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Abstract

The kinetic studies were conducted to build a time-temperature integrator (TTI) application system to predict the
quality of beef during storage. The color change of TTI and thiobarbituric acid (TBA) value of beef were consid-
ered as the variables as function of time and temperature, whose reactions were regarded as zeroth order reactions
with Arrhenius equations for temperature dependence. The time courses of the variables were measured at 0°C,
10°C, 20°C, 30°C, respectively, and the reaction rate constants and the Arrhenius parameters were estimated by
regression analysis. The rate constants of TTI color changes were 0.0336, 0.0750, 0.1044, 0.1329 h"' and those of
TBA value 0.0003, 0.0009, 0.0020, 0.0038 h' at 0°C, 10°C, 20°C, 30°C, respectively. The values of activation ener-
gies and 95% confidence ranges of TTI and TBA were 30.9+24.7 kJ/mol and 58.1+16.1 kJ/mol, respectively. Using
these parameters, the TTI color and TBA values were predicted and compared with experimental data through stor-

age tests, and it ends up fitting each other highly.
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82228 Fel=o
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Fig. 1. TBA values of chilled beef at four storage temperatures
compared with time. @, 0°C; 4, 10°C; l, 20°C; A , 30°C.
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Table 1. Comparison of activation energy and reaction rate
between TBA of chilled beef and response of TTI (F(Xc) in Eq.
4) in the range of 0°C to 30°C

Reaction rate (1/h)

Temperature (°C) TBA F(X.)
0 0.0003 0.0336
10 0.0009 0.0750
20 0.0020 0.1044
30 0.0038 0.1329
Acav?ﬂ?; E;ergy 2 58.1£16.1 30.9+24.7

*Activation energy and 95% confidence range from regression analysis.

gt AR Koy, (Table NE 2 (3)] thste] A&t o5
4e 47 938 Ave FAow BASIL 3FHEY
o] R¥gto] A 2= 7oA 0.943~0.9800.2 e} 2]
() 7ol 07} ¥h-goll Z FFES & F7F A

Al7ko] A= TBA #ol A AA= AL & 7
A}k Lee & Byoun(2003)2 x| 37]9} 237]9] A wpit
7} Asigel] we} TBA 3ol 7HES BAdATH Ky,
L 0°C, 10°C, 20°C, 30°C ¥ = z+z} 0.0003, 0.0009,
0.0020, 0.0038 h's} 7o) &xo) ue} F7letgon 53
2 259 ¥HldAE F7F Fo] 343 ZA YEhd
Arrhenius 252|142 548 2 dkgsiin

Fig. 2& 7} 2% t$ K9 283 429 IA
40 20E 2HEd FA9 o F3E YEPATHR?=0.992).
2 A3 843 RAQ B T 95% A=
58.1£16.1 kl/mol24], €} 95 X3 (Yoon et al., 1994)2]
A7l =j=]37]19] 355+6.1 kI/mol Bt} =A velstth
B dpolae AHEE a7)E Aweae] B S44-9
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Fig. 2. Arrhenius plot of the reaction rate of TBA value change
for chilled beef.
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Fig. 3. Responses of TTI color change (F(X) in Eq. 4) at four
storage temperatures compared with time. @, 0°C; €, 10°C;
W, 20°C; A, 30°C.

Z FAEHKim et al.,, 1999; Lee & Byoun, 2005).

TTI2| A4 B45} kinetics

Fig. 32 §4% TTIE 0°C, 10°C, 20°C, 30°ColA ztz}
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Fig. 4. Arrhenius plot of the reaction rate of TTI color change
(F(X,) in Eq. 4).
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30.9:24.7 kl/mol2A], ¥ AeA ARE-E TTISF TLAA
oA Ma® 528 TNE AHEE g dF B3
(Giannakourou & Taoukis, 2002)2] Z 39! 99.5:10.7 k¥/mol
B} ZA Yepst, o2 g Aol £ AFolA AHEE
TTIE 4327189 &4 type L(model L5-8)21 ¥HAd, E}
Aol Afoles AAFEL E4LF type M (model M2-
3510)2. 24| (VITSAB, 2008), 4F= 17|20 &%
o]EAo] E7] jf o8 AlgEc) o714 TTISH 4317
gASIUAE MR 2 3 2 Ao] o] dFoAut
(Giannakourou et al., 2005), ¥ 2] Z 3} Taoukis et
al.(1999)2] ZAsjollA B 1 gho] 722] ¥A|=F fALSHA
AHEEQlT), 2 jolo)l we}l 54 A]Fol it 54 TTIS)
A 3Hdo) AR €},

NE & TTIRt 2| 10| FEe| v|mEN

A% & oI &8 AEsH st TTISH A7) F
2¥stE Yehle TBA #& ¥lasith Fig. 5& TTIS
43718 BAG Aol E 2k9] ARE HoFEH 4

Temperatise ()

4 ] ] ! B 9 m " 1213 14 15

Storaae time (h)

Fig. 5. Storage temperature variation profile for fluctuating
temperature exposure. The inner temperatures in the storage
chamber reached the set temperatures for each within 2 min at
most.
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Fig. 6. Predicted (solid lines) and measured (points) TBA values
of chilled beef compared with time under dynamic storage
conditions shown in Fig. 5. Error bars mean standard deviation
(n=5).
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Fig. 7. Predicted (solid lines) and measured (points) responses
of TTI color change (F(X) in Eq. 4) compared with time under
«dynamic storage conditions shown in Fig. 5. Error bars mean
standard deviation (n=5).
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