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Optimization of Time to Activate Time-Temperature Integrator (TTI)
in Cold Chain System of Alaska Pollack

Jung-Hwa Choi, Soo Yeon Park, Jin Won Kang, Sang Min Hwang, Min Jung Kim,
Min Jung Kim, Man Hi Lee, and Seung Ju Lee*

Department of Food Science and Biotechnology, Dongguk University-Seoul, Seoul 100-715, Korea

Abstract It was mathematically analyzed at which steps to activate TTI in the cold chain for Alaska pollack, assuming
that the performance of a commercial TTI product, and Fresh-check, could not always be optimized for the pollack. Three
places were selected for the TTI activation, such as on fishing ship, Busan cooperative fish market, and mart. First, the
kinetic and Arrhenius temperature dependent models were experimentally built under isothermal conditions. The color
index of TTI and the level of Pseudomonas spp. of pollack were measured at time intervals. Second, the resultant models
were used in the mathematical calculations for dynamic temperature conditions included in the cold chain. As a result,
the TTI activated at the mart place showed the best agreement between the spoilage time of the pollack and the time for
the TTI color to reach its end-point. It was therefore found that it is practically important to optimally select the TTI acti-
vation place or time when using a commercial TTI product.
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Fig. 2. The color changes (Mu) of TTI with respect to time
under isothermal conditions (5, 10, 15, and 20).
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Fig. 1. The time course of temperature through the steps in the cold chain for Alaska Pollack. a-b: fishing (0°C, 48 hr), b-c: Shimonoseki
(0°C, 24 hr), c-d: Busan international seafood market (1°C, 5 hr), d-e: cooler truck (-5°C, 23 hr), e-f: mart (5°C, 48 hr), f-g: consumer

(5°C, 102 hr).
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Fig. 3. The Arrhenius plot between the reaction constants of

TTI and temperature.

Table 1. The reaction rates of TTI with respect to temperature
changes

Temperature (°C) Ky (1/h) R
5 0.006 0.93
10 0.011 0.94
15 0.021 0.92
20 0.039 0.93

dThe coefficient of determination.

Table 2. The Arrhenius activation energy of TTI and constant of
Eq. (4)
Ea (kJ/mol) K, (1/h)
88.06 1.95 x 10"

dThe coefficient of determination.
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Fig. 4. The color changes (Mu) of TTI with respect to time under
dynamic conditions in the cold chain for Alaska pollack. (a):
From on fishing ship, (b):from Busan cooperative fish market,
(c): from market. —, predicted Mu; x, experimental Mu; ..., tem-
perature.
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