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Research progress on development and performance testing of
time-temperature indicators for food intelligent packaging
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ABSTRACT: Time-temperature indicator (TTI), as an effective tool for real-time monitoring of food temperature
history, has broad prospects in ensuring food quality and safety and reducing food waste. Currently, various types of
TTI have been developed for intelligent food packaging, including physical, chemical, biological, and composite
types. The products are applied to different types of food such as seafood, meat products, dairy products, and fruits
and vegetables. This paper summarized the development and commercial application of TTI at home and abroad,
reviewed the working principle and research progress of nano TTI, microbial TTI, enzyme TTI, and Maillard TTI,
analyzed the compatibility principles between TTI and food, product applicability and reliability testing methods
under variable temperature environments, and foreign regulations such as the European Union, the United States, and
South Korea on food safety requirements for TTI, finally, proposed the challenges faced by future TTI development,
in order to provide reference for the further development of the industry.
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