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REREFF VAR RREARER

kA, mERC, ¥, AEH, AikF, 2EL
(1L BT TRACE i A4y TR LA 2 T 900 % T B 310035
2. R LR A P A B EBIIEE LR A 234309)

WE: SR AFARML  AH R EAFHRAR AL RALIE, N EHLAE0£0.5) CALKHL
RANEELE BEAMEEERTNTA TN RARXFECARCRNRERR, BAL
FRE A1 mg/L, &R F M5 hIRE AR E K (60% CO, +30% N, +10% O,) . LA A
% (60% CO, +40% N,) =54 & ( ) KAAHE K (60% CO, +30% N, +10% O,)
HERENELE & RARAELR(60% CO, +40% N,) 5 REANE L & RANE AR, 4R
Br:0 CTHREFAAETERAdAMRALELR TR S A EH KL Ko i %3
1.76 x10" cfu/g #1 1.14 x10" cfu/g, EH A AR B EL B TR LAABELER T TK 10d
B E LBk E] 1.87 x107 cfu/g F11.03 x 107 cfu/g, M it #L & o T 4 450k T H 4 A
B3 A BT T (4 4R R 3k B 12 d(9.33 x10° cfu/g) , EA R A EL A REAR
B LR K F 14 d(8.74 x10° cfu/g) Pl F o &AL EH 6 TVB-N K {5 KB T4,
pH 4 fb A ) 5 e Bt B 4 X (P <0.05) , F E A% 4 4 2 A 40 & 224 B 1E i
TVB-N.pH K Hfn & B F M TEREWA LKA R EAE, A THELRA, RE
WFREETEATE R AR &SRR T, & EREHAR(14 d) TVB-N ik Z| 14. 952 mgN/
100 g, K Bk 5 55% R BEIF0HKE 5 4, A THEHEKTFRTEZEEL, SHREREK

A, RAA S & AR A BIE KA AR B B R A

KW 4k, RE; ARAEE; REH
hESES. TS 254.4

K5 W¢ ( Sinonovaeula constricta Lamark ) 3 J&
ok g ¥ 1 ( Mollusca ), H§ 6 %
( Lamellibranchia) . 714 V. 24X ( Heterodonta ) | %5 5
H ( Veneroida) 474 %} ( Solenidae) , ¥ 44 11, V1.
TIPR LRI TR A, S YRR D12
Z—, Tz A T E | H AR A [ )V
XOZEFREAC HILT (UK R AR AREE A
Afi, b DU A T VL AR SRR R S e R, I
PR R ENTLIN AR AFHE . %008 1R 3= R RG l , fif 5
R IR IR NI B2 o T4 19 58
WD N2 25 5 JEE W78 J5, 3 M R 2 e i 2k
AR ] 5T i R A A
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MERFREAED : A

B, X 40 25 B R R AR KA T,
SRR B A SRR A N2 A WO
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BRAT AR5 IR, AL AN S M A A e , B e 7 2 4
M SRAR 125 1 2 It 9 e v A 3 T 22 A A M
(GRAS) =" |EPRI( 32 [ H1 I BF9Y) & K & i &
TE 1997 575 tHBLSE25 T . WA AN 45 SN T
AN T A5 A GRAS™ | 5L 4R 76 £ il 2% T 7 THT F) B
FEAG JEUAS I 7 190 7% 1 Ak B, 1) 3 o 5 o o 5 52
PR AR, BRSE e E  lge BARK e
P Ak B /0 TR ERI ) B T LA M 4R 72 4 08
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e S

S A 2 ( modified atmosphere packing,
MAP) & F %% EHE RE B4 i A B4 38 2, I
B FLIE A E S — R UL AN R B AR R
LA ) 8 H0E 2 A 0 ) B B ot ot Jo s P
JE, ITITSE A £ ) B I3 7 il o O 0 2 A A
] T 28 SR PRI PRI B AR B e i 25
AR AR TE R P SRR BB 5 1
vt VL R 2 B0 AR O 8 A A B, S A
O] Z T AR A2 Ry k™ i
fREE, H LA CO, LG N, b O, S a ST o
X FA ] £ 0 7 B[] 1 AR LR . R
BN R — BT I B i DR A RO, (8 200 77 % 5
T ) A A DA - RE BEL L AR S 07, 477 i
AR 2 T BB IR AL, DAk B HE A i B JR A K
T B DR G 1) H R, BRI MAP 53R BOfR B 32
B EGER

ARICWIE T 2 RAAK AL B 5 MAP IV 25
G P ARl A R A B AR G B AR B 1 22 1 R
H, BTG AR AR TT R SRS TR

1 RPR ik

1.1 JE#

i 3% 24 108 (W) I T A0 M T P A DX S — A A B
M%) ,1 mg/L RAAUKE K
1.2 B35

ARG BT AL % 41 kL (PET/CPP) (18 1% 5
Bhi#E CO,,0 ~1 mL/(m®> - 24 h -1 atm),
20 C,65% RH; A% 81.3 mL/(m”> - 24 h -
1 atm) ,23 C,0% RH;BE /KK HK 4.7 ¢/(m® -
24 h),38 C,90% RH,
1.3 RAWig&

H360 IR A4 B (I3 I 2% I O B 152 25 A7 B
/3)) s KIELTEC2300 4 [ 2 ZAN (it di 45
F#RIE4 ) ;s DELTA 320 pH it (HgH5#) — $67

ZE BRIBAR A BRA T ) 5 B ZORAE 35 (25
FHEA AT ) ;0 CUkAf (REERER R HA
PR o

1.4 XIWHE

iz B4R — FAL PR (IR V) —
PKHARFE (20 min) —j T 5 min— 54K B (1
mg/L) 133 —# /451 10 min— 3T 5 min—%,
WAL (4835 200 g oA ) KR (0 C) i —
FEW(2 d) FFEHE

AL H 3% N T KIE 0, B 6 /N 4K
— K, =i 24 h 5, K PRI 4E % % 16 5 min
HimE as

il % 1 mg/L SLAUKE IR, PRk — 1 7R 5E s
Wi B 45 W8 R AAUK IR, 3236 10 min,

A A 4 AL 60% CO,/30% N,/10%
0,;B:60% CO,/40% N, ; C: 2 S 4% (ckl) ; D
0, +60% CO,/30%N,/10% O, ; E: O, +60% CO,/
40% N, ;F: 0, + 25 A% (ck2) ,

WAL 5 A RS T 0 TRV, &
1(0.2.4.6.8.10,12 14 d) BEALEFEN E B
TRV BRI B M AR FE A (TVB-N) 8 AL HR
DAV RE 25 41URE b 1) d A5 4

mESA AR I E He ek [ 1]
FUE W7 AT AR

BAMELEE  {fi ] FOSS KIELTEC2300
2B E R, 2% k12 ]2 WA TVB-N
{Ho FATCEFREACFR R 10.0 g #5FEAR G E] 750 mL
(IZENEE R N 50 mL ZE 18 /K | 2145 v P2
o BRIGIMA T g MgO, 13 157, R 78
TBA Lo BE AR AR 1% iR #0030 mL,
ZEIRISE] 5 min, 0. 1 mol/mL £RFRAR T & o
HERE S S, TVB-N B, 54574 mg/100 g,

pH  pH #&SCHER[ 11 ] B W 7 ik A T o
R TEE RS PR T 5 A2 B B B 2 /N
P TR A IS, PE PRI AR 1,

®1 BETSRE

Tab.1 Criteria of sensory evaluation

E R
sensory score

RERRE

sensory characteristics

9~10 P HURT, PFCHOGKIT , BA BT AR 1% 19Uk, 68 i
7~8 P VR S5, PSE R Tk (IR /N SORIE S, TRk, A D 8 il
5~6 P ZHEU S T s RS R, PR FE TR TT (IR E— ), ORI AT A8 A6 (R IR ) AT R 208 M, 7K G T2 3y
3~4 WEZE AR STRE L, W7 B KOr, AR, AR 25 M, KGR E
1~2 PR HEURIR Y STE e, PIse Tk IR LR, AT SR Zw bk, A AR 28 th i, K (AR
0 P R Fe i B, ST ICIR , PSS KT IR BEdR K , A i SN AN I IS SRR A R 38 H W, /K (B P LS R
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K {H {490 52 $i2 B8 SAITO 25 1 )5 e 645 o T _
HAL S : B 4 8 IR (5 ) — UK, A 25 mL s _
HCIO, — $if £ 5 min, # % 10 min— % % 5 0> S 65 / /
(1940 g,10 min)— |35 1mol/L KOH Vi S 00 A
HiFil, 38 pH % 6.5 ~ 6. 88 10 min—>W 45 £ 55 -
(1940 g,10 min) —H W —20 C % — g sof -E
—— I
HPLC % . 4'Do 2 4 6 8 10 12 14 16
HPLC 4/% . {44+ ODS C18(250 mm x 4. 6 WA /d time
mm) , Fi 0. 04 mol/L #§fg — &4 .0. 06 mol/L #i# 1 GEREIe R S e S T A

MR A PR AT e, EAER 1 L, i 1
mL/min, #3537 C,260 nm ¥,

K% =100 x ( HxR + Hx)/( ATP + ADP +
AMP +IMP + HxR + Hx)
1.5 HiESH

% ORIGIN 8.0 x5, SPSS 17.0 yE474H5%
Yo T, MK BN P <0.05,

2 FiR5ThE

SREEHETEBE(TVC)

TR S EL ) 22 /0T LB IR i AR
FEo T RTRAIE Y A0 AT AR S e ke
A S UG ZH AN [) A AL A 1O, 3B i i 19% 1) 4 TR S KR R)
IR1EA 5.1 Log(cfu/g) , 25 S A2 20 1A ¥ B8 1k
LA e AR DG (r =0.695) ,0 ~4 d W75,
A 2B 2 TRV S B T ] 7o) S 82385, L
WK HE S T H AL, P 4 d 5k 3
1.76 x10" cfu/g, M3 EARHER 1.0 x 107 cfu/
g, HEAKET o, HASLm A mis s by
S A (P <0.05) , H#E A —4~% B F+
5 TR L E RS A R St BRI
SEIRA F RO T a5 SO B AL, W0 o] LKk
6 dLLE,FI5 8 REFHIEEE N 1. 14 x 107 cfu/
g A A RE B BURM A TA | A A,
AT B4 e v DAY 8 d LA b, TR R
AEAEEE 10 RIFAEBGAF] 1. 03 x 107 cfu/g, i I
A AR C A F 1.87 x 107 cfu/g, 45 %
] s B AR A R RIOR AT 23 SO0 BR 2, TSSO
HERPBORIE TR A3, NE 1 HES, &
BN TC R 4] E R S, 3 14 d
I, A2 1) 45 18 B 74 8. 74 x 10° cfu/g, A
I ERRHUER 1.0 x107 cfu/g, PRI, IR BE 11
AU EATIR I R R BE T, 45 A U R A 3
A DRSS B JFOR LAl I i — 2P I KGR

2.1

Fig.1 Changes of TVC in S. constricta

during the storage

2.2 EHMIRER(TVB-N)

TVB-N i PEH K 7 b &8 B 1 3 F S 4R, &
52 WK 7 it 2 1 R PR R ik o 4 B P 4
LT 77 A O SR M A R S 2 O F 1
B X e Al A AR U TVB-N (R A, 7K
P T R s . PR 2 R 45 SEER 4 TVB-N
FrAR L S RIAR 3 (P <0.05) , X} B4 %5 %,
1% TVB-N 2t 0 ~2 d Bl b7k, 845 6 K
if TVB-N &4 16.699 8 mg N/100 g, #85d [FH
PRIUE R 15 mg N/100 g, BRes S 4iah, Hit
SR TVB-N S 404 56 FTHE T Mk B 3
TR BT TVB-N FFF ol B8 2 i T o 7E
LB B 2B KA LR e 5, 3 R TVB-N (i
ThEs s FREATRE i TR R R T 2k W 1
R, 980 T TVB-N 1A i, 3 B A28 g
CO, ¥ T4 0k A T R BR PR W) B (BRIRK ) | 3% 46
FREY AT E-5 102 TVB-N (B 9 4 1 11 48 0 g
RO 5 2 7, ) B 53 S 1 AL 4 494
ATRETR 20 ¥ T W0Rh 0 26 00 T 38 684G 0 3 g
TVB-N {5 F R 5 J5 4k 2 1 FF 7T B2 J2 15 I ik
FE TR RGN e R 7% TVB-N 3
I 00 FEE T o 2o B AR A PR 28 A A 2
2 TVB-N &t /b Fos SR, £ 4 AR
i BT LA 00 4 7 T S 0 1 A K IR AR T e
W TVB-N it 8] 2 R 5t SOV 455 i 52
WA ROR I T R A 2, TR AL T A%,
T 8 3o LA AL B3 5 TG A 2 114 4 08 SR e B
2] 14 d B}, 3% 4 TVB-N &84 14.952 mg N/100
g, Al EARMUE 15 mg N/100 g,
2.3 pHZE

F I 3R]0 6 R v 45 I Y pHL AR Ak 1
Do #5SEE A pH A8 Ak 1 5 I ] B8 35 A 56 (P <
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0.01) , 4014k pH 290 6. 98, 3535 Tk, Bl
RS , AL A1 T B4t pH AR ITI6 T B,
0~4d N,z TAd] C /Y pH R A1 220 T,
H pH fe T HE AR LA, nlfEh T
PR RS A WL CO,, —E L EREAR T
pH' "™ IS 411 pH IR T2 A f
2o BEA IR A HE A, 28 U e S g 4 pH T
WP R (r= —0.984) , AT RE T MRIMAEY
W A BT A S T A 8 7™ A KR BR TR W) Do, Bt
pH MG TR, M3 6 KITHh, it RS BRAGS
P2 pH Ry T R 4B R A i A L 2
4, Hgd AL B 0 A A 4] E MRCRIET
REMHNA AR D, R R AL S
PAALE n] AAEAS A JEOR SR L — 4 ] 7 R ok
AP AR ISR pH 1R B

ERMEHE / (mgN /100 g)

0 2 4 6 8 10 12
FfE] /d  time
B2 #gigEidiEs TVB-N il
Fig.2 Changes of TVB-N values in S. constricta

during the storage

20 2 4 6 8 10 12 14 16

BffE] /d  time
3 GHEMRELEES pH W
Fig.3 Changes of pH values in S. constricta

during the storage

2.4 BEMKR
Fl 4 BR0~14 d NA&SEE 4 A ECE i i AR
b, AN RER, 4S50 41 46 0 R AR AL S5

FEERT ] 2 25 AH G (P < 0. 1), B I 8 Ao ] 2B K 45
SR ZH TVB-N | TE VR S B = 1 [R] B 8 PE 40 T
BT REA , AR T HAB SE B A, 25 SO0 B2 A SRRy
PEAT B SEC S 0] T R e R (r = —0..889) , 1fij LS
SR AL MY VK B TVB-N & sl 7t
HAR LI B ARFEA AT & R VK 4 TVB-N [ F+
E TR TR — R, 760 ~4 d i), S
N1 mg/L BLAEUKIE WAL BEZH P53 22 BRI A W]
B, SR I & AR AR 28 3k B AR A TR A A 2
41 D il E, /] RESE W IR 45 0 4 BEAR— 2 R
A T REI AR RS IR Y E K
FENEF AT R A K, &L 4 B
PG A A A B R JO AR
(R EPEA T B E A SR e N B A A B A 22
18, 3% — ML 5 B Y550 TVB-N | TH8 {b bl A
1ol 5 Ze3h R AR AN F ) T AR A BP0y T I8, BI5R
14 di, J5REIR R 5 43, R WAL S5 18 T 4 I {7
BRI R R

12 A
B
10 —C
=D
—~«E

REWS /5
sensory score
NoR o ®

2 4 6 8 10 12 14 16
FfME] /d  time

(=]

4 HEMEEEPREITESEL
Fig.4 Sensory attributes of S. constricta

during the storage

2.5 K&

ATP 2k 2, UL HxR + Hx ff i X% ATP
S MR A, B K K EBUNE
I~ M I R, K(EL R R D) i R 2 . SR R
K {HARE %A TVB-N JBE 1F 7 A8 1k i 35, (54
TR B % S5 R 451> 52 6 4 0 A S R . ol ad 3
AL 4 R o AR P ) KR AR 4, K] 4
FEWH 4% S0 2 it 25 U R B B A L i
FHEAH(P <0.01) . B FHE LG, SRk
4 C A B A i, B 14 d B2 iR F)] 80.12%
TCAE TR AL AT A A | L R A PR
8 A% H M K 25 H AW &, 755 10 ~ 14 KA}
FHH IR 220, = F IS E AN K 8
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S

35 %

BN A E AR R, RAS PR K (Hi
o it RAEMCHR TR T EiR =# 5
ThAL B RCRZE LT AR5 9, B T R A AL Y
AT, AL BEAY T A AR 9 K (H
ZUN R SR A v 2 R AR B JC R A
FRERCR I, n] DAGE S 9 PR 550 i O 2

KfH
K value

14 16

2 4 6 8 10 12
FfIE /d  time

BS5 ZEnEidEd K Tl
Fig.5 Changes of K values in S. constricta

during the storage

3 455

60% CO, +40% N, [1)Jo4A < IHAL3E Al i 7E
0 TV 4t S 4R 3 8 d, HARBEROCR LT
60% CO, +30% N, +10% O, HEA S JEf%,
60% CO, +40% N, B)IJCA T L% 1Y 4 I TRV
FECH ) Ho T V& S TVB-N fH K {5 . pH B E
MEFERR BRI T 60% CO, +30% N, +10% O,
AR AR

B R AEOK P (1 mg/L) Ak ) DR 2
SR AR T Bl 1) T SR AT AR R A (HR T
S5 ) SEBG ROCRAR DN Tl B Ak B A IR S
RZ , SLHUTE ORI SR B T 12 ~ 14 d LU
Fo #5481 mg/L BRI AL PR R A0 n]
T VR A 158 14 BT 2RI OIG T BRL Al Y R 4 1
P IR 5 R AR A B 25 5 T U A 4 1 4
TREECR T R A LSS A0 SR, 58
PEARI O 12 d, TR WGRE T 14 d LB, R
SN IREE G I R AR A 4 198, B TR PR 2
T A S 0 A H S R Y

ARI AT, 2 5250 410 PR S ROR A7 K
KK 60% CO, +40% N, +0, >60% CO, +30%
N, +10% O, + 0, >60% CO, +40% N, >60%
CO, +30% N, +10% O, > RA ML > 235k

S AR R R B8 TVB-N (K i & E

OYAEA SR 5 IR R ARG (P <0..05) , 4558
KU 7% S E TR RS TVB-N SR BT JRE
PP R, AU M BN T 4 R D e e R
b SRR A RLAEE ; 17 KR A9 722 A B2 A TVB-N J&
AL (B R — s R E A REAS S
F SR A A R WORRE s pH 7245 SE B0 21 Hh A2
W I N T A28 < 328 3 A0 114 , LA DA 2 119 2
] A 2% S 36 2 19728 1 22 Bl 9 A AR W, L H
I T FERLBE I AN , AT 2 — 2
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Combined effects of ozone sterilization and modified atmosphere
packaging on the qualities of Sinonovaculla constricta Lamark

ZHANG Chao', LI Jian-rong'*, LI Xue-peng', ZHU Jun-li', LIU Yong-ji', LI Yu-jin®
(1. Food Safety Key Lab of Zhejiang Province , College of Food Science and Biotechnology ,
Zhejiang Gongshang University , Hangzhou 310035, China;
2. Marine Food and Nuitrition Research Institute of Shandong Province ,Group of Taixiang ,Rongcheng 234309 ,China)

Abstract: In the present study the combined effects of ozone ( O, ) sterilization and modified atmosphere
packaging on the quality of Sinonovaculla constricta Lamark were assessed by physicochemical and
microbiological methods. S. constricta Lamark were sterilized by ozone(1 mg/L)and packaged by modified
atmosphere , then stored at (0 £0.5) . There are six groups in the experiment:low oxygen MAP (60%
CO, +10% O, +30% N, ), non-oxygen MAP (60% CO, +40% N,), air packaging, low oxygen MAP
(60% CO, +10% O, +30% N,) +O,,non oxygen MAP(60% CO, +40% N, ) + O, ,and air packaging +
O,. The microbiological analysis showed that the total viable counts( TVC) for air packaging group and air
packaging + O, group reached 1.76 x10° cfu/g and 1.14 x 10" cfu/g on day 4 and 8 respectively, while the
TVC for low oxygen MAP group and non oxygen MAP group reached 1.87 x 10" cfu/g and 1.03 x 10" cfu/
g respectively on day 10, exceeding the microbiological acceptability limit. The results indicated that the
combination of low oxygen MAP and O, could extend the shelf-life of S. constricta Lamark up to 12 days,
while the combination of non-oxygen MAP and O, could extend the shelf-life up to 14 days. TVB-N, K
value , sensory evaluation,pH changes for each group were also associated with the storage time( P <0.05) ,
TVB-N, K value,sensory score and pH value for MAP + O, group showed better effects than single MAP or
ozone group. The preservation effects of non-oxygen MAP(60% CO, +40% N, ) + O, group were better
than other groups. TVB-N, K value, and sensory score reached 14. 952 mg N/100 g, 55% and 5,
respectively, at the end of shelf-life (14 days) , which indicated a moderately fresh or acceptable status of
samples. Thus, it was suggested that the combination of ozone sterilization and modified atmosphere
packaging could effectively extend the shelf-life of S. constricta Lamark during refrigerated storage.

Key words: Sinonovaculla constricta Lamark ; ozone; modified atmosphere packaging; shelf-life
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