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Establishment of Shelf-life Prediction Models
for Vacuum-packed Shizitou
YANG Huan,LIU Yi,SHAO Le-le,DAI Rui-tong "

(College of Food Science and Nutritional Engineering,Chinese Agricultural University, Beijing 100083, China)

Abstract : In order to study the shelf-life prediction model of vacuum-packed Shizitou( a traditional Chinese—style meatball) ,
the changes of the total viable counts in Shizitou,stored at different temperatures were investigated.The linear model , modified
Gompertz model , Logistic model and Baranyi model were used to establish the primary growth models, the square root equation
was used as a secondary model. An optimal model was chosen for the establishment of shelf life prediction model based on the
evaluation parameters.The results indicated that the modified Gompertz model worked best to fit the experimental data,and the
effect of temperature on the maximum growth rate and lag phase could be well described with the square root model. The
predicted shelf-life of Shizitou at 4,10,15,20,25 °C were 80.79,45.22,10.96,4.96,4.01 d,respectively.The relative deviation
between the measured value and the predicted value were within 10% ,indicating that the shelf life of Shizitou stored at 4~25 °C
could be satisfactorily predicted with the modified Gompertz model.
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Table 1  The parameters of different primary models
” , RE(C)
—aRn Ee 4 10 15 20 25
B VIR BORUE Ny (1g CFU/g) 066 £0.24 074027 235063  3.05+077 212051
- - AR W (d ) 0.04 £0.00  0.07+0.01  0.11x0.02  0.14£0.04  0.40 +0.05
WA BRIV BSOS EUE N, (1g CFU/g) 124 +0.04 156 +0.13 123010 121026  1.18 +0.44
oM R BEVEHOSHUE N, (g CFU/g) 532+008  633+035  640+0.04  622=+0.11 7.22 +0.20
R HAK#ER 1, (d7") 0.07 £0.00  0.14+0.02 0422002 087020 091 0.13
SRAERTE] N (d) 4285+1.63 2492+250 439044 178071  0.96 +0.81
WA B 75 BOG B N, (1g CFU/g) 1.13£0.09 143 +0.11  098+0.13  0.80£050  0.62 +0.73
. KB HUA N, (1g CFU/g) 519011  6.05+0.16 637004  622+011  7.13£0.17
BRARKSZE ,, (d7) 0.07 0.14 0.40 0.75 0.89
IR E] N (d) 42.49 25.08 3.87 0.87 0.36
WA T 35 BO U N, (1g CFU/g) 1.17 £0.08  1.48 +0.11 1.06 £0.14 091051  0.77 £0.81
BV BRBE KBS N, (lg CFU/g) 761 £0.17  784+022  741+007  681+019  7.58 +0.22
BRHAEKER w,. (d7) 0.09 £0.00  0.17 +0.02  0.43 £0.03 0.79 £0.17  0.90 +0.16
SRR N (d) 2224 £631 1664 £358 205099 051171 -004x1.77
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Fig.1 Microbial growth curve at different temperatures
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Table 2 Comparison of the evaluation parameters of different primary models
24 g WECC)
4 10 15 20 25
LM 0.9248 0.9412 0.7375 0.5551 0.8632
R? mGM 0.9978 0.9857 0.9977 0.9811 0.9798
mLM 0.9933 0.9937 0.9980 0.9808 0.9809
Al 1.9446 1.6235 8.1745 10.3267 5.4293
RSS mGM 0.0442 0.2969 0.0545 0.3139 0.6002
mLM 0.1349 0.1298 0.0461 0.3183 0.5695
LA 0.4204 0.4029 0.9041 1.0712 0.7368
RMSE mGM 0.0634 0.1723 0.0738 0.1868 0.2450
mLM 0.1107 0.1140 0.0679 0.1881 0.2386
LAY 29385 1.8199 17.9843 19.2376 13.8923
AIC mGM -38.6766 -15.1692 -32.1287 -12.2032 -8.1305
mLM -26.4152 -23.4397 -33.8041 - 12.0781 -8.6555
LT 9.7132 7.1483 233127 23.2098 19.2207
BIC mGM -31.9019 -9.8407 -26.8003 -8.2309 -2.8021
mLM - 19.6404 -18.1113 -28.4757 -8.1059 -3.3270
#3 ORFZGAER TR M HA W HH S5
Table 3  The equations and parameters of different secondary models
LAY JrFEs R’ RSS RMSE AIC BIC
LCM /e =0.03687 (T +2.4337) 0.9193 0.0237 0.0689 - 16.7544 -17.0977
/1/\ =0.04353(T-2.8518) 0.9296 0.0286 0.0757 ~15.8154 -16.1588
M /e =0.03541 (T +2.6252) 0.9562 0.0115 0.0480 -20.3569 -20.7002
/1/\ =0.07372(T-5.0555) 0.8642 0.1670 0.1827 -6.9975 ~17.3409
1.1 1.0,
~ 1.0 (4) ~ 09} (A) "
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ook 4 06F
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Fig.2 Relationship between temperature and specific growth

rate( A) and lag phase(B)derived from modified Gompertz model
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Fig.3 Relationship between temperature and specific growth

rate( A) and lag phase(B) derived from modified Logistic model
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Table 4 Bf and Af on predicted value of total bacterial count

Il RV A ¥ R D
() (n) (Bf) (Af)
4 7 1.0682 1.1228
10 7 1.0351 1.4175
15 7 1.0340 1.1455
20 7 1.0684 1.3645
25 7 0.8165 1.4127
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Table 5 Predicted and observed shelf-life

stored at different temperatures

il 3 BEAE M HAXS R 22

(c) (d) (d) (%)
4 80.79 75 7.71
10 45.22 42 7.66
15 10.96 10 9.59
20 4.96 5 -0.74
25 4.01 4 0.32
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