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Time — Temperature Indicator Fuzzy Reasoning Prediction for
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Abstract; With the aim to validate and accurately evaluate the applicability of time — temperature
indicator (TTI) application at variable temperatures, a prediction method based on the fuzzy reasoning
was built. The method was on the basis of quality experience equation of the monitored products at
constant temperature experiment, which could be chosen from polynomial equation, the n-th reaction
kinetic equations or other equations according to the fitting coefficients. The key of this method was to
build exact membership functions between arbitrate effective temperature and the constant temperature in
order to obtain the predicted value at arbitrate effective temperature. The method was analyzed about
Muscat Hamburg grape, Vitsab M25 —2 and OnVu TTI through two fluctuant temperature experiments
simulating temperature characteristics of table grape cold chain logistics. Triangle membership function
was chosen in the prediction based on the fuzzy reasoning. The table grape quality predicted values based
on the fuzzy reasoning and the kinetics model were compared with the actual measured values. Results
showed that the TTI prediction method based on fuzzy reasoning at low fluctuant temperature made
improvements (6. 03 percentage points and 2. 70 percentage points) vs TTI prediction method based on
the reaction kinetics equations, whereas made no improvements at high fluctuant temperature. Therefore ,
TTI prediction method based on fuzzy reasoning could be chosen at low temperature based on the principle
of merit.
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Fig.1 Membership degree diagram of temperature
elements according to triangular function
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Fig.2 Flow chart of time temperature indicator fuzzy reasoning prediction method
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Tab.1 Activation energies differences and relative

errors of shelf lives of two TTIs relative to table grape
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Tab.2 Quality value — time — temperature models of TTIs and Muscat Hamburg grape
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Fig.3 Fitted curves of firmness of Muscat Hamburg

grape at constant temperatures
3.3 WiNER
o2 1) e AP AR YR A 1 T, B A o 2 R 1 2
2 PR SRS FE £ 0L DA K S B ) (L A AR

*3 ERRRTHREIEEENRERBR
Tab.3 Regression coefficients of firmness of Muscat

Hamburg grapeat constant temperatures

HE/C By Cibiks 2
0 0.9913
5 0.9529 0.956 0
10 0.9837 0.9879
20 0.996 7
25 0.9415 0.9874
30 0.978 6 0.986 9
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Fig.4 Membership degree diagram of constant temperature

elements according to triangular function
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Tab.4 Membership degree of 7, for OnVu TTI

under low and variable temperature experiment

I/ d Ty/K Wagse Wase Wiioc
2 275.1858 0.592 833 0.407 167 —
4 275.48817 0. 532 257 0.467 743 —
6 278.193 5 — 0. 991 306 0. 008 694
8 281. 468 6 — 0.336 279 0. 663 721
10 283.3250 — — —
12 282.772 4 — 0.075 511 0. 924 489
14 282.043 3 — 0.221 343 0. 778 657
16 282.9015 — 0. 049 703 0. 950 297

18 284.394 1 — — —
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Fig.5 Predicted firmness according to Vitsab M25 —2

TTI under low and variable temperature experiment

J S
/| - wERESI ‘
@ Vitsab TTT F 01 PRI
?| -@ Vitsab TTI 54} 2 FIMHE

2025
”W‘apj‘o
F6 il iKE T Vitsab M25 2 TTI il A
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TTI under high and variable temperature experiment
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Tab.5 Mean relative deviations of TTI predicted value under fluctuant temperature experiment
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I 2 1o T 0S5 AR AR 22 %%
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Vitsab TTI 18.70 12.67 6.03 13.00 14.71 -1.71
OnVu TTI 6. 61 3.91 2.70 10.76 13.81 -3.05
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