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Preparation and Application of Time Temperature Indicator
in Refrigerated — Frozen Circulation Environment

LI Yang CHEN Jianbo HU Zexi WANG Jingqi LIU Pengzhou CHANG Huizhen
(School of Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040, China)

Abstract; In order to effectively break through the problem of single temperature monitoring interval on
traditional time temperature indicator (TTI) , realize the visualization monitoring of the pork quality under
the environment of room temperature (10°C < C, <25%C) — refrigerated (0°C < C, < 10°C ) — frozen
(-18C <C,<0%C), the concentration ratios of xylose, glycine and dipotassium hydrogen phosphate
(K,HPO,) were adjusted through the single-factor and orthogonal tests to prepare the time-temperature
indicator suitable for different temperature intervals, to investigate the variation rules of the color and
absorbance of the TTI, analyze the intrinsic mechanism of the TTI by using the Fourier infrared
spectroscopy and the UV-visible absorption spectroscopy, and construct the kinetic equation to validate
the matching degree of the TTI under the conditions of constant temperature and chain breakage. The
results showed that the color change of TTI was more uniform and the absorbance was higher when the
concentrations of xylose, glycine, and K,HPO, were 1.00 mol/L, 2.00 mol/L and 1.00 mol/L,
respectively ; with the increase of the storage time of TTI, the overall trend of spectrum change was not
readily apparent, and there was good interaction between solutions; the activation energy of TTI was
obtained from the Arrhenius equation to be 79. 44 kJ/mol, and the activation energy of each quality index
of pork under refrigerated or frozen constant temperature circulation environment was close to that of TTI,
which indicated that TTI could monitor the quality change of pork well; the results of chain-breaking
simulation showed that the quality change of pork was consistent with the color change of TTI, and the
equivalent temperature differences between TTI and pork indicators were all within 1. 72°C under different
temperature fluctuation tests, and the prediction error of shelf-life endpoints for both was 2. 3% , which
indicated that TTI could still monitor the pork quality well under temperature fluctuations. The results of
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the study can provide effective monitoring for the quality changes of pork in the refrigerated-frozen

circulation environment and realize the temperature-quality monitoring of the whole process of cold chain

logistics.
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Tab.2 Fitted parameters of TTI kinetics at different

storage temperatures
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-10 0. 003 47 13.973 0.987  2.637
-18 0. 003 35 28.769 0.976  3.359
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Fig.7 Effects of storage temperature on quality of pork
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Tab.3 Reaction rate constants and activation energy

of pork quality indexes at different temperatures

TR
) e/ g Wikig/
L7 TOl/KT BEREER
(kJ-mol 1)
K'/s™!
25 0.00335  3.082
15 0.00347  1.433
—— 0.00361  0.852
[REY ISR 64.34  0.895
A 1 0.00367  0.679
~10 0.00380  0.053
~18 0.00392  0.056
25 0.00335  0.305
15 0.00347  0.125
4 000361  0.076
pH fi 84.52  0.899
-1 0.00367  0.060
~10 0.00380  0.005
~18 0.00392  0.001
25 0.00335  7.033
15 0.00347  4.870
4 000361  1.812
TVB-N & it 89.24  0.927
1 000367  1.047
~10 0.00380  0.082
~18 0.00392  0.021
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Fig.8 Quality monitoring of pork by TTI under different cold chain logistics
(2) TﬂWﬁE&&nFﬁﬁ%‘W 3[R PAVAY E’JE§ ﬂﬂ 4 lQW'%%L%ﬁ%UILImJ#%ﬁQ1{%%

P 8b 1, TTI £ 180 d i - A H] 3k Jt g 28 551, Vi
B HCER R o 180 d (L) 180 d 1M TTI #2214 , 1M
BRI BE AR, K 8c A fER B T,
AR R R L EH,0 ~ 15 d I B meth,
TEHLRTI AR . TEISEUBIIA] | B i R] Y SE
KAE Y A B AR 2 TR S SR Wrs
JE R 2 Wi it B ] () 24, LA P B 21 4 B AN
Ak, FAFERA IR AR K BE D TR RIE E R bR
YERLAE 24 pH {H}5. 8 ~ 6.2 BF, J4 A —g it A ; pH
{H R 6.3 ~6.6 Bf, 35 A ARG ; pH (KT 6.7 i}
AT LA T, tE 8d nl %0, i B &L 176 d i}
pH {EHT 6. 3, WAIRE I T MIRGIA , Kl e 1, il T
FETSE R TVB-N 3 5 AH X Al 9 2 34 o o
P,FE 176 d B TVB-N 5 418. 53 mg/ (100 g) , BLAT
AT EARA X 5 pH BB PR i B2 il
TRINEE e —5, 25 A SRAS B 1 & — G ff IR, DR TR 1%
ZAHASA 176 d, HLFH T4, ¥ VR A Bl v LS U Bl
K SIREEZ BRI THE N Bz . BT ATEIS i
bR NSRRI USRS R RS L,

(3) B 155 bt

BRI P K 8a T LLE Y, HERT YR
REERI R iz f B BE (8 ~ 11 d) B iR
RIS, H 5% 0A4E— 5, 5 2R
BB 07 20K 8 ~ 11 d By IR B s B Ak ab 31, AT
FHESAOREDS | @it SPSS B B U Y B ik
7B A 3, 45 31 4% 3 B A B[] DX Ja) 25 2
F4 PR,

Tab.4 Frozen cold chain e-commerce logistics

temperature discretization results
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