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SUMMARY

I . Project name

Development of application model for real—time safety management system of high—value

Korean beef distribution with TTI(time—temperature integrator)

II. Purpose and necessity of research and development

For scientific method of high—value Korean beef distribution and establishment of
distribution order as a preparation about FTA, application of TTI(time—temperature integrator)
as a innovative technology puts the distribution to practical use. The TTI is respond (ex. color
change) to a time—temperature, cheap and practical. Korean beef distribution path using
commercial TTI puts the distribution management system to practical use. As a core
technology, quantitative function was developed by predicting the spoilage of Korean beef
from response change of TTI. Eventually, we designed to how the existing or new TTI
applied on Korean beef distribution. For evaluation the TTI ability and efficiency of
management system through the field test, TTI for distribution management system of Korean

beef was modified and put to practical use.

IV. Results

1.1)

As a previous step of beef quality analysis, sensory analysis was established and
analyzed. For comparative experimental study was also performed microbial analysis. Detection
of spoilage odors from beef during storage was investigated using sensory evaluation with
R—index, and microbial assay for Pseudomonas. Beef samples were tested to measure the

flavor changes, which were converted to R—index, and the Pseudomonas levels during storage.
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There was a steep rise in R—index until 36 hr after storage at 25°C, and then a gentle rise
from 48 hr, whereas, there was a steady rise in R—index in the whole range of storage at
5C. Detection time of spoilage odors according to R—index was statistically analyzed at a=5%
to be at 30.92+3.47 hr and 169.80x11.27 hr for 25°C and 5°C storage, respectively, and
analyzed at a=1% to be 34.80£4.01 hr and 176.41%£9.89 hr for 25°C and 5°C storage,
respectively. At the detection times of spoilage odors, the Pseudomonas levels were found to
be almost the same, but less than 6—7 log CFU/g generally known as a standard level at
occurrence of spoilage odors in beef. This indicated that some other factors than the

Pseudomonas reactions could be associated with generation of spoilage odors.

1.2)

The sensory properties of beef in previous step and several qualities were compared and
analyzed. Indicator beef qualities of off —flavor development during storage were investigated
in terms of the temperature dependence. The off—flavor development time (ODT) was
detected using R—index sensory test. The beef qualities were measured during storage at 2
5C, 15C, and 5C, such as VBN, pH, color (CIE L%, a*, b*), Warner-Bratzler shear force
(WBSF), Pseudomonas CFU, lactic acid bacteria (LAB) CFU. Model with temperature
dependence of ODT during storage was developed with Arrhenius—like equation, and a
requirement of the indicator qualities was mathematically derived, resulting in similarity of the
temperature dependence. The temperature dependence of indicator beef qualities was
represented by Arrhenius activation energy (Ea). Comparing Ea of indicator beef qualities and
ODT, the temperature dependence similarity was found to be higher in the order of three
groups of VBN, pH, a* value; LAB, Pseudomonas; WBSF, L* value, b* value. Therefore, VBN
were investigated as the best indicator beef quality of off—flavor development.

Beef qualities can be measured by several physicochemical methods available, but they
are usually directly evaluated in their color or off—flavor by consumers on—site. So, detection
of the off—flavor could be an ultimate quality factor which decides the consumers' purchase.
In this study, the kinetic model to predict the off —flavor development (OFD) time during beef
storage was created and evaluated by comparing between the sensory and predicted data
under dynamic time—temperature conditions. The OFD time was statistically determined by
logistic regression on the sensorial data with uncertainty. The model was based on the OFD

time corresponds to the reciprocal of the reaction constant (1/k). And the temperature
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dependence of OFD time could be expressed in Arrhenius relationship. The model of OFD
time was proved to be effective in predicting OFD time for several parts of beef. By this
new model, consequently, the OFD time of beef could directly be predicted from

time —temperature history during storage.

1.3)

VBN were investigated as the best indicator beef quality of off—flavor development in
previous step. The kinetic studies were conducted to build a steady/dynamic time—temperature
kinetic modeling to predict the quality of beef during storage. The VBN of beef was
considered as the variables as function of time and temperature, whose reactions were
regarded as zeroth order reactions with Arrhenius equations for temperature dependence. In
addition to the VBN was predicted under dynamic condition by numerical analysis and
developed a computer program. In practice, between measured VBN under dynamic condition
and predicted value was compared and analyzed. The thiobarbituric acid (TBA) value of beef
was considered as the variables as function of time and temperature in the same process. In
practice, between measured TBA under dynamic condition and predicted value was compared
and analyzed. In addition to the TBA values were predicted and compared with experimental

data through storage tests because it representing the general beef qualities.

1.4)

Temperature dependence of time temperature integrator (TTI) was investigated in terms
of Arrhenius activation energy (Ea) to find some requirements of TTI to accurately predict
meat qualities during storage. Mathematical simulation was conducted using a numerical
analysis. First, the TTI color change was kinetically modeled and numerically calculated under
several storage conditions. Euler's method and MS Excel VBA were employed in the
simulation. From TTI color variable profiles calculated from the storage time—temperature
profiles, Tefr, which 1s a constant temperature representing the whole temperature profiles,
were calculated. Predicting Pseudomonas spp. concentrations (one of the meat qualities) from
Tetr, it was found that if Eamicrobial spoilage=EarTi, then Pseudomonas concentrations were
calculated to be constant at the same TTI color values, regardless of time—temperature
profiles, whereas if Eamicrobial spoilage > EarTi, then Pseudomonas concentrations varied even at

the same TTI color values. This indicated that each of TTI color values represent its own
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fixed degree of meat qualities only if Eameat quaities=EartI.

2.1)

First, as a analysis of beef distribution path, the average temperature change of both in
the summer and in the winter during shipping is 9.4 and —1°C. In distribution path of
livestock products at slaughterhouse, the temperature of both chilled room at slaughterhouse
and distribution is 2.9~3.08C, the temperature of both deboning room and chilled carcass
room is 5.68~6.92°C. The humidity level is also 50~80%. The temperature change of after
deboning-orthopedics-packaging, pH of 1++ grade is 5.13 in the processing room, between
1+ and 1 is very similar. The water holding capacity of 1++ grade is the lowest level. Meat
color and TPA is not a significant difference. Sanitary management of meat processing room

1s good.

2.2)

In the physicochemical change during maturing the beef, pH change is not clear.
Lightness of meat color, between round and sirloin is all increase. Redness of round is 19.88
in 10 days and yellowness of sirloin is 17.98 in 15 days. VBN is sharply increase in 10 days.
Water holding capacity is increase and decrease in the point of 7 days. Cooking loss of
between round and sirloin is decrease during storage period. Both hardness and gumminess is
increase and decrease in the texture profile analysis. TVC, LAB, and Pseudomonas is limit to
4.89 Log CFU/cm? in the microbial test. In the TTI application validity during distribution, TTI

color change is green to yellow in 90 hours.

2.3)

The management of SSOP and HACCP procedure was surveyed by complementary and
improvement, the CCP is processing room, inspection room, and prechilling room. All—round
SSOP and personal sanitation is similar to general workings. Along the packaging material of
beef, Temperature of all packaging materials is similar to external temperature after 60

hours. Application TTI of small packaging of beef is direct buying in the market and gift set.

3.1)

TTI (time temperature integrator) is an indicator to show food qualities according to the
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color change. But it should meet a prerequisite to represent the food qualities accurately,
which is that the activation energy (Ea) of both should be almost the same. Also the kinetics
of TTI and the packaged food should follow n—th order reactions with high goodness of fit. In
this study, a new method to overcome such limits was developed by applying fuzzy reasoning.
VBN of Korean beef sirloin packaged and the TTI color index (F) were measured during
storage. The data were used to build some predicting models based on the original and new
methods. In the original method, the n—th order reaction and Arrhenius relation were used in
modeling, whereas in the new method, fuzzy reasoning was employed. In the new method,
some polynomials and fuzzy reasoning were applied for the relationships under isothermal
conditions and their temperature dependency. Then under nonisothermal condition similar to
actual distribution condition in Korea, both methods were evaluated by comparing the
experimental data with their estimates. It was found that the new method gave the high

accuracy in the prediction.

3.2)

The successful indicator was known to be time—temperature integrator (TTI) which shows
certain color representing the accompanied food qualities under the time—temperature
experience during storage If there is significant difference between the temperatures that TTI
and food experience due to factors for such location of TTI and geometric condition of
package, it would make mistakes in the prediction of food quality from TTI. So we simulated
to analyze a possible difference in temperatures between fictitious beef and enzymatic TTI by
using FEM. From locations viewpoint, there's just a little difference between the four
locations by around 0.1°C. When the thickness of beef increases 1.5, 3, and 5¢cm step by step
(by degrees), the response time of TTI and part of beef also increase; as 1.5cm, 5.05, 13.3,
19.36 and 19.68 min for TTI, corner, middle and bottom respectively; as 3cm, 9.3, 20.4, 32
and 32.5 min for TTI, corner, middle and bottom respectively; as bcm, 13.56, 26.66, 42.7, 43.8
min for TTI, corner, middle and bottom respectively. Therefore when we are deciding TTI
positions on food packages, any place would be selected without any measurement errors.
And when we use TTI, the size of food should be considered because it should correspond
with TTI. So if the size is relatively too big, TTI should be applied at many places of one big
package

Beef's spoilage points were confirmed through the VBN contents known as a
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representative beef’s quality indicator at various storage conditions, especially temperature.
Furthermore, based on the previous experiments, it was confirmed that if commercial 3—windows
enzymatic TTI was able to measure and predict the quality changes under the various
temperature conditions. However, it was possible to utilize the TTI for specific temperature and
TTI required different formations if it was required to use it under other temperatures.
Therefore, TTI was composed, which was able to be representative for the spoilage points under
the various temperature conditions, by enzyme and substrate ingredients extracted. Moreover,
the TTI was analysed if there were possibilities to utilize the TTI composed. The TTI was
compared with VBN contents as a beef quality indicator. When the proto type TTI contained
65ul of C—1 type enzyme and 140 wl of substrate under the storage condition at 20 and 25°C,
the end point of the proto type TTI of color changes was equalled with 24hr and 48hr. At
15°C, when using 60w of enzyme and 140ul of substrate, the end point of the color change
was equalled with spoilage point of 60hr. However, at 10°C, it was impossible to realize the TTI
through the controlling of C1—type enzyme amounts. In conclusion, the purpose of the study is
the understanding of limitation of commercial TTI and as an alternative solutions, the proto type

TTI was applicable in other temperature system by controlling the ingredients of commercial

TTI

4.1)

For representing the food quality in storage and distribution, this study analyzed in the
least differences of two microbial levels in comparison between predicted microbial level from
TTI and observed microbial level from growth model. Commercial enzymatic TTI was using
for type M2—3510, M4—10, M, and S of VITSAB A. B. company. The growth of Pseudomonas
spp., Listeria monocytogens, and Escherichia coli. were studied in dynamic temperature
simulation using the value for 7w was expressed in # function as a color variable of TTI.
The maximum growth rates (imax) obtained from primary model were then model as a
equation for dependency of temperature using Arrhenius model and Belehradex (square root)
model. Primary model was dynamically modelled as a kinetic equation using Monod model,
Baranyi and Roberts model, and new logistic model (NLM). After validation and principal
component analysis (PCA) of simulation results, optimal TTI was selected from both of type S
according to Monod model, Baranyi and Roberts model, type M4—10 according to New logistic

model (NLM). Therefore, this study may be a useful evaluation for measuring the microbial
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level from food in relation to predicted microbial level from TTL

We suggested that TTI color grade 1s applicable to Korean beef distribution.

5.1)

In field test, simulated field scenario analysed by applicate for distribution in Hoengseong
Livestock Cooperatives of Gangwon—do. Korean beef sended by home—delivery service in 24
hours. As a quality variable, starting point of VBN is 0~1.12 mg/%, final point of VBN is not

likely to increase in 24 hours.

5.2)
We suggested to the standard of TTI. TTI is implemented by same bar code under same

time —temperature profile Using a bar code system.
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2. Time—temperature profiles in dynamic temperature storage experiment.

((a) dynamic 1, (b) dynamic 2, (¢) dynamic 3, (d) dynamic 4)
3. The algorithm calculating the final off—flavor development

4. Logistic regression of off—flavor development time (ODT) of the beef

under isothermal conditions ((a) sirloin, (b) round, (¢) shank)

5. Logistic regression of off—flavor development time (OFD time) of the
beef under non—isothermal conditions ((a) sirloin, (b) round, (c)
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6. Arrhenius plots for the temperature dependence of In(1/tR) for
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7. Comparison between beef ODT model value of and nonisothermal ODT
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8. One panelist's R—index measure for storage times at 25C (top), 5C
(bottom) and R—index values of threshold at a=0.05 (_._...) and 0.01
(C__2)

. 9. Time course of the quality variables of meat during storage at different
temperatures. 4 5C, M 15C, A 25C. (a): Pseudomans. spp,
(b):LAB, (c):VBN, (d):pH, (e):WBSF, (f):L#value, (g):a*value,
(h):b*value

10. Sample data fitting for one quality variable (VBN value) of beef
stored in an airtight container by regression analysis with kinetic Eq.
(6) and (8) of 0™(a) and 1°(b) order reactions, respectively. 4 5C,

W 15C, A 25C
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11. Data fitting for reciprocals of off—flavor development time (1/tg in
Eq.(4)) based on R—index of beef stored in an airtight container by

regression with Arrhenius equation Eq.(5)

. 12. Flow chart for numerical solution

13. Time course of the VBN of meat during storage at different

temperatures. 49: 5C, l: 15C, a: 25T

14. Sample data fitting for one quality variable (VBN value) of beef
stored in an airtight container by regression analysis with kinetic Eq.

(19) and (21) of 0™ (a) and 1** (b) order reactions, respectively.

15. Sample data fitting for one quality variable (VBN reaction content) of
beef stored in an airtight container by regression analysis with

Arrhenius equation Eq. (23).

16. TBA wvalues of chilled beef at four storage temperatures compared
with time. @, 0C; @, 10C; W, 20C; A, 307C.
17. Arrhenius plot of the reaction rate of TBA value change for chilled
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18. 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.

19. Predicted (solid lines) and measured (points) VBN values of chilled
beef compared with time under dynamic storage conditions shown in

Fig. 18. Error bars mean standard deviation (n=5).

20. 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.

21. Predicted (solid lines) and measured (points) TBA values of chilled
beef compared with time under dynamic storage conditions shown in

Fig. 20. Error bars mean standard deviation (n=5).
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22. Responses of TTI(Type L—5) color change (F(Xc) in Eq. 29) at four
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@, 30C.

23. Arrhenius plot of the reaction rate of TTI(Type L—5)color change
(F(Xc) in Eq. 29).

24. Responses of TTI(Type M2—10) color change (F(Xc) in Eq. 29) at
four storage temperatures compared with time. 4, 5C; H, 10C; A,
15C; @, 25C.

25. Arrhenius plot of the reaction rate of TTI(Type M2—10)color change
(F(Xc) in Eq. 29).

26. Storage temperature variation profile for fluctuating temperature
exposure. The inner chamber temperatures reached the set

temperatures for each within 2min at most.

27. Predicted (solid lines) and measured (points) responses of TTI color
change (F(Xc) in Eq. 29) compared with time under dynamic storage
conditions shown in Fig. 26. Error bars mean standard deviation

(n=5).

28. Time—temperature profiles in three beef distribution cases. (a): case
I (distribution to market), (b): casell (storage condition at market),

(¢):caselll (distribution after purchase).

29. Time course of F(X.) of different types of TTI in three beef
distribution cases. (a): TTI type L, (b): TTI type B, (¢): TTI type
M.

30. Time course of Ter of different types of TTI in three beef
distribution cases. (a): TTI type L, (b): TTI type B, (¢): TTI type
M.

. 31. Time—temperature profiles in dynamic condition from 10C to 25TC.
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Predicted (solid lines) and measured (points) F(Xc) values of
TTI(Type M2—-10)compared with time under dynamic storage
conditions shown in Fig. 31. Error bars mean standard deviation
(n=5).

Flow chart of optimal TTI simulation

Time—temperature profiles for simulation. (a): profile 1, (b): profile

I, (c¢): profile II.

Storage time course of 7. of three profiles. (a): profile I, (b):
profile II, (c¢): profile I, «sereercsa o TTI M2—3510, ======- o TTI
M4—-10, = === : TTI M, : TTI S.

Dynamic modeling for microbial growth in between observed value and

: observed, i : TTI M2—=3510, ==ee==. :
:TTI S, (a)—1, 2, 3: Monod
model, (b)—1, 2, 3: Baranyi and Roberts model, (c)—1, 2, 3: New

predicted value.

TTI M4—-10, ==== : TTI M,

logistic model (NLM).

Scree plot of eigenvalues in the microbial growth model. (a): Monod
model, (b): Baranyi and Roberts model, (c): New logistic model

(NLM).
Fuzzy reasoning for calculating Teff for an example case.
F value (TTI color) with storage time under isothermal conditions.
V value (VBN of sirloin part of beef) with storage time under
isothermal conditions.
Relation between F value (TTI color) and V value (VBN).

Arrhenius plots for the temperature dependence of Ink for F value

(TTI color) under isothermal conditions.

Arrhenius plots for the temperature dependence of Ink for V wvalue

(VBN of sirloin part of beef) under isothermal conditions.
A distribution pathway of beef in Korea.

Temperature profile of nonisothermal conditions.
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3—center. 4—middle. (a) Top view. (b) Side view.

Time—temperature profile in dynamic case (a) Case I, (b) Case II,
(¢) Case III, (d) Case IV.

Simulated temperature pofile of variable size of beef. (a) 1.5cm, (b)
3cm, and (¢) 5cm.

Temperature of mounted TTI. ——— : location 1, 4 : location2, — :
location 3, and X : location 4.

Response time of variable location of beef with TTI attached at the
corner surface and TTI (a) L=1.5cm, (b) L=3cm and (¢) L=5cm.
——— : TTI, @ : corner, — : middle, and X : bottom.

Temperatures of beef locations and TTI during dynamic simulation (a)
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Time to end point of TTI C—type response for 3—windows by variable
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Sample data fitting for VBN value & TTI color( I,II,II,IV,V) of beef
stored at 25°C by enzyme 65ul, Substrate 140ul in C1 type TTL
Sample data fitting for VBN value & TTI color( I ,II ,II,IV,V) of beef
stored at 15C by enzyme 60nl, Substrate 140ul in C1 type TTL

_27_

115

116

117

120

121

122

123

125

128

129

130

131

131

132



134

-
st

2% TTI A7 W3}

=

Fig. 60.

136

-
st

2% TTI A2 55

q

Fig. 61.

136

I

—

M
£l

o
o

0

ol

-
il

TT

[€]

A &4

Al
=2

Fig. 62.

137

139

Fig. 64.

139

Fig. 65.

139

M
A

o}
e

Fig. 66. Z+ @A¥ A& B

140

140

140

140

141

143

W pHol 3t

Fig. 72.

143

Fig. 73.

144

144

Fig. 75.

144

145

145

¥ Springiness &k

o 5

145

31959 559 Cohesiveness 4k

Fig. 79.

145

3 Gumminess %k

Ho

o
o

_EL

Fig. 80.

145

95 T3 Chewiness®] %t

Fig. 81.

148

148

149

149

149

o] VBNY w3}

_28_



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

87.

88.

39.

90. 391 <A77t F<t9] Springiness W3}

91. 35 £A7]7F 22 Cohesiveness W3}

92. 3% <A 7|7F F<e] Gumminess W3}

93.

94. T FAVIE L] FHEF

95. 397 A7 T A

96. 359 <A77+ F<¢9] Pseudomonas

97. Swab®el g THPAE ANH A&

98. Swab® el o3t FHPAE ANH -

99. N BAH-AE

100. Al &5 -FE

101. #% 42 9 95 2= W3

102. % A2 T 2% @2 F(Xc)gke W3}

103. A distribution pathway of beef in Korea.

104. Temperature profile of nonisothermal conditions.

105. Relation between F value (TTI color) and V value (VBN) under
nonisothermal condition.

106. EZA 5] BE 25 WsH(FHANE) — EYA

107. EZAE e 25 HIH(FHAE) - HFHH

108. A e 2= Wsl(F47]|@) - E¥YA

109. EZA R wE 2% HsH(FE7|®) - A4

110. ZFAE] W2 2= Ws(FH7 ) - ERA

111, TAA R g 2% Hsi(FH7I0) — s34

112. As=F ERa A A

_29_

150
150
151
151
151
151
151
152
152
152
152
152
153
153
154
154
159
160
160

161
162
162
163
163
164

164



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

113.

114.

115.

116.

117.

118.

119.

g0 B YEYI A2H

>

_30_

164
165
167
167
168
171
172



otHlel e

F

falll

o127l

M o1&

o

b g
= ARAeln Ed 1 Belrt AUz olFlAA

AA A cold chain system= 753

s

oy
=0©

A

A 2 7

Eal

KR

)

—
o
mjn

)

70
_Zrl
i

g ol

}

wAO

»C:yl_

o
il

g o]

Eis

N

BN
—_

q-per) vas

oA

Aol Jd= dAA cold chain

=
[¢}

7

)

TTI= o]l

3

?l_

webd 2 AFA AN A

To-

BN

of JoJM= TTI=

oA FA3}a J= F=A4HE2] HACCP system T+

=]
g5

s

s

53

.

2 corrective actiong HE

]

o

2. AH81H, A A )7

_31_



)
—_

S o

A% ¥ 2 094
th e A9

Eis

I gtulAl A= o] Avzte] AFE A

£ 3

o
=

Hlo

]

4
g

o A7
ohe

] =} w2k TTI

S

Fof -2l uetell A

Sk

!

B

1

0]- G

3=

Bz Al XA = = e Wl el 483t ol A

e

bo WEA] S of

S

g 9

gk =g

Pz A 5 lofof

alo

tel HAbshe AL W

o] &3

ol

N

1. TTI 7]

a7 ey FE A7tel

b2

|

exE 7

=i
=

TTI= AZE9 ZAIGAIZE

!

]
H

L0

A
H

o)
Y
o}/

wK

AN

o}
Hin

WEo]F (Tinker et al.,, 1985 and Taoukis et al.,

= TTIZ

= of] A A
(Chen and Zall, 1987, Grisius et al., 1987 and Shellhammer and Singh, 1991),

ST
=3

1999), &4

(Labuza and Fu, 1995), Y&34Y 2 x4 (Singh and Wells, 1987 and Giannakourou and

=

o)
=T

Taoukis, 2002), 181 Y&S5F (Rodriguez and Zaritzki, 1983, Singh and Wells, 1985 and

R

™

o

oo

\‘w
Hi

A
e

s

Oo]:

5 o

Yoon et al., 1994)

ol

4, 224, 471884,

3} %
o}

TTI) 5L 3}
slof] 7125 51 QH(Taoukis & Labuza, 2003). TTI9 7]

—_
o

)

_32_



ol

o @A) TTIY 714

?}

Moz AxY 5 9lofof

0

P
i

el
W

ﬁo
e
iz

o

Ny

%

To-

Jo
ajo

X

bo

gejo] TTIS 837 Al=EH A o} 19919 g7 A2 FA ] w2 95%2] S EA7)F TTI

42 Sl TTIY AMgo] 1153 &% o, =4k TTI

A%

718k 0l ALE]

)

Q15}e] A}

o=

Ho

A

Mo

s olej e}

g 9

A& Aoz AlREY, o

a7l o

~
;00

B

el

stoll M

hs

SH

A8, AAA BAT 7%

k<]
pul

1o},

7F TTISE F23e] daAde A4z ekl € 5 e a7k 72k

A},

(1) AEY FarIzte] Lxo&A4 9] kinetic a8 A7} A3 ojo}

(2) TTI®] A7F—Lx o]go 4

. 37 s

sk,

a5 A7 geRbE ofok

.

3l kinetic &

%

TTI A

L
T

shojof s,

7%

Aoy A aEE

[e)
=

& of

= B
‘E‘TL‘@I

simulated &% Aly#] 2 (scenario)

Els

B AES] Hets 9

ahod o

=
s 944

teq A

S

3 EAHE 29

—~
o

(3) Al&=wle] A

_33_



bl
=

H o2& =Ue 7=

A1 4

9] AFAL 2 A

O FRAME AF Aol okd, Agd) Hust wrY,
o 9% AT R AJHLA 9

O & go] Aagidgo] A& Y TTI 9 AF2 A XA VITSAB + 2=ddle] i3
ol AMAZ JIde= oty HEe e AEFE A AAC Fujsm AL

(http://www.vitsab.com)

Characteristic/ ® o
CheckPoint™ I CheckPoint™ III
Type
Kinetic Limited to main kinetic type for food and
Adjustable to various different types
Properties pharmaceutical applications
Label Enzyme reaction leading to pH Diffusive reaction leading to pH change in
Technology change in contained fluids in label printed dot on label face
Application Single label requires bursting of
Dual labels are merged into single active
and fluid pouches and mixing...adhesive
label at the activation step
Activation label

Color change

white=sgreen=syellow=sorange —red

amber—=sorange-spink—magenta

Applications

Special situations; custom
formulations; food industry
"behind the counter" and freezer

applications

High speed activation and attachment to
packages; high volume, low cost; consumer;

MAP seafood

Storage

Must be frozen when not in use;
slower response at high, abusive

temperatures

Can be stored at room temperature; rapid

response at high, abusive temperatures

Most

significant

characteristics

Custom formulation; rapid change in

color at endpoint

High reliability and low cost
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o] AANT JRE FdE S Q) FFFHOF AHASL v WS wol o]FHyF UyH
TFujEtA A HEE, Har)e] #5H S g Ee Rdgo] Fasit B Ao A
= a7 AF E= olHAAANE =3 2 dE  Kkinetic AL AP,
non—isothermal conditiono| A& SAZH Edo] SXE HWFOZHN o HHAAAZ 2
= BT olHAAAIE B A B2ALE FAERNS T
HAAAZLY] &5 9)EX LS Arrhenius relationshipl 2 FHEHJT o= 2o 7|9 o}

Fob ol o] HHAANZLS dSdezn, Zd9
Z

e

\

o,

£

AW
)
al
W,
ok
L

B AdFddM s gde FAdAM Y ofHAA AR e dS EdS A SR}, 7]
9 T 7P Aol =2 A€ (sirloin), & (round), AFel(shank)E A8t A|8= AHE
sttt Aol AR Hav)el fEHES ted BT e = T FAEFY =
Atell A 2dZE AbgE e AR 954 &A AL =5aE AR F A9

24

5 AFA 27

471 2 v ¥Z023 THE SAFES -2~10C9 AL By 9@ SA438S AA
0~4TCo YRR FFHIJAT. Al 7HA] 79 EF 155 A7 A& S48 4a7]
10g® ze} 50mL falcon tubeo] Z+7zt ¥& & —25C freezerolA] deiA HAsJUCH A5
A A1g2 AFESH7] A 8+1TC 9] water batholl A ¢ 1A13F 5ot 53l AL&3l4Tth W%
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" Harle F49 Wt gloenz H dsHArT sdd F2S Ad AEE ARSI
el ¥ 3 oslE APE stk B, deditel AFEshe AlR7E 3 TdE FAAA

=
gkelslr] 9lsl, sls FF ZE A]59 Pseudomonas spp. Lactic acid bacteria (LAB)S]
=, A7 E 3 Hgd A A (volatile basic nitrogen, VBN), K—valueE =339 th (Byeon et al.,
2009; Saito et al., 2009). Table 12 T A A9 slE AF F4 SHULEZA, a7

24 dgsty & & ek

oy

AN

flo

ANgeo 27 F4

Table 1. Starting quality value of the beef sample

Beef part Pseudomonas spp. LAB VBN (mg%) | K—value (%)
Sirloin 4.1<10° 4.1<10° 8.808+1.42 49.76+2.56
Round 8.33x10" 8.33x10" 9.275+1.75 47.37+1.94
Shank 2.5%10” 2.5%10° 9.3924+2.22 51.45+1.92
A2 A

[sothermal conditiond A+ 35 A

il

35 747 4, 11, 18, 25C=Z AFA F2ud7]
(incubator)ol] H#3ste] AFHAAES AA39 Y Dynamic temperature 23S Table 23 Fig.
20] Yetd g3t A2=2 yo] AASA Y. Dynamic 18 7|5 WAw (4C)o w3
< A5 WY Aolal, dynamic 2 WAL (4C)d 2¢7F B F agstry] 98 A
(30C)ell WA eFA= A A9 Wkt Dynamic 3+ 297 WA (4C)e] B3
< agstr] fa AL (30C)e BAATE thAl WA (4T0)e A} AS B+E D

Sk A o]™, dynamic

Table 2. Time—temperature profiles in dynamic temperature storage experiment

Case Detention time (hr)
4C 30C 4C
Dynamic 1 Infinite
Dynamic 2 48 Infinite
Dynamic 3 48 2 Infinite
Dynamic 4 120 Infinite

_39_



Fig. 2. Time—temperature profiles in dynamic temperature storage experiment. ((a)

dynamic 1, (b) dynamic 2, (¢) dynamic 3, (d) dynamic 4)
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B A

Ha71e] A F AHAS intervale Fi FFHALE HAAIFAY. A Al mE o] FH
HhAl o 2= 7} (binomial) 2 H7}stHth. % H7F dolHe B84 % (uncertainty)E A
Ya slof, HelHZFE F&3 o|HAAXZNE BUEsH77E oj# sk webA A% AIzER o]
AL BEAE thsted 2229 IJAEHS ST B 5FHIA B, AlE T
Aol v sxulgn AEFeH UgdA 256 S g (24-35 ages, 14 females and 11
males) 2 AAstAth #sA e B 2HSsol AAE /N FZ(private booth)el A 3138 =

ATH A5 ofHEAH ARE ti dde A el AAEHo] FHAo|Y] Wi, HEdT
2WHESt, gk AR 50M 9 TEsHIE ATt olHAAXNZE olHIN FE(Px)FH A
& A17koll tiale] Px=0.5¢1 A|Fo 2 4t}

Kinetics of off—flavor development
Az wgk 237] o] HIAY AIZES =T 4 3+ kinetic modelS 7] A T

L 9] jsothermal ZANAE 0 19 AFE w75, o)|FH7F YA &= A= 0, 9]
(

e
o
e

A7 e A5e 12 A& Wz 88479 Asus (ke olHARZAATLH dA gt
agal o] HAAAIZFS A (1)3 #o] Arrhenius A o2 e 5 o).

(1)

714 tge off—flavor development time (ODT) (h), A= pre—exponential factor (1/h),
Eaye activation energy (kJ/mol), R& o]|A7]Al 44 (8.314x10—-3kJ/K'mol), TE A&

(K)E 9mgit. 4 (D)9 gl 235 st 2 (2)F F=8R e, Steady A £719]
Ao 2 HE oHILAAIZH(tR)e] A=W, Arrhenius FFad st UAE 3] AE A8}

of WEse v AHest

n()=ma+ (5) ) 2

Dynamic conditionol] A1 2] ©]FH AA A7t AEE numerical solutione & 834t Momentary

tR1, 1/tR2, - & 2 (3)°] ot} A=A 21 §ho] 10] S, o] HHA A trigger
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pointo] EEd S ou|gt). a2 EZ tRi9 & 2] (4)F 2] (5)o o3l AXE ST}

tR1 IRz h trn ( 3 )

A. exp(g—;ﬁ) ( 5 )

A4 Ate £3HA QD AIZE intervals 9RlshH, T2 1M 225 T3tk At/twe ¥3)
St 2% AR T o &x 7oA At Betel ¥dojd potential development of the
off —flavor to a trigger point=A], 7L F3gto] 10] HWH HIEA] o]FH 7} AAHL o ndtct MS
Excel& ©o]&3ted Fig. 33 o] Z+ 2% ©Ad W potential development of the
off —flavor to a trigger pointE AAFs}lal iterationdtd] 1o =23 L wjo] A|+S FH= ODT
2 L&A HEHoE ARjtE Ede ODTY oSX9F A4F3hS Hlwste] validatedt
o},

Fig. 3. The algorithm calculating the final off—flavor development
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A A4

o, o]

5

o]H A AZE (ODT) A4S MS Excele AHg-

4%

=1]
A (ODT) 9] A2 3R

Kineticse] A&

A+ 3T

SAS 9.1%

Ao
=

=
™

wK

byl

oju
T

N

13 A]

o g o

!

%

veel

X
N

]

A

749

non—isothermal

z03

o] FHAA A 7S isothermal

31719
[sothermal ZZAA]¢] o] FHAA A

™, non—isothermal Z 7oA 2] o|FH AR A7+

BrrstR o (Fig. 3).

=
=

o2 4 (2)
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Fig. 4. Logistic regression of off—flavor development time (ODT) of the beef under
isothermal conditions ((a) sirloin, (b) round, (c) shank)
[sothermal XA Fig. 4& thekst A&

<= i3 ALY Z2HE HoEd

Px=0.5¢1 A& olFAAAATLE Fom, AF AZte] Fhghel wat o] HAAAS

=]

23S BAY (Table 3). F-918 2 Blws] BAS o, AL} ol Bl AL o] FHH A A
(2009)2 d

Zbo] #HSS YERRY. Barmpalia—Davis et al. beef

frankfurterst= < AHezS xd A XY L. monocytogenes®] @47} 8.0 log CFU/gdl &

S ANgES A

@ok= H o &2 AZdol ZYe HAsth Atle AT 9=l wla] A2 Fo ANs

S 97) wWiel, ol AlEle] o|F AR Azl T AA UEE Ao

Table 3. Off—flavor development time (ODT) of the beef by logistic regression (px=0.5)

under isothermal conditions

Beef part c Off—flavor development time (OFD Time) (hr)
4C 11C 18C 25T
Sirloin 218.42 87.49 43.38 23.53
Round 199.56 103.99 51.19 15.10
Shank 156.72 69.51 31.84 7.94
Non—isothermal Zz1el| tj3}ed, Table 32 x|EFH Fo| AF ZHo| FAGIo] ALl

B3l o] HAH A A7k

=25 HAFY. o|AL isothermal ZHNAE 28 4 A+ 7gFo|t}.
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Fig. 5. Logistic regression of off—flavor development time (OFD time) of the beef under

non—isothermal conditions ((a) sirloin, (b) round, (c) shank)

Isothermal Z71o|A ] o] HAAAIZF el
Isothermal 2713} non—isothermal ZZo|Al o|FHAAAIZFE +3 v} o} [ (2), Fig.
61. 3719 A B9 % 25 oEAS YUeldE= Arrhenius relationship 2 (6)o] & 33
3 0
97265 YERAATE (Table 4). ¥+ Arrhenius relationship2 AW Q1 &ujjo} 82 o] 3}s}

rr

O

A¢ % 4 oAtk R g AT AF 09596, $EH A A 2

0 &
kg 7|23t} AlEle ES Bl &Rsta doeH, SFY olHAe AR T 2F 84 F
BoA wAEo] AAso 2 WASIt} (Barmpalia—Davis et al., 2009). 5 AM&E 1y

_45_



o, Alel= Arrhenius relationshipel] wj-¢- 2 B3stty & 4 Qo 2% JEAS Y=
GAZNUA = AHEL 73.54 kIJ/mol, L 82.57k]J/mol, 18]31 A+ 95.07 kJ/molS U}
ERWit} o] w3 FEo] FHE AE, FERY Fio] e AHYE &% Ut o) ¢ &A43)

drhn g % 9l

flo

Fig. 6. Arrhenius plots for the temperature dependence of In(1/tR) for off—flavor

development time (ODT) under isothermal conditions

Table 4. Parameters of Arrhenius relationship under non—isothermal conditions

Beef part ko(h™) Ea (kJ/mol) R’
Sirloin 3.83x10™ 73.54 0.9596
Round 1.63x10" 82.57 0.9683
Shank 4.75%10" 95.07 0.9726

Non—isothermal ZANA ] o]FH AR A7 o=

Non—isothermal FAA =,

Fig. 7. Comparison between beef ODT model value of and nonisothermal ODT value
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A2 ZdE Hrstr] fsiA A" solution (Fig. 7)9l
A9] ol ol HAAAIZ T AP F3F o] FH A AIZHS Bl w s T




Table 5. Off—flavor development time (ODT) of the beef by logistic regression (px=0.5)

under non—isothermal conditions

Off-flavor development time (ODT) (hr)
Beef Dynamic 1 Dynamic 2 Dynamic 3 Dynamic 4
art Non- Non- Non- Non-
p Model Model Model Model
isothermal isothermal isothermal isothermal
value value value value
value value value value
Sirloin 193 220 57 70 164 164 124 130
Roun
228 230 56 56 189 210 125 100
d
Shank 180 230 52 48 113 100 122 130

AwE oz o olAAANNT AWk ol zke] Folsk EAFAG. olE 4 (DoEF
e

A Aoz Edd AEe Edo] A e wE AAl olFHHANS A

5o 2 g 249 JAGAEA ded E4ES e 4 o, nud

goz Vg Wasl e BANG F, A1s)9 4% F WAHE PAAS 55 w5
o 243 WREY Y

_

71l R—index& &3t FoFH HARAS stal, Pseudomonas

E3}e] signal reference(37C, 48 hours =<t A A3 &a7))3}
noise reference(—2C, A& AjFte] gle A Hu7))E FEHo] 7ts3t=F ot
Stimuli samples(A% &% 2 AIZF ¥ 2317])9} noise referenceE o] AlFste] Faf3 &
A o]Ro] stalwo waEl 471A] F7k(signal sure(S), signal unsure(S?), noise unsure(N?),
noise sure(N))2.2 H7}3tA St=F AT =<l 25T W 2521 5T F 714 Al
5 A% Azre]l F7hgel whel R—index ko] F7Fskth 25C9 A9 A7 36413t 74A
4% ¥3E Holtrt 3641%F olF wnkst ¥sE How, 5Ce AT wg &5ai
AaH oz wigstth sid /A R—index7t f+oF a=0.05 B a=0.01°14¢] BAXE
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e AR B3 A AAALS Fetdoh Fafd 38 JAA L 0=0.059 A-F 25°C
o 4] 30.92+3.47A1ZF, 5°CAlA 169.80+£11.27A1%F, a=0.01¢] A$+= 25°ColA 34.80%£4.01
AIZE, 5°Col A 176.41+£9.89A17F 0.2 A H AT FafjFH7F DA H AT AAEH A4 A7
Pseudomonas® v AF &% ¥ xpol7t AU, Hostdcty AGE+= 6-7 log CFU/gl
AT FARG. ol P Eo] Harle FaF A V= JAT, T v {587
o 2, AW A}, YA &4 F9 8dE F3jFH B TAgitks AS AAMgHH

d

AN s

B ATl e AAlFolH BlaA ArdEFo] TRt &ujAbEo] Adzse AES AR
2 Argstach Agel ALER 1719 oY Alge e 2tk ZE g4z e &
AR 297 AR B9 SO EEsm 4HoE 2¥FF 5 —2C ~ 5T

AR FH 1555 AT $53 A2 F=9A(MCH6001SI, DongYang Magic
Co., Korea)Z ZA vldsl 24zt 10 ¢¥ AFsla, 50 mL ZEFH| Yo FH|sAT. 7
A 5

)
ANEES Y22 5T A2l 257

Pseudomonas &7

AOAC(1998)°l 71Al=o] = WHE 838t A3 stk Z42e) A& 5 g& 9vd
sl bufferfield's phosphate buffer(IDF phosphate buffer 0.0425 g/ of KH2POu4
adjusted to pH 7.2)Z 20 mLol] ¥o] 187t #Y3A vkt H ©A] buffer 25 mLS H7}
stAth 0.9% NaCls AR&3ste] ARES gt JMuj+= Ao "Eas] & A 20
mL CFC supplementE 713t & Z3 o HAZFe] HYS Ao =¢slar, 30CoA] 484]
g F LEE Aeath nAE AFS 33 vE A3 A= = AR

g3 colony forming unit(CFU)=Z YeFHUT.

rlo
o
ol
_,d

sid 17

it 1679 (Fd 89, o4 8%)S HEdE AR, ddE
oA Hur] Ao WAL FIAHAE dsstAl 7] sk signal reference$t noise
reference2 A AAIH S £33l Abd FAL 9 th(Larmond, 1982). signal references
37ColA 34zt B#= o BujFH 7 HASE Fol§0]a, noise references HA W3 229
—2CoA BAH 21452 oudlt}(Robinson et al., 2004).
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R—index &5 AA}

7 ARE AR 15 cme] AAG 10 g4 Zulste], Ta9 AAe £A= wolsan. 7
duse Hmvle] RAAS 527 VI, 3RT AT FAE SolnH A Az JTL
csistdn. WbE Ave EulE H7Ed AASAT. WhEd: Amel Szl we}

signal sure(S): "AFAIE7} signald L 210" signal unsure(S?): "AFHAIET}
signal? HYsIA 9k 282 B3l noise unsure(N?): "AHAZ7} noises} FUdA| gk
Falet A= Zghoh", noise sure(N): "HFA|S 7} noise®t FLstH FAIFTH" 4712 T
2 FGrietaoh 43 F Hd=0] noise referenceE B3] JAA|sH7] 9t st FAIR

AFstHon, AFde A)g¥ F 53 HHESA T (Robinson et al., 2004; Park & Lee, 2008).

R—index 2F&
D5 HAAE 531 AP R—-indexztS O'mahony(1992)0l &J3te] Bu® 2(11)9] 9]}
o FAZ st Bi & O'mahony(1995)0 o3 Bie FAXE ©]&
= R-index @ ZAAAES &A1 F94 FF& FSHAHC
tails) 9 a=0.05 == 0.01S A &9t EA XY critical values R—index7} ZAAHA] &&
# 50%22FE gl Fo] Hlojus AE YeEl= ghol7] wiel FoiH HA BAH
R—index #2 BARE ¢ ol 505 dgt g2 HristAoh (Bi & O'mahony, 1995;
Park & Lee, 2008).

Signal Signal Noise Noise
sure(S) unsure(S?) unsure(N?) sure(N)
Total
Signal a b c d
=a+b+c+d
Total
Noise e f g h
=e+f+g+h

(6)

Haullz @A A A A 7H(threshold) 4F&
Bl A ZAXAS A EE ZAAARES Hdste] AFESH T (Robinson et al.,

2004). AP 53] WHESHOR H4E Tk A

fru
=
I
(@)
il
offt
X
=5
2
2
o
Qﬂ,
£
o
)
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9 R-indexE sl =% A Al F3iF DRI = Aaqdn. JHE ezl FaF

AAHE ek, 15% 9] Bk Tk

AN
R—index ¢ Hi, TFHAx 9 37 B4& MS Office?] Excel2 0] €35 2™, R—index
Zx9] =¥l (multiple comparison)= SPSS 4] ZZ 18-S A&-3F9 )

K
s

. 2w

s

ﬂl}&

AR T 431719 Pseudomonas 529 WH3ItE A3 Ad= Table 63 2o F AR
BF A 7|7to] FUslal L5t BE4E IS4 WE2A Frlele S Bt dubzo
2 S F ®132, 9 log CFU/g¥ wj Ao

Foa BusAtH(Shin et al., 2006). 25CoAe AF 60417 € w), 5CAN= A%
168A12F o of 7 log CFU/gs dol 37t 2 Utk gk 25T A9-ole A% 844
g o 9 log CFU/gdll =23te] 7]&9 A5 AR} fFAEHS EAh

Table 6. Growth of Pseudomonas spp. in 25°C and 5C during storage (log CFU/g)

Time(h) 5°CPseud0m0nas spp2.5°C
0 2.72 2.18
12 NM 4.26+2.05
18 NM 5.21%+2.19
24 2.97+1.06 5.8612.46
36 NM 5.94+1.06
48 3.44%2.04 6.92+4.26
60 NM 7.14+1.56
72 3.88 8.23%+3.23
84 NM 9.04%+1.33
96 5.43+2.83
120 6.07
144 6.8+1.77
168 7.7+1.48

217 FajFH] &S sde R—index
Hgd 16HS signal reference®t noise referenceE YFYU =<F wjd 30% =< 1034
=

27 sl A%eA st AR AL sa, ARAAE AASAT. A A

rr
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A(signal reference), B(noise reference)d] thsle] Al 79 A|BE AASIILoH, T AlE=
21 3 AlB= 924 st 6714 HIXZ 53] WHE 3P THKim & Koo, 2003). = A3 15
He AHE 60%°l4S THsIoY, 182 AEE 60%E FHsHA Ealidt. SH3sHA X

=
@ o] BE 19e o) A5

lo
>
=
)
o
v
o
<
Je
ol
or
£
b
™y
by
>~
ﬂ_,
ﬂl
>,
>
ol
iR
_‘Y\_l‘

87%= Tt ATh AHA AL BHE 1695 1582 ASHAALE A, 1982 o4 I
gz 39t Al5¥ R-index g2 O'mahony(1992)0l] ol Hu® F2o six == F
2bste] Hrbstdar, A Al7bell wE R—index®] H gk EAMEXN 9] ZAyl= Table 79 2
o A 2% R-index @< EW 25C o o 95 2 FX& YUY d& &
A7 364170 HUS W 25Co| M= R—index#ko] 90 Wol RyFHE HHIASS YeERHA
=

e

a1, 5CAd A= R—index#te] 508EE 7|53t ©}&2 noise referenced] 7M7ls& &o
T AU ol =L 2LA FIFH Tl ¢ wel dojds HoAFd. i A%
of th3te] Al7te] A F4= R—index Z7}= signal reference® ZH3ASS gr|dhs &

A} (Argaiz et al., 2005).

4

Table 7. Means of R—index for the Storage times 25C and 5C

Temperatur
Time (h) vs. R—index (%)
e
Time 12 18 24 36 48 60
54.33 | 67.30 | 78.23 | 90.67 | 94.66 | 98.28
25°C R—index + + + + =+ +
3.16 | 4.82% | 2.62" | 2.18° | 1.89Y | 1.50°
Time 36 72 108 144 168 180 192
50.60 | 58.09 | 71.20 | 76.67 | 82.90 | 93.32 | 97.62
5°C R—index + + + + + + +
2.19 | 3.28 | 2.28* | 4.14° | 1.41 | 1.67°| 2.00°

47 Means*SE with different superscripts in the same rows are significantly different

(p<0.05, n=15).

R—indexoll &gt Faj3 TA A=A Azt

o A A A S8 FaF w AAE FES] FE R—index gkel AAHL
Bi & O'mahony(1995)°l &Jsf H1ud TARZE A&ttt Fo3 T O {FoF +F
FZ=AH(2 tails)e a=0.0594 35%, FZAH(2 tails)e a=0.01914 39.49%em™, 77
50% (chance value)Z Tl 85%9} 89.49%= Fuj# T AA A R—indexE Attt I

,4
0
Lo

Fl

rlo

~
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g Qe Lxwl Buz vy A7+ 43 R—indexe= Fig. 89} £, o] HA HAsl &
A &3 Ax= Table 89+ 2t} A|7HE R—index HT gty #o] RE &% ox A &A1)
Z7kgt) wel 2 e E71skdT 25Tl e Aj7te] whE R—indexdte 71&7]+= 12-364]

AU W FANA FASF OF 3647 ol FRE dws Ax FFES Rtk oF 3092417
o4 a=0.05 #olFEe AAHS Wew, o

34.80A17tel A a=0.01 T BAHS 9
Aok FaFH FY o] AAALE e o]F] R—indexgt2 wi-¢- AA8] F7}F A 5ColA
o] Ajzrell mE R-index#® 7127l WAIFoR gvto] Frtsle AFS EA

169.80A1ZF A a=0.05 FrolFFY AAMS AL, oF 176.41A2F a=0.01 g

ARE Aok 7 79 A% e = ay o] AAAE @ o]Fo] R—indexgk
¢ A3 F71 stk A% &xW a=0.059 a=0.01 FoFF] AAHNS dr7] Azt
s R, 25CoE 3.88A17F2] 2ol B, 5CoMe & 7.6143He =olES YEhY
At ol 5C ¢ w R—index@® 712717} &9t 7] WEolth. £ AFolxe Fo3H <
219] 79l 7+ 2ol ;s oA Rusigoin BHEE 37CAA 397 REE HuE
AFEEtR T R @A AR A)AE signal reference A& 9l FE5AS BHY £ Atk
=, B0 g2 Aoy 22 2ToA BAE AEE signal reference@ ®StthH RujF A

ANZEE O kg A S ok

fo o 19

uN
1z
i3
e

o

Fig. 8. One panelist's R—index measure for storage times at 25C (top), 5C (bottom)
and R—index values of threshold at a=0.05 (__...) and 0.01 (__ _ _ )
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Table 8. Means of spoilage odor development time at R—index values of threshold at a

=0.05 and 0.01
Significance Spoilage odor development time (h)
level 25C 5C
a=0.05 30.9243.47° 169.80+11.27"
a=0.01 34.80%+4.01° 176.41.08+9.89"

4> Means+SE with different superscripts in the same rows are

significantly different (p<0.05, n=15).

A7) Bz HAH Pseudomonas® 219 wlul

Table 62 W& S¢S JAARYst AF 2= a=0.059F a=0.01 Fo|FF2] H)
A LA BA AE ddste] Bt A % 25TCdA {94 FFo] a=0.004 o o
30.92A)17r0] Rl B AAA AR w9 Pseudomonas®] FA+= ¢k 5 log CFU/g ©]
A, FoF FFo] a=0.019 wf °F 34.80A1F FIFH B AAAFolEE au e
Pseudomonas® X+ 9A] ¢F 5 log CFU/gg& YEUAY. A &% 5CoA #9948 =+
o] ¢=0.05¢ wl <F 168.80A1ZF FHF WA AAAHo|=Z awje] Pseudomonas®] G
°F 7 log CFU/g °]aL, 93 FFo] a=0.019 W °F 176.41A1zto] F3fjF] T A Ao
v 2 w9 Pseudomonas®] A= 7 log CFU/gS B& AR dAEoe] Rurl HASS
& T AT wEkA Ao wE FIFH LI Pseudomonas®] FAE ¢Fre] ApolE
Btk gk dyrd o g Ryt 2AHAT Yele P8 ES] = 6-7 log CFU/g ¢1H
Hisled 25C9o 7% R dAo AHE aHY ojdo|fal, 5T g FadAel fA}
ANFo A BHHE A & ¢ JAAT. ol Pseudomonas7} ALdo|RE &% ¥ FAo] t}
5 BoFH, Harje) FaF EAq] HdQle] # = UAAR 1 Hhol]l Enterobacteriaceae,
Brochothrix thermosphacta, lactic acid bacteria 5 ¢ ©Z &9 =2 FE3AHe o4,
Zuke] Akl WA &4 5o HUmx V|AsHS yeldY. | signal reference A& o3}
of B3l HAANDE FE58E Hol|BmE FFo el <Ql signal reference A8 W& 2§

stol Hoh wAg Wstel= FIHE HAAL ¢ A= A7t o] FoHoF T

>
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et al., 2004; Park and Lee, 2008).

R o] o7} WA HE 2]317]9] signal reference®}

21317]¢] noise reference



R—index T HA}

A& 156 cm® 3IF HAlel AEE 10 g¥ FrIstaL, 7239 Ay =x=2 #7180
S A7 o]HE b2 T v AR HXE FEFS Fol7] st 3 A%
715 Bolvtit. HrF Ay AFE HuEEd ZIAEATh AwE Hrgd e AR 4l
Aro wel "AHAE 7} signal¥ FLsH A" signal sure(S), "AF A&7} signalF
TstARE g4l 4 gtk signal unsure(S?), "HFAIE7} noise®t YA AT S

$Ath" noise unsure(N?), "HHAF7} noise®} FL3H 41T noise sure(N) 471A]
Zhelael 2 Hrbekde. #e Ak Sol= 3250l noise reference®] FAE7E Holx TRA]
A=A 715 Yot AFsAdet. AFL Al7g E F 53 wrEsle] A3 H(Robinson et al.,

2004; Park and Lee, 2008).

R—index ¥ A& 5 o] TA AA Az (threshold) 4F=
=4 % R—indexZt& O'mahony(1992)oA Hi®E 2(7)&E ALY FxE WHIsE T
TE3E AAAY R—index S Bi®t O'mahony(1995)d] oJs) HAedH EAREES
9 a=0.019] FSHH(2 tails)S HEL&3Aoh
AAQ R—index §t FAZES el 50%E ©vdte] Hr7idnh 2 oF
olF7} AAEA & U 50%F2 FEH driy "o HeEAE

o]t}(Bi and O'mahony, 1995; Park and Lee, 2008).
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a=0.05

siS)|

=

X9 critical valuee=
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unsure(S?)

Noise
unsure(N?)

Noise
sure(N)

Signal

Total
=a+b+c+

Noise

Total
=e+f+g+

r:tJ

39 tH(Robinson et al.,
AstAct AAHE 4 W R—indexE

2004).
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Ag 229 o]F WAAzre 2 FeAH(Park and Lee, 2008).
AETZ &4
Pseudomonas <7

Zr7+ol A8 5 g& HHd 3AN pufferfield's phosphate buffer(IDF phosphate buffer
0.0425 g/L of KH2PO4 adjusted to pH 7.2)E 20 mLell ¥o] 183 #d3tA miaig | o
Al buffer 25 mL& 78t 0.9% NaCls AREste] HAS o4t a2 AT
da] 52 viAo] 20 mL CFC supplementE 713k & Z3 o HAFe] HAS wjAd =
Tekar, 30CelA 4841 w3t 7 g Alsiih

Lactic acid bacteria(LAB) &4
LAB ¢ =A% mzrtx=zE 24219 A8 5 g2 dWdd 3N bufferfield's phosphate

buffer(IDF phosphate buffer 0.0425 g/L of KH:POsadjusted to pH 7.2)& 20 mLe] o] 1

B2 A3 whasE § g2l buffer 25 mLES M7 0.9% NaCle AF&3sled 7Y

< e E vk e g MRS wiA| &} A o] HAS petri dishol] Fof =3

S 37CAM ¥4 2A0E 4847 MY VAR AP 33 w2 AYPL Fa, A

BB e

8 g% colony forming unit(CFU)E el it

o|g}st2] A4

Volatile basic nitrogen(VBN) =4
A 71" AAE ConwayH s o888t A5 bgoll S/ 26mLs ¥ & 4o 30

T AE F A, G40 €l Zol gixe FEde VIEAE 1T S

HAHof| 5% FibS ARESt PR

%
A7 WAdel 0.0IN &4t 1 mL7ksh 5, #b7] ofd Si%o)] g@ibdg 2389 1 mL<

5

Y1 QS Yol 9JAe] S-S o] FUt} ojuf a3 Yo 8o Aolx| A Fols}
ofol St} 25TCAA 60% AX] T FiF&Yo Brunswik A|FS 3k W2 Hojxmdd & 0.01N
FAJUEF o7 HAslA, ol 2(8)ez il

(8)

714 ae B AFANA HAZA(mL), b= & AP HAA(mL), d= FAusF, We A&



o] ¥(g), f & 0.01N NaOHE] 9d71& 9u|H(KFDA, 2002).

pH 57
pH meter(Seven Multi, Mettler Toledo. Co., Ltd., USA)E A}&3std Alg WF 9 pHE
A3 A

=]

2R 3]

=~

[\

Ho

Chroma meter (Model CR—300, Minolta Co., Japan)E A}&3}ad CIE system® Lx, ax,
b* S A=A T

Warner—Bratzler shear force (WBSF) =3

WBSF =74 Combes 5(2003)2] WHol 93l A|RE S/ WEFoZ 1X1xX2 cm(7}
EXMEXZ0o]) ZeA =AY Y. Texture Analyzer(TA—XT2, Stable Micro Systems,
UK)ell Warner—Bratzler bladeE &3t SA3AT. 717] 272 pre—test speed 2.0

mm/s, test speed 2.0 mm/s, post—test speed 5.0 mm/sZ A5}

AR ZF FAWH3} kinetic @ L&A B
H52 R—indexol 23 o] HAAAIH
52 o|HAXAAHY & o&EAo 7 vHluw BAFY] Y3t o|HARAAAS try I

£ Fsto olAMA wSEES NEde® 3HFEte] Arrhenius—like S 78t 283k

(9)

A7A g ©]FHAAAIZHh), AE pre—exponential factor (1/h), Ea.n © A3 |4 A
(kJ/mol), RE& o]71A744(8.314x107° kJ/K, mol), TE A= (K)E 2oudtt}l, 21(9)<]
Fuol 2aF HAstd A(10)E F=3ALH Arrhenius FFFE FFARAE AEE

A8 o,
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(10)

ZA90xo] W3} kineticstE 0

dfo} 2ot

(1), 17 982 A% 2(12)& o g3t

(11)

(12)

Pa 211 d=e 1

J|

g 4
=

A5 21(12)2 exponential EolB=Z Fro] AR

FEH 2(13)% 2o

)

(13)

K

"

A Rl whek 4(11) E A(13)& AH-sHeT

FAEH.

Arrhenius 2} (14)%

e =

o
=

(14)

i

g o

(1/h)e]lax B= 2)(9)9] A9} #o| pre—exponential factor

PN
T

<

—
.

A7 ki w2

4

S

92 m™ Arrhenius A4S 3 AEA

(15)& F&=3s

g Ashel 4

off 211

Ll

%

ok 4(14) 4]

(15)
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A4 % e 2A3 R@e o7 AL AL B DA g Hole EA
AAE GA) Astel thest L FuAFL AFHAG AN WA FDAA

o] Wabe= 02k Whg-o] A(11) Ee 12 w59 A(13)e 2(9)E thdste] v53 Zo] Azt

(16)

(17)

2(16)% A (17)& FE ol HAA AR FA st HA Eaast &S e 0|5t F2<
Akl A5t | A EapZk M2 2o FHWHS= B/A (AT A5 AMEE ] o] HAHA

ARl e 2= ale] & AT e Hdes &  Add. d3Hoz oFTAS o
5

T
Dy

M E AMY FAAAE APAANY 2= FYso Frre WHS A
o, oo uet 14 A FAAAE AEs
A A

g Zzhe] R—index <] 15%1ol oigh H¢ ¥ EFHXE A&, a=0.017 0.05
FTolAe R—index FHFES HIAE t—testS T3t 1 Fo4dS #AA3ATh Kinetic model
a9t Arrhenius e ARSI A=A A ZE2a o E MS Exceld SPSS&
AH-&-3F A T

off

B

ol A3

al

e

7] o]FHo| T3 gde] R—index
Hdeol AlFge] Uk IHEEE TS Yol AA " A F-d3 AHHANE A(signal

reference), B(noise reference)Z A 7§19 A|8F X3P3HTt F 671A vz Wio =z 53]



AA] A THKiIm and Koo, 2003). 1 A% dd 25 FHE 60%°13S SHsted F71 AHA
&3 glo] HlE WHAALE AAEATE R—indexzt< O'mahony(1992)°] & AHaldE 21(7)
£ ol&ste FXE s, Har] A % E Agte]l thgk R—index o B
Table 92 YelAAT AF 257} ¥ 25ColA 73 W] R-index HaXo] =Ls3th
25 Co A= 24417k, 15Co = 722413k, 5Col= 168A17F A 7Y =& R—index %S 7]
23l A Azto] ZojALE signal reference E WIS & 5 AATH(Argaiz et al.,

2005).

Table 9. R—index vs. storage time for beef stored in an airtight container at 25C, 15T

and 5C
Temperature Time (h) vs. R—index (%)
Time 12 18 24 36
63.33 | 99.85 | 100.0 | 100.0
o R—inde
25°C + + + +
X
5.817 | 0.25 | 0.31 | 0.12
Time 18 36 42 48 60 66 72
51.00 | 52.22 | 56.67 | 61.48 | 95.85 | 99.04 | 100.0
15°C R—inde
+ + + + + + +
X
0.56 3.85 3.58 6.35 2.68 1.00 0.12
Time 36 60 72 96 108 132 144 156 168
51.00 | 53.33 | 56.67 | 60.37 | 63.33 | 67.77 | 71.84 | 95.56 | 100.5
5°C R—inde
+ + + + + + + + +
X
0.97 4.7 3.85 4.64 4.05 5.60 5.09 3.08 2.01

U Meanztstandard deviation (n=15).

R—indexoll oJg+ o] HHAAIZE

o]HAAAE Bi ¢ O'mahony(1995)] 98] RuE EARES A& ZAAH9
R—indexE A3ttt FAEA 3 Fo3F $FL 0=0.05914 35%, a=0.0114 39.49% A
o, 7} 50%(chance value)E Tdtd 85%9F 89.49%% o] A R—index ZAAHOZ 3
sttt g JiQle] & W o]HAAAZE Fetal, MA Hd A= Table 109 2T
25T a=0.05 FIFFY ZAARS < 15.44A17F a=0.01 FIFFY BARS <
16.21A17ke] o] o]H7F AAEHAL, 15CAME a=0.05 5T BAHAES <F 56.11A1%F
o a=0.01 FoFF9 ZAAFS & 57.67A%kd do] o]FH7F HAHIJLH, 5CoM= a
=0.05 frolFEe AA™S oF 151.43A7 ] a=0.01 fFrolFF2 AA™S oF 153.504 70

dol olH7F AAHAT. olHAAAAZ-E 2 Foll= R-index ol A3 F7F skt A



Z ex ¥ a=0.059 a=0.01 FYFFY AAH A7 vwstdE 5CoA BHAE AHo| <o

207/ 714 & AelE Ueginh. o 0w o] Wa} o] WlawE A3
Yol e ofrldt. eRoEA M BAS N o Bern BREE 0=001 §955

o] ol ARAAZE ol &AL,

Table 10. Off—flavor development time for beef stored in an airtight container at

R—index values of threshold at a=0.05 and 0.01

Significance Off—flavor development time (h)
25T 15T 5C
level

a=0.05 15.4440.72" | 56.11+1.41"° | 151.434+0.28°¢

a

a=0.01 16.21+0.51° | 57.67+£1.20" | 153.50+0.76°

UMean=+standard deviation (n=15).
47¢ Means with different superscripts in the same rows

are significantly different (p<0.05, n=15).

231719 Pseudomonas, LAB S5 &A% AL Fig. 9. (a), ()} &
o AT & AVEA AREE AWE w AR 7)3te] Skt AR 2o ol
g £52 SUFen ] uAEY] 7 6~7 log CFU/goll =23t Fai7F =1, 9 log
CFU/gd w) AAo] WEdal B st (Shin et al., 2006). Pseudomonas® 73-F 25T oA
= A& 24217k, 15Co = AR 48217k 5T = 132412 & w) 6 log CFU/goll =E3H4
Ba7l AZEPSES & F YAt 1 FTox A& &% ¥ Pseudomonas® FE 9~10 log
CFU/g7t A Z7}V8t= 42 Btk LABE Nattress® Jeremiah(2003)9] A4 A} ek
7} 5 log CFU/gell =2stls o o|F 9] s|8=7F 543 Zadtta Bud v o 44
LAB®] #&te X713 2 log CFU/goll A A A3 F7tsted, ol FHHEAAI A 15, 25TC ol A
FY3A 5 log CFU/gE 718 AW 5ColAE 4 log CFU/gololA Lxol&E Ao =37

A Uehd Ao ®E HAXY, o2 wFo] Hol A5 ALlstd LAB & S o] o]F LAl

rr
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shetEQl HEloj=9) ofm=ito g R o] VBN 2 FFshAl Foh(Al-Masri and
Al-Bachir, 2007). A7t ©& VBN & &9 W= Fig. 9. (o) WeEliglth. VBN
TS 27)%2 5.76 mg% oAy AFAITY AR, AFLEIE #ETFE T34 1A
o} Park 5(1988)¢ VBN ¢ 3&Fo] 15 mg%holdo] =¥ o7t wAstha s, 2
F3A Me 459 39 VBN 9 o]l 20 mg% ©let= 8= Aok A =71
25CY 7% 36~48A17F 15CY ZA-$ 48~60A1%F 5CY ¢ 144~156A]7toll A VBN Zko]
18 mg% ©lde 2 Frtste] FHHASS & F AATH EF 15TCollA 138A12Fd v FH 11X
91 29.05 mg%ZE 71E3A .

Nattress 5(2000)8] AFolA Hx7] AR F pH o WIE Ha F7i3ctay ®Budul
Atk A F pH7E F7F AL FEotv=ate] A4, 4 T 9 dFEHo Wl %
A s A B EYole] AAH ofmike] ESE 1gh Zlo|th(Shin et al., 2006).
A7 A zkel] wWE pH 9 W3} YA Fig. 9. ()& 2ow, B AF% %7] pH 5.54%0.015
o) pH 5.65+0.11374] A5ate], 712 AT $A8 2732 Jehfde.

Warner—DBratzler bladeZ ZA3 Ad= o] Ayt= Fig. 9. (e)9f £oh. AA7|7ro] Zdojd
2 WBSFE Z7189 o, olHAAAZY 25 ¥ §9948 Jel A &ttt

L#, ax, bxgke] A& A= Fig. 9. (), (g), (Wl et A &= ¥ Lx, ax, bx
T HAHoZ AASFAY. AT AF Lo wEt WMt Hxo] zo]lE BT 25ToA A
e Hale] A ol HAAFIIAA L=, ax, bxgko]l FA43] FAste Ao wkste] 5T A
AZE Ao As we A8 FrrekAnh S axgke] A ol FH7E AAHUS W H°E

=

exo WwA Q43 go] £2ed A% exo B WalEwe & Ao|E woll} ol

lo
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Fig. 9. Time course of the quality variables of meat during storage at different
temperatures. 4 5C, W 15C, A 25C. (a): Pseudomans. spp, (b):LAB, (c):VBN, (d):pH,
(e):WBSF, (f):L#value, (g):a*value, (h):b*value
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Fig. 10. Sample data fitting for one quality variable (VBN value) of beef stored in an
airtight container by regression analysis with kinetic Eq. (6) and (8) of 0™(a) and

1°(b) order reactions, respectively. ¢ 5C, H 15C, A 25T

BTl
VBN o % Wt 0% wrgol © JMAROm, Ly, ax, begk, pll, WBSFE 54 w85l
A 9-70] glo] WHshA vhehgtey.
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Table 11. Kinetic constant (k) in Eq. (6) and (7), and goodness of fit for beef quality

variables from regression analysis with 0™ and 1% order reactions

Temperature 0%orderreaction 1%%orderreaction
(C) k(1/h) RZV k(1/h) R2V
5 B B 5.3x107* 0.899
Pseudomonas —
15 B B 1.08x10 0.849
(log CFU/g) -
25 B B 1.93x10 0.845
5 B B 4.1x107°2 0.887
LAB -
15 B B 1.16x10 0.964
(log CFU/g) -
25 B B 1.93x10 0.082
5 7.4x107% | 0.780 6x107° 0.875
VBN - -
15 2.52x10 0.969 1.4x10 0.935
(mg%) = -
25 5.3x10 0.967 2.5x10 0.875
5 -2.8x107% | 0.584 | —1.0x107° | 0.587
L* value 15 —6.4x107% | 0.563 | —2.0x107% | 0.554
25 —7.4x107% | 0.526 | —2.0x107° | 0.540
5 —2.1x107% | 0.455 | —1.0x107% | 0.468
15 -9.1x107% | 0.783 | —7.0x107° | 0.763
a* value -
—1.25x10
25 : 0.941 | —1.0x107% | 0.960
5 4.0x107% | 0.067 5.5x107" 0.085
b* value 15 —2.1x107% | 0.496 | —3.0x10° | 0.493
25 —5.0x107% | 0.538 | —1.0x107% | 0.645
5 3.2x10°* | 0.651 6.0x10°° 0.651
pH 15 1.02x107% | 0.741 2.0x107* 0.740
25 5.0x107" | 0.102 4.0x107" 0.103
5 1.349 0.520 1.0x107° 0.554
WBSF -
" 15 2.438 0.830 3.0x10 0.808
& 25 4.396 0.716 5.0x107° 0.685
o2 GAE Har] FEARL wkSE&w Ao it LxoEA % A3 UXES E3}
gt Arrhenius FabS F38H7] 98t 2(16) v 2(17)S AHESte 3 HAEA st pH
o} VBNS] &A3to U7} v FASIE ™, 53] 419 bxgto] mj$- & Aoz Yelydt
SFA|F 820 0] bxzhe] A AAAS(RY)ZF 0.5660. 2 w]$- vrol e A 3lo| U x| o] A3t
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Fig. 11. Data fitting for reciprocals of off—flavor development time (1/tzr in Eq.(4)) based
on R—index of beef stored in an airtight container by regression with Arrhenius

equation Eq.(5)

HFHo 7 o FHAANTY 2roEAL B AFoq AtH A(10)F AEEY, 0=0.01
FoFFe] o|HHAXLE IARLASAT. IJAEA Ade Fig. 119 2%O™ Arrhenius
ke 2.03x10" o)tk o] FHWA indicatore] &9 Lxo]EAL AFRHOoE VBN, pH, ax

, LAB, Pseudomonas, WBSF, Lxgk, bxgk £ A} A7} o] HAR A &3y
A8} FAFHA et ol HAPAAZEY] AN A} fARsIT . #REE 4 1E<

A% LABE 5CE A3 Uzl 15, 25TColA o4& Bt oo Htsle] WBSF, Lx
W, bk LEEAC fARHA 1, WE FAE HeltgtE ol ARAAHAA Y GEo|

Aergol glol, A4 F WA ol AR APH O 4EHA B AL F5Y

N

Stivarius $(2002)°)] 9JstH SME A Al A HEL e 24 wal W3l gFato
gt ttar B agk bf o} ol 2§ A A2l myoglobin®] 4Fsle] oldk Ao g HAZ

g pHel A9 Wake] Fo MwA =A ¢, AR ¥ & 2AE Uehith o] v)Fol

Lo

O
O>

v}

153

el

®

e



ol 9lo] Ho &gt FA/MA ATE. webs Harr]e] o]HLA indicatore o2 F
AAA; F wske] o] Falsta 7PF 2xoEA ] FAFE VBNS Zo2 AR H T

A GA A #FZ indicatorzZ ALHE 79l A F VBN 3}l steady/dynamic A

ZF—&% kinetic EUES AASAY. =, Ay Fo A steady FANA A7t wE
al A

BNe] wslo] thgh kinetic $4S H8taL, oA AL o] 2= I WNEEHEEGF
ol B kS 2 5E Arrhenius 5202 SA3IGTE T3 dLo] ofd A|zte] W 2%}
M3}l dynamic 3104 VBNS 5T 5 e FAA 7ol oF =Zdd) APy =

Z2aWe SAsATE. AA dynamic Z27AA ZAS VBN oSS vuEASY Y. £3
A F &7 AWt e tE ¢ TBA Btz A7])¢t FYsiA =dS 7paksta
i, AA dynamic ZZA A TBASH S HIwEAsidth. TBAZE A <]
indicator A&FAHo A H7Jo] HFHE o] HA Askd olfr= & HAA MY £F =4
o] shael At Ak 7S] WEolth. 2y YA SR/ FHANCE 4
A 7] W&o AEH indicatore} $HA EX o] FrlH oz u# AT

AW
2
ki
we,
ok
L

B dFoH e AFstiE SAF Bl A3e Fol 2HIAEC] dEste AEe AR
2 ARSSIAT. AR AREE Har]Y ol¥ AdE JAATY FAA 237 AbsEHI =

Z5o] —2C ~ 5CdA 209 A% BAH 15F5S A&

5% AlEe B4 &xd 2A BEete], 50 mL ZEFH| Yo dvk AXG {FAS

ZHaow FHEPTE 4 ABEL oy 52 AAE incubator(SH—75B, Biofree Co.,
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Korea)o] B#3te] VBNZ TBA B4l o] &3t}

Volatile basic nitrogen(VBN) &4
A G718l 245 ConwayHs o838t A7 5gol S/ 26mLS ¥l & 4°] 30
T RAE T AFE, A7) QoY Fot gtRes Fide VEAE 1F Sk o
Ao 5% Fihs AREStH R R FEAIZ £ Y] oA ofgfEe] 1 mL& ¥ATH

a7l el 0.0IN &ths 1 mL7et H, F4b7] 94 SiFd @ddF 2389 1 mle

i

93 BAE 9of 949 §AL o] FAtk. olm U R o] HolA WA Tl
ofof Bt} 25ColA 602 AX F A&l Brunswik Aobe & W Wolmal F, 0.01N
FASUEF §How Y], ol 4(18)2 FASA,

(b— a)><f

< 100xd (18)

VBN(mg/%) = 0.14 X

o714 a & £ AP AFA(mL), b © F AP HAHA(mL), d € FJAuF, W =
Azl Y(g), f & 0.0IN NaOHS 715 9w SeH(KFDA, 2002).

A9 AZ F A A9 AEE F2AE7] YA TBA e Witte 5(Witte et al.,
1970)9] WS o] &3dle] =AYk WA 10 g9 AEE 50 ml TE FH ¥t 0C,
10C, 20C, 30CelA 4zt AAstHA 3AZF with A 57} &3 2F FEE 7AWl 50 nl9
BHA A]<F=}, 2 M phosphoric acid(20% TCA X3) €94 15 mlE FHrigth 1glx #43)
g % 10 nE © Yol FAA vA #d3} 3. dd@I v SRFE Y & FYE
50 mZ P33 F748 23 F3A £ v Watman No.l JAAZ 23 At} (Y F
5 mg FH3te] Algdo] Wi 5 mMe TBA €4S 5 ml FH7lste] galolA 15417 Fet 2
5ColA wHg-AZIth. UV—Spectrometer(Optizen 2120 UV, Mecasys, Korea)E AF&3}e] 530
nmoll A ZA3 FF =2 TBA o= Yehisdd.

=32

A 2x

3} kineticse 0x} &2 1xt2 kFsigled, 0z whad 7% 4(19), 13 wad 3%
o

(20)& ol&stdet. 2

_VE,
k]
—
oy)
o=
1o
e
Lot
.
=
o
o
%)
r

(e}
_>|1_,
r]I.
olo
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a3t

Iny=Iny, +k « ¢ (21)

HEgOlA) 1A WA Rl wheh 4(19) EE 4(21)E AEHAY 7 F

F F
AR vt & T e 2T 9EAS YEY & Arrhenius 2(22)2 T HT

) (22)

o714 ke HHEEEAS(1/h), k'S pre—exponential factor (1/h), E.& ZA3} oy A
(kJ/mol), R& ©]471A17442(8.314x107° kJ/K-mol), TE AWL=(K)S 2n|dith. 4(22)9)
duol 25 FH3lY 2(23)& FEFIFSH Arrhenius FFEE IAARAGY AEs=w
A&t AT

1nk=1nk'+(_§a)- (LT) (23)

T84 W o 2 Euler's methodE &85t tH(Macdonald et al, 2008).

R R (24)
dy _
o=k (25)

_69_



A714 e deY A AHE dEdd(t=At1). A (25)°] ye WS

&3 2(22)¢F 2(24)
2RE g3 g ol EHHL

(zl;t/)] =k exp(R_.E}i) (26)

A9 Arrhenius 42 AT uf 2 JIAAHL =ol7] ¢354

of AFgH v} 9th(Taoukis et al, 1999).

O

21(22)5 A @27)E WYt

_Jf" . (iT— T,l.ﬁf ” (27)

<ﬂ7]}\‘] krcf% Trcf?‘i']_ T'ql H}%‘Q‘E}\o}z’:(h_l), Trcf% TTI‘O’] 7]'Xo]- ‘5}% ;qx]—

temperature, K)& ou|stch. mabx 2(26)S AFE3t 2(27)S o3 2ol M3dT 5 3

o},

dy | _ —E (11
(dt)i_k"“f exp[ R '(T Tref)} (28)

ARAoz 2209 428)8 A5ae o] BE yE AR

AFEEH 2w
FR A LS 9 gaEl=S Fig. 129 #o] A9t MS Excel 20079 visual

basic application(VBA)S /=2 ALLsle] Fxa)4 A4S 3T} to] WE yhes Ak

o] Excel® spreadsheet ¥ graph®Z A3 YEIEE 1%t

. I
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Fig. 12. Flow chart for numerical solution

=

= < K= 1

s

A% 5 VBN gk ®3} kinetics

A% T Harle WE aae mAEY] FAEo R Qe SEdo] AR FrEL
st HEtol=s}t ofmimgtom  FajEo] VBN FS dEdtAl ®oh(Al-Masri and
Al—Bachir, 2007). A7A3tell @& VBN ¢ ko] Wst= Fig. 139 YEH AT, VBN B3
271352 5.76 mg% ooy AFAIY A, AFLETL =55 E FE5A ST
Park 5(1988)¢] VBN ¢ o] 15 mg%eldo] =W o7} WAt BustQar, AFF
AoMes 45 49 VBN o o] 20 mg% olst=E A= Anh. A 257 25T
A 36~48A17F, 15CY A9 48~604%F, 5CY A 144~156A17ollA VBN ko] 18

mg% ©l3o2 F7kste FAHANES & F AT EZ 15ToM 1384171 wf Harx)]l
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Fig. 13. Time course of the VBN of meat during storage at different temperatures. 4:
5C, H: 15C, A: 25T

Fig. 14 #17]5 5C, 15T, 25CoA Z+zt B3 Fo A|7tol] whz} wW3lsl= VBN 3t

112
ot

e 3 AR A kypn(Table 12)E 21(19), (21)o] WPdste] =3 o =zS 2
3T

rx
o

EAS. HARA) Rgkol 48 LETA (E A9 tgste] 2

i
i)

2} 9hg o 2 A 0.780~0.9692 YEMEI, (b)E 2 (21)o] Hdate &3 An 13
A 0.875~0.9358 vrebgTh (a)ol A Atizos ALl 5CE A9stn 15, 25ColA
)oF o] 0zF ¥hgo & FIEAL, (boA= 15T 21(21)37 Zo] 13+ w39

O

X
=
0
o=
19

Z BetEls o £rb gk 218dte] VBNY kineticsE 3 AEAS 23, 1z HuresE 0%
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Fig. 14. Sample data fitting for one quality variable (VBN value) of beef stored in an

airtight container by regression analysis with kinetic Eq. (19) and (21) of 0%t (a)
and 1°* (b) order reactions, respectively.

Fig. 15& Fig. 14914 VBN kineticsE 3| A+
Z Bl zt 2o gk kvenel
e UEPATH(R?=

A, 12 Bohes 02} w80 = ¢
AT 2(23)9] FARMNOZRE AEd AA odF
0.985). 1 A3 A& AR Eavendt< 67.967 kJ/molZ YEFRLTH

Fig. 15. Sample data fitting for one quality variable (VBN reaction content) of beef

stored in an airtight container by regression analysis with Arrhenius equation Eq.
(23).

A 31719] TBA %k W3} kinetics

Fig. 162 23712 0TC, 10C, 20T, 30Co|A zZrzt B3 Zo] A|7te] uwrah
TBA #% AIHS IARAZ AHQ krpa(Table 12)E 2(19)0)] Y3t A&7 =3k
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e 7z 9¥e Aude Mo EASYTL FARYY R'gel Y LEFIA
0.943~0.9800.2 Leht 4(19)%} 2ol 0 W3 & FFEL & 7} ULk

Fig. 16. TBA values of chilled beef at four storage temperatures compared with time. @,

0C; &, 10C; H, 20C; A, 30C.

Table 12. Comparison of activation energy and reaction rate TBA of chilled beef in the

range of 0C to 30C.

. Reaction rate (1/h)
Temperature (C)
TBA

0 0.0003

10 0.0009

20 0.0020

30 0.0038
Activation energy#*

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

AZre] AG5E TBA go] A4 AAE AL B 57

-
%2

t}. Lee & Byoun(2003)<& =jx)a1
718} Ha71e Aty AP wel TBA grol Z7H3HS R austdoh. kgt 0C, 1
0C, 20C, 30C ¥=& zFz}t 0.0003, 0.0009, 0.0020, 0.0038 h™'¢} o] &%) wa} Z7}3}

domw E3 =o 2uo WoME =7} Zo] F23) =LA VERY Arrhenius L5 EA 9]

Fig. 172 7} %o 3t kpad] AF @I 2(21)9 ARAHOZRE &% F A9 4
=278 JEPATHR?=0.992). 22 23 85| URA QA Earsadt™ 95% AFHYE 58.1+16.1
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kJ/molZA, B A7 Hil(Yoon et al., 1994)¢ A< =HA3L7]¢] 35.5+6.1 kJ/mol Bt} =
A vt 2 dFdxe AHEE Harle Aggde] B AR oH, Ao A
o ¥ #HALV|E AHESHAT A AFEE Hav]e] T4 ol WA HAr|Ro
A o]l o =7] Wil ol#HE o7t etue Ao® EMETHKIm et al., 1999; Lee
& Byoun, 2005).

Fig. 17. Arrhenius plot of the reaction rate of TBA value change for chilled beef.

A& % VBN3} TBA ¥3}e] dynamic modeling

VBN dynamic modeling

Fig. 18. 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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AR = st L2 A o Hav] EFWHEE JeElE VBN @S vlws g
-

AA Aol A 255 Ho 2% el AA2Ed s, A5 7|7 i g3
2o AFS FAT A= Fol Harr]e] A¥ste AlF-2%< Fig. 189 Ued 2% F=&
Z ZFFeY 4A ek 5C 9] WS AA sl VBNY dynamic modelingo] 4-8A]Z th.
Fig. 19= &a17]19] VBN o] A3daa 2 (20)0 93t A dS53ks =AIg 2ol
o A =AY 2 Y g 225 AP & A s viwd] 2 A
AAl AlZre] Ao wel 2=7F ¥S wel= VBN gto] A AXA FFAT &=7F =&
o= gtol ZA AA Agte] AU TBA kol F73] #H3lstes 282 2 $71 A
o B3 A3 A5y 28R 7S v EY & B A9 Ao|rt aA UA goer=

Fig. 19. Predicted (solid lines) and measured (points) VBN values of chilled beef
compared with time under dynamic storage conditions shown in Fig. 18. Error bars

mean standard deviation (n=5).

TBA dynamic modeling

A T S 225 AP st Har] F2WEE Y= TBA &2 Wlusith
AA A Al 2E= HY 28 el 2F82=Cd =
2o AFgs FAL A=E Fop Hav)e FYste M- == Fig. 209 dERd
2 53R
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Fig. 20. 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.

Fig. 212 #a7]¢ TBA e AF#A 4(20)0) oJsto] ALtdE S3S =AT 2ol
o

O AT RRAdEAe A g3 g =28 AdeHA & 23 @s viws 2 A%
Al AJZbo] Aol wEt &x7F 2S5 wol= TBA geol ZA AAA FRAT 257 =&
o= ghol A AXIL AZke]l AU A TBA el 543 Witsle 2345 & 71 UM

Fig. 21. Predicted (solid lines) and measured (points) TBA values of chilled beef
compared with time under dynamic storage conditions shown in Fig. 20. Error

bars mean standard deviation (n=5).
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7

4. TTI®] ¥Fe W3} kinetic 2 g

¢

7F 8.9

2 dA3E Hur)e gAGEY 3 ZE J)E9 d3FOF time—temperature
integrator (TTI)9] 2] W3S o= 4 9+ kinetic modelS 73ttt HA steady A
o= g2 xHdo=z 0C, 10T, 20T 237} o] 2roMe= AlFH EAYTTI (Type
L-5)% ¥a TTIY 4 H3E =H39th 2529 F42 Arrhenius 213 0%} §F3-2lo] 29
HolEE ARgsle] FAEA Yt W& AdsE TTH(Type L-5)4¢ A% 0.0336,
0.0750, 0.1044, 0.1329 h-12 Yegth. 43U 1 3 953 E 9=
30.9424.7 kJ/mol& Ar=H Ao} w3 e F7io] ofd A7t wiE} %7} WEEtE E74)
A TTIO] WstE AFste] 2 53 v 24 A7 w9 XA vego. 2

FH o2 47 kinetic F5EALTTI A9 ARAAE L= F8501 869 5 A 2

wW
()
c
N

oty & A F WA AFL 0T, 10T, 15C, 25CEAANA P35
e AF ZEAYTTI (Type M2-10)e Yx 4 ®¥gs =4 3} ZofEY

Arrhenius 23 0zt ¥F&2o] A3 HolHE AM&ste IAEAH AT WSEEATE
TTI(Type M2—-10)22] A% 0.0091, 0.0265, 0.0434, 0.0881 h—1% uYElgt}. &3 ey
Ao} 1 kY 95 AWM AE 74.8+410.6 kJ/molE AF=H AT} I §7F9 A= HH
A TTIY 205 438171 A% dynamicd @M= 2=—AIZF oo @& TTIY 4
W3} Pseudomonas spp. 2 simulation 3}t €#H 9 kinetics ¥ &%
oEA #YE A9 At FASA 7<) Euler's methodE 83301, MS Excel
VBA 7%k H3FE Z2aS At AdetAT. Ha71e AR f5ol e R VA 2%
—AIZE AR disted, A Azt mE TTI A ¢ 2 T.AT S=-A1ZF o]ge] ois

O
ofN
Z
[m
of
X
o

gdzo] thiF &% ZH9 W3E simulation 3FRTE LEJEA(FAF AU A7 A= T E
TTI Whd}e] simulation 3+ 23, WA Pseudomonas =29 SN HA 9} 2 TTIY 73

T 22 Ao tiste] 2= —AIZE o]Fo] AHgle] A 2 FAEE UEWT v 24
U7 M2 2 A4S TTIZE 28 Ao gigte] 2x—-A|7t o]gd wat Az e 4
S5 et 28402 S/ 54 F4d tg AP TTIe AR 259&X0] 94X
W 7 e dS53s €5 7 deS & T AU AlEdHelde AgAES syl st
o] dynamic ZZAA 5A17F 2tAo w2 =A3 EAITTI (Type M2—-10)9e] A wW3le} A&

gloj ol ot dFH= MY s wluwste] Btk AZbo] Aol wEf £&7F wE ujjof
= TTI9 A Wggte] A AAA FUAT 2571 =& dol= TTI o] 543 Ws}st



TTI= 843 TTI(VITSAB AB, Malmo, Sweden)3 oA &ar7]d 7} 33k Type
B—series, Type—M Z&8]a Type L—series & Type L5—-8% AFE3IATH(VITSAB, 2008).
TTIE A 2 {5 T AFo] BT AF-R% ojdS FAFHoZ Yele Aot o
HHAQl TTI= AIZF—2% olgd &3t Mo] Wslste] Aoz Frkbd AF9 25 o
Z3h=d AH&®th(Bobelyn et al, 2006). TTIS] A Wst= AA F4E9 847, B3
244 e vAEH ¥ 7125 T3 U(Claeys et al., 2002). TTI 459 7|& &1
< 259 A, AF AFA SAAR, BALSEA A4 Y, 54, 1EAE oFA
3Z9 AgA|Fo] dE vt ot A LS 3M monitor Mark(3M Company, St. Paul, MN,
USA)7F B4 A& we A d2H 29 S4Fo|g vhEoldl AXZE9 4t JEd
F 249 TTIe fr& 2=Wee v
& TTI= VITSAB TTI(VITSAB A.B.

5\_
AE AR SRS o8 ol

=3
s
£y
I
i\

[-'>~
i)
S
=2
Re)
ri
ol
o
£
A\
oxl
N

= t}. o] TTIE= F /MY FAHHECZ &
of et shelle AAEN aoFE&do]l Soldn vE 3 Hol= pH AXA L A A2
FE&do] FFHAUT. AFSGEA O wet gF a4 71Fo] A F den TTIS &3

e U3 E el se] g8 AgE 7149 AR pll 458 Qo7

3} A E =434 B9, 1EAE TTI= Lifelines Freshness Monitor®} Fresh—Check
TTIs(Lifelines Technology Inc. MorrisPlains, NJ.USA)7} tiE&o|t}. o] TTI= A U=
=71 9% T WSl =7 & Aol Y E o] &3t A Wist= et
oA Ao o3 A D (Kerry et al., 2006).

=
r:{

b
ofl
il
[-'\:l

TTIS A =4

AHESE TTI= AEY 2437 7hEwsiel wet pH7E EolA™ Ao Wstes AFoEA
(VITSAB, 2008), AlA W S3tA ZAelEo] Base 849 7|do] ARR Al &84 =%
of oJ3ste] FAHAHEA Mo] & ZAoZRE ¥ FAoF HA WSt TTI(Type L-5)



= 0C, 10T, 20T, 30CoA TTI(Type M2—10)Z 5C, 10TC, 15C, 25CoA Zz BA3}
WA 2~3A17F tAo 2 AWo] MEA(CR—-200, Minolta Co., Japan)Z A}&3sted CIE—Lsx,
ax, bx k=

|\

A3+ A9 tH(Giannakourou & Taoukis, 2002).

TTI 9] kinetic =&

TTI AHsle] mddos AFH M-S
22 THY TTIA dsled AFHo=z HE
(Giannakourou & Taoukis, 2002).

>

FeshA @3, Taoukis7h B ATIA AHgd
Qe 420 9@ WrE Agsn

rok

F(Xc)= h{lj =Kt
1- Xe (29)

C—Cmin
Cmax—Cmin (30)

C=+a>+b’ (31)

Xe=

A 7)A F(Xe)e Mo o3t Wk Xeob C& E1tuizls, 28]3 a, b CIE—a*, b*#tS
oo}, T &% o9& Arrhenius 422 YERHAT

ETT[)
RT (32)

A7NAM, Ky WSS 24 (h—1), Krmee 7158, Erpe @439 Y X (kJ/mol) & & v] gt}

Krrr = Krrro - exp(—

A7 A3

o

@)

WE kinetic EdAS HI7lsh7] f8ld A -2 2AEFS 51
7k, 20C 2417, 27C 3AIZF, 23C 4A17F o] F14A17HS dol&2 AASS TTI (Type
L5—-8)5 RIASIHAAM TTIY A& Fr|Ho 2 SASIY, dFad A4S vuEds .

ol 3A1ZF 13T 24]

0% W59 HALHelE A(20)9h 4(30)2 A A&, Arrhenius 219] 27
Ao 4(32)9) gl AARIE Astel 4 G502 WHFs] AGHAT 2(32)
£ WES at A4(33)7 2tk 471 AL Au MS Officed] Excel ZRadoz
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ETT[ 1
PR (33)

anTTI = anTTlo —(

TTI 29 dynamic Z79A¢] kinetic =&
21(29)ol A FE tol sl Wsle= Yepd g3 2

dF .
dt (34)

o371 t&= TTIC A W3l A7Hh), k& t HEFo| 2 Fo WHIsS on|sles HhgEEA
F(h—1) o]t} 28l3 kE &5 9&EAL Yeg+ Arrhenius 22 (35)9F 2t}

(35)

A714 kee k9 7IE#(h—1), Ear A3t A (kJ/mol), RS 71A17¢(8.314X10-3
kJ/mol'K), T FH2=(K)E 2v|dt}. 2)(34)9] FE Azt wiet Axlslr] e &2
S dfob shedl kate]l A=l wEl dAA 7] wjEel analytical dWe] E7Fs3h
oA o5 o] FAFAS 83ttt

T8 WO 2 Euler's methodE 839t (Macdonald et al, 2008).

(36)

A7 1= Ao AF AHS GehAtHi=At - ). 2(36)0] Fo] Wase 4(34)9 4
(35)022E HEsd o go] EAHL,

(37)

- Arrhenius 45 AL W I AFAHS =ol7] Hste] H(B35)E A(38)= W

dste] AFEE vl AtH(Taoukis et al, 1999).

of
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(38)

0517]}\1 kre/}\f Tref?:'_] Uﬂ %%QE}&]‘Z[:ﬂ’l_l), T/‘eF‘E TTI*g] 7]’% 17%—’8‘ xixo]‘ LE(reference
temperature, K)E Jp| @tk mheba] 4(38) AHEsted 437 Thed} ol MET & 9
=3

(39)
AxFR oz 2(36)7% 2(39)2 A% tol] WE FS ALsTH
AFE Z2ady
FRAe] AAS I FugE=S FASIAY. MS Excel 20079 visual basic

application(VBA) S /MW ETg2 A}L£3le] Sx&4 A4S 39Tt to] wWE Fgre Axsl
Excel®] spreadsheet ¥ graph® FH YElNE=E stA .

Ters 4T #8429 257 ol8S diste 2% foE A4 79 F2 AL

o] AF&E+ zkolth(Giannakourou et al., 2005).

(40)

q7IM FO—t = 7] FAsiAs Tt ALtd Aol ARt toll M U2 Fits orgit. o
ZhA A (40)= Teroll el Hejshd v} o] xd -

(41)

Ho
i
e
X
¢
ot
Lo
.
=
@
o
td
)

S5 AW thE3F QAR Pseudomonas spp. =4S o2 o] TTIY &EoEA )
2 £ oS3 dBAAE FAAY. TTIZHRYH AdE T,aZ258EH sy S4L2 4
(42)9} #o] AAFE 4= AH(Taoukis et al.,, 1999).
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(42)

Ry

A71A t= AFAZE(), No N & 7] 27] % tX9] 55, kers Tl #4378 &
=44 (h=1), Eas #4344 (kJ/mol), RE 71A744 (8.314x10-3 kJ/mol - K) 281
Ters S o1dol that TTIZFE At a2 25 gs vy,

a

=

)

uFZ

TTIS] A W3} kinetics
Type L5—8

Table 13 . Reaction rate response of TTI Type L5—8 (F(X.)in Eq. 29) in the range of
0C to 30TC.

Temperature (C) F(le)teactlon rate (l/h)R2
0 0.0336 0.9732
10 0.0750 0.9777
20 0.1044 0.9458
30 0.1329 0.9654

20

Time (h)

Fig. 22. Responses of TTI(Type L—5) color change (F(Xc) in Eq. 29) at four storage
temperatures compared with time. 4, 0C; H, 10C; A, 20C; @, 30C.
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Fig. 22 &43% TTI(Type L-5)Z 0T, 10C, 20T, 30CoA Zz B Fo A7t
w2l Walsle S 4 (29)0] st A F(Xe) S RoFd. SA0 433S AL
A% AR KrrTable 13)E A (29)0l st &8 dS3e 424 A4S Avde HA
o7 FABIAT I ARA L R'gro] AF Lx 7oA 0.952~0.9842 YEh} 2](29)9F 2
o] 0} Wkgoll & FFES & F7F AUk AlTbe] A GFE TTIO A Wigle Sto= #3
& o) oF ZAeA HAH B T
S7vete Aot dA st
redness’} 713t AL 9 n stk (Bruce & Ball, 1990). Krrgk& 0C, 10T, 20T, 30C
2 Z}7} 0.0336, 0.0750, 0.1044, 0.1329 h—19} o] 2o wa} Z7lelgon B3 =&

flo
oldh
=
o
fru
2
ol
rr
PR
tlo
iz
4

%0
32
rr
fin}
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o
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a
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o

e
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e
rlo
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=2
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+
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0.0032 0.0033 0.0034 0.0035 0.0036 0.0037
1/T (1/K)

Fig. 23. Arrhenius plot of the reaction rate of TTI(Type L—5)color change (F(Xc) in Eq.
29).

e

T3l Fig. 23 & 7+ 259 O3 Ky(Type L—5)¢ A&z 2(32)9 3ARAHoZRE A
X9 &7k JEFATHR? = 0.996). 71 23 AR Erndtd 95% AFTF
< 30.9424.7 kJ/mol AT},

e
pu

S
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Type M2-10

Table 14. Reaction rate response of TTI Type M2—10 (F(X.) in Eq. 29) in the range of
0C to 307C.

Temperature (C) F(Xclieactlon rate (1/h)Rz
0 0.0091 0.92
10 0.0265 0.99
15 0.0434 0,983
25 0.0881 0.977

F (Xe)

20

Time (h)

Fig. 24. Responses of TTI(Type M2—-10) color change (F(Xc) in Eq. 29) at four
storage temperatures compared with time. 4, 5C; H, 10C; A, 15C; @, 25TC.

Fig. 24 &4% TTI(Type M2-10%5 5T, 10T, 15C, 25Tl Ztzt B3 Fof A7t
wret Wskshs S A (29)0] tidste] AN F(Xe) & B Al d3@s AL

A3 A3l KrrTable 14)E A (32)° tidste] &3 dS@2 44 A Av=
o FEASAT AARAY R'glol AP 2= 7oA 0.94~0.992 YERY 2(29)9F 2
02} W&ol & RFES & F7F AT Azke] g5 TTIY A WHsle §to=z #ad
w9t ZAeA HAH e FMoz WHile AL B F e, MEAE AT a ghol
7Vele Aol IAEATE A7 a #He (—)elA (+)Z HE uf greenness7} ZolA|
redness7} £7}8t= AL 9 v 3 cH(Bruce & Ball, 1990). Krrak& 5C, 10C, 15T, 25
2 7z} 0.0091, 0.0265, 0.0434, 0.0881 h—1%} o] €xo] wel Z7lslgon =3
ez WX E =7t Zo] FA3 AA YEY Arrhenius 25 9EA9 EAL & i

AT

M
2

£

olN

e Rl

(¢
=
3T

flo

o2
ol
o



In K (1/h)
w o N
(5] w (9] N
L

'
N
T

A
i

-5
0.0032 0.0033 0.0034 0.0035 0.0036 0.0037
1/T (1/K)

Fig. 25. Arrhenius plot of the reaction rate of TTI(Type M2—10)color change (F(Xc) in

Eq. 29).
X3 Fig. 25+ 7+ &%o W3 Kyn(Type M2-10)9 A3 zka 24)(32)9 FAEMNozH

B 225 A o=z JeEATH(R? = 0.935). 1 A AR Erpn@t T 95% 2
TZH2 74.8£10.6 kJ/mol °]th. o]#gt Fole B AFol|x AEE TTIF TTI(Type
5

v Ha71890 BAY typeqd HEA, TTI(Type M2-10)Y ASde AMEaFEU &4

)

=
L—
3 type L Z A (VITSAB, 2008), AMAaFe a7 |Bges &EoE4o] =

o A7 TTISE Aar]e AstdUAs ME 22 gs Zre Zo] o] dHo|ARt
(Giannakourou et al., 2005), ¥ 9] A3} Taoukis et al.(1999)9] Ao B 1 gk
o] ZA FAT fFASHA AFEHATE L Apolo] wEt £A A F g 54 TTIS Aol
.

i
o

A Z TTIS #a7] F49 v

S|
&

A

Temperature (C)

[0} 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Storage time (h)

Fig. 26. Storage temperature variation profile for fluctuating temperature exposure. The

inner chamber temperatures reached the set temperatures for each within 2min at most.
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Fig. 262 TTIE H¥#A3 A7tel] 2 259 HZE
Hol 28 o AAL2E

s
Zrob TTIZF A@ste A —-2%& Fig. 279 Yeld &

tz
2
M
o

F(Xc)

0.5 |

0 4 8 12 16

Time (h)
Fig. 27. Predicted (solid lines) and measured (points) responses of TTI color change
(F(Xc) in Eq. 29) compared with time under dynamic storage conditions shown

in Fig. 26. Error bars mean standard deviation (n=5).

Fig. 272 ol we} TTIe A wste] Azt 4(29)0] oste] AMte dSgtes =A%

Adolrt. A3 EAFEfolM e 23 gy vt 2=E AdstA 3 23 gs Wlud &

TTIY wiZiHs =4

Simulationol= A4 A EQ 3714 &438 TTIQ wWi/lHEge 5 4319 A1L39d
(Table 15). TTI type L (Lee and Lee, 2008), TTI type B (Taoukis et al., 2001) TTI
type M(Giannakourou and Taoukis, 2002)2] Arrhenius "I7f¥H<5 kS AFE3I¥H o™, Ea
E ZAZAYA, ker © HEEEAF (-1 71F%, Ters TTI AFY 71F B &%
(reference temperature, K)& &m|gt}y. 7|4, AR w3S dod|= o Zad
Hago] UAE YeRNY Taoukis 5(2001)0] <3t A& TTIe FEd FF =&
fete] Gt 9 ztol7t AHojol gtrpal B uE wl ot
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Table 15. Kinetic parameters for different types of TTI and Pseudomonas spp.growth

Pseudomonas
TTI Type L TTI Type B TTI Type M
SPD.
Ea(kJ/mOI
) 30.9 81.6 99.5 81.6
kret(h™1) 0.223 1.291x107°2 4.760x107* 4.4x107°
Tret(K) 273 273 253 273

e —AIF A

Fig. 28. Time—temperature profiles in three beef distribution cases. (a): casel
(distribution to market), (b): casell (storage condition at market), (c):caselll

(distribution after purchase).
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2ol A3t 4k 7)o FEAZE Lee 5(1996)0] 2etd MA==%, =3 2|

4, ARA(EL #ATAES A 2uAelA oA Ak KFRR Az GE &

2 2 Sukst A9z, WAAES 0~10ToA #gste 2002 oF 3647 AAA
TH(Lee et al., 2008). Casell> Hujd oA PARA 3= HF-=2A, 2~4CoA ¢ 2€&
A5 dtH(Park et al., 2000). Caselll-& HAFAF H7tx] &guoz

F2A], 5CAAMFEE A2 2T 2520 20C7A AMA3] Frtste 20S Hul 244137}

A AA s

F(Xc)9 simulation
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Fig. 29. 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.

TTIY A 42 F(Xc)E simulation 3 23+ Fig. 299 Yel Ao A7|4 F(Xe)=

2 (29)5 AREE FEtd R Ao tigh FFgkolth. A48tz 7P A2 TTI L&

71} =& F(Xo)s o @48y A7t G&5E 22 Ao w80 wEA dojds &

AstA Tk g AZFA] EE=-AIZE o]¥ ZZA EF M3 F(Xo)#ts Ben 2271 ¥

< casellld] 2HAME & A2HE Ho A AUYAZL Y Bede 32 22dA% v
o] w2 dojte gt TTI BEL 1 43ty

stod, M7EAl B T o AT EEoEAC 2L BEE A Hstd a2 s o 849

& 2A FASE AR AT =7 M E2 casellld] fEERAAA €53 2 F(Xe)

< 2EfE 2N HIE 2719 B FH Y S8 S BT 24

3 AqUAZE 71 =2 TTI M2 dubd oz B v2d AFe Z7F FAS HATh

TTI L& B &Asto|lUA =7]9] ol 50.7 kI/mol¢l whH Ba 3 ME Y 243}

-

A7} Pseudomonas®t AL HA

Terr® simulation

A 7HA] = —AIZF 2749 gk TTIS Tesd simulation 23+ Fig. 309 Yehd nle}
2o 2 FEAdAAMY Tous AZAUAZE & AIZFA TTI oA 25 H2g FE 9
7t AEFE BAY AVIA T digoldd iz dF9 tiE3 &% %S 9rsted,
Giannakourou &(2005)°] 9ot thefgt 29 X0 et Ao r Td FAWAHIE
dorle= EWY 2x2 Ao H A
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Fig. 30. Time course of Tex of different types of TTI in three beef distribution cases.
(a): TTI type L, (b): TTI type B, (c): TTI type M.

dHE 259 TxeAA 7o TTIY Tere B4

TE71es S Fael ddste] F245 5 Rivt 0. Taoukis(2001)°] o3t

.
Tk 109 048 B o F49) Hrhe 10-15% WA LA Helr o] Px Wt o
Zr‘_

S5 FAHI(AYE S2])9 simulation

TTI® F2WE Uede @S dusts F(Xo)7t 443 58 vekd 45, TTI9
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T2 F¥ Pseudomonas® F24+S o= 39t TTIZF ¢
A E 52

1999). Table 1694 tI & A7}A o #%&

MR A A tE

29kth(Taoukis et al.,
Casello] gk t @<,
7 o2 ZF TTIO wigh t 1,

72747 Wehe

[e]
*h=,

tll+

AJA7} 2 TTIE= dynamicdt &= —A|7F 24 &

ol A= To= W2A "t Taoukis(2001)e] <

g=27] &

o] =7] =Fo]7b 40(kJ/mol)o]std
UTh A= &8ty x| A7]9] o]zt
<H 2™ Az zpol7F AXH o] Tes Atol=

£ HS v Ry

A}

7319t

A~
=5

fﬂ1

7 g2

L
| .

1

o
=

7031]:]

1

Tere=

tllE= caselllo] 3t
tII, tII =

37
ol Zsh=t ARSEE A
A=
t#= e

oE %s Bon

ZF TTI9 t1,

o2 F Teno

A =

s

2

FF9 F(Xo)d =

HEEL Table 159
=

Case I o] th3st t

38kl xe] =7]

ol TTIel A3t =

t1l,

1=

Table 16. Calculation of Tes and the growth (In(N/Ny)) of Pseudomonas spp. for
different types of TTI(typesB, L, M)

7] o2 ols®Ht. TTIZF dAE 3ol =2
tIE 2(41)0] Wdste]
235 Yedled o
g FEA =2er] 93 AJ3tol
TTISF 2F2] EAstY
lol& 0.4914 1.8 C2] 2ol

243}

Type B Type L Type M
F()X° Earmi  =Eapseudomonas Earri > Eapsendomonas Earti < Eapseudomonas
t (h)* | Texr(K) | In(N/No) t (h) Tes(K) | In(N/No) t (h) Tert(K) | In(N/No)
tm 10 283.68 1.7041 tm 1.84 | 277.02 0.1365 tm| 7.5 282.52 1.1077
0.5 t1 17 279.40 1.7041 t1 1.92 | 276.15 0.1272 t1 13 278.89 1.2229
to 26 276.06 1.7041 tn 1.95 | 275.83 0.1241 tn 22 275.52 1.3443
tm 11 285.68 2.3857 tm 2.41 | 278.40 0.1272 tm 9 283.55 1.5084
0.7 tr 26 278.70 2.3857 tr 2.51 | 277.56 0.1993 tr | 17.5 | 279.15 1.7001
tn 38 275.73 2.3857 tun 2.75 | 275.68 0.1716 tu 29 275.90 1.8618
tm 12 287.05 3.0674 tm 3.11 | 278.33 0.1241 tm| 10 284.53 1.8891
0.9 tr 31 279.30 3.0674 t1 3.19 | 277.80 0.2612 tr| 23.5 | 278.87 2.2029
to 46 276.19 3.0674 to 3.56 | 275.54 0.2182 tn 38 275.78 2.4019
*t;—typ are the times taken to reach 0.5, 0.7, and 0.9.
ZF NHNAM O Pseudomonas A=< In(N/NO) - AL 23, Ea TTI = Ea
Pseudomonas Q1 74521 TTI B3 F(Xc)7} 0.5 o2 Y3 79 A HIE 1Y o
NEZHE ZAT 47 2L P4 e ¢S Holt A%E ¢ 4 ok v Ea TTI = Ea
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Fig. 31. Time—temperature profiles in dynamic condition from 10°C to 25TC.
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Simulations #1%F I7/HHT FS T2 @A A3 g A4 TTIH(Type M2—-10)9 A
£ AH&St o™ TTIY A &2 F(Xe)d ASaa AA S Fig. 32 yvephd npe
2ot Azte] Ago] met =7 wE wole TTIY A W} gheo]l A AXA (A &
Tt & wWole TTIO Ao] 43 Wslsle A%E & 71 At =3 AFaH dS%

TS HaEA & B Ay xjo)rt A A gomE AHAZT o Zgho]
PN
T

o
~

1.2 4

=
(&)
=

0.5 -

04 1

0.0 T

0 5 10 15 20 25 30
Time (h)

Fig. 32. Predicted (solid lines) and measured (points) F(Xc) values of TTI(Type
M2—-10)compared with time under dynamic storage conditions shown in Fig.

31. Error bars mean standard deviation (n=5).

n{u
rﬁ
g
AN
td
oy

A 2d TTI MHEFEREY 5 3
1 TTI 4F)ZHH AV E (3F) o= 2dd
7F 8¢
AEFol AFAFE F 2SS e 7] Y& AHEEE TTI 25 =3 nAE 9=}
AA 1A E LAEE el o8 vAEY A mdaoz EdH QAR vlwste 7}
A zpol7l Ao ALE BAFHT AL 843 TTI & VITSAB AB AF9] Type M2-3510,

M4-10, M, S & A&, vABELS  Pseudomonas spp., Listeria monocytogens,
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Escherichia coli @ AAS 1839 2139 dynamic 2% Z 7 simulation 2% A3 TTI
of A WIFE HAS= AY T #E TFolY HAEY ZYEAES YEUE 29

Arrhenius model, Belehradex (square root) model o] H¥3t] v|AE A F Ao HQ

[

o

Unax = T3t vAE A FA4E Monod model, Baranyi and Roberts model, new
logistic model (NLM) < kinetic $t2lo 2 A A3 Validation, PCA 23, H#ZA TTI
+ Monod model, Baranyi and Roberts model ¢ A% & ©™ S type, New logistic model
(NLM) ¢ A% M4-10 type ¢ A2 AAZHJAY. wepy & A= TTI 27EH oS53
7b 2 5 Qo= 2

MR SdEt AA A% MAR 0AFES Z3Y 4 Ut A

7R 7F At

=

4o As 2o

B AFdAME 4714 48 TTI (Table 17)9F 371A] v EQS2d (Table 18)& A=ZE
A3 R S W 753 4 x 3 =12 combination o W3} dynamic A|ZF—2% FZ 73} A] Q]
d&5F& %0 F simulation 3T Fig. 33 oA W 194AE EA3 dynamic A|7H—&
sto] TTI Mot MAE SRS Atsta, 2842 TTI HEE5EH Ty S 7
Agtth SEAR T 2EHE HAE LAE ASAE ARt 1844 73 AdE LdE%}

O Aol muwstel 54 TTI o Bd 54 WAE o9 <% =ud AF4L B/EAY

H
)
J5
2
£

Fig. 33. Flow chart of optimal TTI simulation

Dynamic modeling of commercial enzymatic TTI and its parameters.
1A A dynamic Al|7F—&% o]HoA] TTI WHEFE A7) Yot A& enzymatic

TTI o £E-A7t olge] wWe wWae A @5 (He Eo (61) & A4a3r
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(Giannakourou and Taoukis, 2002). F Zte] W3} kinetics + 0z} wrgo 2 I A Y1 Eg.
(61) & o] FE ¢ o i3t He&E=2 YT

dF K

dt — (43)
oA71A = TTI & A Ws} AIZF (h), F & AHEsS) gk, bk © ¢ 1ol 2 F o Helgs
omEle WS ET S (K7 ot aEla o] k B £xoE=AS UEMNE Arrhenius 21O Z
e

(44)
AN k E k 9 Arrhenius 44 (hH), E = AF9YA (kJ/mol), R & 7A35

(8.314%107° kJ/mol*K), 7 & AUYex (K) & 9ou|stt}, 2349 Arrhenius 29 Eq. (44)
= 1 A S =o]7] Y5t v o] 3 H v} 9t} (Taoukis et al.,, 1999).

(45)

047]}\‘] kref 'LL:- ref E H’H }‘%7‘{1: ]—'/l: (hil), Tref }1—:- TTI &IJ ij_ﬂ' }\] 7]';(01— 15%

(reference temperature, K) & on|stth, TTIY M=A Ty & 317 YA A

flo
ro
ol

N
rfo
1

profile AAL ajjo} st} agx A|F—L2%o] AR L& o] parameters + analytical

solution ©] o} numerical analysis & HE8AAY. FAAHSZ= Euler's method & 3
2399 (Macdonald et al., 2008). Eq. (61) o] F = AJ7te] we} X84 2831 Eq.
6(4) o] Hoh.

(46)

A7 1 = doe A Aol A1HE yERTE (=4r1). Eq. (64) o F 9] W3&S Eq.
(61) I Eq. (63) 225 F A&} Eq. (65) & o] dHT.
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A4 02 Bq. (64) 9 Eq. (65) & A%3te] ¢ o g F & AWstgrh. ANE Fghos

BE T 2 737 A8 94 FA814S 839

Y

(48)

o £E-AZ o182 U3

=

e o A HFY rdE A

rr

2 3}

t} (Giannakourou et al., 2005; Park et al., 2009). & 7|4 F-, &

o AR GAIZE £ AN Y F e r]gth mebs Eq. (66) &
A28t Eq. (67) ¥ o] x@HT

(49)

FAAE Bl AEH T & 2EJFA model o HFsS mAE AFS =3} 4]
9] SR A MS Excel 2007 9] visual basic application (VBA) & /W= =2 51
Axrstth (Park et al., 2009).

B AFo A AFREH enzymatic TTI & Sweden (Malmo)e] VITSAB A. B. Aboll A A %3
M—type, S—type ®& WHo= AAsAo™, Z+ type o ATt w42 v=d 2o
M2-3510 & FZ AL 52 F42% o3t HHA A-8¥ u o (Giannakourou and
Taoukis, 2002). o] 2d 9] kinetic parameters + Giannakourou et al (2005) 7} |33+ E,
ket, Tret & =30tk Checkpoint® M4—-10 & W& FX9 f%5713 HH3so TTI & 3
8171 H¥} a1, kinetic parameters £ Tsironi et al (2008) ©o] A3 AL F=X3UTh. M
I S £ dynamic A% ZzoA FF MY oASEAPo] A& Edolw, kinetic
parameters © Taoukis et al (1999) o] A3 AL HZ3AUTE vAE A A EF o)A

AgE A enzymatic TTI =@ 3} kinetic parameters = Table 17 o velW T,
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Table 17. Kinetic parameters of commercial enzymatic type TTI (M2—-3510; M4—10; M;
S): Ea,kref, ];‘ef-

TTI type M2-3510 M4-10 M S

E. (kJ/mol) 99.5+10.7 94.8+9.9 68.7+9.03 102.146.2
ket (W) 4.760x10™ 1.140x107 1.315x107 9.671x107
Tt (K) 253 277 273 273

Dynamic modeling of microbial growth

19A oA dynamic AlZF—2% o]Ho] tiste mAE LAEE 7|Ed Hxd 54 74
ol 3 o BdS AMEEte] ALY, Dynamic modeling o AFEE PIAEES
Pseudomonas spp., Listeria monocytogenes, Escherichia coli 3%°|tt. Growth model &
primary model 4] Monod model [Eq (8)], Baranyi and Roberts model [Eq. (10)—(11)],
New logistic model (NLM) [Eq. (13)] & AF&3}99t. Monod model, Baranyi and Roberts
model, New logistic model (NLM) & #HlE2%% dynamic modeling o Z-&% 7%
(Taoukis et al., 1999; Xanthiakos et al., 2006; Fujikawa and Morozumi, 2005) 7} ¥t} 1
GAANA AEE A7t 2 g8 G4 TTI 9 T & 3714 vAE o 2l &4
7171 913, secondary model A 2%=2]&4 2]¢l Arrhenius model [Eq (51)], Belehradex
(square root) model [Eq. (12), (14)] & AF&3t9th. Z+2H9] microbial growth parameters
712 AFo A 8359w Table 18 ©| growth model 213 <189 parameters = e
=g

rr

Table 18. Microbial growth equations and parameters for dynamic modeling.
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Simulation and selection of optimal TTI type to each of microorganism models

4% 9] A8 enzymatic TTI dynamic modeling ¥ 39 v|AAE A& 29 parameters =
Fig. 33 3 £& &£Ao 98] T 2HE mAE Q9% o =42 simulation 3Fal, 19A oA
T3 M E LEEe I ZolE Blusty 544 TTI o vz 54 vdE o4 o5 229
A3dS HrhetaAl validation 3FFTh HIAE ARG o F34d fitting & SPSS 17.0 (SPSS
Inc., Chicago, IL) & ©]&3}%aL, validation o4 2%:0]& /, MSE, bias factor, accuracy

factor & HL3l] HA TTI 2 AASE o 2 A EZ AFgpTh

(50)

(51)

(52)

£ e dEge] AA A3kl drhy & 2R 5 AEEHAT A 7 F45 model o
93] o|=% data 7} ©] £¢. MSE (mean square error) = RSS (residual sum of squares)
£ degrees of freedom ©.& UF ZEOE temperature, pH, A, &} Z& 82059 =39l
H3le 183K &+ variability remaining & =43t} Degree of freedom & 74+ data
points 7N BTl ©] remaining variability + A3 variabilitye} AEZFH 23}
(systematic errors) & X3l 22 Q2AEZHE 7]A3th. MSE 7} ©¥&42 data &
7137 93k 2deo] elgdAdo] v £tk (Sutherland and Bayliss, 1994). Bias factor &
observed values 7} equivalence line Bt} 9ol = A=A olgfo] = A=A 3t =}9]
o] Hizkolth. Model 9] structural deviations & F+ ZASZA, 1 Bt} Zom™ “fail—safe”

model O]E]' n < %%% 7H'/"l:, Noredicted = TTI‘E"“E_*T*EE—H 01]%% U]}g% 9_0‘::‘1[ %E, Nobserved

= HAE A Edd AR A-2xolgES gYste] A4S rAE LEESIY AVIA=
npx] Ao grRE =AH3 zkoZ B]F3AT}t. Accuracy factor £ equivalence line ¥ 7zt

7)
point Zte] Aol ot HF O B2 A, dSgko] #ASFho vy ZHIAE SAHSH. gho] F
42 accuracy & Aok 2709 accuracy factor & HH prediction & UEHE H),
observed values & ¥¥ t =t} (Ross, 1996).

T3, simulation 3F data = PCA (principal component analysis)E %3] A& thE data
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sets 7te] A#AAE AA3AT. Data + simulation ¥ observed, predicted value & AR
3l A8tk PCA & bilinear modeling W 2. Z 4] multidimensional data 79l 82 A
BE A & de MAeE BHoFt}h Original variables o] 93] A3dE ARE FARLES
(principal components)©]g} =2+ underlying variables ¢ © A& Fo 93] oAHC).
Factor extraction Z7-& correlation matrix & #2A3}3, scree plot 2.2 ZAI}E HAFS
t}. Factor scores =L regression HOE WHEE A A3}, missing values (A=7k)o)
B0 ALAAY (Mellinger, 1987). PCA #4412 SPSS 17.0 (SPSS
c., Chicago, IL) & o]&3}t}.

#<F Validation, PCA #2415 &3l AdAES vluste, nAE F/7e AR gE H

2 TTI & A3t

A

rr
i

case= Z

=

e S = T

M

Fig. 33 oA A|A)3 HZE simulation 3+ EF TTI o] Wi
TE Uy Zo] dAEZE A%E YElTL

rot
|
X
=
oz
4
oz
o
off
l
Lo
2
e

Ter of commercial enzymatic TTI according to time—temperature profiles
Dynamic modeling & $3] time—temperature profiles S Fig. 34 9} Zo] 3 7}A] (a),
(b), (¢c) 2 AAsATE A storage time & 200 AIZFE 7|Fo 2 stdon, Z7teh A3}
= 7Y E8 =483l profile 1 (2~15T), profile I (0~107T), profile I (5~18T)
© 2 yelHt. Profile 1 3} profile I += Taoukis et al (1999) o] W& A A9 dynamic
AR Ao AL3 vl A+ profiles S FZFSATE Profile I & A 5 F =S5 2
TR ZHASEAT. 0.05 A & F 3 WskE (dF/dH)<S A8t simulation §F $, Tiy
AR Eq. (67) o o3 & A& enzymatic TTI ¢ Tir = Fig. 35 ¥ 22 %43
S H{Y M2-3510, M4—-10, M, S 2= Fe)7} Z profiles o wz} v Fejo] =
S Holy, 53] M4—10 3 M2-3510, M, S 7} "ox Sl=dl, T 7F AUlFo2 =5

olA simulation 23 HAX7F FHoh. AA] simulation® Zvy % W= profile I 9

il

=

i

=
=

2

M2-3510: 1.398~9.860C, M4—10: 5.408~13.664C, M: 1.378~9.192C, S: 1.404~10.03
8C, vprofile I oA M2-3510: 7.977~6.691C, M4-10: 11.919~10.538C, M:
7.625~6.194C, S: 8.065~6.820C, profile I oA M2-3510: 3.710~12.113C, M4-10:
7.707~16.126C, M: 3.597~11.794C, S: 3.741~12.202C & AF=H AT
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Fig. 34. Time—temperature profiles for simulation. (a): profile I, (b): profile II, (c):

profile II.

Fig. 35. Storage time course of 7w of three profiles. (a): profile I, (b): profile II, (c¢):
profile I, «eeeeeveenae : TTI M2-3510, ======- : TTI M4—-10, = === : TTI M,
: TTI S.

Microbial growth simulation according to time—temperature profiles

AHEE profile o] W& Tip & PIBE A A5 H&s7] H8) % parameter &
A3loF gttt Primary model oA A&AAIFA NTEE thmex & secondary model & T3}
o} Table 18 o Yebd Eq. (9), (12), (14) & F§ F, Eq. (8), (10), (11), (13) o Y
3ta] 200 hours &9 S simulation AT AR A7kl WE Pseudomonas spp. A7
S Monod model [Eq. (68)] & =34t} Fig. 36 (a)—1, (a)—2, (a)—3 o JEE i}
#Zo] observed line ¥} predicted line 7Fe] Fel= Ao HAAZ HEZ simulation = T},
Taoukis et al (1999) 7F AFAY Pseudomonas spp. HFFHACZ simulation ® 2}
profile I, II, II oA 3.000~5.450, 3.000~5.252, 3.000~5.589 log CFU/g 2.2 2F=HA
O A8 848 TTI & A4S 259 93t predicted simulation 23}, profile I, I, II o

A M2-3510 type & 3.000~5.468, 3.000~5.326, 3.000~5.577 log CFU/g &2, M4-10
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type <2 3.000~5.667, 3.000~5.534, 3.000~5.784 log CFU/g ©°Z, M type =
3.000~5.432, 3.000~5.303, 3.000~5.560 log CFU/g ©°.Z, S type <& 3.000~5.477,
3.000~5.332, 3.000~5.582 log CFU/g 2.2 &AM 27] ¥ BF 21, Ty & BT
F T HF sk v U AS o 4 Atk Taoukis et al (1999) & Pseudomonas
spp. 7F profile I, II oA 60~70 hours AXol| M type TTI 7.¢ & 8.23, 8.99 C, S type
TTI Zex & 8.99, 8.06 C 2 Ryd u} 9}

KA A7 wWE  Listeria monocytogenes 7S Baranyi and Roberts model [Eg.
(10—11)] 2 o=39t}. Fig. 36 (b)—1, (b)—2, (b)—3 o] YelF v}l o] observed line
} predicted line 79 el profile o] wat thFstA] simulation = 1th. Xanthiakos et al
(2006) 7F A7 Listeria monocytogenes 37342 simulation ¥ A3 profile I,
II, I oA 5.412~31.133, 3.618~13.350, 4.502~43.854 log CFU/ml & At=H AT} A&
ar2y TTI & A3 &9 93 predicted simulation ZA3}, profile I, I, I oA
M2-3510 type 2 5.672~22.864, 3.920~12.836, 4.836~34.228 log CFU/ml &, M4-10
type < 4.409~54.000, 3.378~35.132, 3.965~81.256 log CFU/ml &, M type =
5.681~19.413, 3.979~11.845, 4.869~31.816 log CFU/ml &, S type = 5.669~23.886,
3.906~13.115, 4.827~34.929 log CFU/ml Z AF=%HAY. Monod model = =3

Pseudomonas spp. $h= T8 ARE Hole d 7] ¥EE profile o W&t 21, A% ¥

)

217} o} At} Xanthiakos et al (2006) & #H3F 8.5 log CFU/ml 7}A] A3 AL

H

s
B33 v} At} Profile II oA observed line, predicted line 25 lag phase 7} #Z 5

(N

30 |
Rl

olF FZ3 Fxrt F7IsIAEH, 1 ToAME M4-10 type TTI & HFs=7t &
olatAl =A Uttt TTI & ZAd3F Baranyi and Roberts model ¢ o= A3} durz ¢l A=A+
= FHE HolA ¥ FoZ Hol o] model 9 Aol AYztE T

& A|zroll WE Escherichia coli 7S New logistic model [Eq. (13)] 2 o =34}
Fig. 36 (c)—1, (c)—2, (c)—3°] velhd ufe} o] observed line ¥ predicted line 7+ &
Bl = profile o] wa} thFstA simulation H AT, Fujikawa and Morozumi (2005) 7F 47-3)
Y Escherichia coli 722 &2 simulation ¥ Z3} profile I, I, I oA 3.604~13.097,
3.601~25.660, 3.602~8.945 log CFU/ml 2 A=HJth & 54F TTI & 43 2=
93t predicted simulation A3}, profile I, I, I oA M2-3510 type & 3.605~9.411,
3.602~10.200, 3.603~8.710 log CFU/ml 2, M4-10 type < 3.602~7.973, 3.601~8.421,
3.602~7.564 log CFU/ml 2, M type & 3.605~9.708, 3.602~10.477, 3.603~8.798 log
CFU/ml Z, S type 2 3.605~9.337, 3.602~10.133, 3.603~8.686 log CFU/ml & 2F=% U
t}. Fujikawa and Morozumi (2005) & F= 10.1 log CFU/ml 7}A] &3 Ao 2 H 13k nvf
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o) 771

9lal, observed line © B8] predicted line ©] 7]& AF v]E3 AAFEE BHYoh
Profile I & observed line ¥ predicted line 7t Hej7l AY AHAEZE simulation F U

.

Fig. 36. Dynamic modeling for microbial growth in between observed value and predicted

value.

. observed, «sereeeesen : TTI M2—3510, ======- : TTI M4-10,
-===:TTI M, s TTI S, (a)—1, 2, 3: Monod model, (b)—-1, 2, 3:
Baranyi and Roberts model, (¢c)—1, 2, 3: New logistic model (NLM).

Validation and selection of optimal TTI

Profile I, I, Il oA Pseudomonas spp., Listeria monocytogenes, Escherichia coli 3%
o] A xrdo| mZ observed line ¥ M2-3510, M4—10, M, S 4F9¢ TTI & ZA¥3 w4
2 WA o =372 predicted line @9 A7} Aol & RIsle X EAFH vwE 3 An

E Table 19 o YElity. 18]31 validation & observed data ¢ TTI ZHE =3
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predicted data 7Fe] HIE Eq. (68), (69), (70) & ©]&3}] validated 3T}

Table 19. Evaluation of primary models predicting growth of Pseudomonas spp., Listeria
monocytogenes, Escherichia coli according to various statistical characteristics

and TTI at least SS.

£ e fit 7} O9gE AEE SA4sE d T3 AHSEY, HEge Ry Hold RES WX
3= EA X o]tk Monod model 9= A8 enzymatic TTI 45 25 0.992~0.999 ¥ W
o 5}, Baranyi and Roberts model < 0.290~0.998 W%, New logistic model &
0.912~0.999 9 WolA d=5Ath. MSE & observed line 3} predicted line 7Fe] <33k
AEE YeU = @S =2, Monod model 9lM= 48 enzymatic TTI 4% =5 0.000~0.005

We  Baranyi and Roberts model & 0.130~5.701 ®W<$, New logistic model &
0.004~0.379 ¥ WolA == Ark ~#, MSE =% Monod model ©] o}F £& «3%&
B 31, Baranyi and Roberts model ¢ M4—10 type oA profile I F7o] FL3A A
=%ttt Bias factor & Monod model ©olAX= 8 enzymatic TTI 4F EF
0.946~1.016 ¢, Baranyi and Roberts model & 0.444~1.459 %], New logistic model
2 0.986~2.043 WY oA od=FHUY. Accuracy factor & Monod model A= &

T
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enzymatic TTI 4% 25 0.984~1.057 W%, Baranyi and Roberts model & 0.685~2.253
H e New logistic model & 0.489~1.014 ¥ WA =% A0}, Bias factor 2+ accuracy
factor & true mean & 9ZF3tAY ©E model R YA E d3E3t= evaluation ¥
o]t} (Ross, 1996). the performance of predictive models 2] evaluation & 9|3 F83 =
T2 AFEE 8l Aot (Dalgaard and Jorgensen, 1998).

A profile Zte] Bl A} profile 1T o] profile I, I Zzdol] Bla] oS50] EoA]
=], 25 ARt vie FdEke 2 H7E 100 BE A7k s AAstY 3F9 s
Al s A FFS

M

Aolegt AzZE} A8 enzymatic TTI 7]2] Bl d S w, sum of
squares (SS) 7} #HA<Ql type & Monod model 2 S type, Baranyi and Roberts model & S
type, New logistic model (NLM) & M4—-10 type °.& 2F=F At}

Simulation ¥ observed line ¥ predicted line 7F9] validation & 3 SS 7} Z+& TTIZ}F
e =5, PCA & %3] optimal TTI & A3} Profile I, I, I o] w2 observed
line ¥ M2-3510, M4—10, M, S 4% TTI & 7 @3 predicted line ¢ PCA Z3E Table
25 o YeWlt}. Factor matrix & Monod model o4 0.996~1.000, Baranyi and Roberts
model o4 0.609~0.996, New logistic model (NLM) ©lA 0.964~1.000 & W7} =5
At} Nearest neighbor = ZF model o|A H]Z:3F factor matrix 7]2] £/ 2 Holth F
] eigenvalue & Fig. 37 ¢ scree plot oA Ho]= =Z Monod model & profile I ¢ S
type TTI 7} 14.975, Baranyi and Roberts model & profile I 2] observed line ©] 13.691,
New logistic model (NLM) & profile I ¢ M4—-10 type TTI 7} 14.904 2 Yy}t &
profile 949 M2-3510, M4—10, M, S 49 TTI + eigenvalue 7} A< 0] 7}4A V&

Aog Hol WEEY EAS & Adsis 8¢ model ¥ 1/1E FEHJLSS ¢ F 9
=5

(a) (b) (c)

Elgenvalue

R
Eigenvalue
4 a4 9 = B B E

Component number Component number Component number

Fig. 37. Scree plot of eigenvalues in the microbial growth model. (a): Monod model, (b):

Baranyi and Roberts model, (c): New logistic model (NLM).
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Table 20. Loadings of 15 experimental values on the PCs on Monod model, Baranyi and

Roberts model, New logistic model (NLM) for optimal TTI.

Validation ¥ PCA ZA3, #ZA TTI & Monod model, Baranyi and Roberts model ¢ 7
% & © S type, New logistic model (NLM) 2] 4% M4—10 type ¢l Aoz XA}

<

2. JAFES o8 F

2

e
ifin)
ot

7F Q¢

condition®l| A TTI (C—type)?] A Zt (F value)ZHE 7|&E0] =9 ELEQ T effS +

stof HA F25 ol&ste] T_efflld 54 F' gl gk 7)o F2HFA V' gt (VBN)
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F)2 Agdgch AT Ged 2o WHo

Y& oF 793t chilled temperatureodA] H#AHAJG. sAHE 117)= 5g¥ ZEF 50mL falcon
tubeol] ¥o] —25Co] H#Aste AR F WEIF dojuA] A s, AHE & AZE A
8+1C9 Eof sisatitt. ol wf 43 wiritt B FHS /A7 Aol &3t
85438 TTI(C—type, VITSAB AB, Malmo, Sweden)E 7Y% 3 instruction manualo] we}
—10CelA BaAHJAG. 223 TTIE 712 FE&3 84 F& Aol 7he Y £o07 H=
HogH 243717 A7 SAstHA Feva s AT TTIY & 719k 4Co
Al T ol AT

A A

Isothermal ZZoAM = dlsd 7]k TTIE 4, 11, 18, 25T 2% A&,
non—isotheraml ZZAANAE o2l 3¢ B AF-2% o8& uHsIo AFH A7H-
2% o|#o] dHH programmable incubatorell ¥ol ARt vHlE o] AP AT FF
AA AFEHAAT, AA g9 fF& 20X FoE data loggers Ho AA @n] &% A7t
-2 oS YolFoFH, I LE-AZF o]HES WSt W AFA] 39 Hiv) A=
St 37he] TTIE ARS8 e™, TTI= A7 A2 AJRlollA &8st A stadnt. dA 49
< F 33 REESA

8

VBN

AN

4]317]9] Volatile basic nitrogen (VBN) =738 Michio Muguruma et al. (2009)2] W3
H(modified) WHOoZ SAH3AT. A 242 AFE 5go T/7F 26mLE B3 & 4o 30
7 A& T AAEY7)AA 14000rpm, 2500sec, 2TCo] ZHog EA7]aL (A AT
Conway b7 Qilele 7|DAZA vpddS 17 Sk Aol 5% F4F (H2S04)
§NEs AHESt] 9fiHd (pH 3~5)0.2 F3AIZ & &b7] 94 ofgiFe] ImLEs ¥k &
271 o= 0.0IN— H2S04 €§94& ImL 718 H, &4t7] 94 9 Zo &4H4-5(K2C03)
F3Ed Imls B3 APy QS Hol FHOE nAsta 4 A4S FES] 4o F

k

ATt Conway B2F71E 25TCAA 22417 =] &

ogt

A

£

Alo] A& Ao Brunswi
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< "oj=go, O 3 vlo]ag IS AFEEle 0.0IN-NaOH &qoz HAsIHT. uz A

FEA i SHRTE AMESIY 2 WHoz IAFS st ofle 2 (53)% °]&3tH
&

VBN(mg%)zO.Mx%xlOOxd (53)

714 ae B AFNMe HAHX (mL), b FAIFY FAHA (mL), d= Xl (2 2
Fol= 256mL T 1mLE AFEIormZ 250|t), W Al59 &(g), f+ 0.0IN— NaOH<]
g7t 9wt

TTI & &4

TTI9 CIE—a*$} bx= A 2HA| (Model CR—300, Minolta Co., Japan)& ©]&3td =
o TTI® #7442 9mm=E, TTI9 window (7Tmm)ET Z7] w&dll, AF 7mme] 73
A A2 Fol2 74< AW AU sty TTI 9 100 SA s

o

&3
7}

o

TTI Mo g2RE ZEZAS o =3}+= original method

7€ TTI A Wsle] ndge A M-S ARESHA] 231, Taoukis P. S. et al. (1999)
o] E4¥ TTIS A Wsto] thate] HE3 vk e 4 (54), (55), (56)°] o3 HFE A
gk vk Sl

|

F(Xc) = 1n(1_1XC)=KTT,-t (54)
C_len
Xe= Cvmax_cvmm (55)
C= Va*+ b (56)

o37]1M, F(Xe)= Ao dlgk Mgk, Xeot Ce 27l g, 28]3 a, b ClE—ax, bx &S
oustt}y, TS 7]E TTI9 THHAE9 & o&EA LS th3-9] Arrhenius equation® 2 E}

i

- 108 -



— — . i_a

F=kt =kt exp( RT) (57)
o ‘ _ FEd

V=Kt= Kyt exp( RT) (58)

(67)A t= TTIZF B33 AIF, F= t Wt @& F(Xc)o Hitds ou|ste vk

A4 (b)), k 2 ke FY 71Z3E (b)), Ea® 843 4R (kl/mol), RE o] 4744

(8.314x107° kJ/mol), T AUex (K)E 9ulstd, 4 (58)dM t= 97t 2dF A

, VE t Wslgo] wE VBNghe wstge ouste ueEEds (b)), K 2 K 0e Ve

%3t (h™H)S gmgig

Tere E9 F8ARY 2E-AIFt o83 Yiste &% o= A4 S/7FY F4 A
F

Akl AbEE = ZEe Z (Giannakourou et al., 2005),

R D | 3

N

. Ea'];’r%f
. T:;ff: (60)

PR ey

— Fa 1 1
V(t) = K., -exp[ ( - ﬂ 4+ (61)
d Ty They

A71M F(X(t)= ARt talld o] F(X)e WMakE oulstr, V()= A7k toll X 2] Vol HstE 9
gtk &, 4 (60)Z5FH &3 Ter gt 59 F2 AR A (61)0] AUt L=

o e del FAS FIE Aol

Fuzzy 8% ©|83 MEL kinetic L2

719 TTI kinetic modeling°l M= TTIS] 4 W3} 4(57)3 FukaFe] FAAx 4
(58)ZHE TrE T3le] BWAFES F4& d3stgnh 4 (57)F (58)2HE TS 42743}
of o5 2 (62)3 Zo] WIS & Ut

)lnt+anU EZ Ink, (62)
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o714 Eaot Ea'7b 2odx 7443w g o] Jebd 4 ),

InV=InF+Ink,—Ink, (63)

webA 2 (64)0] ZAS TTIS 3 Aol thet FH2L 3 A==
a8y AAZ= East Ea7t 24 &2 B57F A8 Wil TTIg% &
A FS wee $YS TTI AFH o2 RE A-2&5 o|go] e}

= BAE o7IeHAl "o olgd EAE st dste ded 2e AR 2de R
Atk ol & 5] 47FA] 2E A9 Al7te| wE Fe} Vo] BAE 2 (62)22 ZAISHH Fig.
433 Zo] YEtd & vk F, F EaEFS FERE 7]Ed 59 fi2EQl T effE T
atod Fig. 43¢] Watste] T_effllx] 54 Fol tig VE AlLtets Aolth o] w Wits <18

A fuzzy F25 AF&3H

Fig. 38. Fuzzy reasoning for calculating Teff for an example case.

Fig. 38w 255 HAgoE Yl Aog 4F 59 Tu=16CS 3% T=113% T=18

T Z}zte) 715X (A% %, membership degree)= 0.3 (T=11C)3} 0.7
(T=18C)& uel} Sugeno—type equation 2] (65)5 ©]&3}o] A4Eeth (Sugeno&Nishida,
1985).
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V= U; Uit1 (65)

w; tw; 4

oA7|A vie 47FA] LX) algEtH 21(65)9 Aakgkolth I wie dF ASEE, AT
Aol A vi=vr=11TC, viz1=vr+1=18TC, w;=0.3, wi+1=0.7°] 3} F3tc}.

Isothermal ZZo|A <] kinetic 2]
Isothermal condition®]A¢] TTIS] A &4 9 AEF F4 (VBN) S 4714 2% (4,
11, 18, 25C)old JAFHJ. 7} Lo
g2 dAE flst] AEeFe] F2 (VBN =
Aot AEFe] F2 (VBN)2 4 (53)5 ©]&3te] V valueZ &itstglen, TTIS A 54
& 2] (54), (55), (56)& o]&3td F valueZ 3259 (Fig. 39 & 40). TTI A9 end
point= P. S. Taoukis % (2005)°] wz} F(Xc)=1.5¢1 XHoZ 395 2™, VBN end point
= 20%°o2 AASAT. 1 23 Table 1339 22 x5 Aled, vl 7HA] 2= EF R,
gkel 0.95 o] o=z yetgth. A, TTIS M3 VBN end point Aol B& &=

AN

- L
A
o
rlo
2
i
ot
5
o
<
=
o
4
=
A
o
ol
e
o
=2

e

P
T

Fig. 39. F value (TTI color) with storage time under isothermal conditions.
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Fig. 40. V value (VBN of sirloin part of beef) with storage time under isothermal

conditions.

Table 21. Coefficient of determination (R?) of F & V value and end point time (hr) of

each temperature.

Reaction rate constant (h™ ')

2
Value R 4C 11C 18°C 25C
F value 0.970 168 80 60 25
V value 0.965 210 91 72 30

Fig. 393 Fig. 400149 Fe} Vo] #AE Wehl ATt (Fig. 41). Fa3 Vael &=44

Table 21°] YeRATE. SrIFAE Feb Vo A= ol 79 &4 tdstA Jebsth
(Fig. 41). AA=Z, TTI¢} &HF 2FA9 Eaw Zolok st} wHef Eavt ©h20id, e
TTI Aol et uk2Fe] F2L dQ3A &S Aeoln, TTIo] TRk Fe] F4S udd

& gl Aotk

Fig. 41. Relation between F value (TTI color) and V value (VBN).
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Arrhenius 29X 9] &5 oJ&EA
Isothermal conditionolA1e] TTI 2 2 399 F&A (VBN) 54 ZFHAE Arrhenius
equation®] plotting o =ZX, TTI M3} 3+

Arrhenius 2]9] W] Z2IE FHsto A4S

o
el
X,
ro
_>|~l_‘
Lo
fo
b

o
ri
oX.
o

o
<
=
32
)
Iy

sl o™, 1 2o isothermal condition®l] 4]

s
V3S plottingd}e] linear graphEs L}t (Fig 86 & 87). LT oA FAA19]

o] Fgk ¥
R* #& BAs) 2, Fgre] 29 0.9657, Vit 29 0.95872 yelgted, o2 53 Fgl,

V3t 247} Arrhenius equationo] Z B & = QlTh

Fig. 42. Arrhenius plots for the temperature dependence of Ink for F value (TTI color)

under isothermal conditions.

Fig. 43. Arrhenius plots for the temperature dependence of Ink for V value (VBN of

sirloin part of beef) under isothermal conditions.
Non—isotheraml Z7Ao| A2l TTI Mukgo] W& 398 =2 Hr}

=
Non—isothermal conditiono| & 3+$-2] AA 45 F 9v] 5 24S 9Fsd. =
3

oMol &4 T #H &5 FFLS v=3 2o 9A
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Fig. 44. A distribution pathway of beef in Korea.

I
loggerE Yol A 23 &4 EfoAMe &7t #4954 A= vhd, A=, o
TFHTT, SAERHFTTAAN FHES EFRse Y AAATLE A3 temperature

= =
fructuationo] dojkom, of o Hh2=o} Ha2E9 2= 6CHY. HFTHo=2 Gujr} &

A FEAA dojd F Y& worse caseEA], Fig. 459 o] ZA3}e] nonisotheraml

condition®] temperature profile=Z 3} T}.

Fig. 45. Temperature profile of nonisothermal conditions.
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+5 EYo YR 255 HAAY FYsA 4CTE aa, 24 EZo] AQAHe AA
&AL IIAZEE wEgste] Atk FAAT, AFHTT, sAEITTAAY Y7
339t Isothermal conditionodl Ao} w72, 4L A4
gk intervals Fil SR oH, A& AHE fste AES F4 (VBN) S TTI

A&Pstgct AF dHolHE V valuedt F value®E 325 ©
point= isothermal conditiono| X<} ZA AA3AT (Fig. 46).

>,
N
1
2
i
2
=
N
>,
)
o
l-«]I'.

(o]

_1[}4'

Fig. 46. Relation between F value (TTI color) and V value (VBN) under nonisothermal

condition.

Dynamic condition9]A1¢] F value®} V value 23+, T eff2HE ¥R FEste] AF=3 F
value?} V value® #AS} Bl Adth HAFE2S o8& MELE EZ2L 7]EY Arrhenius
relations ©]&3A ¥ix ITHY HEsHA TTI AMo=RY FRAFY FES 45 +
ATk =, TeffZ A= FAHolAM Ea (TTD > Ea' (VBN) wol= TTIS EaZ g3,
Ea (TTI) < Ea' (VBN) wof= VBNY Eag tidFo=ZH, thkst oA TTIe VBNE
Eas =7 1#dte Har]Y F25 55t Zolth

TTIE A%3 249 438 ANAZN £4 0 4F9 4L TTIS) 4u5E 53

A
o delE & Ae W FE&EF AAold. I A7) wel TTIZE Bdshe %9 2F0]
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719l 9% ¥ (corner, middle, bottom) S®AIZFE 1.5cm € wj 5.05, 13.3, 19.36
19.68 ¥, 3cm¥ v 9.3, 20.4, 32, 32.5 ¥, 5cm¥ W] 13.56, 26.66, 42.7, 43.8 o2 A
AF 2xo TTIZF ddste 259 Zol= FHul 30& 7HA zol7t ¥+ s EAidh
ARHoz TTIE AHEE e X Be 2 ole gl Aoz Aagsu 4F g &
e 20wt AFe] d A 54 9 A7V g Eolor i & AF TTIE A 74
= O3 9o Be TTIE F23tojok o)

o
fru
v
=)
=
&
S
=
ol
1
ui
=2
X
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=
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ﬂ
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Fig. 47. Measured locations of beef package. M=Middle, B=Bottom, C=Corner.
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Fig. 48. Location of TTIs on beef packaging. 1—corner. 2—center side. 3—center.

4—middle. (a) Top view. (b) Side view.

Determination of thermal properties of the materials

HAaziek TTIY € 4 EAA vlE, 2%, ¢
o ALEA Y. TTI= Yoon et al(1994) o] AF83F &4 3 lipase—triglycerides system=
L3t H(Table 22). 7|4 Buffer®t pH-—indicator mixture= water, Substrate <}
emulsifier= fat, Antifreeze agent= fat(18.9g)3} carbohydrate(45.8g)= 71439t @ &

EA A 2EEAES Xdste AP R AAtedth (Table 23). &, GiEEE £FE

L]

=Y
i
ofs
o
)
M

=
Aul Qe Awvle) AS 7 AR
A

Table 22. Composition of TTI and Beef.
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Table 23. Thermal properties of components of Beef and TTI as functions of

temperature.

Numerical analysis
FEM< A& 91712921 ANSYS (10.0, ANSYS Inc, US)E A&3ldor, WA wdS A
Halal, AAZQI loads F7IstAS W 1 ARE HEste] E484 (Table 24).
T 270 Y3 0C gtden, nige ddxd, F7s Ad

2 17W/m*K & AHEsignh. 4 dg WA g9 uAe

f
A
U
ol
2
=
5
il
2
e
=
N )Y

&7 2% dynamic °]¥& aHSAT. TTIS A= Fig. 48] HAZ ZAAH a7
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Table 24. Steps of ANSYS program for simulation.

TTIY) =Z7le AFo f%5%E TTI Z7] (CheckPoint TTI by the VITSAB Company,
Sweden) & &3t 7FZ 2cm, AZE 2cm, =°| 0.2cm AASAT. Har|le FAE AL
72 AlZ2e A7 12emz A4S, F7= 1.5em, 3em, S5emZ 7RG st 4arv]e] A7)
T AN wiEE 2712 A8 AlEde| e AHEE F7]9 2E-AIF 24

steady®d] AF Hd 2% 21 25CE AFESIY Al dynamic 27 Fig. 493 o] AA3}

ek 2% zAe 27 AFl &4 el 95 IFHAL, 2uAs} Flstel oFH A
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o

% W3} time intervale] &t})Ql Case 13 Case [[¢} ZF A|F9] ALEHANA HA3 = HF

fo

% W3} time intervale] Zth)¢l Case III# Case IV & F& 39ttt (Park et al 2009).
J2]a1 Case 29} Case 449 2zt & ¥ F43HA =71 vi¥ = A% 11331, beef ¢}

TTIE 257} old 3 249 o9/ wesexs By

Fig. 49. Time—temperature profile in dynamic case (a) Case I, (b) Case II, (c) Case III,

(d) Case IV.

Determination of response time
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d & EAd uwel 43S we=d, TTI 2 response timeS #4317 915t 54 x7]L%0

%0
.
-3
=
N
N
0
41:
2
2
1z
b
rit
o
1_4
N
I

LA FU|e=e] 27t FoHES u 2V|e= 0T
ZRH YT 25TC7RA 70% Wt XHoz A3AT (Sergey et al 2004; Wilson et al
2005).

o
oy
7
ik
kI
i

Fig. 50. Simulated temperature pofile of variable size of beef. (a) 1.5cm, (b) 3cm, and

(c) b5em.
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Fe =719 4]ar7) o et FEMO2RE dakd TTIS Har) =3

Effect of TTI locations mounted on the package

Fig. 51. Temperature of mounted TTI. ——— : location 1, 4 : location2, — : location 3,

and X : location 4.

Fig. 4894 Yetd AAHH A7) £9H d B B2 TTIE 25% steady ZZ ol A
Al EG o)A3 A= Fig. 519 2t 43719 =7l 72 10cm A2 10cm =9] 3cm ©olH
TTIS} Ha7]e] 27] 25+ 0C, 3719 diF @ AL A< 17W/m2?K & stk TTI=
#3274 0.05, 0.03, 0.05 & 7IFe=E st 7I= 9 AlZ= 2cm, Fole 0.2cm E SRS
X&F %2 7% wgFoz 192 (0.03, 0.03) 2H2 (-0.01, 0.03) 3W2 (-0.01, —0.01) 4HL
(0.02,0.01) 2 o]% AlAT ZF 94z ¥ TTIY HF L% ol 0.1C & YA w2 &%

o & Aol HolA gtk ot SelME AFYURel TTIS A7I7h Ax 9ol HH70
2 wZo] Hof gl7] el £xel Wy} wkoelgn AnHth oAY TTIY A w
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Effect of the package size under isothermal conditions

Fig. 52. Response time of variable location of beef with TTI attached at the corner
surface and TTI (a) L=1.5cm, (b) L=3cm and (c) L=5cm. ——— : TTI, & :

corner, — : middle, and X : bottom.
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surface ¢ @EwW3l7l 7b4 walom o]olx] middle, bottom 2.2 =7} st TTIe &
HAIZFE 5.05, 9.3, and 13.56 £ =2 2 317]9] corner surface, 1.5cm ¢ FAY W 13.3%,
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7] f2om AlgdEn. Har]e] AAE SEAREE FAC dFS A L=, 1.5em &
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N

¢
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sS4

Effect of the package size under dynamic temperature conditions.
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Fig. 53. Temperatures of beef locations and TTI during dynamic simulation (a) L=1.5cm,
case II (b) L=5cm, case II (¢) L=1.5cm, case III (d) L=5cm, case III. ——— : TTI, —

— : corner surface, — : middle, and *e** : bottom.
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AIRR] 6041 A ste) Sl A skl shARE 10T 2} 735 Cl—typed] Ea¥ =4
gtoz Faf Al = TTIE 78 € 5 AUtk shARE Z44 TTI AR wots 1
gto® TTIY FAARE 24 93 & 254 2e TTIE 78 & & et o] A+9
o7t vl & & Utk

o]

ALESIAT. A5 2 AEE 7] olge FUn AT FAA 233 AMSEHI 5
o] —2C~5TCoA 20¥¢ A= HAHE 15958 AHEsEY. TTI= VITSAB(VITSAB AB,
Malmo, Sweden) AF2] C—typeE A}-&3}H T

s
=

VBN &S SA3H7] 9 Hav] MEH 2=HE VITSAB TTI9 w5 32l 317] 93t
o 25C, 20C, 15C, 10T, 4TC = AHAAH &g v]¥7](SJ-125B, Sejong scientific Co.,
Korea)oll ®¥#stith. TTIE 7837] st 74 5255 Do H Syringes °|&38td F=
stom, 74 EFY §FS aart S07F e FiEel 120ul, 7123} Ao EFHo] F
ol 140u7F 50 3UeS &2 stk ol U HIEE TTIS a4 ¥kgo] dojurs
Eppendorf tubeol] &40} 7|2 A Al oS EF3}31 Vortex mixerS ©|83te] FE3) £33k 3
25C, 20C, 15C, 10C9 &2 ujd7|ol Baste] A9 3ttt Eg Giannakourou 5 (2005)
o AAE WS ol&3td TTIe] A ®W3sE [ (Green), I (Yellowish—green), I
(Yellowish—brown), IV(Brown), V(Red) & 59@AZ 533} 4t}

Volatile Basic Nitrogen(VBN) =4

A @718 BA4E ConwayHs ©]838t A8 5go S/ 26mLS ¥
1 AE T oAgste, g4br] Q)9 Zof gt 5 AT}, o 7ol of
5% AHE3te] pH 42 F3MAZIE 4b7] 9 ol & Ao F4H71 WA
0.0IN 4Hs 1mL7bgh 5, S4b7] 94 SiZo] eibdF 23t 89 ImL& ¥ Q/HE o] 9
Aol &HS 4ol FATh ojw AT} WA &Ho] 4ol A Fstof gt 25T A
60 A2 & G4t Ao Brunswik AloFS g W& "ol £ 0.0IN FASIGEF §Ho =

Hgate], ofghe] 2(66)0.2 B2 AT

2 410] 30
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VBN(mg/%)=0.14xWx100xd (66)

L

A714 a & & APAAY AAHA(mL), b= & APY HAA(mL), d= FAulF, W = A=

9] % (g), f & 0.01N NaOH9] 97}= olm|gt}.(2=FFH, 2002)

o Ay 9 uz
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549} o] 4ColA HAAlol= 3 window7} Gl A ztel] SZH0 =2ds AT 5+ AN

3
o A g8 22X BHAg F T =2 st Alfe] dA §HA e & s

Fig. 54. Time to end point of TTI C—type response for 3—windows by variable

temperature, (@ : Cl—type; l : C4—type; A : C7—type).
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= C—1 7TAIZF AR o] WHElr] AlZsle] 10A13F AF2 oY = 31501,
C—4+ 74X}, C—=7L 126217t =& 3}t 25Co 7
C—12 6.5A7F)] Mo] WM3al7] A|Zrsle] 9A| T ol F

o
=2

st t). kA9 U 2] windows

A% % VBN =S o] &3t Harje F4 w3t
7 TTI &l A Ha7]e] dxF F4 QIX

3 W Bl A HS gl &gttt Al-Masri 5(2007)9] w24 A
FF Aavie ddg Sae) AR FEog sty ST A A4 5=
E} 2 Bago] VBNEHS A3ty B 3¢t Kim 5(1972)9 B
of W= VBN 3FaFo] 18mg% ©|dollA #sHoz 27| BIE AASHeH, AFF3
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°F 30% 7 B4 T olAL 5719 2% R VBN FHS =4 3= ConwayHoE

4

AFE stATH A 2571 25C oA 2447, 20C 4 Z-¢

-

o

8AIZF, 15C 9] A% 60A17F, 10T

o] A 114417k, 5C 9 3% 16827kl A VBNo] 18mg% AEE Z718te] REdeS &
AT} Fig. 55914 B Ay o] 5719 && FIroA] A|7to] x| G4=2 VBN 3o =713}
= B3t
60
y=05312x+3.27T04
R*=0.9712
50 F M
10 ' v=101884x + 6 1609
;‘; RE=003120
o A =0.2578x+ 59854 =
£ 3} # R:=09793 P 1 )
= . ¥ =00753x+4.624
B ; Y= 0.0924x 4+ 5.494] RE=0.8338
= aprk / I RF=0.937] s
A1) o I___].— - ____I i 1_______ I
A T SR
10 i —a 3 — I - X
IL/J;' e
0 . .
1 24 3] T2 9 120 144 168 192 216 140
Time{hr)

Fig. 55. Changes of the VBN contents of meat during storage at variable temperature, (4:
25C; W : 20C; A : 15C; @ : 10TC; X : 47).
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Fig. 56. Grade of color from safe to spoilage by TTI response.
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Fig. 57. Sample data fitting for VBN value & TTI color( I,I,I0,IV,V) of beef stored at 2
5C by enzyme 65ul, substrate 140ul in C1 type TTL

Fig. 58. Sample data fitting for VBN value & TTI color( I ,II,III,IV,V) of beef stored at 2
5C by enzyme 65ul, Substrate 140ul in C1 type TTIL.
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Fig. 59. Sample data fitting for VBN value & TTI color( I ,II,II,IV,V) of beef stored at 1
5C by enzyme 60ul, Substrate 140ul in C1 type TTIL
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72t 2= 47C, 11C, 18C, 25T TTIo Azh= 99k o] yehdn. TTIo 42 ¥
A5 ol A Canon IXUS 8015 digital cameraZs ©]&3ly] 23 =AHS styom o] pEo
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S (Meat color)

AFTEZ A AEE 371 Toll & 308 5 AR F A3 A (Colormeter CR—310,
Minota, Japan)< ©]&3}e] CIE system® W% Lx(lightness), AME ax(redness), ZME
b*(yellowness)dtS =439t} olw] AFEE X5 WA 7]7]9 manualol] Wl Y=92.40,

x=0.3131, y=0.3196=2 3} t}.

B4 (WHC; Water Holding Capacity)
Grau®} Hamm9] filter paper pressHS 283t 5 A| &% plexi—glass plate Sl o

A (Whatman NO.2)E =1 1 Yo AE5mm, =°|5mme U5 EYoE AE AFE =

o . _ AlBTFEC =R A
BEAAT 0 = (g =orrergrma g <100 (67)

ZZA7ZH(TPA; Texture Profile Analysis)

Bourne(1978)9] W& 83t Alg9] F7= FUsHA 10mm, 782 30+ smmE A85 A2 o
£ Texture Analyser(TA—XT2i, Stable micro system, England)Z ©]-83}Fd TPA(Texture profile analysis)<
=43t} BAEL 1318 247 7% (Hardness), 3-8/ (Cohesiveness), ©#4d(Springiness), 2}
842 3 (Chewiness), 743 (Gumminess)©] Itk TPAE Cylinder brobe P/100S- o] &38l53oH, EA44%
AL Pre Test speed 3.0mmy/s, Test speed 1.0mm/s, Post Test speed 1.0mnys, Distance 70%, Force 10g2.

= sk

H) A& A

FTret T 9] S48 FDA(1992) 2] WPell wh} AAISIt A= 10gs Ft2 o2 Fsie d
79 0.1% peptonewater 90ml-S- ©]8-sle] THA B3It Tt EFHIHN Fated 2 3] 0.1ml#
< F31 plate count agar(Difco, USA)E &5-stal, g v F3emAgel &3t 2t 3149 1ml

A& lactose broth(Difco, USA)E #53F & I1F 445 tha 35CollA 24417 w8l
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0

B

wK

pH

T°] 5.138.2 7%

=
o

H pH#tS Yehdidth pHE A3e 1++

L= A
[SI=]

395

Fig. 72+

¥ pHY 3

B8 (WHC; Water Holding Capacity)

d 1++539] 35.89%% 7HF & S Yel e, pHoll

iy
R

K

XO

¢l - pH7t 7t
A M ERY 145 F0] BRFHMNE 4599%02 718 £& g Bl pHe B4 Aol 9

T

S A (Meat color)
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I WEZH(Fig. 74)& 1++533 1+530] 27 42.15, 42142 Z o] glo] 157 By}
=2 #e Ul en, g% (Fig. 75)2 A% 1++5F°] 16.152 7I =2 S vE
Waa, 1530 158008 7F4 e zts el 3N (Fig. 76)9 2SS ZE 530
3.01-3.21 ¢ HAR FH3 zpolE Holx] LUt}
Fig. 74. 3 o] 53Y BWx
Fig. 75. 359 T3 A= Fig. 76. 359 T34E IANT 3k

Z A7 (TPA; Texture Profile Analysis)

ZAze] Aoe ted 2o 4= (Fig. 77)9 4% 1++5w0°] 13,271.9602 7M &2
e Jeigen, 1539 10,141,912 7} 22 7S Jeluigdch g4 (Fig. 78)3 234
(Fig. 79)¢] A$E F3T Aolg Holx FRow, AA(Fig. 80)9 AF 1++5+
6,250.672.2 7HF #& @S YEUReH, 155°] 4594.092 7} @& S U Ax
7F Ze AES BAT. AP (Fig. 81)9 A% 1++53°] 2,952.812 7I w2 S UE

How, I+553% 1552 A5 HolA Ftt.
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. 31989 559 Gumminess &

Fig. 81. 3¢5 T &% Chewiness®] %t

w4 E A A}

= 1.~

Fd7e A 3.58 ogCFU/gE dehilon], faas 59 33E
ol AP E U3

o

Fo 3 Aoz YEET
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ANE
ANEFS A 34 53 7t 34dA ASTTF 476142kge] AAMS 54 55 16+
o] A 3075 AASA 1x71Fe] gd5d F 4+1TCoA 5, 7, 10, 15¢ A & SEF9

2 AFHs] YA (521C)E AT F

i
Y
=2
rot
4
=N
3
10

(Top round)®} 2EH-9(Striploin) & 2
Hugh wg] AFHZ o]Fste 4P S HAASHAT

3

pH

A\

pHZAAE= Eikelenboom, G5(1974)2] MPH S &83le] A8 10gS =/7F 90mle}t &33F &
Homogenizer(Ultra—turrax T25, IKA—Labortechnik, Germany)®Z 8,000rpmo. & 283+ & A7l
T dAEH7E d4dEEsd A5AE A#A  (Whatman No.)E o343
meter(Standard pH meter PHM210, MeterLab® France)Z ]88} =431t}

41
o
T

A (Meat color)

AF32F @A AEE F7] Tl o 30% ¢ DA & A=A (Colormeter CR—310,
Minota, Japan)< ©]83}le CIE system® WX Lx(lightness), HA % a*(redness), I
b#(yellowness)gt=S =43ttt ojw] AlgE %F WARS 7]7]9 manualol] Wk Y=92.40,

x=0.3131, y=0.3196% 3} ¥},

VBN(Volatile Basic Nitrogen)

Conway P& EPH(1975)= o838t SA43IA. A8 5g5 Fdte] S/ 46mls 378t
123 3 X (Whatman No.1)E o]83}] sttt A8 F54 1mlS Conway dish ¢4
o] ¥ar, 0.0IN H3BOs; 1ml¥ Conway reagent 50ulES Conway dish WA ¥t} ¢4l K,COs 3
g ImlS Wi F4ES 22 F 37CA 12083 vk AJZTh ¥-8 $ 0.02N HoS0,2 419

Aot SASFY. oluf av= EAIF HAX ml, bv FAIE HAAX ml, = 0.02N

o
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(a—b) X f<0.02 X 14.007

VBN(mg%) = 5

X100 <100 (68)

B 42 (WHC; Water Holding Capacity)
Grau9} Hamm®| filter paper press¥= 83t &4 A ZH plexi—glass plate %ol <

2 (Whatman NO.2)E =3 1 Y9 AE5mm, =°|5mme Y75 FYo 2 A& ANEE =

2 % U plexi—glass plateE 9]0 27 Fo} A dgo =z 587 G4FA N T AHYAE
Aol AlE7F 2o v HFE9 WA Fio] Fo Qv HE FHAHS o8ty v
2 BFEASFE AESI T
A e ROl gl
>~ %) 2= _ v
HEEATOO = g et 100 (69

7+ 7= (Cooking loss)

7t AEE 945 A7 Hdes & FAE S48ta, LDPE AHHo| A5 ¢
31 75C water batholl A 3023 7FE3IH T 7FE o] € & A20A] 3083 wyst & 74
g S35

) < 100 (70)

ZA7F(TPA; Texture Profile Analysis)
Bourne(1978) 9] ®H-& 3831 AR S AUl 10mm, 378 30+ 5SmmZ A|§E A& t}

£ Texture Analyser(TA—XT2i, Stable micro system, England)ZS ©]-83}e] TPA(Texture profile analysis)<

AN

AstATh BAYELS 124 @42 7= (Hardness), 5573 (Cohesiveness), ©2/4d(Springiness), 2214

847 A3 (Chewiness), A (Gumminess)©] It} TPA+= Cylinder brobe P/100S- o] &3l o, EA%

N

AL Pre Test speed 3.0mny/s, Test speed 1.0mmy/s, Post Test speed 1.0mny/s, Distance 70%, Force 10g2.
2 3}k

w4 2 A}
R PARE $7FE% eI Ae A9Eel AlRe] BRNAES AN AR e vl

A& 10x10Cm 3 AFHAES ARSIl 10ml BaARAF5S 24 A=(2.5}2.5m)E ol &slo] TR

77 103) BAZE WHOR ABE AANA AFY A2 00ml B el dol 48R A%

3] o)F3l] HAEFALS AASINT)E Fr= Plate count agar(Difco), Pseudomonas spp.= Pseudomonas F
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agar(Difco) S AR83IRoM, AE-ZE & 7} 35C, 30CollA] 48X17F B9t vl A =43l om, RATS
BCP Plate count agar(Eiken)E AR89, A|E4F 3 35Colx 72A17F B2t wjeksisin). Aakgke LogCFU/
cn= YERSITH

A (Meat color)

A7z e SAY wWste s a2E3 2o 94 S HE(Fig. 83)€ &
ANE BT FUele AFS BIou, AR7Izre] e FElg ol HolA gigton, A4
%= (Fig. 84)& % 2 7P =2 s YeieH, €Y A
= A 1590 17.98% 7Md & @S vedld. A= (Fig. 85)= 53 AE EF
A7 5<delM 2t 5.68, 41002 7P W gt dEhilen, %5 4+
M =S 7.098 YEhAAL, AMEY A= AT 169004 54302 7MY =& @S UEH

3]
AR

i)

=l
1o
o
o
A
o
—_
o
e
=2
>
}—A
©
©
o
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VBN(VBN; Volatile Basic Nitrogen)
G717 g S AWsiE o] Wele o Fig. 863 Zoh A 797tA = Surst &
A mgod AR 0QAM AdHez FAD e R AR 15YANE $E

20.31mg%, AL 20.20mg%E JER T}

B 48 (WHC; Water Holding Capacity)
A 7|1Zke] wE ®H4ge] W= ohs Fig. 873 2t

wolA o, A% 79e NHoR FrheThl Fashe

o
M
_E
P
b
—r
X
M
e
(.
b
rr

ol
)
o
e
e
0
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9

Fig. 87. &¢§ 472t ¢ B5-H9 W3 Fig. 83. &¢59 £4713 ¢ 7143%F

7+ 7+ (Cooking loss)

o}

Fig. 883 o} A&l Hlsl] $-&

o
=]

& o

Hadte AFE At $E9 A 10¥0ME 7HE B2 40.93%S JERAAT

ZZ7H(TPA; Texture Profile Analysis)

A

B e Yguen, A% 109

5ol A 717

g3 (Fig. 90)¢]

S22 ge YERIH.

oA 714

tel7h gle

=

= YERHSAT

1
X

1}l O
N

]
o
g
)
K

AN

ol A yetster, =3 AE 25 AR7|L T

AA(Fig. 92)& 959 %

= 5 stk

B
0

)

el

w_m

e

w2 #e et

3

oA 7}

: 2

13 W7 gllou, A% 15

TC
TR

A% 1094714

T ARG 5dedA 71 3

of
ﬁo

A
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Fig. 89. &9%% &£A 7|7t E<2r9 Hardness W3} Fig. 90. 98 £A 77t 529 Springiness

¥ 5}

Fig. 91. §$% £A7|3t 599 Cohesiveness W3  Fig. 92. &8 <A77 T¢9 Gumminess ¥

Fig. 93. 398 5473t 529 Chewiness ¥ 3}

2749 ARE oy Fig. 949 2t $E AR 59 AHELS 4.31LogCFU/cn, A&
X 4.08LogCFU/ariE Uely o ole Axt =713l A& 10Yd = $Fo] 4.5LogCFU/
o', }Eo] 4.63LogCFU/cniE e AT}
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Fig. 95. &9-§9 &£A7|3F F< 24dF & Fig 96. 9% £A7|3F <] Pseudomonas F
Axde] Ade Fig. 959 Bk AR 5YNME  $Eo] 3.69LogCFU/r, ¥
3.47LogCFU/ar2 Yelstow, St vi7A= Hapk S7kst AR 1049M = 5
4.21LogCFU/cri, *}& 4.23LogCFU/ciE YERH ATE Pseudomonas®] ZA#+= Fig. 963 .
A 5 A %S 3.88LogCFU/en, AL 4.17LogCFU/anE Yet o, o] w3k Hx} Z7}
3le] AR 109 E % 4.85LogCFU/ert, 4.89LogCFU/cnr S e Th.

Fig. 97. Swab¥ ol & AU AE AHA-AE Fig. 98. SwabH ol I3 RAMYE AH-$F
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Fig. 99. A2 FH - € Fig. 100. A2 -¢F

.

o

5 FEAZ T TTI 48 834 A}

4T fF T 2x9 HIle e 2o 2ESALS AA S 7% T AFl

data logger(testo, 175—H2)E &/ Yo SA3= WHOZE F 90A1 &

o] £=wsts A HTh EF TTIM2-10)S o] 8-3fe] 15417 it} Ao wMals a2 2}7)

(Colormeter CR—310, Minota, Japan)< ©|-&3t S8 3t F(Xo)@o=E Yeilen, 33

HHE SR T. A3 TTIS Ao] wstrt fle w7k sttt 23d<= ths EoF 2o
< ™

Table 25. A|3te] W& &5 2 F(Xc)gk

Time(h) Temperature(C) F(xc)—M2-10

0 —-2.9 0

15 5.6 0.15
30 0.3 0.18
45 4 0.29
60 6.5 0.46
75 8.2 0.8
90 12.6 1.86
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Fig. 102. 5 A2 § 2% ©w& F(Xc)3t
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A5 A s FEEEA TTI Al&H e d34 &

Non—isotheraml ZZA el TTI Myt&o] e 395 =4 Hr}
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Fig. 103. A distribution pathway of beef in Korea.

Fig. 1038 fE74&9 &% WS dolrr] Saf =@ujzt &5 7] A Hulf ZAfel data
loggergE Yol AR A3, % EYdMe 2&7F g8 #AHe v, 494w,

FRET, TASH ES EHIeE 59 AAAeE 23] temperature
fructuationo] ¥ojxtom, o] wf HYL =9 HALEY 2= 6CAT. HFHoE gzt &
FH AFRE ERA7A wiEEte W 2™ AR oF 214170 o] EWE Hi17]9
g fFEolA dold & A= worse caseEA, Fig. 1049 o] Zdstod nonisotheraml

condition®] temperature profileZ 3} T}.
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Fig. 104. Temperature profile of nonisothermal conditions.

2% E29 R 2EE A4S FUS A0 H9I, 4 EUY LeAe AA

SEAZT AL Wkl ekl FAAw, dFATE, FHA=FHTTAA t]

St intervalS Fil 43 oH, A& AHYE fsto AMESS FZ (VBN) A TTIY
sttt AF HolHE V value®t F value®Z 3H:H5199 2™, end
point< isothermal condition®l A} ZA A3} (Fig. 105).

Fig. 105. Relation between F value (TTI color) and V value (VBN) under nonisothermal

condition.

Dynamic condition®]lA¢] F value®} V value 23, T effZHE WA FE23to] A=38 F
value®} V valued] #AI9} HISSA T HAFES o83 A2 A 7]E9 Arrhenius

relationg ©]-8&3tA SFixE THT FZSHA TTI Moz2iy FrtyFe FAS 452 F

—

g}t =, TeffE AstE FAA Ea (TTI) > Ea' (VBN) wols TTIY Eag didsia,

- 160 -



+ A}slo A TTI9F VBNY

[e)
pul

0}: S

HAFe=HA, o

VBN9] EaE

1
.

Ea (TTI) < Ea' (VBN) w4

H
(e}

ot
‘E‘o

—_
o

ol
o
il

A|m

wK

)
_

el
00

wob fAla

o)
il

s XZART} 9

o
o
el
G

B

o
o
o
ol

)

HA

=
T

Fig. 106. EZA 20| & &5 ¥3)(

- 161 -



Fig. 107. ZZA S| & 2= HI(FHAIS) - IAFH

Fig. 108. ¥ A5 W& &= HI(FH/I@®) - EE=
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Fig. 109. EZ AR @& 2% ¥ (FTE7@) - AFH

Fig. 110. XA g W& 2 HI(FH7I®) — EF=A
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olt};, o]# 3t A9 TTIe TTIA AHEE AFE 5237 o] A AHL&AFAE 9]
Hguig wvhst g 2 AW FEHN A4 W 41

22k 7hES Tl AFEIE o] Fo A= FEolth. olHd A% TTI= AFvid Aot &<
A TTIA A=z E AlF 353 #2°]

Lol A 2x7bed o) AXAFIE ofFsiol rh. o] B9 TTIHEAAS tHEdso] 24

NEAR $AA FEH Ho 2FZF T wo] TTIE AAlA A 2FZgA 72
Rasls FE2 TTIE A &s)of gt
A=AE

2AES] TTIAEAHE @7l E4el vlEdve Sdst @A the Je vlea)
A AE VER ol$He] Ax Aol ABAES B9t 2ulAdA wE AdAE Aol
HEAES A4S £HA7} BE AF vsl FABSA T dF A7 Bo} AFL Feko

2 2l skA dal FAskE FEjelr] WEol BAE ofm Ao £4e] HA s ZEY F

Fig. 114. 71333 A9 AEZEE

- 165 -



AR WS AA Y GFstE o A

ajo 3

" NF

= Ao

= =
10

mﬁ e

_ =

= 0y

e~

cy

N

ol ~0

X

X 2

B

Ho

=3

ey o

N o

O K

B i

- 166 -



WSy B 2 7 <4k A5
Fig. 115. ¥4 g% wiF Ay e
Fig. 116, & 3¢ HlE A A &% profile
Fig. 116 A &u) vjE ® 3939 &% profileo]|th. Data loggerE o] &3 &4 £ &%

HE7E ek #ZEHAT. AL dg @A FRol 25" 2% profile HMol7F A% Ao=
TEH A,

TTI A2de] &35 BAMOR nHsE Y vz TTIE BuEd
A W, 2 TTIVF o}l o]8g 74xn e okzrkel tig Zolh. okd Fig. 117 TTI
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Ee PAEH vhgel 712E Fa e, B Aol AREHE TTIR olgf3 w&Eol ¢

gt A = UEil = Ae ARSE  dn B AT dEEA baggsiAe 4l TTi=

TTI® HEZAQA 24, 3M monitor Mark(3M Company, St. Paul, MN, USA)Z

o, S me A a2 EFFolE wEolzl AARY 4 Hx 7
E F dH F, ZAF Aol vgete] SHA AFHEY. TTIS & 2% W9t whe2
AR ARk wreet SR wel 2" 529 TTIO iz =24, VITSAB
TTI(VITSAB A.B. Malmo, Sweden)& = 4 o™, 7I1d=2 AH&d 229 7hgE ol o)
pHE| Z3h7h 713 o] mste] oj3] Ao] Madrt. o] TTIE T A9 FHor s 5 9
Eul, st Pl ARRAEL Fatolo] Solglm, vhriA shte] FHelE pH A4
S A4 fatdol FHuol Utk A HHol we R mx J1do] AgE & glon,
TTIS) SA43E F 78S Jra JE =9 A8 se] oste] wgo] Azt 77
o A5EHAE pH A4S Yos|m ANAY AZS WHAT T2 FSAA e FA
o2 WgtEE AWzt AxE QS "vh. L84 TTIY tHiEAA o 24], Lifelines
Freshness Monitor®} Fresh—Check TTIs(Lifelines Technology Inc., Morris Plains, NJ,
USA)E & & JoH, As ge 1EAYS BHEe7] A% 5 98 2271 gEFolgh=
AYE ol &3 A Wst= Fsty oA Ao s AAEH.

ll
+
o
pe

FHEZE2S VBN 2 & A$= ve3 2o

Ea,., VBN
RT

tl
SHFde VBN: VBNi:VBNOwLJ. kO’VBNeXp(— dt (71)
0

o719l M, VBNo9t VBNi= 714 3 TTI %337 A z7]olMe] F2% 3dd A=
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Application of fuzzy reasoning to prediction of beef sirloin quality from Time Temperature
Integrator (TTI)

Abstract

TTI (time temperature integrator) is an indicator to show food qualities according to the color
change. But it should meet a prerequisite to represent the food qualities accurately, which is that the
activation energy (Ea) of both should be almost the same. Also the kinetics of TTI and the packaged
food should follow n-th order reactions with high goodness of fit. In this study, a new method to
overcome such limits was developed by applying fuzzy reasoning. VBN of Korean beef sirloin
packaged and the TTI color index (F) were measured during storage. The data were used to build
some predicting models based on the original and new methods. In the original method, the n-th order
reaction and Arrhenius relation were used in modeling, whereas in the new method, fuzzy reasoning
was employed. In the new method, some polynomials and fuzzy reasoning were applied for the
relationships under isothermal conditions and their temperature dependency. Then under non-
isothermal condition similar to actual distribution condition in Korea, both methods were evaluated by
comparing the experimental data with their estimates. It was found that the new method gave the high

accuracy in the prediction.
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Mathematical modeling of off-flavor development during beef storage

Abstract

Beef quality characteristics can be measured by several physicochemical methods, but
consumers usually evaluate beef quality by color or off-flavor. Thus, the detection of off-flavor can be
an ultimate quality factor determining consumer purchases. In this study, a kinetic model was created
to predict off-flavor development (OFD) time during beef storage and it was evaluated by comparing
sensory and predicted data under dynamic time-temperature conditions. OFD times were statistically
determined by logistic regression of the sensorial data with uncertainty. The model was based on the
OFD time corresponding to the reciprocal of the reaction constant (1/k). And the temperature
dependence of the OFD times could be expressed by an Arrhenius relationship. The model for OFD
time was proven to be effective at predicting OFD time for several parts of beef. Consequently, by
using this new model, the CFD time of beef can be predicted from its time-temperature history during

storage.

Keywords: Prediction of off-flavor development; Beef, Time-temperature history; Kinetics;

Logistic regression
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Abstract: If there are significant differences between the temperatures that the TTI and food
experience due to factors such as location of the TTI and geometric condition of the package, the TTI
would incorrectly predict food quality. Fictitious beef package with TTI attached was mathematically
analyzed in terms of temperature distribution by using FEM. There were only little differences
between four locations of the TTI on the package surface. As the thickness of the beef increased, the
response times changed in the increasing order of TTI, corner surface, middle and bottom parts of the
beef. Therefore, when deciding TTI positions on food packages, any place could be selected without any
measurement errors. In addition, the size of the food must be considered because it should correspond
with the TTI. Thus, if the food size is relatively too large, TTIs should be applied at many places on a
single large package.
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Abstract: For representing food quality during storage and distribution, this study analyzed and
compared the least differences of two microbial levels by predicted microbial levels from TTIs and
observed microbial levels from growth models. Commercial enzymatic TTIs were used and included
types M2-3510,M4-10, M, and S from VITSAB A. B. Company. The growths of Pseudomonas spp.,
Listeria monocytogens, and Escherichia coli. were studied by dynamic temperature simulations using
Teff values expressed in an F function as the color variable of the TTIs. The maximum growth rates
(umax) obtained from the primary models were then modeled as equations for temperature
dependency using an Arrhenius model and Belehradex (square root) models. The primary models
were dynamically modeled as kinetic equations using the Monod model, Baranyi and Roberts model,
and a new logistic model (NLM). After validation and principal component analysis (PCA) of the
simulation results, an optimal TTI was selected such as type S according to both the Monod model and
Baranyi and Roberts model, and type M4-10 according to the new logistic model (NLM). Therefore, this
study provides useful information for measuring microbial levels from foods in relation to predicted
microbial levels from TTIs.
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Utilization evaluations of microbial growth models for the
suitability of commercial enzymatic Time-Temperature

Integrator (TTI) applications

Soodong Shim, Seung Ju Lee *

Department of Food Science and Technology, Dongguk University-Seoul,
26 Pil-Dong 3-ga, Jung-Gu, Seoul 100-715, Republic of Korea

Abstract

For representing food quality during storage and distribution, this study analyzed and
compared the least differences of two microbial levels by predicted microbial levels from
TTls and observed microbial levels from growth models. Commercial enzymatic TTls were
used and included types M2-3510, M4-10, M, and S from VITSAB A. B. Company. The
growths of Pseudomonas spp., Listeria monocytogens, and Escherichia coli. were studied by
dynamic temperature simulations using T.s values expressed in an F function as the color
variable of the TTls. The maximum growth rates (U0 obtained from the primary models
were then modeled as equations for temperature dependency using an Arrhenius model and
Belehradex (square root) models. The primary models were dynamically modeled as kinetic
equations using the Monod model, Baranyi and Roberts model, and a new logistic model
(NLM). After validation and principal component analysis (PCA) of the simulation results, an
optimal TTI was selected such as type S according to both the Monod model and Baranyi
and Roberts model, and type M4-10 according to the new logistic model (NLM). Therefore,
this study provides useful information for measuring microbial levels from foods in relation to

predicted microbial levels from TTls.

Keywords: Time-temperature integrators (TTI), Growth model, Dynamic modeling,

Predictive microbiology.
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Kinetic Modeling for Predicting the Qualities of Beef and Color of
Enzyme Time-Temperature Integrator During Storage

Jin Myoung Lee, Seung Ju Lee*
Department of Food Science and Technology, Dongguk University, Seoul 100-715, Korea

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.

Key words: time-temperature integrator, kinetic modeling, beef, TBA value, storage
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