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Colloidal Time-temperature Indicators Based on Gold Nanoparticles
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ABSTRACT: The work aims to explore the color-changing mechanism of time-temperature indicator (TTI) based on gold
nanoparticles and the influence of different preparation parameters on its kinetic parameters to provide basis for its prac-
tical application in food. Colloidal TTI was prepared based on the reduction reaction of gelatin and chloroauric acid. The
absorbance of TTI was measured by a UV-visible spectrophotometer, and nonlinearly fitted to time. The effects of prepa-
ration parameters on the reaction rate, color lifetime and activation energy were investigated with single-factor experi-
ments. The gold nanoparticles produced in the TTI system made the TTI appear purple, and the increase in the number of
gold nanoparticles caused the color of the TTI to become darker. When the dosage of gelatin was reduced and the mass
ratio of gelatin-chloroauric acid was unchanged, or when the dosage of gelatin was unchanged and the mass ratio of gela-
tin-chloroauric acid was increased, the reaction rate of the TTI system slowed and the color change life prolonged. The
gelatin-chloroauric acid mass ratio determined the activation energy of the TTI system. The activation energy of TTI was
concentrated, ranging from 77.89 to 84.58 kJ/mol. TTI has the potential to monitor the food that are spoiled due to fat
oxidation. By adjusting the preparation parameters of TTI, its color lifetime can be changed to match food with different
shelf life.
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Fig.1 Hydrogel state of TTI at 25 °C
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Fig.2 UV absorption peaks and actual colors of TTI#3 stored
for different time at 25 °C
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Fig.3 Relationship between the absorbance of TTI#3 and
time under different temperature

Taoukis & WE B K% TTI S 25— B Ak )
b b, R 2 AN TTI AR S B S 1L
ez 22/NT 25 kI/mol; TEAHRIEEE T TTI A4S (A7
AT B SR S B R I S AW 4 o TTI#3 R
R BT AL In K SR EIE VT &MERE R 2
(R=0.999 ) WLIE 4. LA B ERTH A 5]
% TTI B 1LEE K 83.73 kI/mol, K, % TTI B4
TR AL BETE Fl R 58.73~108.73 kJ/mol AYESh |
VR RE o Fh IR D 480 A0 3 B0 W B B 1) 2 B2 S Y
TEALAE(H N 41.84~104.6 kJ/mol™, H I 1 i isc 26 TTI
AT L FH DR R 0 48 T s o, e e 488 2 B9 7 i
PURER RS S

-5.50
=575}
-6.00 |
;—6.25 L
—-6.50 |
—-6.75 |
_700 L L L 1 L 1
334 336 338 340 342 344 346 348
1/T(x1073)
Bl 4 TTI#3 KN 3 A %505 18 B (815 =2 el 1
APl

Fig.4 Linear fitting between In k of TTI#3 and 1/T
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Tab.1 TTI absorbance-time fitting parameters for different preparation parameters, TTI reaction rate,
color change lifetime, and activation energy

TTI 432 W Jie F 12/ %E’i?’i\m TRz A, R }i@ﬁ;%z/ A 0, T/ ?ﬂ‘fhﬁ'l%/l
mg i L °C h d (kJ-mol™")
15 2.58 0.993 0.00172 39.04
TTI#1 90 70 01 20 2.58 0.996 0.00288 23.88 77.89
25 2.57 0.992 0.00511 14.03
15 2.59 0.997 0.00122 48.47
TTI#2 90 80 .1 20 2.62 0.996 0.00217 30.47 84.58
25 2.58 0.995 0.00400 15.96
15 2.61 0.996 0.00104 60.31
TTI#3 90 90 . 1 20 2.57 0.998 0.00180 34.27 79.58
25 2.57 0.998 0.00317 18.37
15 2.60 0.998 0.00103 63.56
TTI#4 80 90 . 1 20 2.57 0.998 0.00174 36.76 79.08
25 2.58 0.997 0.00311 19.12
15 2.66 1.000 0.00092 72.40
TTI#S 70 90 : 1 20 2.56 0.999 0.00161 42.34 79.20
25 2.55 0.999 0.00284 22.50
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