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Microbial Time-temperature Indicator Applied in Fresh Milk
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ABSTRACT: The work aims to prepare a microbial time-temperature indicator, in order to characterize the freshness of
fresh milk accurately. Microbial microcapsules were prepared by SPG membrane emulsification technology on the basis
of Lactobacillus helveticus strains. Three kinds of solid microbial time-temperature indicators were made according to
different proportions of microbial capsules and solid substrates. Their dynamic characteristics were studied by their color
difference values. The test matching the applied fresh milk was carried out under the conditions of constant and variable
temperatures. The difference of activation energy between three TTIs at different proportions and fresh milk was within
25 kJ/mol. When the ratio (g/mL) of microcapsule in mass to volume of solid matrix was 1 : 2, the difference of equiva-
lent temperature between the two indicators was 2.1 °C under variable temperature, and the error of TTI in predicting the
end point of food shelf life was 3%. The microbial TTI prepared can accurately visualize the shelf life of fresh milk under
constant and variable temperatures.
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Fig.3 Change in color response function of three TTIs at dif-
ferent temperatures over time
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Tab.1 Reaction rate and fitting related parameters of
three TTIs at different temperatures

TTI T/IK k/h™! R2  TYK™! Ink/h!
277 (4 C) 0.0419 0.9797 0.0036 —3.1725

1% 293 (20°C) 0.1563 0.991 0.0034 -1.856
310 (37 °C) 0.6444 0.9119 0.0032 —0.4394
277 (4°C) 0.0387 0.9977 0.0036 —3.2519

2f 293 (20°C) 0.1437 0.9931 0.0034 -1.94
310 37 °C) 0.4946 0.9327 0.0032 —0.704
277 (4°C) 0.0365 0.9892 0.0036 —3.3104
3# 293 (20°C) 0.1531 0.9696 0.0034 —1.8767
310 (37 °C) 0.4411 0.9413 0.0032 —0.8185
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Fig.5 Determination of end point of microbial TTI reaction
and its color change history
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Tab.5 Reaction rate of fresh milk and TTI at different
temperatures

/°C k /h™! krri/h™!
4 0.0011 0.0388
15 0.0028 0.0968
20 0.0041 0.1433
37 0.0144 0.4957
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Tab.6 Feedback of fresh milk quality monitored by TTI
under variable temperature conditions
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