8.4
' (1029 (£03% (£019  (+03% (+039
5 8.7 7.7 14.9 7.0 11.4

(-02) (2029  (L03"y  (+01%  (+02Y

. 8.2 71 25.1 7.3 135
' (£0.67  (£05)  (-05)  (r01Y (4039

10 7.8 6.6 19.8 6.8 10.2

(05%  (£03Y)  (£02%) (1039 (10.29
7.7 6.3 15.3 6.4 6.7
15

(L03% (205 (2079 (+04Y (1049

"Means with the same alphabet are not significantly by Duncan’s multiple range test{ @ =0.05)
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- 4. ATP #¥3}3E (ATP related compound)?] ) 3}

FO AR, ATPE #al S ALk AAEA, WG Eo)
Foks oy, AHFLrs ygos A= B (Kim and Cho,
1992), Arzde A71A4FA o] Fejz 7hg Zago] wejx 9
thol &, 1995). 18, -7 o Fo o2 o= oxu, s
2 A7es "e‘ﬁf’ﬂ"ﬂ‘ﬁ T de] ERTE ATPY B/t oaldun
WLk QvhE &5, 1996).

WAL, -, ol Fol, FolE 25T A vl 344 7H25
Wb, 75, 10%, 1539wk HA el ATPYFl s e o] Wl s
Fig. 23, 24, 25, 26, 27<) Jehuiglh, ATP #helsbetieo) 5] sbapo
WAZE ok 120 pmoleel 9, $-9 o 8.3 emole/g, Weol °F B0pu
mole/g, 5° °F 81umole/g, Hol °F 80xmole/e 38 % o A AT}
WAL dEtel A A ATPHEEEE % ATP7F 85 xmole/go] 2

m
B
:c:,;
N
)
__Lﬂn

, 258 70 pmole/g, 5372 6.5 umole/g, 755 & + T4 pmole/g, 105
2 T8 pmole/g, 1588 80umole/g 0.7 58 25 AT 7 vre
ATP 15 Below, $89 49 diz77 6.9 pmole/gol 2l i, 255

25
< 6.5 mole/g, 515% 0.9 pmole/g, 75W2 63 mole/g, 10%2 684
mole/g, 1582 65 mole/go i 5% A A| 7} g o CEP"%}% HAu}
Treiuh Wole]l A9 27 76 4 mole/gel 91
H O

, 2.5
o Tlpmole/g, 758 65umole/g. 1092 7.3 pmole/g, 1552
]_

| X]

o= 7.7 e mole/g,

S hin

TApmole/ge 2 WA, 53 o] 758 34 7 ER i
Atk Welek Helvk GAE Foleh wole) HWew 7s% AAA s
S ATP #HE el ol A7)e)A] nadk mle} zo] of 49

SHA w2 Aol ez gwden ¥ag $ge ;5
EOISE 15w WA Ao z@ow Azt

L],

Ar
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Contents(umole/g)

Controt 2.5 5 7.5 10 15
Immersion time(min)

Fig. 23. Effects of immersion time on the ATP related

compounds in olive flounder muscle.

mm ; ATP
=, ADP+AMP
g ; JMP

; HxR+Hx
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N W ok O O N O @ O

Control 2.5 5 7.5 10 15
Immersion time(min)

Fig. 24. Effects of immersion time on the ATP related
compounds in black rockfish muscle.
mm ; ATP
22, ADP+AMP
wes , IMP
; HxR+Hx

_51-.



Contents(umole/g)
o= N W e OO0 OO N O O

Control 25 5 7.5 10 15
Immersion time(min)

Fig. 25. Effects of immersion time on the ATP related

compounds in yellowtail muscle,

mm ; ATP

» ADP+AMP
== , IMP

; HxR+Hx
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Fig. 26. Effects of immersion time on the ATP related

compounds in common grey mullet muscle.

mm ; ATP

; ADP+AMP
e ; [MP

; HxR+Hx

- 53 -



HxR

HxA HxA

N w A~ 00 N X W
. . ; i !

Contents(umole/g)

Control 2.5 5 7.5 10 15
Immersion time{min)

Fig. 27. Effects of immersion time on the ATP related

compounds in common sea bass muscle.

mm ; ATP

; ADP+AMP
s ; [MP

; HxR+Hx
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10min 15min

Fig. 28. Light microscopy of olive flounder muscle

during storage at 5T by immersion time.

C ; extracellular matrix structure M ; muscle fiber
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3. 1. %37} % (breaking strength)®] 93}

WAl E, e, Sl FolE HH AARAMA) 8L 1257,
5%, Wel, Fol, Tl 1257, 758108 & Helole A3 &
FA9o whehghe L}EMH 4} NS SA4% A7E Fig 290 e}

WEeh WA § e A7 hE b Lagke T 157kgol R, AA A
Azl 12519 Hﬂ‘r?loﬂ S7b WA Ew 7h} 1.95kg T 1.97kg

o2 °F 31.8%¢%} 255%° AN AES ot LI Hest &
ARRE ko) Fol, el Ag A gz} 1.2o9kg, 1.51kg, 1.41kge©]
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2.2

Breaking strength(kg)

olive black  yellowtail cOmmMon commen
flounder rockfish grey sea
mullet bass

Fig. 29. Effects of different condition on the breaking

strength in various fishes muscle.

mm ; the control

«= 7 the optimal condition
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3. 2. A A A = (rigor-index)2] W3}

WAL R el o, wel B HA AAROR AR Haple
A *}-?7314£9J M-S Fig. 3000 vheblich, 2 o w8
elzk Al Ale] dale] b wskov], AAwe Frvte Fipe
A4 AAzANA AAF ZA(-125T, 75¥)9] Felsk A9 o,
Add A= FAAG Zo] o Hoffdh A= AAFA A A
of Wolrvl 4esl Adudov] -125CTHA 587 AxA2l Aol A
AATAL G ARG whgkh S o ey RILJ_E%# A 2 2)
Aol oftk Matort FAld AYS eIl o, , BOlE FrAb
o AdE Hh aere vdd o3 s 49 %é—.}%’%} AA A=

AolA AA G B A3 Awe] Wahels 2 Folsh gl Ao
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Storage time{hr)

Fig. 30. Effects of different condition on the

rigor-index in various fishes muscle.

e ; olive flounder(the control)

; olive flounder(-12.5T for 5min)

; black rockfish(the control)

; black rockfish(-12.5T for 5min)

; yellowtail(the control)

; yellowtail(-12.5T for 7.5min)

; common grey mullet(the control)

; common grey mullet{ 125T for 7.5min)
; common sea bass(the control)

; common sea bass(-125T for 7.5min)
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Breaking strength(kg)

Control 2.5 5 7.5 10 15
Immersion time(min)

Fig. 31. Effects of different weight on the breaking

strength in olive flounder muscle.
A ; 500g B ; 700g
m ; dorsal

; ventral
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Fig. 32. Effects of different weight on the breaking

strength in black rockfish muscle.
A 400g B ; 600g
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Breaking strength(kg)

Control 2.5 5 7.5 10 15

Immersion time(min)

Fig. 33. Effects of different weight on the breaking

strength in yellowtail muscle.
A ; 600g B ; 900g

mE ; dorsal

; ventral
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Effects of different weight on the breaking

strength in common grey mullet muscle.
A ; 700g B ; 900g



2.2

A
2.0 1

a
1.8 1 b
C
C [
1.6 1
d
1.4 1
t.2
1.0 1 _‘
B
b b
I C
Control 2.5 5 7.5 10 15
Immersion time(min)

a

c

Breaking strength(kg)

1.0 1

0.0 -

Fig. 35. Effects of different weight on the breaking

strength in common sea bass muscle,
A ;5 700g B ; 900g
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Fig. 36. Effects of different weight on the rigor-index

in olive flounder muscle.

; 400~600g (spiking at the head instantly)
; 600~800g(spiking at the head instantly
; 400~600g( 12.5T for Smin)

; 600~800g(-12.5T for 5min)
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