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E, B n i A v b B, T HR ) B R MG, R B 4 6 8 AR AT K 8 K B\ TVB-
N.pH L fu & B4t B R A BOAR S BT &R M. ZRFZN, MELANEHEK,
W% K K A TVB-N b7+, pH @ %6 T % 5 L7+, B b 72 B MR & 7t 1 Ao b 41 41
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TRF, GARME R, MAFE RN RSB IEL20d, RABALFLARLFRER
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REWR: & 85 AAME; RRFRESE; FOLHE 7
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fifi ( Lateolabrax japonicus) X FRAE &5  FELE |
iR 55 A PR 82, Jg ) B ( Perciformes ) , /i 7.
H ( Percoidei ), #i #l ( Sarranidae ), ff &
(Lateolabra) , 7345 T A V-¥E PG, 3 1 i 2477
Z i R 2 o B A A T s, — A
30 ~40 cm, {&H 400 ~1 000 g, H A JF RS, i
B, PR AE S B IR AR S TR E W AT
M2 Tt T2, Ak, Bl BA B BT IR
A, T YT A2

IEAE R TR A R R, H s AR K
SR B — 83 A 32 A 8 65 O U AU A &, 1 L
AR A 7 R K BRI,
A BRI I — A AR AR ) R, T ) B
8 F BRI A AT A
FREH ST B ORI ST AR D 8 4 58 A
XoF B R PR B o R e ) i S A8 bR R AT TS, i
TEA Nt KRR A r i 3 B AL S AR AR AT T
30, TR P P 1 2 T B (2H G e | 1 g st
TR VRIS B | J5 b, ) T 4 AT ) X6 JHG B A i) AT 5 A0 £
AHE X TEAR KL RE b 29 7% 2K 7™ i bz
FH B G i) & v o

I #5 HH#3:2010-04-08 f&[E] H#3:2010-05-21

SCHERERIRAG : A

ST I, AR S S W B A O IR AR R
A2 2R 3 L Jo Ml 51 18T 23 ( TPA) RN AZ 27
Rtk i A2 Ak, [ i 0 40 T S £, K {1, TVB-N
{6, pH {EMUZE R PR SR B B R A1, I LAV& IR f
EELPSROBIE % N e/ R 8 % 4L DON AE7S S linpNd
P R LR MR AR WA R, %28k ™
DL R Y iz N A SERE =2 4K o

1 BHR T

1.1 #

S5 B0 B B K R T Y, P R E
(813.55 +61.95) g, P& K (40.22 +1.30) cm,
1.2 #HmabiE

W RIS, 8%, L PIE, T HER D mF: B
LS, BAITH R (130. 13 +12. 58 g 1 (19. 69 +
1.01) e, FReFAS 02, B I 1 T A0 I 45 T
TR R ( -3 £0.1) C %39 (4 £0.5) C,

1.3 MEH

EARGME KOS R AW E T
PRI LA A A R L A, G 17 7%
SR AN — B ESAE , KAy & sk Tk R
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K1fisgmle 5% Yokoyama %" ik,

BRI R 2 g, ilA 10 mL 1 6% A0
10 % i 581 (PCA) , Ml Uy HEHLA) I I e
3 CTE.L>(9 000 r/min) 15 min, Y& FiEW . UL
WS IMA 5% PCA10 mL, 2J3¢ 578 3 C &0
(9 000 r/min) 10 min, Y4 F IR TOTEHR 5> &
52 EARERAE W TR

G LW, 65 H 10 mol/L KOH F1 1
mol/L KOH ¥ HF1 % pH 6.4 ~6.8, B 4liK
A Z 50 mL il LR K 0. 22 pum (Y JE R UE,
IEWT —22 CLRAE, T ATP J A% ™ Wi
R ROBAH 1% (HPLC) Pl 5E .

3% o3 B 2 - 35 L, Capceellpack C18
SG(4.6 x150 mm) ; J ZiAH .20 mmol/L Z i .20
mmol/L F7#5 2 40. 0 mmol/L = Z IR AWK ; K
WK ,260 nm HFFE R, 10 pL,

LA T ATP $i2 ATP— ADP—> AMP—>IMP
—HxR—Hx BEFEM K EiHE AT

K(% ) = (HxR +Hx)/

(ATP +ADP +AMP +IMP + HxR + Hx) x 100
1, ATP ADP . AMP . IMP HxR Fl Hx 4} 5j{t 32
ARG, BT =058 I — e IR R

VIR LHF (U B BRI B ) MUK B R I 1Y vk
BE, LA wmol/g {3 R .

TVB-N # & %l GB/T 5009. 44—
2003 e HOEN E TVB-N,

pH &M E WM MaR 2 g, inA 10
FRARTRIZE IR, G m A BV BN ST 9K, 7850 1R
rirh e 30 min, BB, ] pH T B E o

PR ALE  SLRCORAI H B Je@ik.
IINARE G A Bl , 2 A0 0 A% N 18 e £ o
JRLBT N AR A 5 s L IR PE YRt 32 22 fif
20 L S5 R A L AP R S P ) B A e, R
0 J5 #1 PR UL PR A 1 A L e 4 S 5, 4 L 5
I AT HE JILET 2 S WE TR MU e LT 5, G Rk
P EAN PPN A i

PBFRER YA 2 cm x2 cm x2 cm B/, Al 3
F OCT ¥+, —20 ¥ 20 min L) |, ¥ 7R Y)
FHL(Model CM 1900 ;Leica Co. Ltd; USA) ] 8
wm J2 0GPy A B4 HOE ik a)fs,
Olympus BX51 27 i B ik 100 15 #E47 W4

RESEEL DB Ry aRE AR HH
TEASFFAPEAE e bR T B E W, 1 A 0L B
St LI TR 5 24 N GV, EARTE S 5 WL
e

®1 HRREITOIRE

Tab.1 Sensory evaluation standard of L. japonicus

ik 4 8 ~10 73 B 6 ~8 4y —f 4 ~6 4y B9 2 ~4 4y %0 ~2 4y
description good 8 —10 scores relatively good 6 —8 scores normal 4 —6 scores inferior 2 —4 scores bad 0 —2 scores
RS L, LN AP, DLAYTE  GER R, DL @R, LAY GERIR, LA DI
color WA EEpints TR AR TGP o
Ak e st WA TR, el BAEWIEK, AR e
flavor I#A AFAHRAR IEA R A iy P A i Z I LR B R
HLUEE MRERBE e, NNANRELE, NWAASAEE,H NWRNALAEE, R IR A4 R B E,
morphology  SUHARIE M SUEAR G M AP AL FATK
HiEAr B3 WS A SR, T RS TE, FARIE BCA UL, TIRIEE A SR, TR ORI, TR RS M
springiness  JE/FMIFA BITER  JE MIREACIIE K EIEREE S5 ] IR TH AR S (AMNEES

BRI EBE N (A7 20% , K 30% , 4
GULA 30% 418U 20% o B A HR F B0
LG, B8 AR P 2 0 3 LA B yicds
PRAME, B HEAR Z R E 47 o

Jr ¥ & 57 (TPA) iz JH 5Bl 6] s 46
FIAL AR B BT A4 X (A5 TMS-PRO; 3¢ [§ food
technology corpor-ation, USA ) , 7% $l [T Ji H 1&2 JjL

P G 2 s 7 vk e P B A R Rk (AR R
3.16 mm) , FEAT PR 48 CRIZE ) , 48k M AT
1 mm/s, ${3KR B3 1 mm/s, JEAS & 70% , k¢
il B A 6 IR,

1 43 TPA SZIG ) B HURRAE h £k . (D B
FE S B — i AR Y B B b 2500 g, A R 56—k
E MR L ) s W (E ;@ PR AR TR AR S TE 25
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Fig.1 Curve of texture profile analysis
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TPA S5 AH [A] 1 B A4 A FE 20 T AT & . A
SEI SR E AR 3. 16 mm (7[R A RER S | 45 51
FES 1 mm/s iz 5y, HE AR TR i 20% , R i E A2
FEVEICN 6 YR o I 34 ith il 2 SR P U 30 32 3oF
17T (K 2) .
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Fig.2 Stress-relaxation curve of

L. japonicus meat

PR FE AT AR R N P(t) =60( ZEie_t/Ti) ,
o p (1) J2& I 748 5t 3 F2 A N J7, e S B AR
it SRR ESEAE NS | DR R s A (E,

=E, +E, +-+E,, SRR 7 S HE A 1 IR
FRIE SR SIS 18] (7, = m,/ E, A 55 @ UARAT AR
PEREE) o I Lop (1) X ¢ Al 26, X ix 2% il 26
Y1k, 1T LAAS 5K 14 R 7 A St s (] 7, A0SR A
E, il it o ME T ORI, R
HWHH E M 725, A Lo p(1) —e,Eye™ ™ 1% ¢
VRS A 28, SR I TRIRE B4 05 255K AR Y E,
Ty ML, o AR 1 ot R AT B AT
Ak,

Bl HREES TPA B Fih
SR, R F 14200 3. 16 mm (i[5 FE 4R 3K i
AL, RS IR I E BCR 6 1K,

FHEA SEIEE A SPSS 11.5 Siitk
PR IEAT AL, 23 BT 45 SR LA 308 = A o ff 22
(mean +SD) /i, 78 8K £ 7 220 Y SRk 1,
FHH S-N-K B4 ] 22 5 (P =0.05) .

2 FR5The

2.1 BEXARSHEL

BERE SRR K 4340 LR % ik B 22% L, R
W5 5 0y /b Ul e —Fh s & 1 AR
AP it o TE VT8-S5 TR I o o o R O B
WS TR K S A A RN E AR A
B2 R A S A I R v B BE AR 4y AR AR AN
R(#%2),
2.2 tEEISIRIEL

WAL 3 Ha] DU AR FH V2 R it 1) 248 R
BRI EON (R] 3 2 TR S SR AR i ) 3
T B B SR A TV R A o A R AR - T
INEIK P 242 85K (GB 18406. 4—2001) 21 14
B <10°4~/g, Bl <6 Log CFU/ g, WY& R i
M4 6 d[ B S ECh (5.93 £0.05) Log
CFU/g ], 1M f3 : FE 5 0 oy 26 d [ 40 1 B 500H
(5.86 +0.31) Log CFU/g,30 d }(6.54 =0.19)
Log CFU/g ] , AR T 20 d, FRiAMREEFE 5 7E
IR0 ~6 d) IR IF TRt ss, 302 T
FRICIREE -3 CAbF 5 KUK b A IR B 7 31 [l
W IAE AR K 3 S5 K ARFRIE I, RIS s A= 4
.37 B 1 TN K o3 A K-S SRR Ry e i
B Tl B A 24 T 5 I i 4 T i (] T
W2 R T8 5T S IR 2B e g /N o )
J, — o CIE AN RIS R N T4
AR E TR AN A, DTS S50 s Jot
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Tab.2 Changes of primary components of L. japonicus during storage

W s 8] (d) K53 (%) Koy (% ) HAEMA(%) Wi (% )
storage time moisture ash crude protein fat
WEYE R i fresh sample
75.07 £0.32*% 1.62 £0.02* 22.45 +0.66° 1.16 £0.07*
YRR i refrigerated samples
6 74.85 £0.02*% 1.55 £0.09% 21.29 +0.31° 1.18 £0.08*
8 74.98 £0.47* 1.65 +0.08% 22.14 +0.02*% 1.15 +0.05%
26 74.18 £0.40° 1.38 £0.05° 22.00 £0.50* 1.07 £0.09*
THZRRE (i partial-frozen samples
6 75.34 £0.29° 1.35 £0.09° 22.50 +0.08* 1.02 +0.12*
8 75.24 +0.80° 1.55 +0.01% 21.78 +1.76 1.12 £0.02*
26 75.32 £0.42* 1.37 £0.07° 22.38 +1.87*° 1.08 £0.07*%
TE R R —50 8 EAR AR RUERA B 2257 (P <0.05)
Notes: The different superscripts of the same column values are significantly different( P <0.05).
14 ¢ = Y IRAE T refrigerated samples 120 [ = RIBAE refrigerated samples
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Fig.3 Changes of total bacteria counts,K value, TVB-N and pH value of Lateolabrax japonicus during storage

I 55 D ST [ ) S Bl 0 JRRE b 19 K
HEE bR T I K A A3 i B o] i oK
FrEW. — B E, SR K EIKT 10% , LA
K <20% 1E 0 R & HR bR, H AR A 6 B
Wt IVE A fa R DL K <60% 1E R T 5
BEREARIE T L R RRERLEE 4 K (61% ) T
ff FERRIE , TR SN 223 21 d, #7 D) K {EDR
B GEEE I, YA R R 4 L BRREE AR 21 d
O it LUV TR T EAT B () PR B AR

TVB-N [ 25 It A ) Fr) S 1 38 o, 76 b
I RS TVB-N | TH8 %, #2305 08 ZR A 28 55 if

MR - FE o ARRE S TVB-N [ 25 4k 18 g i

A ESEZAR L , OARFERLFEI 8 21 d )5 A TH iR
I, 26 d J5 A S gk B SR BRiE (<30
mg/100 g) , M ¥ B HE i 265 6 K Bl ad i b v
X R WO 2% 1F RERS S 4 O il 95 TVB-N (145
T, LB 3 I ORI 2. 53 41, TVB-N
55 2 R R AR A AR PR — 3, W] TVB-
N R0 -5 20 T SO A 2 A S A A DA
TR RV JRIAE ity E I A pHL(E X 5L G
WA TH R 3, S R TR0 S L I
PRI BB ISURE Tt o3 e, 77 A2 FLIR , S BUILA pH
fE T RE. BEE B AL, A B, Sk Y
PRI, REULPY Y pH (S
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FE i 0 AR Ak T8 B I8 L Y8 JRRE i G2 12 < ¥ AR
pH AR AR IAESE 2 K, MG s 7E 56 10 K,
LI A A 45 AR Y pH A, R R 158 B 4 A
sl 5 D72 JE ) AR 7 R 3 TR S o, TR AR
P HA BT AR BRI
2.3 HAMEMNTH

it A v 2 2R ik UL SR A R & 4 i
TN o SETEARASTT W A LR 4L 2R3 50, L)t 2 4 HE
GIVER Bl TR [R] ) JE K, AN R Ve A S
TR Y 65 A0 it 12 S5 LB 2 4 ) 1) 2 Pt i 48

R, 7 Tk 5, 2 S48 R 3 T SR i 1)
X PR AN ) D 2% P (4 TR ol R U8 ) L A m]
VAFE 5 1 MR A EL , SRR I et o LD 2T 4
(] f) 2 B R 3 L B 2 1, 7 1) Pk PR A2 At A
W 5 R IEC 26 d R el 7 L 2F 4 8] 19 25 Bt
JE TT 11k WUISETZE R 2% L AN S5 AL BT 52 4 T
T T VM 21 d B, 1 U8 O IT 8 2% 1 fE
0 SN S o £ P 2R S A O R A
TR MA LI T 1 540, BATELF I PREERCR o

B4 gt RBMRERA
1. ETERE D 2. 30% 26 d; 3. 9886 d; 4. Tk 6 d; 5. ¥ 21 d; 6. 3307k 21 d.
Fig.4 Light microscopy of L. japonicus during storage

1. fresh sample; 2. 26-day partial-frozen samples; 3. 6-day refrigerated samples; 4. 6-day partial-frozen samples; 5. 21-day refrigerated

samples; 6.21-day partial-frozen samples.
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WAL, Bz 5 1A A DR M 18 R 2R H LA
SR o VRTBURE i 7RIS AR 1 TR O B
BE, AT RESE T RE bR K 2 5 R R BUE AR
FrE. LS sk n] LI H R REAECE PR T Y
R A LGV TR ot B 1, Ul ] R I A
PREE ¥ 8 2% 1 RE B A 2801 JiE 22 7 JECE il o 1Y
TR,

2.5 FutE @S (TPA)

DO A P B il B A ORY SR AL Mg
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X5 O S LA AW 5 o BB ORI
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Fig.5 Sensory evaluation of L. japonicus

during storage
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Fig.6 Changes of hardness, springiness, cohesiveness and chewiness of L. japonicus during storage

2.6 REFUESHIEN

BTG B AN TR 6 (4 7 Bl AR D0 A% 1 T B
FEA IR L 2 B BN 3 Prs. IR AT LIE
Hh B IR AS SRR S A (R B, )
PRI [R] 7y REPERERL v, , TSR B2 ) B 2 U RS

(] PR SE R 49 2 A AR A, v TR Rl R A i 11 A A5
T NN S M N T N (VAR VA AT
(] 7 FIRSE W7 588 JEE 0 /N T BE T R o B2 I RIS
[ PR HE A, AN i V4 IS 2 Tl R D A o il
SIS T /N B R B, SRR R E, B R
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e 10 BE T3 AR S TR] 7y R PR ) A2 AR A
AN X AT e A BRI LR A A BIL R A 5
VR THORE R AT EL, DRV RE i 9 25 U AL A R S 0
(Ey, 7y ,my, BEBTSREE ) B2 AL S FEAANR] , (02

R MR Z AT R TR AR T
X AT AE S BRI RCAR A T RER L st i ) £70 PA) 2
F AR PR AN 2R 3 ) A SR AR O

*3 HIPEEEPRTEHFESETN
Tab.3 Rheological properties of L. japonicus during storage
T ] () E, E, E, ™ Ty m UB Wi B2 (ef)
storage time ( x10°Pa) ( x10° Pa) ( x10° Pa) (s) (s) (x10" Pa-s) ( x10° Pa-s) rupture strength
{BE T FE i fresh sample
2.61 £0.35"  2.30+0.35" 0.30+0.01" 77.58 £14.43" 0.77+0.13" 1.75+0.20" 0.23 £0.04*  753.80 +61. 30"

O IECRE i refrigerated samples

4 5.11£1.17™ 3.91£0.97" 1.20+0.23"™ 64.04 £17.88" 2.26+0.54" 2.48+0.85" 2.77+1.06™ 567.75+67.72"
8 6.44 +£1.08 4.68+1.07"" 1.76 +0.33% 45.47 £4.33" 1.72+0.27" 2.10£0.32" 3.07 £0.89™ 550.21 +45.39"
12 8.21£0.63" 5.91£0.39° 2.31%0.46° 49.07=15.17% 2.62=1.05"° 2.90=0.95" 6.35=2.41°  549.87 +14.34"
16 7.63£0.16° 5.93£0.45° 1.69 £0.62° 50.07 £7.81" 1.83£0.20" 2.99£0.69" 3.17 £1.47™ 420.86 £68.47%
21 7.19£0.80% 5.95+0.61% 1.24£0.29" 40.48£7.19" 1.47 £0.46" 2.44£0.63" 1.91 £1.06"  354.94 £26.08°
% EE i partial-frozen samples
4 4.04+0.54"  3.15£0.42" 0.89+0.20"° 53.67 £19.32" 1.81 £0.66" 1.66 £0.51" 1.64 +0.77" 487.75 +56.46"
8 5.98 £1.05 4.40 £1.45™" 1.57 £0.66 50.11 £29.80™ 2.43 £1.38" 2.00£0.89" 4.47 £2.21™ 547.05 +41.50"
12 6.57+1.45% 4.57£1.55"" 2.00+0.15% 40.25£5.53" 2.22+0.56" 1.79£0.39" 4.49+1.39™ 536.70 +54.05"
16 6.94+0.87 5.63+0.83 1.31£0.24" 51.57 £13.67" 1.71 £0.43" 2.870.69" 2.27+0.79" 457.43 £30.01°°
21 7.39£1.53  5.66x1.42° 1.72£0.37 45.10 £12.72® 2.21 £1.16" 2.57£0.99" 4.03 £2.86™ 455.67 £26.83°
26 7.79£1.06° 6.46+0.93" 1.34£0.20" 52.82+5.41" 1.91£0.24® 3.41£0.63" 2.58£0.65" 444.57 +44.44
30 7.57+0.83 5.96x0.74 1.60£0.25 50.35£8.23" 2.13£0.66" 2.98=0.44" 3.52=1.45™ 418.09 £43.71*

40 6.03 +1.69% 4.75%1.37™

1.28 +0.32" 53.45 +22.82°

1.65+0.53"  2.70+£0.15" 2.18 £0.95® 394.98 +57.72%

R PR — S EE AR LA PR B 25 (P <0.05),

Notes ; The different superscripts of the same column values are significantly different( P <0.05).

— JBET S, AR 5k R 5 R JRE AT A X I O AR, it
PR S LA AP A9 SR LA 5, B PR o R, i
Ta/bs SRR B8R 5 1S AR s ) 2 A
FRAAPRI AL TE (A PRASE , 1073 st o i) AL 2T 4
T[RRGS0 S DIA 5%, L 7 A% ot s )
K WUSEFESR 1 501 [RDRG 25 780K, A 20 By
o AR TR R A st e T 5 UL P R R
YRG5 BA IR L G &R, R BB TR A
BT IR AR AR E S B R,
TERE AR L, IR it A BA SRR /N (B A
AN PR RN R A X5 TPA Jr Hr 45 R AR —
o OARRE S R AU EE ] A POV TR i 2218, fR
BRI A T % JRORE iy, S A M TR DR R DA

Al

3 p4E

o=H

ZEA DA EE IR BRSO R TR L L
PRI A5 T HL LA o0 FEAS PR AN T B VK
MK A TVB-N ¥ 58 E T %, pH {ENSE T

Wk Je Tt H b T B A T e i R s B
TS 1R] ) 4 R T A 2 R A A A B 8, LY
JILBR T Ak 18] B 2 B i K, O T g s, 20 21 465
a2 B T S A 5 SV 58 1 T B, A b 2
FIBTAE 2 B (RERE e ORGSR RELRE ) 2 52 R
e A HA, T T3 i st o T Ol 1 A 6 2 g S
Fo TALE PR SRR I RO i FLAT 3 4K
N BE RN KPR INIRE A

55V SR i AH LU, IR 7 i 7 20 TR K
{6 . TVB-N {i 412U 58 R E I E 1 br i 2
BOCRERE HRPE R SRR R ) B AL 2 R 2
BCCTAPERL R ORGP At I ) A DR 58 1 ) 26
7 TTAZ A B A S, B AR RS AE 1K 20 d 7
A7, U R I 6 ¥4 A% 11 BE S A 2804 400 )
PR NG 1k S P R A R o i, R
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Freshness and texture changes of Lateolabrax japonicus meat
during partially frozen storage

GAO Xin", HAN Fang, XU Jia-chao, FU Xiao-ting, LI Hui, YU Tian
(College of Food Science and Engineering ,Ocean University of China ,Qingdao 266003, China )

Abstract; The quality and texture changes of Lateolabrax japonicus meat during partially frozen storage
were studied. Tissue structures, texture profile analysis and changes of rheological properties( elastic modulus
E, ,stress-relaxation time 7, , viscosity 7, ,rupture strength) , combined with the total number of bacteria, K
value, TVB-N, pH value and sensory scores were determined. The results suggested that the total number of
bacteria,K value and TVB-N increased with the extension of storage time, while pH value decreased and
then increased. The increasing speed increased with temperature. As the storage time extended,the pores of
the myofibril increased, the tissue structure deteriorated,elastic modulus E, increased, and rupture strength,
hardness, springiness, cohesiveness and chewiness decreased, while viscosity 5, and stress-relaxation time 7,
have no significant changes. Compared with that of the refrigerated samples, the shelf-life of partially frozen
storage samples could be extended for 20 days. It showed partial freezing could effectively inhibit the activity
of enzymes in the meat of Lateolabrax japonicus and the effect of micro-organisms,so that it could alleviate
the decomposition of protein. As a result, partial freezing storage is an effective method to extend the storage
time of Lateolabrax japonicus.
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