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Effects of freezing conditions on drip loss from thawed fillets of jack mackerel

Ayako SUZUKI, Kadoo MIYAKI, Ikuko OSHIMA, Riho MIYAZAKI-MASUMI, Erika NOGUCHI and
Koichi KUWAHARA

WO S e fn g 7 — 2T L 0 F7E] 04
& & W o TKEM DIEETEREN RS L, ST
BOWTHAERBHKEYOTENEE > TV D,
AT 2 kg fafi & LT, &
~ T Y OAFE R O A HEE LTV D23, B
DuHIER 2 X 5 728, KHIRE D ATRE 72 AR
BT O E %m0 2 s Kb 50T
W5, Fiz, HEROERTIEIT =Y FRIED Y
A PRI ND N, —EMIFmERE LM
WTIZZD Y X7 BREE D,

— BN R AR TR U 7= f A T, iER% O R
Uy 7 (BEK) ARSCRE DH e E D SVEK
THREZ L, D 26 OMEIR T IEm AR O
R AP BRM SN TOWHEERFETH
0, ZTOFEERNL, FHHNZ X7 BOEHERY)
BRAORGEER &5 2 DAL TW D08, IRARR 2 iR
FRESRTOWRY, ZRET, fAX
BOET/VE L THRAD SR U7 iR RRE
Z B (ME) & T fRAT 29 DR ACAT
D, B Z A LS5 HFENRN ORES
ILTWD DD, FHE DS D% AW T
B7g\uN, B 7 A Paralichthys olivaceus PIZ 33\
T, WG A OREEE & RS ORBEAKIZ DU TRET
VEINTWND DD, i DIERE DALY
BAGITAREIC Lo TR Z ERHE 97 &
NTEY, 7 VBT 5 HRs % O MBIk
TOREIIRHATH S, =61, WERIREIC

FHAE RIS BT 2OKKE AR KR E B G
LTEY, BRI T 5 L THRE
o,

Z 2T, A TIEEM~ 7 PIZB W TR
B OMEEmD LT, ~T7 V7 4 L—IC
W U 72 S SR IE O RRast &, RS AT OO R FE AR R
BORWEIZH 2 DB ONWTHRNTZ, F72,
THRBEFHRBICH T~ T, PIDITTEY 7o i
FHEO®EEEY LTz,

HHERE

HEA RHEREKERBRY OWmATE T
B U735~ 7 ¥ Trachurus japonicus % i3
fal L7- (CEHIAE 2514913048 g), ViEHIAE
EPDEY RS 721%, WEKER 72 L2 200 L 7K
IR L, WiokENTIR L (K& 200 L/h BA
F) T 17~24 FRE#E Lo, %12 &
o, JERERGEE, FREUE (FRRRRED) &1 BT
DFRNATV, B A LT 74 L—L L
77

BEFEDRE LALAWMO7 4 L—%Z
FThBEZEUELZ%, 20CICRE LY /
— T T A HEE (IR S-150W, #Rastt
T =N UBRT T A ERER) T 10 4y
ARG LT, B O 7 4 L—13—20°CIT#&%
E LT N TR LT, MEBILERIE, 25°C



Tl WK PE BRI DT T

ICRIE LT A U F aX—Z—NTH 3.5 K
(25CIX), 4°CIZRE LT HTERE TR 24 IR
(4°CIX), KHTH 24 B (0CIX), K : i
=40 : 1 (BHE&EH) TERA L7oKF TR 24 KA
(—1~—=3C, 2CROFELT-4X L LT,
7B, 1R Y70 3 BAaftL, fRELELg
IZHERE A RIE LTz,

REREDORE —HicBA LALLM O
T4 LN ENEECEL, —20CITRE
L7 (FE1EX), —35CICRE LM
BREOEROF] (=777 A NX), —35CIZ
RE LT T4 Vil (774 U KX) T
L7ce ZEl 7 ¢ L—I 3R 78 TIE# OREE L,
FHAZ ¢ — 3B TE T —20CICRRE LTz
MHEN T 34 HRERE Lo, 7ok, 1 3 BRIX
Wi 5 BAM LU, 72, BEEETOARAT O
TT 3 U (ATP) EERIET 5720
5 RERIEBARRRED L, HE@Emnoi 1 g
DR EBRIR LT, 51T, FRlBRX 1 BE2 B
ALY (TR-52i, Rt T 4+ 7V FT 1)
ERAVC, BfEFoORREE L, 74 L—
ORIEA, FREMIE & DV M IUTITVEEE IS
LI Z LR L, WSS T 2l L7z, 3R
FESE T AL O 34 H MR ERIC, hiEs
fEH Y OFEICHE U CHRE % O 8 55 & B
L, ATP &0JIEICH Lz, £7=, 34 A
BIRERICARE L, BEKREZNE L,
EHMOBENABEROAFICEALSITZED
BET BRSO L2k, Ebhic7 4 L—L
L@ BEEX, 5924 FERPDKE L C7 4 L—
RUER L 7= 24 WEREDKIEEX, & X 3 JBA ik L7,
JVER U727 ¢ L— 3l & b EZEa i L,
—20CIZRE LT 74 Il CHE HIZHR
fEL, —20°COMMEENT 30 HFRE LT,
72k, KL U CHUERTO e X K O 24 Ik
BRI, %X 3 BTonbAaAA 283 L,
ATP BEDJE, JEHKSEORIE, M DL
DFFAT S O A OFARRBIE I L7z, F7=, 30
A ORI E R IR L, BEKR 2 ER,
AR Z BRI L, EMESRMSRE OWE, Mf O

Ha6s 20214

ML DRRMT B OV Al OFHAR B 2 it LT,
HKEQRIE BEKEZEZDME%ET 4 L—
DOREELONT 4 L—REOHEKZHKEH -
74 V—OHERZBLZMNEL, ZNOHLOEEEL
BHLUTHEKERLE LT, LTFORIZ L EEK
BERHEM LT,

HEARER (%) =BKERE %7 1« L—DO/k
HE X100

ATP EQAIE Ehira & ? O IETE@EG D
ATP B LAY 2 L, ZRRIK T 10 {51247
R L TMillex-GP 7 4 /L% —=2=- | (0.22 pm,
AV BRI TAHIE LT, ATP EOWIENL,
miEE s o~ N T 74— B8NSV AT
A (AR 7 LC20AD, A— FH 7 F: SIL-
20AC HT, » 7 L4 —7 2 CTO-10A, HitH#s:
SPD-20A, ¥ A7 L= k11— F: CBM-20A,
RS @ EAERT) ZHWie, 17 A%
InertSustain AQ-C18 (K-8 3 um, £ & 100 mm
XNEE 3.0 mm, ¥V—x YA T ARRAAEAD),
BEFIL Y k&R (50 mM K.HPO, in H,O
(pH 7.0 H;PO,) ) # H\y, BEhHEEL 0.8
mL/min, # 7 AR 40°C, M EIL 260
nm & L7,

FHAKSEORE 7« L —OEHE @D
510 mm AORAR%Z 3 AUV H L CEES
HE L, RO T2 A8 (BRIl
HiH L VIEIZ, No.4A: 14, No.2:3 %, 7 K
NUT 7 FERAGHE) CHEeAGA R, lERfEK
SriERs (RSP i) ChONE L7z, N
JEIE 10 kg/lem®> T2 23 & L, MEHZROEES
HE L CUTFORIZ LY EHASEEZRHL
77

JEHKH (%) = ONERTHRN T EE— T
BRNAER) INERTRE T EE X100
EfREEEREDRE 7 ¢ L — O E
2HEE 10 mm BE T 1 EKRYS7-0 % 6 F10
LT, LA A—%— (RT-2010D - D, iz
AT v 7)) ICEZA3mm OMFIRT T oY
Y& YE L, HE T I LT T E R D
£, e EREE 1 mm/s THUAR, 7



KT, HARKR, KBET,

Ef (5

TV — AN S mmEA LT EED
IS ERE Uiz, 6 v ORIEMN S 1 EARY 72
D OWHEE T L, KX 3 BT 5 EAHE
R L,
Mf OEMDEHT 7« L — O i & 5
B, JIUFICLTHEEL 50 mL #=ikE I A
77,50 £ & 0.05 M NaCl, 20 mM Tris-maleate
(pH7.0) FEFERZIRML, A/ X—7 )L CReE
L7=%%, 4,000rpm T 543 (4°C) = LoHEL
THF B AV ILERIT 10 fi5 2 O [FIFEMETK 2 2T,
AEYFA X (KRU Fua ¥, ModelK,
KINEMATIC #1:) L, 7/ B A > a2 TAH
L7z, IR % 5 580 [FFEER T L, [F]
CHFAry Ay aTABLTAREYR— b
LT, FKREN0.0SMENIM E7ed EH
FHHEL L 72 NaCl¥&#E (20 mM Tris-maleate 51 ¢),
HEIRFEA 1 M NaCl, 2 mM Mg-ATP L7025 1 9
FHEL L 725t 3 FEOO NaCl KT, HRETVHR— |k
Z 2 fFICAIR LT, A Rik1E 20,000 X g T 30
orfEim O orEE (4°C) L, EIEIC 8 M RFE, 2%
SDS,2%-2 A/VH 7 h=H J— b, 20mM Tris-
HCI (pH 7.5) #REE 2 7N L CHIEMLER (90°C
FREE, 2 43R &, =SEIEC 30 REMLIEIBHEL,
SDS #E4&k#E) (SDS-PAGE) HetklE L7, BE
%77/ PAGELNPG-310L (7 b —#Xth) %
AWy, =—h—% Low (High) molecular weight
calibration kit for SDS electrophoresis (GE ~/L- A
TV N UBEEt) b L, EXvKkENE EZ
StainAQua (7 h—#kxxft) THEL, 7&¥
KT LT,
FADOHEBIHRE 7« L —OEHTEH D
R TNk L CEEEIC2 5 K D 10 mm R
TYOH LTI E L, 10% SR~ U
VCHEER, 10% T4 / —/VIZES L CTHIRT
R LT, NI % /7 — L RFITHiAKE, /3
Z 7 4 (ParaPlust, v 7 ~7 )V KU vTFTx
NRUBRSH) B LTI/ e h—ATES
4um (ZHEGIL, IR EERIL, BIRIET
X— YV Ak TYA L, S AZOU & L BEIK
BB L,

IF5) ELIA, B OAREEA,

ZRIE— ¢ BRSSP~ TV 7 4 L— DOREKIC R T %

#ETLIR Statcel Ver.3 (HR=f OMS HifR)

R, FEIZ O W TIERMEORE & O S— |k
Ly MREIZ L DHEDBIEDHIE 21T > 72, IE
MR OV BB b5, —oilE
SIBUIHTIC & 0 A E A% R L, Tukey-Kramer
1%, F£7213 Bonferroni/Dunn {52 & V) &HER]C
DHBEZRE LT, IEFMER OVES M EDO N
TN, HLWVIINTNERBO N> T8
&, Steel-Dwass {EIZ L0 FHEE COAEESE

BME L, £z, 2 BROBFEZEDOBEICIX

Student @ T-test Z AV 7=, A EAKHEIL P<0.05
L7,

#® R
FRBEAEDBRE B AR E CEE LT

B~ T V7 4 L—OHEKERIL, 25CK, 4C
X, OCKEO—2CRZNZI 2.71£042,
1.42+0.93, 1.07£0.46 & T 1.30%0.20% T, 0°C
X3 BAKVME, 25CRBAKRbEWVEEZRL,
0CIX & 25CIXDAAHE R ZDTHD L
(Fig. 1), ZORERDD, LIBEORER T OMRE
BEENE, ROBEKD Do 720CE Lz,
EREAEZORE S BRXO7 ¢ L—O KR
24t % Fig. 2 \TR LTz, $RIBXCIE, BREBRA
25K 14 RERTRRE U CRAKIRE — 19°CIz 252
L, R EAR R BESCH ThoTe, =7
7T A MNKIX, BOERLGD 75 SRS —
3SCICHIE LTz, 774 VKU, WGBS

4 -
a
1 1
§ ab
% 2
o b ab
2
a T
1 4
0
25°C 4°C 0°C -2%C

Fig. 1 Drip loss of frozen fillets at different thawing temperature.
Values are the mean+SE (n=3).
Different letters indicate statistical significance (P < 0.05).
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Fig. 2 Changes in fillets temperature during different freezing
conditions.
The temperature was measured at central part of fillets.
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Fig. 3 Drip loss of fillets frozen by different freezing
conditions.

Fillets were stored at -20°C for 34 days, and thawed for 24
hours at 0°C.

Values are the mean+SE (n=4 or 5).

No significant difference was observed among three groups (P
>0.05).
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Fig. 4 ATP concentration of fillets frozen by different freezing
conditions.

(A) just after freezing, and (B) after 34 days storage at -20°C.
Values are the mean+SE (#=5).

Different letters indicate statistical significance (P < 0.05).
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Fig. 5 ATP concentration of fillets from fresh and 24 h ice-
stored fish.

Values are the mean+SE (n=3).

Different letters indicate statistical significance (P < 0.05).
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Fig. 6 Expressible water of fillets from fresh and 24 h ice-
stored fish.

Values are the mean+SE (#=3).

Different letters indicate statistical significance (P <0.05).
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Fig. 7 Drip loss of frozen and thawed fillets from fresh and
24 h ice-stored fish.

Fillets were stored at -20°C for 30 days, and thawed for
24 hours at 0°C.

Values are the mean+SE (n=3).

No significant difference was observed between two
groups (P> 0.05).
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Fig. 8 Elastic strength of frozen and thawed fillets from
fresh and 24 h ice-stored fish.

Fillets were stored at -20°C for 30 days, and thawed for
24 hours at 0°C.

Values are the meantSE (n=3).

No significant difference was observed between two
groups (P> 0.05).
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Fig. 9 Myosin denaturation pattern of the fillets from fresh and
24 h ice-stored fish using SDS-PAGE.

(A) fillets from fresh fish, (B) fillets from 24 h ice-stored fish,
(C) freeze-thawed fillets treated by same condition as (A), (D)
freeze-thawed fillets treated by same condition as (B).

(a) whole protein, (b) supernatant, (c) salt-soluble fraction
without Mg-ATP, and (d) salt-soluble fraction with Mg-ATP.
MHC and AC indicate myosin heavy chain and actin.
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Fig. 10 Light microscopic images of cross-sections of ordinary
muscles stained by Van Gieson method.

(A) and (C), fillets from fresh fish, and (B) and (D), fillets from
24 h ice-stored fish. The left side are before freezing fillets, and
the right side are freeze-thawed fillets.

Bar, 100 pm.
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