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DZD-400/28 F.75 434 AL : VL 75 JH 38 A %< Bl
A R 2 vl Agilent 1100 LC ¥ AH 4X: 3
Agilent /&) ; CHROMA METER CR400 & 3543 .
H 7 KONICA MINOLTA /7] ; KIELTEC2300 4
H 20 & B AL : By BUAR I RE R 4B A CM-14 B 4
HL: PYHEF MAINCA /4 7] ; UV-2550 584k AJ WL 4
6 H A< SHIMADZU /A 5] ; TA-XT2i Bl i
¥943H74Y : 92 [E Stable Micro Systems /A, 0
EL IR K V50 - M AR L 88 PR R 5 YP60OT Hy,
TR BB A R 7] s LRH-250A A4k
BEFA T AR BT AR U IXT-10-250 i i %2
FHAR : AR 5E T R AR BB A PR\ 5 P T 11 UK56
BCD - 277 [ i fe 5 Fl A A IR A 7] o
1.3 FHik

HoE R HAORMIELL LR,
ZeWE SN IE IS R AR, Ja 8K IE VE  U)L 5E
lem K6 cm B 1 cm [ta ) BT EHREIFEZ
%, BRI R BT 0 CUKA I, A
T4 0.3.6.9.12 .15 K754

ERERE RS Koy R E AR
GB 5009.3—85 1 B i TH kI &, 78 105 CF
T A e L AR R E T i, SR
FREEFE 6. 25; 155 & 5% E Fr GB/T 5009. 6—
2003 T R K i D E 5 K g o B 4% B B GB/T
5009. 4—2003 M E .

BB %% Kostaki 5 1197 ¥, ¥
YRR IR S min A i fil RIE TP SN 0L
HI(5 A, XA R A ST IR E ST 4. 1 3R
NS, 2%, 2 RN B IR, ORI
3 i Fon W Rk, 8Ok 3 I ANBE 3 ALLE
RN, SRR T —80 TRy Mk,

a0 i RO 2 #% GB 4789.2—2008 1T
WSE , SR AR s 80 7 o

JR Ay Far &, g ) K TA-XT2i Jii )

AT, AR AEIE R Sk p/5 (5 mm FHAR) , X
AEGEAT 2 YA Al A5 22 T 5 AT ( TPA) £
PR ol 223 % B LA I E, LT
(lightness) , a” ( redness/greenness ) , b" ( yellow-
ness/blueness) ,C,, = (a* +b*) "> FR NN L1
I,

pH.TBA TMA-N,TVB-N & a| & e g
Arashisar 25" B 5 P10 g 0 ) F 20K P
JuJ , i pH 1145 pH., 43545 i Tarladgis %
FiJE 8 < B9 5 ¥ & TBA (mg MDA/kg) #l
TMA-N(mg/100 g) . ffi il FOSS KJELTEC2300
2 FEE RN, 27 “FOSS R T4 (faf £ 705
P R AR ER SR (TVB-N) [ 5 ) 0 5 Py
Hif) TVB-N {H(mg/100 g) ,

Ca’* -ATPase /&1 89 ] 2 H2 45 Benjakul
SR L mL LS ER R AR BRI 0.6
mL 0.5 mol/L Tris-maleate ,pH 7. 0, -/l 10 mmol/
L CaCl,%E 9.5 mL,%kJ5/10.5 mL 20 mmol/L ATP
7625 CF 8 min, SRS 5 mL ¥4 15% TCA %
BB . SR 3 500 x g B0 5 ming R AR
B Xk b R R W R AT E B, Ca® -
ATPase J54:H pg Pi/ (min - mg) E/R,

SDS-PAGE F) ] SDS-PAGE #F %8 LBk
A H R K ULEh TR RO R B AR . AR
Choi " iy J5 ik, WU fa 4 3 g, 7E 95 T 5%
SDS ¥4y, 4R RN 30 mL, SRJ51E80 C
UKW 1 h,JEAE 8 000 x g T B 20 min, A B
HRR AR TIERIK. —RI9bsES T RBIRG
Yok RIIBRE 1 (205) , RIGHE B — PR
fit} (116 ku) , SR fLEE B(97 ku) , e bl -6 -
BERR I (84 ku) , 2R VG F R 1 (66 ku) , B Z R
JI U (55 ku) XS ON A H (45 ku) , f 3 — BER
b S (36 ku)

KAaegm 2 B8 Saito 5k, E
AGEt R ATP SRR R4 B0 5 g A 25
mL Y AR AR (10 g/100 mL) , 213 J5 1 500
x g T E0 10 min KPTHE, B EVE W 10 mL, ] 1
mol/L KOH 75 pH £ 6.5 ~6.8, & 15 min
J5 1500 x g NEL 10 min KERTTTE , ¥ G
RHR TR, AL 0 ~4 C R
E 3 ATP SCHRH) S ROROAH 3% (HPLC ) 6 I 25174«
{34 BDS C18 (250 mm x 4. 6 mm) , 0. 04
mol/L Bz &4 .0. 06 mol/L #§liz A —#RE R
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WP e . EAEEE 1 L, i 1 mL/min, £
37 °C,260 nm K; K(% ) =100 x ( HxR +
Hx)/(ATP + ADP + AMP +IMP + HxR + Hx ) ,
1.4 HEHH

K Origin 8. 0 22 [&],SPSS 13. 0 #1475 2543
Bro WEMKFEREN P<0.05,

2 R0

2.1 SAHMBEREREFRRS

AR K & 8o 74. 04% HLIR i
TENAT% MEA SR 19.34% , K5 H
1.39% . SEAHARAE" I A5 60 B0 A B £ UL A
F IR UL A H (K 4 70. 50% | B R AR
19.50% HMIPE &5 7.69% K4y 1.01% ) , &
R, ABE R R s EO N ES, BA
T %2 1 M
2.2 BES

P L g PN 7 B A ST G A R
FBAR B, H 1 R] T, SO 8% 5 IR
B TR 38 S 2 TE ARG (r=0.94 F10.98) o I3
W, 5 B ARG 0 1SRRI AT B R, A
TSI, f 7 A ARAEL A 1. 8, 1 TR E 2834 5]
2.4 (HFEALT 3, RAFE AT ZEEN ., — &
M, MR ARy EREMEE Y, Wi,
FERCE TR b, 1R — PR O BB R SR 1) o
EMERZE

281 _. =k odor
L 24l —e— [/ taste
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Fig.1 Sensory attributes of E. awoara fillets stored

at 0 °C under vacuum packaging
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2 SR ECHA N T A B AR AR A
MO0 HI & 2 753000, 75 A B AR o A 4 T s R
AL AL 5 W F PR (r = 0. 97) , W1 46
144 2. 70 Log CFU/g, BEWI faffy i e AR 47
A BEEA LRSS 12 KA XA i 4 Log

CFU/ g, R348 — R 7255 15 KIBF T 4. 34
Log CFU/g, (& — 2 f fF, 5 Arkoudelos
20T BT A SR, RS Y 37 A 8 15 0 °C
R REEEAERS A 12 d gy, e
L 25 d, 1 F RS HIE A A ok
TEVKIR T 2 30 d iR FEE —REERE

IfE /d  time

B2 EZGRSFSAREREOIC
TSI TR R S R T
Fig.2 Changes of total bacterial count in E. awoara

fillets stored at 0 °C under vacuum packaging
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Tab.1 Instrumental texture analysis for E. awoara fillets stored at 0 °C under vacuum packaging
Bf[E] (d) time
-
0 3 6 9 12 15

ﬁ iEg

I (8) 118.00 £2.83*  98.40+£2.26°  93.65+0.49°  90.52 +0.74%  86.55+0.78%  85.65+0.78¢ -0.89*
hardness

WEFHPE . - b . od . . . .

. 60.68 £0.51 53.75+£0.71 57.99 £0.19 47.06 £1.63 50.32 £0.29 50.94 £0.11 -0.73

gumminess

%ﬁl}ﬁ‘l‘?(g' ) ~1.56 £0.08* —1.86=0.05" —-1.96 +0.08° -1.67 £0.04* —1.58 £0.04% —-2.05+0.04° -0.34

adhensiveness

BER
%ﬁ%ﬁ 0.53 £0.01° 0.55£0.01° 0.61 +0.01° 0.52 £0.01° 0.59 +£0.01° 0.58+0.01° -0.42
cohensiveness
HH MR
EE.]LE 51.05 +0.21° 46.50 £0.42° 43.19 £0.43° 37.55 0. 14¢ 21.66 £0.51° 22.66 0. 12f -0.87*
chewiness
Bk . , . . N , ,
L. 0.86 £0.01? 1.03 £0.07 0.97 £0.02% 0.95 £0.02% 0.88 £0.04* 0.87 £0.04* -0.33
springiness
g4 M
V);.EH: 0.24 £0.04* 0.35 £0.06* 0.34 £0.01* 0.30 £0.01% 0.29 £0.04* 0.21 £0.04*° -0.36
resilience
L RPEAE A EIME + brfE2E 2. [ —HREE A B AP AR RN B2 R (P <0.05) ;3. r RoRARME 4. " RORLMAH K (P <

0.05); F A,

Notes: 1. Each data is the mean =S. D; 2. Data within the same row with different letters are significantly different( P <0.05); 3. r means

correlation value; 4. * indicates a significant correlation( P <0.05). the below is same.

x2 HZH

KEAMEREO CEEITERERENE

Tab.2 Color measurements for E. awoara fillets stored at 0 °C under vacuum packaging

IfE (d) time

0 3 6 9 12 15
LT i i ab ab b b .
X 59.10 £2.47* 57.82 £3.03* 53.32 £3.10" 50.99 +1.34% 44.98 +£0.38 48.96 +£3.20 -0.91
lightness
QTE a* a a a a a a [
-1.21 £0.59 -0.74 +£0.01 -0.72£0.16 -0.84 +0.14 -1.18 £0.03 -1.21 £0.14 -0.32
a red value
Wb - b d .
-3.40 +0.28*% -2.55+0.09 —1.93 £0.09° -1.23+0.18 -0.25+0.05° -0.14 +£0.01° 0.99
a yellow value
R Cp = b d d d
3.64 +0.07% 2.65+0.09 2.06 +£0.14° 1.49 £0.07 1.21 £0.04 1.22 +0.14 -0.95"

a chroma value

2.6 pH{E

B 3 R s 3 N A B R pH (E AR 4k
100, A SCH £ pH BIIR{E N 6. 65, 2 55 R 1
X AT fE A B B W A Ab BE AT R G R A %

E;é[m -23] .

6. 77 Z [Pl

TEN YN, pH AZE LA K, 1E 6. 65 ~
5 20 S R 8] G K 5 AR S

2.7 ERMUHER
1 4 SR 7 A0 B f R FE Y R A e 1 R
FIALACTE O, 0 48 & MR R (TVB-N)

PRV 00 £ 7 R0 00 6 K P

Pk

T A0 B 7 BOHR R VSR ) B (BBt A T3 (8]
PRSI T A 55 o, G5 4 R R P A O

(P>0.05) ,utH] pH {H A fiE I Bt A1 5 8 7 7 (r=0.86,P <0.05) . TEW IR, K k3 35
1t 96 309 1) 5% hE A A8 AR B X 5 Scott™, R{HIAF 12. 94 mg N/100 g, L fik T Gimenez
Simeonidou'®’ | Arkoudelos'"*’ | Sankar'**’ 2 it £ 1281 13 S 1 £ T K S (25 mg N/100 g) |, HL
R—H, AR 2 R
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2.8 TBA{&

Bl 5 R A BE 0 72 I8 P9 Y TBA {1
ARG O, TBA R T4 A8 Mg 107 AL AR 1Y
—ANERR . — SO R, LA P TBA {H
ikF| 1 ~2 mg MDA/kg DL b 7 A X DL 52 1)
AR, s TBA {BH7E 0.30 ~0.43 mg MDA/
kg Z 0], K T Fab B o5 40w R A 55 A
FME(P>0.05) , HAEW I A A1k B 2 PE 2
AR, X AT RS A SR v DL S R
HEE R IR R FE R LU KR 7 8 Ak 1 2= P 2
N PR, TBA B REAR 4 11 B 1 Jig 7 48k 1)
FE R
2.9 =ZHE%

= R Iz 440 T 10 T DOt A R 2Rk =
A3 it R B2 LA R Y TMA-N R 35 5]
1 mg/100 g, fa A, e et )

7.0
6.9 -

pH{E

pH value
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o

N
\
/
/
/
/
/
/
/
o

[
T T

fffEl /d  time

B3 ExGK5AREEHEIC
T F2 0 pH 4L
Fig.3 Changes of pH in E. awoara
muscle stored at 0 °C under

vacuum packaging
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Fig.4 Changes in TVB-N value of E. awoara
fillets stored at 0 °C under

vacuum packaging

TMA-N {f — B 1% 7 1 K. [A] £, Papadopoulos
SEUVIRAE A LA P TMA-N & B0l = F R
B B AR, (P <0.01) , HAZPEARC
(r=0.99), S SE R EHIE(P <0.05) (K
6) o TENHA, & &A% 1 0. 75 mg N/100
g ART EIR A, KW 7 e AT 52 Y .
2.10 SDS-PAGE

7 S TE U N A B R (1) SDS-PAGE
E3h7 S S I WD s | ) = B2 | e
P Bt 5 i R £ 354 oy 22 % e M %) K e, (H Sk 35
ZEFA Ko X2 TR ], — 75 T, P
BT E T @SBRSS — 05
0 A R A0 B R R H A L
£ I N 2 Tl <19 S 1 = Sl 1 e e el =
KA

. 060
o0
= 055f
é 0.50 -
= < 0457
EE 040+ /{\ N
a  035¢ / \ /

\. 1/
= 030t }
025 . .

A /d  time

BS ExGKkFTAREREOC
TR 2 5 TBA ERYEWL
Fig.5 Changes in thiobarbituric acid
(TBA)of E. awoara fillets stored

at 0 °C under vacuum packaging
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Fig.6 Changes in trimethylamine nitrogen
(TMA-N) of E. awoara fillets stored

at 0 °C under vacuum packaging
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Fig.7 SDS-PAGE of E. awoara fillets stored
at 0 °C under vacuum packaging (MHC : myosin

heavy chain; S:standard molecular weight)

2.11 Ca’*-ATPase i&i%

8y £ I N T A B i Ca’t -
ATPase {fitEZAE L AE L, Ca®* -ATPase T 1 S5 1 (1
SENLA AL ZUK fig DL Ca® B A7 1E I ATP [ fE
J19% . NP 8 HAT LUIF i, Ca’ " -ATPase {5 PE7E it
& TR 3G fin 2 TR (r = —0.96,P <0.05) , Hy
550 KAY0.25 g Pi/(min - mg) fE R 15 KM
0.07 pg Pi/(min - mg), Yongsawatdigul 25" f§
th Ca®*-ATPase 151 F & i TN ERE A 7E
g ) A A T ARk

= 0.301
N E- D
.LHS-E 0.251
‘%%8 0.20
iEg
EE£E o1t
%E;" 0.10F —
C'wad \§
=7 0.05r
0 3 9 12 15

6
FflA] /d  time

8 EZGAEFTAMEREOI CIEEREH
Ca’* -ATPase ;5 & 2L
Fig.8 Changes in Ca’*-ATPase activity of E. awoara

fillets stored at 0 °C under vacuum packaging

K{EEL
PO ST B N A BE R T K (R AL
0L ATP Jpfiid B2+ 7= A2 19 HxR + Hx 1y 5
ATP Y B HLEDY K (5o K {HB/N R
i JEE AR, KRB U i R 2y 1] O AT RAAS

2.12

51, K BB FRT I ] 0 A 4K (8 310 (P < 0. 05)
FL S ] S B M (r =0.98) . Saito %1
I 27 S i K (8 <20% AR <50%
A =T0% IR SCHR A 7 BEf
0 R KENA.27% T4 3 KitihF 21.63% ,
6 KiAF 31.45% ,%6 9 RikF] 42.35% , 46
12 KikF) 49.36% , % 15 KiLF| T 54.91% ., H
ST ARS8 A6 I 3T R Hh 2 3 K -

60 -

9 12 15

0 3 6
BE) /d  time

B9 EZGRSFSAREREOIC
T 2 K ER L
Fig.9 Changes in K value of E. awoara

fillets stored at 0 °C under vacuum packaging
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HYAR AR 2 , H S I [R] 5 25 A G , BB AT S ik
THE A AR ] B AR A A O, W]
AN RE A B R I Ak dE bR . HIF

HAORSE R RN, &5 G ERSEOM S
AR BE A

(3) ARYE4HH B TVB-N TMA-N &3 {k,

BRI ZE A B E VP 255 AT, ¥ 2 5
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Quality changes of yellow grouper ( Epinephelus awoara)
fillets stored under vacuum packaging at 0 °C

XUAN Wei, LI Jian-rong* , LI Xue-peng, ZHU Jun-li
(Food Safety Key Lab of Zhejiang Province ,College of Food Science and Biotechnology ,
Zhejiang Gongshang University ,Hangzhou 310035, China)

Abstract: Sensory attributes, total number of bacteria, physical and chemical parameters ( proximate
composition, texture analysis, color measurements, pH, TBA, TMA-N, TVB-N, K-value, Ca’"-ATPase
activity , SDS-PAGE ) changes of yellow grouper ( Epinephelus awoara) stored under vacuum packaging at
0 C were investigated. The results showed that yellow grouper was a fish with low level of fat but high level
of protein. During the storage, sensory attributes ( odor and taste ) exhibited significant variations and
correlations in storage time ( » =0. 94 and 0. 98, respectively ). Taste score increased faster than the odor
score ,however , neither of them reached the reject limit of 3 scores. There were significant linear increases in
total viable counts ( TVC) in the storage (7 =0.97). TVC on the 12" day was lower than 4 Log CFU/g,
indicating the fillets kept at first grade of freshness,and was 4. 34 Log CFU/g at the end of 15 days storage,
kept at second grade of freshness. With regards to the texture profile , hardness(r = —0.89) , gumminess( r =
—0.73) ,chewiness(r = —0.87)showed a significant and negative correlation with storage time. L" and the
chroma values decreased, and b" values increased, reflecting the colour changes experienced by the fillets
over time. No significant differences were found in pH and TBA concentrations during the storage and they
displayed a weak correlation with time,so they may not be the suitable indicators for reflecting the quality
changes of yellow grouper fillets during the storage. The amount of TVB-N and TMA-N significantly
increased with time,at the final of storage, TVB-N and TMA-N reached 12. 94 mg N/100 g and 0. 75 mg
N/100 g respectively,and both of them were lower than limit. The proteolytic degradation of muscle protein
was observed by SDS-PAGE, the results showed that MHC and Actin were hydrolyzed continuously
throughout storage. Ca®* -ATPase activity declined fast from the initial value of 0.25 g Pi/(min - mg) to
the final value of 0.07 pg Pi/(min - mg). K value increased fast with time(» =0.98) and reached 54.91%
at the end of storage, keeping the middle level of freshness. The results suggested that total viable counts
(TVC)increased slowly under vacuum packaging at 0 ‘C ,and it kept good sensory characters , inhibited the
changes of the paraments ( TVB-N value, etc. ) and hydrolysis of protein. The sensory attributes,
microbiological counts, texture ( hardness, cohesiveness and chewiness) ,colour(L" ,b" ;and Cab) ,TVB-N,
TMA-N, Ca’*-APTase activity and K value exhibited strong correlations with storage time and were
sensitive. Therefore ,they may be considered as good indicators for evaluating yellow grouper spoilage during
the storage under vacuum packaging at 0 C for 15 days, but the consideration of shelf-life should be
combined with all those indicators.
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