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A cold-sensitive time-temperature indicator based on Maillard-reaction for predicting shelf-life of chilled lamb
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Abstract
Lamb meats are perishable products and commonly stored at chilled conditions to prolong their shelf life. However, unexpected temperature changes or abuse in the cold chain could lead to food waste and safety issues [1]. In this study, we developed a xylose-lysine type time-temperature indicator (TTI) based on the Maillard reaction for real-time monitoring of the quality of chilled overwrap-packed lamb from 0°C to 25°C. The temperature dependences of color response (RGB) of the TTI, as well as the quality change of lamb (volatile basic nitrogen (TVB-N), total viable count (TVC) and surface color (∆E)) were evaluated and fitted by kinetic models to obtain the reaction rate. Subsequently, the activation energy (Ea) including the color changes of the TTI and quality indexes of lamb were determined with the Arrhenius equation. Our results showed that Ea values of TTI, TVB-N, TVC, L*, a*, b*, ∆E were 61.88, 62.41, 68.04, 65.08, 67.93, 79.11, and 70.54 KJ/mol, respectively. The TTI and TVB-N exhibited more similar Ea values (less than 25 kJ/mol), showing that the quality of lamb could be monitored via our real-time monitoring system at constant temperatures. In addition, a dynamic temperature test was conducted to certify the utility and reliability of the TTI. Under variable temperature, the effective temperature (Teff) of TTI (283.74 K) was similar to that of TVB-N (283.04 K), and the relative error between actual and predicted shelf-life of lamb was -7%, which demonstrated the effectiveness and applicability of the TTI in the real cold chain.
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