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Establishment of shelf-life prediction model of modified-atmosphere
packaged pot-stewed duck product in cold chain conditions

LIU Hao-Yue, WU Ting, XU Xiao-Yun®

(College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China)

ABSTRACT: Objective To establish a set of accurate and efficient shelf-life prediction models within the
temperature range of the cold chain with modified-atmosphere packaged braised duck products with sauce as the
research object. Methods The selective medium was used to determine the number of microorganisms in the
product at different temperatures and the dominant spoilage bacteria of the product at (4-25) °C was determined.
Regression analysis was performed on the number of lactic acid bacteria and sensory evaluation values to determine
the minimum amount of spoilage Ng. The modified Gompertz equation and square root equation were respectively
used to build the primary and the secondary models, and the reliability of the models was verified by comparing the
predicted value with the measured value. Results The dominant spoilage bacteria of the product was lactic acid
bacteria under the condition of (4-25) °C, and the minimum spoilage amount Ng was 6.14 1g(CFU/g). The fitting
degrees of the primary and secondary models were good, the difference between the predicted value and the actual
value at the 3 types of temperatures was about 30%, and the fluctuation range was within 10%. Conclusion This
study has achieved the prediction of the remaining shelf-life of the product at any point in time between 4 and 25 °C,
and provided theoretical guidance for the changes in the quality of stewed duck products with modified-atmosphere

packaging under cold chain conditions.
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CP1502 HLF 43 BT KF- (RSN AR A FR A H)
1.3 H@SESENGE
13.1 #HmeykEEam
B0 K TR) e A 7 A AR B 3 e S, 4 )3 1k
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TFHREEH A 10 °C, 7E 15 °C | Fiksh, iRk
FiR 25 °C, NI ABIFTHE (4~25) °CYL NI E: 5 NI
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Table 1 Sampling time points of each temperature

EE/°C HURE R ] /d
4 0.3.6.9,12, 15, 18
10 0.2.4.6,8,10
15 0.1.2,.3.4.5.6.7
20 0. 0.5, 1.0, 1.5, 2.0, 2.5
25 0. 0.5, 1.0, 1.5, 2.0, 2.5

1.3.2 #AYEITH

A B WAL SRR TS BB, AR . ke . B
W . HAPRERL . BORRLW . B AR, AFEFZ
P D IR R 1 35 5 B B SR 4k R e 2 o i i
He MRS IR P4 G GB 4789.1—2016 (&4 E %K
RfE BRI B, s BT FLERTA
B A RE I E 43 3% GB 4789.2—2016 (& k%4 [H
FhrE B HMAEYFKBE W% SN E ), GB
4789.35—2016 i Z R EFIRHE EMHMEYFRE 3L
FRIE K ). GB 4789.15—2016 { & T EFrE &5
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Table 2 Selective media and culture conditions

e WA K FRiRE °C Fr RS 8] /h
PCA TRV B 37 48
MRS FLER A 37 48
MSA kT 37 48
CFC (CEONz] 30 48

VRBA o R 37 24~48
STAA PRER 2 30 48

I FUE . mERE 30 120

133 REAITL

P/ 9 24K T35 i 19 1 o] S B i P e A
KTAEM A LA R, AR, ALUBRFSR 3 S HxT
FEAEATIE TR o SR 9 2, 9 4y hEd, 5 IERE
A2 R AR, T 53 RS 0 2/ NERUE — oz, BOEYY
{EAE M LR E PR, % 3 NEREEE R
1.4 1RBH9IEIIE

Ty B [RIHE U A ™ 0 =R 286 35 1 1S PR o 3 4 1)
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YRR DX AR 22 X7 Bt BT AR 1) A5 bk A T I e,
Hta AR (1):

A = 10125~ Nagw 1/ szlo[Z(Nrmmu Ny )l/n (1)

Hol: N SERGSEBRFTASAE, 1g(CFU/g); N s: TR D 1
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PERTEE I T 5 2293 H7 | 25 54k B 5 A0 H, XAk Mt |
SR TP (E ARG FE AR AR CHE 1T, FIHT Origin 2019 34
X RAE A A R 2

2 HER5SMH
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T B30 R VAN B T OB B 9 B AR AR, A
538 1k 22 i ik B M B 55 X 7 o R S TR) A R A M gE AT T
B, NALFE W (specific spoilage organisms, SSO)If
FERMEGEIER . ET 4. 15 F 25 °C 3 R 7= 5
P AR BRI L. I 1~3 FiR, 3 PR A
PEF R R LW ARG, A0 A 0F T U Y R b
I ] R S A R TR, 50 d B A TR
B PLER BA H, oAt B ) 2L R T AR A T At i A
B B b T4 xR A A, AT LK E SRR E R
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il 5 1 T ZE R T AL AT TR o4 CCAREBE T A 2 ANTRLEE,
FREZS I B —, BRALBRRAMUA D a vk, It
MRS 15 d WOKIE . AATERER . BN R AT AR AL
BH/NF 100 CFU/g, W . Btk 8O iUl 7.5x
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DRI, 4 CHAF T L2340 R R < A B (AR Lo A
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I OV R i A A A ST X G, R BRELIR T A
25 CCHA TR i PR BE WCER o FLERTA & T 5 22 [C P
W, BAELERTARBMMIAEE AR, HXH2E
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Table 3 Sensory rating scale
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Fig.1 Changes of microbial quantity of pot-stewed duck product in
modified-atmosphere packaged at 4 °C (n=3)
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Fig.2 Changes of microbial quantity of pot-stewed duck product in
modified-atmosphere packaged at 15 °C (n=3)
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Fig.3 Changes of microbial quantity of pot-stewed duck product in
modified-atmosphere packaged at 25 °C (n=3)
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(P<0.01), H:rP%5 3 d 255 4 d FRIER K, 550 6.56 &=
475, % 4 d R RO R ERE A KE, XU 15 °CF
TR T 4 d.
23 mMNBYMEWFHE
X 15 eCHREI RS T 1977 Fh B P (A 7L R 1
B [1g(CFU/g)] #E 4T £ Pk 181 050 43 B, Jor 45 100 01 5 72 4
Y=-0.90318X+10.54377 (+*=0.93334, P<0.01)., L %20,
TR VT (RN LR P AR St R A O 3R o AR [T 01 5 7,
AT DA 277 TR B B R R 4 K (R PERE (o S)R
AME R A 6.14 1g(CFU/g), Bl N=6.14 1g(CFU/g).
FEUOR Y KB 25 °CAR AR T BIUE: ¥ i 1 Py i 5 P LR T
Bl 6.71 1g(CFU/g)if ik B E 45 K, FIA 55 25
RAFF
2.4 —RFUNARE R S FNPEM
Gompertz FE 7 5% Fl. g% GIBSON ZEH 2137 FH T 104 4
W), 5% ZWIETERING ZEIp 58 1F 19 Gompertz
it BIER Gompertz J5 Fdse 9 b FH AP FLFTF T
HI%OE SETR SR, SiE ZBUEIER Gompertz 5
RIT BT A0, REMETR RS R E MM A K Bh3s, TRl 1z
FH £ 000 Gl A 2 A AR g SR B IE Y
Gompertz 7772, 4-HI%F 4. 10, 15, 20 F1 25 °CIFe 4644
)9 1 S R i) LR TR A R S T LG, ST AR R FL
PRI A K B A5 /] 4 R AR T SR A2 i g 1 o)
rn LR AR LA IR . 1EIER Gompertz 2R :
N(t) = No + (Npax = No) % exp{—exp[(4max X 2.718/ (Nppax —
N x(A=0)+11} o HFESHLFSHAES XA HAY
AFREEE T AR A E K S S HE K 4.
MK 4 Fik 4 ATLLE W, R AMEIER Gompertz 7 &
XF 25 EE T AL A BTG, PG A R R g s
AA K Mgk, HEZJ7 fl(residual sum of squares, RSS)
R, e ZBRTEE IR T 0.97), ULl SE R
IF . M4 °C~25 °C, R HAEKESR 1, H 0.0204 T+
20.2150, T AEATETE] A W Hy 48.6213 h % 2.4571 h, )
A 30 6 6T A 2 2 A R R R o X [ IR LR g e PR
Xof HIC 2B e )RS 3 20 v LR TR e K b AR K R i ALK
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Fig.4 Fitting of the modified Gompertz model to the number of
lactic acid bacteria in the product at 5 kinds of temperatures
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BIATTFESI R e ?=0.01667T+0.06528 (7°=0.93895),
(1/2)M2=0.022867-0.00831 (+*=0.90157), A4 )5 FeEl ] ST
(4~25) °CNHEATIRLEE R 4 25 6 i g PR 1 it v ZLIRR T4 1)
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SL =24 —[(7.93 = Ny) / (ftyax X 2.718)] %
{In{~In[(6.14 — Ny) / (7.93 - No)]} -1}
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AR R F A S B H I i R A R A
2.7 1RBIRYIEHIE

5 AR PAEREFE K M S TE 4. 15 F1 25 °CIE”
WA T IR B PR E S TIIE, £ 6 MRIAMIEX
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B B4 T R 3 R D 22 B . N6 6 R AR i, 3 ARIRLE T 7
LR AR A SEARERETE 1.3 A2, MMZERE By
W AEHETE 1%£10% LA o BHENY a2 PO R s 1
B e TG P L B AR R AL T AR A AR R 56 I 4
B RUERE A 5> BIAE 1.5 F1 1.2 /247, fR22 8 Bty
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B ERGPETE PT3EZYE R P, 3 IR BE TR AT AL A S 5k
PR ] ) 22 S 397 30% 84, IR EETE 10%LL N, B
T 3 AR B W B E— 2 e R e
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AWFIET 3 FNEE TS MEEcE, wiET
(4~25) *CRIMIEL(RIRRIT R 100% Ny i A il sh A1
PIBIE NIRRT, BWE T N, EN 6.14 1g(CFU/g), EIEM)

F4 TREBETABREEKHINESH

Table 4 Growth Kinetic parameters of lactic acid bacteria at different temperatures

TR /°C No/[1g(CFU/g)] Nown/[1g(CFU/g)] Himax /B! A/ RSS R?
25 0.9489 8.2659 0.2150 2.4571 0.0380 0.9951
20 1.0572 8.0467 0.2045 6.4656 0.0609 0.9921
15 1.0215 8.1214 0.0764 11.5525 0.0255 0.9963
10 1.1465 7.6850 0.0505 30.4263 0.0134 0.9981

4 1.2053 7.5426 0.0204 48.6213 0.1258 0.9770

e N(: PRSI FE ¢ B 20 B VS X, 1g(CFU/E); No: PIURTH T, 1g(CFU/g); Numax: I KHVESK, 1g(CFU/R);  timay : IR A K,

W' A SEHFEEL, by o BEE], b
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Table S Actual and predicted values of lactic acid bacteria at different times at different temperatures

i8] /h 72 144 216 288 360
TE/[1g(CFU/g)] 1.8978 3.1575 4.5931 5.7473 6.5137
4°C SZPRAE/[1g(CFU/g)] 1.9085 3.2625 4.6955 5.5441 6.3444
B2 -0.0107 —0.1051 ~0.1024 0.2032 0.1693

I ]/ 24 48 72 96 120
TN /[1g(CFU/g)] 2.0955 3.8052 5.4849 6.6620 7.8211
15°C S2BRE/[1g(CFU/g)] 2.0482 4.0792 5.5798 6.5682 77771
LiE 0.0473 —0.2740 —0.0949 0.0938 0.0440

B Al /h 12 24 36 48 60
TE/[1g(CFU/g)] 3.0072 5.4475 7.0206 7.7606 8.0678
25°C SEBR{A/[1g(CFU/g)] 2.9494 5.5911 6.8235 7.8751 8.0569
B2 0.0578 —0.1436 0.1971 —0.1145 0.0109

*6 3MRET—RIER A B,
Table 6 A¢and B¢ of the primary model at 3 kinds of

temperatures
WHGRLEE/°C SERRE n HEWA L A¢ MW2E L Be
4 5 1.31 1.07
15 5 1.29 0.92
25 5 1.27 1.00

Gompertz JFFEXT(4~25) °CP 5 FhiE TSRS35 X 15 A
il it F FURR T 1 A K 2 A0S AR S o SR i
TR T IR X R R AR A AR g FIRE RTINS 1] A A 520,
ST X (4~25) °CH Bl N ATRATIR B T fe K AR R g
FAEFFA ] A A S0 o e 37 1) SR 40 T A R ] S
FEZHEN o BRI, AHFFE A SRR H DA A 1
AL T HE AR S, I I £ BT S T AR AR
sy EA M S AR TR A X B R A i R A
i R A LR B 2 R, T SRR b S O S R M [
R L —Fh, BO820CT SO R ) o  AZ B)
FREEMSEMR . AT 25 A B i T P 0 45 IR %, TP &
WL R R | R S R A Y, R ARZ U Y
R,

SE B
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