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HEBRATRSHE=3 .1 (R, 19 RFTSHR=3 1 M TVB-NBELLHA, 419.30 mg-100g7"; %
Kty gk pH WAL EAE TBA 218 157, SEGEHENZRERRHE, B5BEAERE
#F (P<0.05), BMiFZ, BAHLEHRI 1 -4: 1 WREERGECERRGFERANE, 608 EK 6
FIEEAHHEN.
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Effects of inflation rate on the quality of tilapia fillet with modified
atmosphere packaging during controlled freezing-point storage

LI Shan'*, CEN Jianwei’, LI Laihao®, MA Haixia’, YANG Xianqging?, DIAO Shigiang®
(1. College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088 , China;
2. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China)

Abstract; Packaged fresh tilapia fillets with different inflatable volume (V) - fish weight (m) ratios were stored at freezing-point;
indices such as micro-organisms, TVB-N and TBA values were observed to study the effects of different inflatable ratios on the quality
of fresh tilapia fillets. Experimental results showed that the ratio=3 : 1 significantly inhibited the microbial growth of products ( P <
0.05) ; the microbial number was still within the acceptable limit (10°cfu+g™') at 25" day of storage. The gravy leakage rate of the
modified atmosphere packaging (MAP) samples were higher than those in the control group, and the higher the inflatable ratio was,
the more obvious the influence on the gravy leakage rate of products was. With the extension of storage time, TVB-N value in the con-
trol group was significantly higher than that of the packaging samples with the inflatable ratio=>3 : 1 after 4 days, and TVB-N value of
samples with the inflatable ratio=3 : 1 was still within the safety limit at 19" day, being about 19. 30 mg-100 g . Different inflatable
ratios had no obvious effects on the products’ pH value, and TBA value increased slowly throughout the storage period; the MAP sam-
ples did not differ significantly, but there was significant difference (P <0.05) between the experimental group and the control group.
To summarize, the inflatable ratio between 3 : 1 and 4 : 1, which did not significantly influence the quality of MAP samples during
storage, could prolong the shelf life of fresh tilapia fillets significantly.
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DAeta (Tilapia sp. ) BRF=FHY, EHW
MBOKtEfa, RERAENER, BHEER. £
KHEBER, JUREHR. AZHD, TRKAST
MIHMA, ERAPEFEAHPRELHK
=AG . B, EERTHHENS EE> 5
FEAIM, Gef, GeRnsas, Xhea
AR E H 49% , PEYEGAFEH D
FRE, FRUKERFGSAEEY, BILE
¥, REHFES MO -EEMKESR, HR
FEEZ SIS RHEAERK, XEES5K
RIEHBAR D AR R ERRER X,
BDE AR R EMBKBANT, BRP—RET
~10dZER, FREBERKEMKHIREHENE
Ko B, ARSHFEAREENRERR, EK
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HEl, ERSMRESHBIERR A RSIEKR L
sEAP= SR AGET B ERE T, ERMES
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RS Ik A AT AKE, TR T KE
ZHT, RAVEIBESHRED. ATEH
ROEREHER (TVB-N), pH FiE AL
(TBA) HZEfk, HWBRARAESERMELY M
R BREEmR, 7R EKRSARESE P
IR, BENE—SREETEAR KRS
AREEAEHRSE,

1 5T

1.1 #R5EA

FEHPESFWT MNTEEK=FERAR,
KBZEIZRE, FREAAEERLREAN ST
3h, BREREAFH 120 ~140 g,

S f0.3 48 7 K 2 PA/TIE/PE/TIE/EVOH/
TIE/PE/TIE/PE (9 2), B 90 pum,

TIC ERFIEMEEK (ELXH), .
FE. BEMR. DAL, R, R, =82
B, 2-HRE L ZER, BBk, PRI, KPEER
TR Z B N E o, KRR AZREK,
L2 {(&ig&

MAP-D400 E &S IAREREN (HMHERL

AlH&E); MEMRBEHRSE (B Sanyo A A
fh); DC-P3 ®e Al mErt (JLmmMtH
R AFIHGH); X SPX BB REA LR
(TEITEEE H &) ; PB-10 Bi¥s® pH it (18
[H Sartorius /A &) 4 &% ) ; Ultra Turrax T25B B3y &
Pl (EE IKA T iR& /A FH&); LDZX-75KBS
BN REARRKERS (LBHTERTHHEH
#4), Spectronic GENESYS-5 46 4h Y6 EH (2%
& Thermo &) o
1.3 SES5PE

¥R 2S5 mg-L™ RE/KBNH 10 min FIHT,
FEALERD, R0, #ITAE, #RE
EUREABOR, BRANTSELE, Hibs4
R, SKEAREN 70% —E kB (CO,)
30% BK (N,), BE{PRAFRKEER (V)
5¥EEREE (m) KB4 HA4H, A4 (2
:1).B4A (3:1). C4H (4:1) #iDA (5:
D, FEORERYHEEMKBIEFA PR,
BEN (-0.5:0.2) C,
1.4 E#E

WG 1 XFFeh, B3 RIBUEE 1 ke
AV ISR, BUEERTR RN 1, 4,
7. 10, 13, 16, 19, 22 {125 X,
1.5 #EmE

5% SIVERTSVIK £ g5k, MeASh, #
BRI 25 g, IA 225 mLO. 1% ZEBELHE
Bk, &RHBRY, LI0EHEBREARNETRS,
BEANRESENHBER 1 mL EERE, HEH
& SHOE R TIC BRHAEEFE, F (25
1) CHEFF 48 h J5H 48, WA ST RA TIC &
FEAE (WE 1% FH, m/V) BHEE, T (8
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BERRE, S8 MRBIME 3 R,
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1.6.2 fEMNE HRUTEAFFENE
BIROL RS, a” RRAERE, b" RRHALK
&F, L"RrRE, BX3 MifskitEaE 1
(hue angle) FIFEMAE C* (chroma), Fi&H
b*/a* iR, Ras @5, ARSI P8 E
a, BENERARE, NEHRMESR (a7 +
b**) %R, FIRIRMMEARTEES

1.6.3 #EMHEHER (TVB-N) KHE  TVB-
N HIE bR M AT, B RERN
mg-100 g 7', HALLEE 3 NFEAT,
1.6.4 pH i %% DUUN F1 RUSTAD!"
B, BABE), FRIEE@PY 10.00 g, A 10
ml 0. 15 mol -L ™" EAL B, YK

#13000 r- min "' 5 30 s, W pH,
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WAH 0.375% M 2R E LR 8, B2
5% M=8Z M, 0.25 mol L' 28, 2
RAWE, BFHAKBFMH IS min,
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nm i FEBRWEE, LLO.5 mL KL
WEES AXT IR, S 3 T,

S = D W A N N %

MARFRFER LRI KRR A P e 6 A it g
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WHBEDOERMERE (B1ME2), el
KB, 5 HARERRE S 400 B VR BB RE B B0
BAREER, 4 AR AR SEEN M
B P Vo TR BEIE S BT R] B SE R TN, 5T SR
B ER, A LTEN #0040 5 8 5UR T
A, ZIEFEE M, PIE 22 Rt % LB
FESEB B R 4.7 x 10°F1 9.4 x 10°cfu-g™', B,
CH D ASHERAEAE SHCE 13 XeiH
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Fig. 1  Variation of total bacterial number in tilapia fillets
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Fig.2  Variation of psychrotrophic bacterial number in tilapia

fillets during freezing-point storage
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ERAES B E R R A K TN, =
%16 Rlv& S BB EH S HILE 2.1 x 10°F0
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BN R R R R BB BB R R
K P AT B R OB 10°cfu-g 7' B R RR
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2.2 @BiteHERHTL

VKB LR, 5 ARG B AT B HREE
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4.4% , FEXFBIE A, BMC3 HMANTBHE
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B, C # D3 HSHEHZH TVB-N X7 KN
8 (P<0.05), ZR"# 19 d JSH TVB-N B 49
20.23 mg-100 g~'; A H7EW#HHE, TVB-N —H
BT HAM 3 MAACEERS, BIE 19 Xt
TVB-N ;A% 20. 47 mg+100 g, MESHE=3:1
13 HSEEEEN TVB-N K E1S, %19 X1
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Fig.3 Variation of gravy leakage rate of tilapia fillets during

freezing-point storage
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Fig. 4  Variation of TVB-N value of tilapia fillets during
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BREFFABTROES, ZRBRELS5BIK
ST B SR 88 0 pH KI5 R A,
{055 ROSNES %1 gy B FE 45678 X o
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A S Bk, 5 MAbER T AR R
TBA #IEH/N, WE 4 XFFth, MEBHASHA44
ERBE (P<0.05), GBAEIBEF 4 LR
RS HERGELZAELRAAE, EF 19 K2
BIvKIES I it B2 o TBA L8, X FEH
B Akt S 19 K2 BTARM L BA EALRRIY,
FE45 25 KBt xR A TBA %% 0.57 mg-kg™', ¥
A4 41245%0.45 mgekg ™', WHRRTESHENS

AR EARUARRER, HRARE
EFHo
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Fig.5 Variation of TBA value of tilapia fillets during

freezing-point storage

%1 FAEASRLABEMEHBREINEER
Tab.1 Effect of different packages on color of tilapia fillets
43| group 1d 4d 7d 10d 13d 16 d 19d 224 254
L* %88 control 44.61£1.13" 46.0121.10° 49.23£0.18% 49.92£0.76* 51.21+0.91° 52.600.18% 52.97 £0.67* 53.51£0.30* 54.19 +0.66a
A(2:1) 43.69£0.62¢ 42.58+1.249 43.3520.46¢ 44.28+1.07° 45.16+0.68° 44.24+0.58¢ 45.98 +0.67° 46.09 +0.35° 47.01 £0,744
B (3:1) 45.38:0.31° 41.50£0.61° 44.79 £0.75> 45.73 £0.86> 46.13 £0.76° 45.68 £0.32° 45.51 +0.599 46.46 £0.42¢ 47.31 £0.80°
C(4:1) 42.74£0.15° 43.1720.61° 44.76 £0.29> 43.20+0.909 45.85+0.399 46.10:0.78> 45.92+0.96° 47.93 +0.83% 46.25 +0.46°
D (5:1) 44.16£0.46° 45.73£0.41> 44.39:0.79° 43.19+0.34° 46.54:£0.48> 44.5120.61° 46.76+0.53> 47.13 £0.54° 48.3720.5lb
H* %@ control 0.85+0.13> 0.90£0.41> 0.95£0.32®° 1.06+0.13° 1.08+0.12> 2.89:1.44° 2.7720.82* 3.06:1.46° 4.340.76a
A(2:1)  092+0.23* 0.96£0.22* 0.9820.65° 1.18£0.53*° 1.22:£0.55* 1.39:0.34° 1.99:0.19° 2.17£0.76° 2.590.88b
B(3:1) 0.55:0.07¢ 0.8120.17° 0.740.11° 0.9620.12¢ 1.10£0.34> 1.26£0.61¢ 1.1720.58° 1.370.51° 1.59:0.17¢
C(4:1)  0.65£0.22° 0.490.21¢ 0.57£0.09¢ ~0.77£0.45° 1.13£0.26® 1.21£0.49° 1.3510.66¢ 1.43:0.42¢ 1.63+0.51¢
D(5:1) 0.84:0.79® 0.93+£0.33a> 0.890.35> 1.1220.43> 1.23£0.68*° 1.59:0.29® 2.080.36® 2.34:0.52> 2.47:0.97°
C* %M control 13.72+1.11° 12.56£0.75° 11.81£0.98° 11.17 £0.14° 11.60£0.58° 10.57#1.48° 9.49£0.59° 8.67+0.59¢ 8.04£0.419
A(2:1)  12.54+0.98° 12.0920.16% 11.80£1.28° 10.8+1.75¢ 8.80+1.61* 10.89+1.95> 9.50:0.92¢ 9.821.35> 9.04£0.56b
B (3:1) 15.13£0.93> 14,57 +0.82> 13.68+0.74* 12.65+1.14* 11.58+1.50® 10.1020.54¢ 10.76+0.83° 10.05+0.49* 9.64£0.47a
C(4:1) 1531£2.11* 14.73+1.97* 12.71£0.99® 11.60+1.24> 11.63+1.41* 11.2221.09° 10.22+1.40° 9.970.17* 9.490.16a
D(5:1) 13.26%0.49% 12.120.439 11.73£0.83¢ 11.38 +0.57b° 10.06 +0.46> 9.98+0.27¢ 10.15+0.62"> 9.03 £0.64c 8,79 +0.38°

H: BPHENEHE £ bREE (n=3); A—FHPERRFEIFCHBEERERZE (P<0.05); KRR, :
Note: Values (calculated as Mean +SD, n=3) with different letters in the same column are significantly different from one other (P <0.05); the

same case in the following table.

F2 XEPEHEEFESR pH T
Tab.2 Variation of pH value of tilapia fillets during freezing-point storage

A F group 1d 4d 7d 10d

13d 16 d 19d 22d 25d

X} #8 contol
A(2:1)
B(3:1)
C@4:1)
D(5:1)

6.44 £0. 05"
6.43 +0.02*
6.44 £0.11°
6.48 £0. 06"
6.48 £0.07°

6.50 +£0.04°
6.47 £0.01°
6.49 £0.05°
6.45 £0.03"
6.43 £0.10°

6.42 £0.01°
6.51+0.07°
6.48 £0.03°
6.42 +0.04*
6.43 +£0. 08"

6.45 £0.05*
6.38 £0. 12°
6.49 £0. 06°
6.50 £0. 03"
6.41 £0.05°

6.44 £0.03* 6.51 £0.08" 6.57 +0.06° 6.27 +0.02> 6.33+0.06*
6.36 £0.05* 6.35£0.07% 6.42 +0.04> 6.35 +£0.03* 6.30 £0.05%
6.37 £0.08% 6.40 +0.01% 6.36 £0. 02> 6.31 £0. 07" 6.27 £0.02*
6.33 £0. 10 6.42 £0.05% 6.34 +0. 11* 6.27 +0.01> 6.25 +0. 14*
6.32£0.07° 6.35+0.06" 6.28 £0.09° 6.28 £0.05° 6,24 +0.03"
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31 FRARSHKESAEEIMEDHFE

TK 7 it JB T T 3R B S St A A R A
ERE. LY. B, B, MAEIRE~ER
R, S-SR E LEEARTESRM,
MSARKTEEMEDMEKER, EKEMHH
KR, BB PARES KRN SALERR
AT SRR RN, R kiR AT R
TBAEMRER, FE CO,MEK™&H PREAEN
W, BRIREAKERE, ABEREBMHE, &
MBHET I BRHAEPHER EREKBRUR
R H CO, (=50%) W @35 T3 B MmH,
VR RS, SIEERNE CO, SRR Hl7E
BRPERKK BB E R LIS (Pseudomonas
spp. ) MBI A FLKE (Shewanella putrefaciens) ,
i CO, i Z P i FLAFH (Lactobacillus spp. ) . BARE
KIEFFH (Photobacterium phosphoreum) . MR B
B (Brochothrix thermosphacta) LA Ji ¥8 Y3 T8 2= # 4%
B (Listeria spp. ) FIETHF 8 ( Proteus vulgaris)
HEMPEAEEEUED . B EETRES, W
HHGAE] 107 cfu-g ™' BUE 5 B M 1B 9 SR AR B
P, BERBEMAER", NEEE LK 10°
cfu-g ' VER AN B @R aKTRZHRY,
SHRERAOREHAR16d, TSHE=3 18
KEEE=RUEED 25 d, ZHRERS SI-
VERTSVIK 27/ 58 K Fi e (Salmo salar) 8 )%+
KIAREE AR PR B BRI,
3.2 FRFESEESFHSENHEZIERETL

TVB-N —ff o ta SRR M AP 45
SRER GB 27332005 (&, HRIPHAK™=H T
FERRAEY , #§ TVB-N 20 mg-100 g ™' h L 2R &,
AL #IH, TVB-N i3 n £ E & H AMP (J§
H8) RERMSENESIE, B TELBHAN
BT R AMP ¥k EJLFARML, H ik TVB-N
MWEZEZEAKR, EVBEE, SREHEEH
TRFE=ZFE (TMA) FIZH i (DMA) %K
KA, BT RIS h =
B, BEREE RSP SN LB ME F
MeRALA Y, 13 TVB-N ZHiH R L, &4/
RRAEHRE KN EBMHHEYER, BEEW
Wi, KRERRH, BKHLE23 1 D

A 19 KA TVB-N 244 19.30 mg- 100 g7,
IR AR AR HE AR E PR

TBA LAFE G P AR R R E AL P R —
BREERR, HTRRAHAPIEREARME
PR AR B MREALR, BT LABERTVE Rk B AR Bl
SAkfEts, ATl R B R, BAR
FFERE RN & &R AEH P AREAE RS 'R
R, HREEEKFoREERR, BTFPEaR
FiAef, Bk TBA ZER BRI RIS ARHE, K
FEAXHWBIEALES 19 RUBAEHRPEHE
1k, MEARIASKHWRZRLTHBEER,

AR REL GRS, BT B & SK#
BSFIAMBEER, 7£SB0K™ 58 T B R,
BE5RA AR pH K, IR 5 AR
W pH 2 TGS, BER: 1) G3%% CO,EH
mREER, 2) HEMEELETETIKREY
BAMEARERREBEY R, BAkHE, 44
ARFER RSP S 2 B8 8] A pH Al
TBA ZRHAHE,

3.3 FRESEESEHIENDERERTL

I SR R T s PR A ) AR AT S PR
. BNAMIRIRE RN, EXNBSMEY TR
PRAGEHARRTBHESESSFHELLHE
S8 R Rk S R e % o, S B
WEARX, BRTARDH CO, RS LA RFEK
AV, AR BB, A% KRT
BPHERTEREEA, MAMETS LR
RHBHEGEMm, YESHE=5: 18, AN
BHERAEETHA4 4,

BERRAREENIEZ—, #PEARR
TET 5 B 5 R e T LR AR 788 P A I % i 41 6 4L
. HERRFBAPKISENEL, SEGER
BEAZHPIHRAEERREAREEER
gt e AR AR AL S I REe IR . R AIER
BRSERME X, BIRPRALEL 12 d Y
JG, BRRHE3I 1~4: 1 BEBAAERBHEE
KPR a R WSERTE, BRONGCEFHEB
2, MARTBHEBHEENSSAER. AR
SPAGEEABEKT 6 MEEE LR, BaF
BEF P T2 ) BRI AR B 0 7 o B R R AL

ZER, EKRAGT, KAGERARR
HHE3:1~4:1 A BMHMEYRERKEA,
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