Supplementary Materials

1. The chemical structure of laccase and guaiacol.
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Supplementary Figure S1 The chemical structure of (A) laccase and (B) guaiacol.

2. Coloration lag was observed for NaN3 added laccase TTI at the simulated cold chain temperature of 5 °C
(Supplementary Fig. 2A). In other words, no colors were initially observed and the color that appeared
was markedly deepened prior to approaching the coloration endpoint. When more NaN3 was added or
less laccase was immobilized, the coloration lag phase was extended. This finding indicated that when
the ratio of enzyme inhibitor to immobilized enzyme was higher, the effect of hysteretic coloration was
more pronounced and the time to reach coloration endpoint in the laccase TTI prototype was longer. Col-
oration lag of laccase TT1I is less obvious at higher temperature environment (Supplementary Fig.
2B-D), indicating that NaNs inhibited laccase activity more significantly at low temperatures. Neverthe-
less, when the ambient temperature rises and deviates from the cold chain temperature, the TTI colora-
tion can still be accelerated. This phenomenon indicated that the TTI is useful for managing food quality
in the cold chain.
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Supplementary Figure S2 Coloration shown by laccase TTI (20 pg/cm?) proto-
types during storage at (A) 5 °C, (B) 15 °C, (C) 25 °C, and (D) 35 °C.

'S

[=

4]




4

Supplementary Table S1. Coloration endpoint of laccase TTI prototype (with 15-25 pg/cm? laccase and 0—

0.10 mM N-HGG).

A-C: Significant difference in coloration endpoint in the amount of enzyme immobilized; a—d: significant difference in coloration endpoint between

N-HGG T¢C) Coloration endpoint (h)
(mM) 15 pg/cm? laccase 20 pg/cm? laccase 25 pg/cm? laccase
5 21.8+0.642 14.1+0.4 8 11.0+0.8¢
0 15 10.0 + 0.44° 9.5+0.38 7.4+03¢
25 7.0+0.14¢ 49+0.28 4.1+0.1¢
35 6.1+0.32d 4.0+ 0.38Bd 3.84+0.48
5 31.24+0.542 29.3+2.8 AB2 192+14
0.01 15 12.9 4+ 1.94b 12.3 +0.548> 9.9+0.5¢
: 25 7.7 +0.44¢ 6.7 +0.18¢ 6.2+0.1¢
35 7.0 +0.32d 53+0.18 5.0+0.38d
5 46.4 + 1.442 41.0+1.7B2 35.7+0.5
0.02 15 21.4+0.84P 15.3+0.45° 13.2+0.6<
' 25 10.8 £ 0.14¢ 9.8+ 0.38B¢ 9.0+0.4C¢
35 7.2+ 0.624 6.2 +0.48Bd 6.1+0.18
5 79.5+2.94 455+ (0,98 453+ 128
0.03 15 30.8+ 1.64° 29.3 +3.84° 14.6+1.08
: 25 14.8 +0.34¢ 11.4+0.98 11.2+0.78
35 7.5+0.149 6.4+ (.58 6.3 +0.48d
5 87.5+2.642 78.6+3.382 65.4+1.6%
0.04 15 31.2+1.04° 30.1 + 0.44B0 154+0.2¢
: 25 16.3 +1.84¢ 15.8+0.64¢ 12.2+0.8 B¢
35 8.2+0.144 6.9+ 0.68¢ 6.8 +0.58d
5 90.2 + 1.442 86.0 £ 0.582 69.8+ 0.8
0.05 15 32.6+0.74° 31.0+0.48 16.1+0.8
' 25 17.7 £ 0.24¢ 16.8 + 0.3 B¢ 13.2+1.5¢
35 9.0+ 0.54d 7.4+0.08d 7.2+0.3¢
5 185.8 + 1.442 168.0 + 1.3 B2 116.6 + 0.4
0.075 15 68.5 + (0.24b 452 +2.58b 312+12¢
' 25 19.0 + 1.54¢ 17.1+0.38¢ 14.5+0.7¢
35 16.7 +0.124 11.5+0.38 10.1+0.1¢
5 199.5 £2.142 189.8 + 0.8 B2 167.7+0.2¢
0.10 15 106.4 &+ 1.24P 65.0 £ (.78 46.7+1.4¢P
' 25 22.140.54¢ 17.5+ 0.4 8¢ 15.6 +0.9¢¢
35 18.8 +2.3Ad 119+ 1.484 11.7+0.88d

environmental temperatures
(P<0.05).



