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We developed a time-temperature indicator (TTI) that rapidly determines whether frozen mackerel Scomber japoni-
cus has thawed during its distribution. Our TTI was made from filter paper capable of absorbing mackerel exudate
that was soaked in a 20% citric acid solution at pH 4.0 and then dried. The dried absorbent paper was cut and attached
to blue litmus paper with a 2 mm overhang. The fixed litmus paper was covered with a polypropylene film and sealed.
The indicator was placed inside a polyvinyl vacuum package containing the mackerel sample. The vacuum-sealed
packaged was frozen at -20C for 24 h. After freezing, the color change and time dependence of the indicator were
observed at room temperature (25 C) and demonstrated the utility of this TTI for rapidly determining whether frozen
mackerel underwent thawing during distribution.
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Fig. 1. Scheme of irreversible color change indicator (upper) and packaging bag attached with the indicator (lower) for observation of thaw

of frozen mackerel Scomber japonicus.
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Fig. 2. Changes of internal temperatures of vacuum-packaged frozen mackerel Scomber japonicus. A, the result of testing the internal

temperature change without outer packaging. B, the result of testing the internal temperature change after outer packaging with styrofoam.
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Table 1. Amounts of drip from mackerel Scomber japonicus fillet thawed under the different thawing condition

(Unit: g)
Thawed individually Thawed in box
25T 40°C 25°C in box 40°C in box
Packaged frozen fillet 145.20+2.122 142.80+2.58 143.48+2.43 142.96+1.87
Thaw fillet only 128.00+1.74 125.76+1.26 126.36+1.57 125.90+1.62
Drip 7.5610.47 7.40+0.56 7.48+0.45 7.42+0.29

“Mean+SD (n=10).
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Fig. 3. Thaw-observable indicator by the absorption of drip from
mackerel Scomber japonicus. A, Before absorption of water; B,
After absorption of water (1, 10%; 2, 20%; 3, 30%; 4, 40%; 5,
50%).
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Fig. 4. Packaging bag attached with color change-observing indi-
cator and change of blue color to red of indicator. A, Before pack-
aging; B, After packaging; C, Remaining for 50 minutes in 25C;
D, Remaining for 85 min in 25C.
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