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Abstract

The temperature dependence of time temperature integrator (TTI) was investigated in terms of the Arrhenius activation
energy (Ea) to determine TTI requirements to accurately predict meat quality during storage. Mathematical simulation was
conducted using a numerical analysis. First, using Euler's method and MS Excel VBA, the TTI color change was kinetically
modeled and numerically calculated under several storage conditions. From the TTI color variable profiles calculated from
the storage time-temperature profiles, T, which is a constant temperature representing the whole temperature profiles, was
calculated. Upon predicting Pseudomonas spp. concentrations (one of the meat qualities) from T, it was found that if

Ea

‘microbial spoilage =

microbial spoilage

Ea;y, be true, then Pseudomonas concentrations were calculated to be constant with the same TTI color
values, regardless of time-temperature profiles, whereas if Ea,

# Eayy, then Pseudomonas concentrations varied

even with the same TTI color values. This indicates that each TTI color value represents its own fixed degree of meat qual-

lty’ Only if Eameat qualities = Ea’TTI'
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Fig. 1. TTI implementation algorithm (modified from Giannakourou ef al. (2005) and Taoukis and Labuza (1989)).
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Fig. 2. Flow chart for numerical solution.

2 Faks A4k8ted Excel®] spreadsheet % graph® &7
dehiEs a1

[¢]

Teff_'l '—:l

T,z A9 FEER LEARE oHE HEStE &
T foE AA SR/ F4 A AMEEHE et
(Giannakourou et al., 2005).

-E, 1 1
Fo= ke exp) (T—%— T)} ¥ (10)
A F,L = A7) FRSAE Falel AR 9leje) A
e U K vl Sk 4 10 Tl o
&) Aelstd o3 2ol tdEC
Ea'Tre’
T o= (1

F —1
E,~R-T,In ( )
ref

Ja
gt
lon

EEHSLY kinetic 2E

FMslo] thiEd QAR Pseudomonas spp. 52

= o] TTIS] LEelEAe] me FhelS gheof

S BAsIRYE TTIZERY AlLbE T 2598 vdE
212 2] (12)¢} o] AL 4 AT (Taoukis et al.,

o



352 Korean J. Food Sci. Ani. Resour., Vol. 29, No. 3 (2009)

-E
In(N/N,) = k,ef~exp|: R“-(%—Ti)}-t (12)
eff re,

71N 62 AAZIM), N, 2 Ne T 27] 2 )49
FE, ks TolNS & A 5450, EE 843
oA 2] (kI/mol), RE 714)2347(8.314% 10 kI/mol - K) ~1]
I T siF olgol tigk TTIZRE A4te giiy &

= 3 ojolsi

[N

o g

TTI2| oM =2

Simulationoll = -8-A1F<2 37F4] &4 TTIS) w74
T S GF Yske] ARSSIHTHTable 1). TTI type L
(Lee and Lee, 2008), TTI type B(Taoukis et al., 2001)
TTI type M(Giannakourou and Taoukis, 2002)2] Arrhenius
AT S ARBI T, BE BAF WA, k = HF
SEEITFON TIEL, T TTI AR 7P e &
S (reference temperature, K)S 9Ju)sit}, of 7], A3
AR A WS dod)= o Hag Haghe) Jduxs
Y™ Taoukis 5(2001)0] ojspd A3} TTIo] AW
3 FA 5L Hste] EAsloURY =}e]7} Fojof §
ol BaE wlk Qi

=2-AlZh =

Simulation®]] ARE3F S-F9 L5 A7t 2AL H1u7)9
re AEE A= 3t Fig. 39 Zo] A 4t
2317]¢) FEZHZE Rhee S(1996)0] 23Pa AR w2}
3492, AS5HEE 9P 52 AR vl
olFA Hoh. fFEARY Azt WE &% e A7ER
BEZE FE8t AAAT. Casele =AM Hubat
7HA| cold-chain HENZ A}F W 792 A,
< 0-10°ColA FEIshe U oF 36417+ A
TH(Lee et al., 2008). Casell> T oA WAR A 31=
BF-EA, 2-4°CA A < 298 HAS Y HPark er al,
2000). Caselll> Z|3Hgol|A FH7lA] agwio g 388
TEiE -2 A, 5°CAMFE AL THI L1290 20°C
7R AA3] S71sRE 282 A 24A374R) A8}

RIS

F(X.)2l simulation
TTIS] A 572 F(X)E simulationdt Z7E Fig. 49

@)

Temp (°C)

g

Temp (°C)
[

0 T T T T T T T T T T T

6 02 24 28 32 3% 40 4 48R
Time (h}

Temp (C)

0 4 8 i2 16 0 24
Time (h)

Fig. 3. Time-temperature profiles in three beef distribution
cases. (a): casel(distribution to market), (b): casell (stor-
age condition at market), (c): caselll (distribution after
purchase).
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Table 1. Kinetic parameters for different types of TTI and Pseudomonas spp. growth

TTI Type L TTI Type B TTI Type M Pseudomonas spp.
E, (kJ/mol) 30.9 99.5 81.6
k. (hh) 0.223 1.291x10 4.760x10™* 4.4x107
T, (K) 273 253 273
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Fig. 4. Time course of F(X) of different types of TTI in three
beef distribution cases. (a): TTI type L, (b): TTI type B,
(c): TTI type M.
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Table 2. Calculation of T ;and the growth (In(N/N,)) of Pseudomonas spp. for different types of TTI (types B, L, M)

Type B Type L Type M
E(X) E. r11= Eopseudomonas E. 111> E; preudomonas E, 11 < B, prcudomonas
t (h)* Ty(K)  In(N/Ny) t (h) T, (K)  In(N/Ny) t (h) T(K)  In(N/Ny)
t 10 283.68 1.7041 t 1.84 277.02 0.1365 t 7.5 282.52 1.1077
0.5 t 17 279.40 1.7041 t 1.92 276.15 0.1272 t 13 278.89 1.2229
t 26 276.06 1.7041 t 1.95 275.83 0.1241 t 22 275.52 1.3443
t 11 285.68 2.3857 t 2.41 278.40 0.1272 t 9 283.55 1.5084
0.7 t 26 278.70 2.3857 t 2.51 277.56 0.1993 t 17.5 279.15 1.7001
t 38 275.73 2.3857 t 2.75 275.68 0.1716 t 29 275.90 1.8618
t 12 287.05 3.0674 t 31 278.33 0.1241 t 10 284.53 1.8891
0.9 t 31 279.30 3.0674 t 3.19 277.80 0.2612 t 235 278.87 2.2029
t 46 276.19 3.0674 t 3.56 275.54 0.2182 t 38 275.78 2.4019
*t-ty; are the times taken to reach 0.5 and 0.
o 24428 o= sharh TIVF 94 52 FX)ol P——
sgsied A 2Y AT @ R AR E4e
A=sh=tl) AFEEE viPES 5 Table 19 2CH(Taoukis
et al., 1999). Table 294 ;2 AI7FAY] -5 HE % Casel C)
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ggstell iz =7)d wet §4 7R Wk 50t
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