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Characteristics of Time-temperature Indicator with Solid-state Enzyme

TANG Yuan-yuan, QIAN Jing
(Jiangnan University, Wuxi 214122, China)

ABSTRACT: The work aims to develop a conveniently-activated time-temperature indicator with solid-state enzyme with
glucoamylase and starch as the main raw materials. Glucoamylase microcapsules were prepared and the effects of differ-
ent factors on the color difference of the indicator were studied based on the reaction system of glucoamylase. The for-
mula of the indicator at 4 °C and within 5-6 days was determined. The formula of TTI with solid-state enzyme was de-
termined, and 7 groups of TTI system activation energies were obtained through measuring the reaction rate at different
temperatures. The activation energy values were respectively 106.68, 98.47, 87.66, 89.73, 106.74, 97.51 and 87.99 kJ/mol.
7 groups of TTI formulas are obtained at 4 °C. According to the different activation energies, they can be used to indicate
the shelf life of different products.
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Tab.1 Factors and levels of orthogonal test

IEASTRE Hr A5 A R [R] AR T ) o 25 (B UL 3R 20 AR
2 LA, WETE 4 CA&MER, WHAZE 120 ~ 144 h

ATy oz L N
g el TR R BIVRE gk, AANRRENS, S, 0.
KT 005 T 0.05 1 Wt L B PR R IE AR G A A s ) B R Y 7
KFE2 015 20 0.075 2 HTTUHATSH S, RRETT W% 3.
KFE3 0.25 25 0.1 3
F2 EXKEER
Tab.2 Results of orthogonal test
W5 A B C D B
0 24 h 48 h 72h 96 h 120 h 144 h
1 1 1 1 1 4473 26.48
2 1 2 2 2 62.85 4026 3745  36.17
3 1 3 3 3 81.58  68.45  59.87 5123 4589  43.38
4 2 1 2 3 65.85  50.08  43.79
5 2 2 3 1 70.59 594 4679  40.89 3622  31.67 28.11
6 2 3 1 2 70.01 4641 3823 3599
7 3 1 3 2 63.41  50.66  40.18  36.48
8 3 2 1 3 6427 4411
9 3 3 2 1 733 5352 4171 36.69  32.04  28.98
£3 7 TTI AW RHERS ], Hofth 6 240 TTI LA A0, 28kl bk
Tab.3 Seven type of TTI formula FIALA T, AT LAAEE)] 7 2H TTI AEAS[RIREE R 145 B o i
e 1&3% i@tﬁ ﬁﬂﬂ‘?flﬁf_&r/ %E*fi@ f@% RUYUKMWAEMESE, BRI 4.
1PTTI %oiﬁ i2/5/ (mg.lés) BZ/2mm Mﬂif/h w4 %TTlﬁxﬁiﬁgT@%&mﬁg
2*TTI  0.05 25 0.1 2 132 URMERXSH
3*TTI 0.1 25 0.1 P 132 Tab.4 The reaction .rate and fitting parameters of TTIs in
4*TTI 025 25 01 | 144 different temperature
S*TTI  0.05 25 0.1 3 120 TK T 7 T Ik
gzgi 8-;2 5(5) 006;5 } 1‘2‘2 277 (4 'C)  0.0089 0.9793 0.00361 —4.7217
' ' 1*TTI288 (15 'C) 0.0479 0.9998 0.00347 —3.0393
03 TTIhREH NS M 298 (25 'C) 0.2222 0.9982 0.00336 —1.5043
277 (4 'C) 0.0142 0.9939 0.00361 —4.2545
RN RE TTIAR R BTG IR RE , 75 B2 2 A [ R 2% 2*TTI288 (15 ‘C) 0.0558 0.9830 0.00347 —2.8865
PR IR R B SO R . LA TTTI M, S el B 41 298 (25 'C) 0.2810 0.9951 0.00336 —1.2694
T 1FTTI 68 2208 B A8 Ak 8 T2 04 th 2 LR 3. 277 (4 'C) 0.0141 0.9936 0.00361 —4.2595
gg 3*TTI288 (15 C) 0.0714 0.9884 0.00347 —2.6389
% 298 (25 'C) 0.1948 0.9986 0.00336 —1.6356
75 277 (4 C) 0.0122 0.9952 0.00361 —4.4047
o 1) 4'TTI288 (15 'C) 0.0415 09928 0.00347 —3.1830
ﬁ 60 298 (25 ‘C) 0.1859 0.9808 0.00336 —1.6824
gg 277 (4 C) 0.0126 0.9963 0.00361 —4.3709
45 S*TTI288 (15 C) 0.0542 0.9999 0.00347 —2.9147
‘312 S . 298 (25 'C) 0.3222 0.9926 0.00336 —1.1327
0 20 40 60 80 100 120 140 160 277 (4 'C)  0.0120 0.9948 0.00361 —4.4204
T/ 6'TTI288 (15 C) 0.0650 0.9994 0.00347 —2.7328
L I#TTITWF%# 208 (25 'C) 0.2249 0.9995 0.00336 —1.4922
Fig.3 The fitting line of I'TT 277 (4 'C)  0.0228 0.9983 0.00361 —3.7801
M 3 AT AEH, TTIR R EARRE T & 7*TTI288 (15 C) 0.0563 0.9973 0.00347 —2.8778
SRR R | R A MY L 1T 298 (25 ‘C) 0.3375 0.9931 0.00336 —1.0861
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Tab.5 The indicate activation energy range of TTIs

TTI H & ik pe AT HE 7R 7= T Ak BE T
/(kJ-mol ™" /(kJ-mol ™"
1 106.68 81.68 ~ 131.68
2 98.47 73.47 ~ 123.47
3 87.66 62.66 ~ 112.66
4 89.73 64.73 ~ 114.73
5 106.74 81.74 ~ 131.74
6 97.51 72.51 ~ 122.51
7 87.99 62.99 ~ 112.99
R 0 ~ 62.78 kJ/mol; [ilf 51 5 |2 % A BE Y
FEl & 41.86 ~ 62.78 kJ/mol; AgMi%A L5 AYTE L REVE

Il 41.86 ~ 104.65 kJ/mol; & FR15k 51 A IE L BE
JFE R 83.72 ~ 125.58 kI/mol; AERHRAES MG
AEYEEI M 104.65 ~ 209.29 kJ/mol; WA K5I#EAY
THALREJL A 41.86 ~251.15 kJ/mol; ZEFEIET|E
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