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SUMMARY

I. Project name

Development of food safety management system for pollack and mackerel by using time

temperature integrator (TTI)

II. Research need and purpose

A food safety management system for pollack and mackerel was developed by using
time temperature integrator (TTI), where the quality change in chilled fishes could be
monitored by the change in TTI color. TTI is a practical indicator, easily available in the
market. We used a foreign TTI and established the mathematical functions relating the TTI
color to the fish qualities. A field system with TTI applications was created and the uses

of TTI were evaluated in terms of accuracy and practicability.

II1. Results

1 Modeling of the chilled fish quality changes according to time-tempeature history

1) Determination of fish properties indicating the deterioration during storage

Several quality factors of pollack and mackerel such as K-value, trimethylamine (TMA),
volatile basic nitrogen (VBN), Torry meter, pH, acid value (AV), total viable count (TVC),
and Pseudomonas spp. CFU, were measured and kinetically modelled under the different
storage temperatures. Off-flavor development time (ODT) also was measured by R-index
sensory test and kinetically modelled. An indicator of the ODT was found to be
Pseudomonas spp. among the quality factors according to a similarity in Arrhenius
temperature dependence which was mathematically derived to be a criterion. The
temperature dependence was represented by Arrhenius’s activation energy (Ea). The Ea of
ODT for pollack and mackerel had the highest similarity to those of Pseudomonas spp. and

VBN, respectively, meaning the indicator properties.



2) Dynamic modeling of the fish quality changes during distribution

Dynamic modelling for prediction of Pseudomonas concentration and VBN in pollack and
mackerel, respectively, under a dynamic temperature condition in a lab programmable
incubator was implemented using Euler's method. The model evaluation showed a good
agreement between the predicted and measured of Pseudomonas’s concentrations. In
simulation study, the three kinds of distribution paths were assumed such as consumers’
buying from distribution center (A), from manufacturer (B), and from direct market (C),
basically consisting of six phases ranging from shipping, warehousing/shipment,
warehousing/storing, processing, market exhibition to sale/consumption. Sensitivity analysis
on each of the phases also was implemented. The sensitivities indicated which path is the

highest in the risk of failure in managing the relevant phases.

2 Survey of the actual fields for chilled fish distribution

1) Survey of the distribution paths and conditions of chilled fishes

Pollack is caught in the North Sea, packaged with ice in a styrofoam box on site, then
transported sequentially to Simonoseki harbor in Japan in 2-3 days and the fish market at
Pusan in 1 day. Mackerel is caught around Jeju island, packaged with ice in a styrofoam
box on site, then transported to the fish market at Pusan in 10-15 hours. It takes 4-5 hours
to be sold at the market. The inner temperatures of the boxes were found to be 0.7-1.0C
and 1.0-1.2°C for mackerel and pollack, respectively. The sold fishes are again transported
to another markets in cities. The temperature is kept sequentially at 1T during
transportation and at 5C on chilling shelves until sold to final consumers. Although the
distribution system was well established, a quality monitoring system was needed to

assure the system is done as scheduled.

2) Proposal of the distribution system with TTI in terms of SSOP and HACCP

Current SSOP and HACCP on the chilled fish distribution system were examined to find
the feasibility of TTI applications. There is no well-established code of SSOP and HACCP
practices yet, so it is asked to prepare the experimental data in the course of the

distribution system. However, it would require much cost in terms of time, expenses,
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human resources and moreover, the environmental condition is exposed to a lot of
cross-contamination. Therefore it could be inferred that there should be a versatile
monitoring tool to facilitate the safety management practice. TTI would give a solution in
this aspect. An improved SSOP and HACCP system were proposed by using TTI on the

chilled fish distribution.

3) Examination of the chilled fish quality changes in actual distribution fields

The fishes, stored under the normal condition, were bought from the fish market at
Pusan, then the fishes were stored further at 57, 10C, 15C and 207, respectively,
reflecting several actual distribution conditions. The fish properties were analyzed such as
pH, acid value, TMA, VBN, biogenic amine, k-value and Torrymeter-value. Sensory
evaluation was also accompanied. The experimental data could be used to estimate a

specification of TTI shelf life.

3. Modeling of the TTI color changes and their relationships with the chilled fish

quality changes according to time-temperature history

1) Modeling of the TTI color changes in isothermal condition

TTI of Temptime Co. product, which is a polymer type, was used. The color of TTI gets
darkened while monomer of diacetylene polymerized. The TTI was tested under isothermal
conditions such as 5C, 10C, 15C and 20T, respectively. The core part of TTI changes in
color, and when it becomes the same as reference ring is regarded as the endpoint of shelf
life. The color was graded into three levels such as bright, medium and dark. The color
changes were greater at higher temperatures. B and M types of TTI were compared in the
color change rates, and B type changed faster. Accordingly, B type is fit for the foods with
short shelf life. Kinetic modeling was primarily conducted for isothermal conditions and
secondly for temperature dependency. The simulation of TTI color changes under dynamic
time-temperture conditions was done by using a numerical technique Euler’s methods. The

estimates agreed well with the experimental data.

2) Modeling of the relationships between the TTI color and fish qualities changes

The use of TTI is to judge the quality of the accompanied food in packages from the

_11_



TTI visual color. A prerequisite of TTI matching a food is to have the similar activation
energy each other, which means they have the similar temperature dependency. Kinetic
modeling of Pseudomonas and VBN changes for mackerel and pollack, respectively, was
primarily conducted for isothermal conditions and secondly for temperature dependency.
Their activation energy differences from that of TTI were less than 25k]J/mol, representing
the matching of the fishes and TTI is appropriate. In the modelling, microbial
concentrations, which include much wuncertainty and variability, were expressed in
probability distribution functions or curves instead of just deterministic values like averages
from data sets. The stochastic modelling with these distributions were manipulated with
Monte Carlo simulation. It was found that the predictions by the stochastic modelling were

more accurate than those by the deterministic modelling.

4. Field studies on TTI applications to the chilled fish distribution system

1) TTI application practice to actual fields

A model market place was built in Pukyung university campus at Pusan. The individual
fish packages with TTI attached were displayed for 2 days. The packages were contained
in a styrofoam box filled with ice. According to weather, the ice was melt faster, then the
box was refilled with ice. Under such conditions, temperature abuse could be caused,
leading to faster fish deterioration. During display, fish packages were picked, and the TTI
color and fish quality were measured. TTI was found to be able to indicate the current
state of the fish quality. It was concluded that TTI should be a versatile tool to allow

consumers to assure the chilled fish qualities.

2) Supplementary techniques

To complete the TTI applications to practical level, there should be several more things
to consider. If we have only one kind of TTI available, which might not match a target
food well, we will have to adapt it for use, anyhow. We examined where to attach TTI on
chilled fish on the distribution paths is desirable. With B and M types of polymeric TTI of
Temptime Co. product, the mart and catching place in sea for pollack and mackerel,
respectively, are the best ones to attach TTI on the packages.

It is assumed that the time-temperature history experienced by the TTI and fishes are

_12_



the same. Depending on the fish thermophysical properties and package sizes and shapes,
however, the center part of packages may change in temperature slower than the surface
part. The temperature of surface part may be identical to the temperature of TTI on the
package. The thermphysical properties are determined by the fish chemical compositions.
According to the different chemical compositions of fishes, the temperature changes were
simulated by using finite element method, resulting that the slower heat transfer within the

packages brought about the more deviations in predictions of fish qualities by TTL

_13_
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Fig. 1.2.3. Sensitivity and predicted level of Pseudomonasduringdistributionfordistribution
center (A). 76
Fig. 1.24. Sensitivity and predicted level of Pseudomonas duringdistributionforthrough
manufacturer (B). 76
Fig. 1.2.5. Sensitivity and predicted level of Pseudomonas during distribution for direct
marketing (C). 77

Fig. 1.2.6. Comparison between predicted and measured VBN (mg%) with respect to a
temperature profile, ® : measured model, = - = : predicted model, ------- - famp 76
Fig. 1.2.7. Distribution channels of Mackerel from shipping to sale/consumption and the
typical temperatures at each phase. I: shipping, II: warehousing/shipment, II:
warechousing/storing, IV: processing, V: market exhibition, VI: sale/consumption.
79
Fig. 1.2.8. Sensitivity and predicted level of VBN (mg%) during distribution for distribution
center (A). 80
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1.2.9. Sensitivity and predicted level of VBN (mg%) during distribution for through
manufacturer (B). 80
1.2.10. Sensitivity and predicted level of VBN (mg%) during distribution for direct
marketing (C). 81
2.3.1. Changes of tryptamine during storage of mackerel at 5C, 10C, 15C and
20C. 91
2.3.2. Changes of 2-phenylethylamine during storage of mackerel at 5C, 10C, 15T
and 20C. 92
2.3.3. Changes of putrescine during storage of mackerel at 5C, 107C, 15C and 20C. 93
2.34. Changes of cadaverine during storage of mackerel at 5C, 10C, 15C and 20TC. 93
2.3.5. Changes of histamine during storage of mackerel at 5C, 10C, 15C and 20TC. %4
2.3.6. Changes of dopamine during storage of mackerel at 5C, 10C, 15T and
207C. 95
2.3.7. Changes of eyeball transparency during storage of mackerel at 5C, 10, 15T
and 20C. 96
2.3.8. Changes of gills tissue state during storage of mackerel at 5C, 10C, 15C and
207C. 97
2.3.9. Changes of hernia during storage of mackerel at 5C, 10C, 15C and 20C. 98
2.3.10. Changes of rancidity during storage of mackerel at 5C, 10C, 15C and 207TC. 98
2.3.11. Changes of elasticity during storage of mackerel at 5C, 10°C, 15C and 20C. 99
2.3.12. Changes of overall acceptance during storage of mackerel at 5C, 10C, 15T
and 20C. 100
2.3.13. Changes of eyeball transparency during storage of Alaska pollack at 5C, 10T,
15C and 207C. 102
2.3.14. Changes of gills color during storage of Alaska pollack at 5C, 10C, 15C and
20C. 102
2.3.15. Changes of gills tissue state during storage of Alaska pollack at 5C, 10T, 1
5C and 207C. 103
2.3.16. Changes of hernia during storage of Alaska pollack at 5C, 10C, 15C and
20C. 104
2.3.17. Changes of rancidity during storage of Alaska pollack at 5C, 10, 15C and
207C. 105
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Fig. 2.3.18. Changes of elasticity during storage of Alaska pollack at 5C, 10C, 15C and
207C. 105

Fig. 2.319. Changes of overall acceptance during storage of Alaska pollack at 5C, 10T,

15T and 207C. 106
Fig.3.1.1 Schematic of Polymer TTIL 109
Fig.3.1.2 Color change table of polymer TTI (a) B type, (b) M type. 110

Fig.3.1.3 Responses of TTI color change at four storage temperature. (a) B type, (b) M type.
45C, B, 10T, A15C, x20C. 115
Fig.3.14 Arrhenius plot of the reaction rate of TTI color change. (a) B type, (b) M type.115
Fig.3.1.5 Predicted (solid line) and measured (point) response of color change compared
with time under dynamic storage conditions. (a) pollack, (b) mackerel. 120

Fig.3.2.1 Pseudomonas spp. concentration with storage time under isothermal conditions. 125
s EIige AlSC X200

Fig.3.2.2 Sample data fitting for Pseudomonas spp. of pollack stored in an airtight contaniner
by regression analysis with Arrhenius equation Eq.(5) 125
Fig.3.2.3 Changes of VBN contents during storage of mackerel at 5C, 10C, 15C and 20C
126
Fig.3.24 Sample data fitting for VBN content of Mackerel stored in an airtight contaniner
by regression analysis with Arrhenius equation Eq.(5) 127
Fig.3.2.5 Comparison between predicted and measured value with respect to a temperature
profile. — : predicted, x : experiment, -+ : temperature 128
Fig.3.2.6 Total distribution chart and general distribution chart of respective point of
Pseudomonas from Alaska pollack by time-temperature history (a) 5C, (b) 10T,
(€) 15, (d) 20°C. 134
Fig 3.2.7 Comparison between predicted and measured value with respect to a temperature
profile, (a) deterministic, (b) stochastic. 135
Fig 3.2.8 Comparison between predicted microorganism from TTI color and distribution. A
TTI, x stochastic. 136
Fig. 3.2.9. Shelf life of mackerel (VBN) with various activation energy at isothermal
condition (a) Ea,,,oeres < Earrr (b) Eay,perer > Eapry 140
Fig. 3.2.10. Shelf life of pollack (Pseudomonas spp.) with various activation energy at

iSOthermal Condition (a) Eama.ckerel < EaTTI (b) Eama.ckerel > EaTTI 141
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4.1.2 Situation of field application. 148
413 TTI color reaction and quality properties of Mackerel & Alaska pollack with
time-temperature history in field application. (a) Oct. 26-27, (b) Oct. 6-7. 150
414 TTI color reaction and quality properties of Merkeral & Alaska pollack with
time-temperature history in field appliaction. (a) TTIL, (b) Pseudomonas in
Alaska pollack, (c) VBN content of Merkeral, day : Oct. 26-27, (b) Oct. 6-7 151
421 Distribution channel of Alaska pollack and Mackerel. (a)Alaska pollack,
(b)Mackerel 155
4.2.2 Results of prediction and experiment for TTI color reaction by attached position. (a)

catch of Alaska pollack (b) catch of Mackerel (c) fish grocery in Busan, (d) Market. —

. predicted, x : experiment, -+ : temperature 157
4.2.3 TFigure of color change by TTI of attached point 158
4.24 Fish using ANSYS program 161

425 Simulation temperature profile of mackerel and pollack. (a) fresh mackerel, (b)

dried mackerel, (c) fresh pollack, (d) dried pollack 166

Fig4.2.6 Temperature of inner part of mackerel and pollack during dynamic simulation. (a)

mackerel, = FRESH ——DRIED --- ROASTED ----- SALTED

(b) pollack, """"""" FRESH ——DRIED =—-- ROASTED ----- FROZEN _ 167

Fig4.27 Response time of mackerel and pollack on various condition. (a) mackerel,

¢771 MDRIED  ARQASTED  ®SALTED XFRESH ,

(b) po]]ad(, ¢TT1 MDRIED AROASTED ®FROZEN X FRESH 168
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M = Manufacturing
=

R = Reception

¥ U = utilization
[ |

OD (R-l) =——p

LL = Lower Limit Time

Practical Lifetime=LL-U T = Target Time
| UL = Upper Limit Time

Full Lifetime=T-M

Time —»

O

Manufacturing (M) - the beginning of the life of the FCI, as soon as it is produced.
Peception (R) - the time of reception by the packer(who will apply the FCI on the
food package.)

Utilization (U) - the appropriate time for applying the FCI to the food package at

the packerls plant

Target time (T) - the specified full lifetime of the FCI from manufacturing to end

point at the specified temperature.

Lower Limit (LL) and Upper Limit (UL) times - the limits of the times at the

specified temperature corresponding to a tolerance of 1.
Practical Lifetime - the time form utilization to the lower time limit (LL)..

Specified Temperature - Commomly 8T for refrigerated storage or 26.7C for

ambient storage.
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O £ go] Ao AL d TII ¢4 AF AxAQ]I TEMPTIME 2 #]=9] tfE3<]
AAZA 719ez otg] B 22 AEL A AA st UL

(http:/ / www.temptimecorp.com)

Practical Practical
Practical Lifetime at
Category Lifetime at Lifetime at .
. . +8C(days)
+8C (days) +8C(days)
B 3.4 6.0 0.7
M 5.1 9.0 1.0
P 8.5 15.0 1.7
D 13.6 24.0 2.7
H 14.7 26.0 2.9
F 25.5 45.0 5.1
S 31.7 56.0 6.3
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Measurament of TTI on top of haxes
Measurement of TTL inside the boxes
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1. Steady A|7H-2% &

"
ol
E
ﬂ'lFl
I‘E
E
i)
o,

3
1A 2% oEA BHAA FZBAE TASHATH WA, BEH steady A T EFHSE
2 R-indexol] 213+ o] FHHAAITHE HAHAL, <88y, AEEA FHAAARE SH AT o]
HAHAA AL 2z o&EAo TA 4 duE]lE (Byeon et al, 2009) & ©]-83}oq, o]d mE o] FH
24 indicatore] A @ AS FEAUTE A F 2=-A7F olFe thEk kinetic A5 2
Arrhenius 8 2 FAAA thste AbEste], o] FH A indicatore] MY 77 B &4
sttt WEjol A4 oA indicatore] &1 2EJEALLS ZAAACS R Pseudomonas, pH,
VBN, TVC, K-value, TMA, AV, Torry meter 9| @43} q A7} o] HHX A7k &4d3}o
HA ek §-AVHA el e 15ols Aoz VBN, TVC, AV, Pseudomonas, pH, K-value,
Torry meter 2.2 §-A}8}A Vbt HE] o] o] A indicatore 2] FAA & Wzl
ol FEet Y EEFOl FAMEE PseudomonasQl FAOE AR EW G o|o ol FHW

Al indicator= VBNQl Ao 7 AlE FHT}.

As 2y
A=
2 dFoA s & FalxoA o123 HHE ARE AHESHATh o1d3 & A 9Y o]
hole fish Fej2 Tul3lgct F5L2xs 1T AT 258 #

w
AAFZ7A EoL HelS AFgatdnt. He 2 AAY Zdols HF 4434 (+ 0
cm, FAE BHF 451.31 (£5.72) g& 7|Fo 2 Adsiytt n5ole T FaoA oJFH A
225 AT AFE A AAFE AA HY 5 ool Mol FEle 15 olE whole
fish Fe2 Frjstdct. m5olel 2 /lAle] Zole HF 36.5em (range 33.2-38.1cm), FAI=
W 612.67g (range 572.6-653.6)2] & A&-5-4ith.
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A A%
53 Al5E<= 30kg]4 whole fish Fej2 v dHx2F st BAsIHT 2 AIE5L2 5, 10,
15, 20C 2 AAE g-2ujekr] (SH-75B, Biofree Co., Korea)ol] H#3sle] A5, AESH B

rfo

A, olshata BAle] 7 nheld Aol o g3t
#5 74

SIERE:

Aue s2Ystn AEF tata 1298 ARaAn. AaSelA doldrel Wee
20CAAN 427 Fo 7hdF F 25T 4847 m@Eol o]A7t AW WH signal

etal.,2004;ParkandLee,2008).

R-index 57 A}
A5 15 cm] Bk FAldl A EE 10 g¥ FH|sta, T2 AAE <A
o] o]HE 20T ARoA 10x7F T thE Al5d HXE o
327t AAF F71E SolntAAl drk B7F Ade AlTE H7hEd JIAsk stk
Asd H7tgol= AR F4 Axol wet “dPFAIE7L signaldt T FAFH
signal sure(S), “APAIF7} signalz} LA AT 4 glth” signal unsure(S?), “ AP A|

7} noises} FYsHA g+ 3HAlSH

L=
e
flo
ol
fuj

glth” noise unsure(N?), “APA|Z7} noises} FU3HH
%13t} noise sure(N)9] 47}=] 7telng]2 Brletdth. #5 HAF A% sfdSo| noise
reference®] FA1E7F oA thA] AA|e17]E A4 drith AFsiAT ¥ A5 H F 53
HHE3le] 4519t (Robinson efal.,2004;ParkandLee,2008).

N

R-index @ A# & o]|3] WA 7 A A] 7H(threshold) AH&

ol FAAAZ FEEE= AAHY R-index FHS Bigt O'mahony(2007)ll 23] Held SAHAEES

o] &3le] AZslal, 9 FEL a=0.05 E= a=0.019 FZAHQ tails)S HLsIYT)
o|FHHAE TESE AAHY Rindexs BAES] kol 50%E tste] Hrbstsith. 1 olfre
SAIREY critical value® ©]FH7F AA A & 7 50%=ZFH drlh o] HeXE THE

Ztel7] wjEoltd (Bi and O'mahony, 1995; Park and Lee, 2008).
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Signal sure(S)

Signal
unsure(S?)

Noise
unsure(N?)

Noise sure(IN)

Signal

a

b

C

d

Total =
atbtctd

Noise

f

h

Total =

g eH+o+h

7a(f+g+h)+b(g+h)+c(h)+%(ae+bf+cg+dh)

= (a+b+c+d)(e+f+g+h @

JNAAANLE WY zHzte] Az
L 5Zolmz EARC n=52 Ygsid AARE HoArh AAH U Hel Rindex:
3} t}(Park and Lee, 2008).

H ZHS HAsMTE (Robinson et al, 2004). A% whE

ET
o

24
o3l
rfo
H
lo
o,
=i
i
o
>
~
lo
it
odl

AEstA 24

Total Viable Count =3#

ANBEE A 2 F, 5g8 FH3}e] 50m¢ 2F<] conical tube(BD falcon 352070, USA)e &
et 278 3Ad bufferfield’s phosphate buffer(IDF phosphate buffer 0.0425 g/L of
KH,POsadjustedtopH7.2)E 20m¢ 93l vortex mixer(MS1 minishaker, IKA USA)E A}&-3l<] 1
B2 7dstA E3%8k %, bufferfield’s phosphate buffer 25mg #H7bstgch AL 0.9%
NaCl& Ag3ted A3 Aste] dgre sMuj+z T5dvh A% HAE petri dish(SPL
10090, Korea)oll ¥-& ¥, mjg] Azxs & wiAE Fo A7 & Hde & ZEFUY. 1¥
3tE wj A= 35ColA] 48417F kst th(IB-600M, Jeio Korea
count agar)g AR&3ste] AzsIUTE 33 ¥hEste] A¥ES WAL, JFGFE AE g9

colony for unit(CFU)Z -3} t}.

=
2
e
J
a
o]
o
i,
0
2=
=
3]
=)

Pseudomonas spp. 4

ANBEE A 2 F, 5g8 FH3}e] 50m¢ 2F<] conical tube(BD falcon 352070, USA)e &
et 278 3Ad bufferfield’s phosphate buffer(IDF phosphate buffer 0.0425 g/L of
KH,POsadjustedtopH7.2)E 20m{ 931 vortex mixer(MS1 minishaker, IKA USA)E A}&-3l] 1
B2 7dstA E3%8k %, bufferfield’s phosphate buffer 25mg #H7bstgch AL 0.9%
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NaClg Abgstel A7s4ste] 9we samsz 98t 433 Fog wd pewi
dish(SPL 10090, Korea)o] &3 %<& bvjA|(MB-P1071[peptone, casein, potassium sulfate,
magnesium chloride, agar], Kisan Bio Korea)ol =% 3+ &, 30TColA 48A17F v sld
t}.(BI-600M, Jeio, Korea) WA= B3| &2 Pseudomonas AAEu]x]o] 2m{2] cephalosporin
fucidin cetrimide(CFC) supplement(MB-C1849, Kisan Bio Korea)E H7}3+ & Z3Hul. 33 utb
B3lo] Age AP, JFAF= AE gF colony for unit(CFU)Z 31 T}

QLR

K-value =3

i, KOH 40~50 u& 2 %i‘r(pH4~67§E)/\]74 Fzoe Azssith 23719 A7) IBE
of GO AP0 mL FE)e 2T, FFA FBAL 8 AN Fol + - F& T8
3

gto] Jezol FEAE ARSIAT £H @ FE29L 4 (g FFAAd Eoj=ga H7)

=

[
S St FFol BUH FdFAE dxATL, HFECA dZ2 =Holds JhdEE o835t
AMR-S #H9dstal, SPOT ANALYZER softwareE o] €314 #43 S BEAste Kgke 4
Z3tth

TMA(Trimethyl amine) &3
FAH vFA3 AA 10 g& ) Jute] @ oA ZF4 oF 10 mLE ¥a §u B
£ 20 mLg 718 U= HE H 30
B FESATh 5 F 50 mLe] W aFekaAd A} ¥, FALE trichloroacetic acid-§-
2 AFste] Alge o] FHA 50 mL2 FE3 T AP gAo Agsgeh B 4
e A 532 2 mLITMA-NS 2 A 2 4golstE FHiste A 88d)S & 15 mLe] ml7f7t

oz ZF o7 & H|F B 10% trichloroacetic acid

g AP FHa 10% formalin £¥ 1 mLE 718l T&sta, &4 toluene 10 mL =}

Al A'ste] FEsta A2 of 51027 B3 F 4359 tolueneZ 9] °F BFHG mL)S
A5t 05 g9 FF34tko] Eode mp7E e AlFHAOE o|Fstn & E50 EFAIH
ot 2 tolueneg€ el 3 mLE WxQ HZEI AlFFo] H3| 0.02% picric acid-toluene

solution®] 3 mLE E¢5tY 410 nmolA] SF =S =AYt

Volatile basic nitrogen(VBN) & &

Ad f@7") Z2LE Conwayl S o|&ste A& 5g o S/ 25 mL<

o
l
i
*
2
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VBN(mg/%) = 0.14 X

@Lw)xfxwoxd )

A7|4 as= EARGNA Y HAAX(mL), be & AT AAA(mL), de IJAuF, We A= 9
%(g), f= 0.0IN NaOHe] ¥7}= ¢ u]gtHKFDA, 2002).

Filletx2] € ol && 7275 o] &3ty mifd & A8 5 g& AFASI F/H5 45 mL7}
A AAl#el 931, Vortex mixergE ©]8&3t 302~1% HE HolF H, d4Edstd 459

< 100 mL2 #H-83}o] pH meter2 =731t}

Acid value(4H7})
AN AH 7EFA 2A AEE 5z FFst] 250 mL Az flaskel sz,
Ether-Ethanol (21) Z%9< 100 mLE 7lste] Al22  9ds &40 3, 1%

A
AL

4
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il

phenolphthalein Z| A| 2F-2 2~3W}F2- Hojrm A 0.IN KOH-ethanol &2 A3}

Torrymeter
AZE ARE S—AIZIHC Ao oAl EHel 4718 Wi FH7E AEA7IE 3
Holl TAE g4 AR A3yt ZAET. ol oA Ewel Hx3 AE7E Hu 570

o g o} EHe AMET. & ojAle] 16w W2 zzsje] WEge 2

52 gonw ot
2 BHsA.
A F FAW3} kinetic @ 259 EA 24

>4 R-indexoll 93t o] FHAXAIH
A olHAAAANREE % gEHe g Hlu B4517] st oAAZAAAHLY k9]
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r |
olr
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P
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FHsle o]HAAA wrgETol Jldoe g 7FE3E Arrhenius-like 4] H 83Tt (Byeon et al,
2009).

1_4. exp(_E.‘a’A) 3)

A7) A e o] HH A AIZHN), AE pre-exponential factor (1/h), E.ae= &3}l 4 A (kJ/mol),
RS o] A7) A 44=(8.314x10°K] /K,mol), TE AL E(K)Z or|gic}h. A(3)2] o] =12

shol 4@ FEstgom Arhenius J5EHE AL} AFSEH AT

Aasty, olgsty FAAA

A 2 8 A3 ZAQ AEFH, olgtsty FHAJAY wEEEATE Fote A2 of
et 2o FEAAY W3} kineticse o3 ¥HSAIFE 7HE & JA0R £ 122 7HF3)
Hom, 0z vEEY A4 A(5), 13+ v F$ 2(6)F o8-ttt

y=k e t+y, ®)
y=yo * exp(k « t) (6)

A7) ki WEHEAS(/N), te AT AN, yE ZHZ yov 273 @ 13 9
$9] 2(6) exponential Frolmz dud] AAzE At A(5) Fe) 14 ¥4
o] gk tha] Watel MY Ao W3

ol
L)
H
b
S|
_E
e
v}

Iny=lIny, +k o ¢ (7)

Olt
iR
£
N
<
i)
ro

NS94 o] mal 4(6) EE 4 <7)%

!
2] Wb ETASFE 2T o248 YER = Arrhenius 4] (8)2

=]
e
it}
au >

—F
k=D e exp( 7 .a’;) (8)

A7 ke ¥HEEE444(1/h)o]al B 4(3)e] At Zo] pre-exponential factorE 2| w3t}
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Ink = 1nB+( f%“ 5 )(i) )

o] WA indicatore] AW e A dizF
A T 2= 243 FHSHA ol EAH & LT B

AAE P SAst] thew Lo GuAF L ASSAT AAAAY wAHe FAAA
o Ml 07 wgel A(6) EE 14 W) A7)e] 4@ tigdstel thest Zol AR
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HANE 39 23T ke o
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R L]
Y=y =k tg .y (10)
A exp( T T)
—F
B exp(R a’;)
Iny—Iny, =k ¢ tp T (1)
LA
A exp( R T)

ol emsh guglel 34 AT Fe RYL & 5 Utk AVHoE oALAL T
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SAEA
g ztzke] Reindex hel 12%0] W3 H7 2 ETFEAAES A6, 0=0.013} 0.05 5
Fo A9 R-index FE9 HIE ttestS Bl I AL AASITE 2 AA¢] Kinetic

model 59} Arrhenius A4E 3 AEASIY AEst9ct B4 Zzadlog MS Exceld}
SPSSS AF&-3t4iTh.
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olF ol &3 si'2e] R-index (FH)

Hdel Ased W3 Ax=E FES fste] AAE AR FdE3 AHAAE Asignal
reference), B(noise reference)@ Al 719 AE2 FYP3IATE F 6714 vz WHO=Z 53] HA
St THKim and Koo, 2003). 7 A7} sid BT HEGE 60%0|dS T8t F71 AbA
glo] vlE B5HALE AAEA

R-indexgt-& O’'mahony(1992)ell <J3] Fe & 4(1)& ol &t FA=2 Fibstla, Hef A
X ¥ AZte]l thd Reindex ¢ B2 Table 1112 VeliAT. A =7 & 2
0ColA 713 e R-index HR(95%)oll =& 20Tl A= 72417, 15Tl A= 78417,
10T/ = 138 Azt A 7HE =2 Reindex & 7S5k, A Ate] o] AF= signal

reference 2 W3S & 4 AATHArgaiz et al, 2005). ¥tH, 5Co| A= 3 R-index Ftol

Table 1.1.1 R-index vs. storage time for Alaska Pollack stored in an airtight container at 20T, 1

5¢C, 10C and 5T.

Temperature Time(h) vs. R-index (%)

20°C Time 12 24 36 48 60 72 84
R-index | 55.22 | 68.95 | 80.27 | 87.26 | 89.26 | 95.26 | 100.0
+5.68" | +4.56 | £5.26 | £6.53 | £2.68 | £0.25 | £0.23
15°C Time 12 24 36 48 60 72 84
R-index | 50.00 | 50.00 | 51.69 | 66.69 | 75.96 | 88.56 | 99.47
+0.12 | £4.36 | £6.32 | £5.88 | £3.69 | £4.98 | +£3.68
10°C Time 12 24 36 48 60 72 84 138
R-index | 50.00 | 50.00 | 50.00 | 53.33 | 65.38 | 78.87 | 88.98 | 95.46
+0.12 | £4.56 | £3.98 | £3.89 | £2.57 | £2.41 | £2.11 | £0.25
5°C Time 12 24 36 48 60 72 84 138 162

R-index | 50.00 | 50.00 | 50.00 | 50.00 | 54.34 | 58.87 | 62.68 | 68.55 | 72.53
£0.12 | £4.52 | £4.69 | £4.99 | £4.23 | £3.56 | £3.44 | £3.85 | +4.21

U Meanzstandard deviation (n=12).

R-indexell 23 o] HAHA A7t (4 =)
o] HHAA7F-E Bi & O'mahony(2007)e]l s BHid FAEE AFEst ZAIF S R-index
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AstEtr. EA T 23k §oF $F& a=0.0594] 29.22%, a=0.01°)A 34.01% o™, z}
50%(chance value)Z T3t 79.22%9F 84.01% S ©]|# LA R-index ZAAFL=Z A3t I

i

g el £ 8 o|AAAALE T, AA WFH AFHE Table 1129 2T} 20TAA
E 0005 o520 AARL oF 3489417 0=001 o520 AAYE oF 42424 70]
ol olZ7} AAEQL, 15CAAE a=005 fol52e AAFL oF 631047l a=0.01 -2l

o AAEL <k 68.054 7kl Fo] o]FH7t AAHALH, 10CAHE =005 FI5F52 AA
Ag of 7242713k a=001 frolEe] BAHE oF 78104tel Fol o]FH7t HAHIL
5CAAE a=0.05, a=0.01 Fo5F9] FAFE EF 94 EArh o|HAAAANS E& Fo=
R-index kel AA43] F7b stgdvhk A7 2% ¥ a=0.059 a=001 FJFF] AAH A&
Bl wal 20T A BHEE Aol oF 75347t
wf o] Wl Pdo]l AAE dojuda, AF A A ZL S Btk AR §9
Fol wet AR 2Lste A7 Aol L LT
b &5 olFHAA FAdFHE Fol7t gleS & 5 UUTh(Byeon et al, 2009). x| EA H]
AL a=001 FFEY o|FHHAALE o] &3t

o

lo
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o A e
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Table 1.1.2. Off-flavor development time for Alaska Pollack stored in an airtight container at

R-index values of threshold at a=0.05 and 0.01.

Significance level Off-flavor development time (h)
20°C 15°C 10°C 5°C
a=0.05 34.89+5.16"" | 63.10+3.69° | 72.42+2.35° | ND”
a=0.01 42.42+5.02° | 68.05+3.55" | 78.10+2.21° | ND

YMeanzstandard deviation (n=12).
?Not detected.

““Means with different superscripts in the same rows are significantly different (p<0.05, n=12).

AWz} (dH)

ele] TVC, Pseudomonasz4-e 43 7 Fig. 1.1.11 (a), (b)st 2ok &

7het ALt Eom ol mE £x2 FUEE 4 ok Hejet v

5 2 dutzAa MAPERZZ A AE TVC £7} ¢F 7 log CFU/gol| =389 &

ZFANAE ¢ 6 log CFU/gell =@3tta B sttt (Fernandez-Segovia et al, 2007).

Pseudomonas®] 73-¢, Aolg]e MA =277 AFEH 7oA °F 53 log CFU/ gl =23
S uf o]FH7} FAE o] Aoyt oy BuF vl ¢t} (Stamatis and Arkoudelos 2007). ™



e 20CAA A& 2201417, 15CoA A& 331641 7F, 10CA A A 6047, 5CANA A%
7099417+ & u] °F 6 log CFU/gdll T3 K7} AIZAHALS &4 4 YAt 2 Fo=
A % ¥ Pseudomonas®] = 7~8 log CFU/g7tA] F7tete S H Ytk TVCH H] &)
Pseudomonas2] Ht] CFU/go| Y& olfe X7} ©& @44 Agks 54 giolzt 474
gt 288t TVCH U= Pseudomonas®] ZF21o] AA| AL A3 = o] o Z1e A
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Fig. 111 Time course of the quality variables of Alaska Pollack during storage at

different temng: 5°C, B:10°C, A:15°C, ©:20°C. (a): TVC, (b): Pseudomonas. spp.-
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100

Kk-value (*0)

40 . '
0 24 48 T2 96

Storage time (hr)

Fig. 1.1.3. Changes of K-value during storage of Alaska pollack at 5T, 10T, 15T
and 20TC.

oARE AEAH H Artast AAHE AA AL ofnl F& A Hed oldF of
AHE dAld #3135 WA 7FA= cytotoxic n-nitrosamined] A TEAo] H1 o]23l 3
A ot 7ol dF 22 A Trimethylamine(TMA)2 o2 Fafjo] ol BAH= S/ o3
g zte B9 J|AZA] Trimethylamine oxide(TMAO)ZE-E AAEH o= tiFE<]
marine fishelAl Tx=2 WA, ol ofFl #AnE F= tREAHA SEEA Algo] &Y
st &ael 93] trimethylamine(TMA)Z U Fo] APEHA 25 RNE= 53 HAE T
At ==l 2 F7Hgo] dREUetET AA A=A F& Ax7F "o
HE S 497 AFE 27 TMA-N(mg/100g)52]7F #S9l 1.0 mg/100g¢] A o] 20°C 2
A9 49 AF T 88 mg/100gz JERFET, 15C A% 81 mg/100g, 10Ce] A$ 79
749 76 mg/100gE eI 2712 TMA-N 3 mg/100g et
FES BFol 2 AdFolMe Hels 20T AFIE A2 124|2ko] A §&53] 27|53 o
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Aol Eolzkom 15T 10T ASE 4R 27123 gAR Szt Aoz Vet
5Col A3 2L 36A417k0] ARt A=l AAM3s] 27153 dA o Hol=e AR ek
o 5Tol A% S wol 20T A Fe WEok AF7Ite] 4847 AE § JFH A

2 A7t d@ARe st S filletd WA 20Tl AFEHHAE A TMAN &

O_L,

ool Aol Algte] Aol weh dRA7E HA FobAla, 271R e EEshe Ak Al
ol Aast® o] FEE £7F viAA Fed, TFE 14Y FHE 1Y el 2715-3)
FES I = o2 4327 dsME e LT T filletS WA 4~8Te] A

19SS uw TVB-N9 AgZAy mFoles 14Y€(22 mg/100g), HWEl= 6¥ (224 mg/100g) 7ol
F3 27 dAE HEhIAL, TMA-NSFL 15019 39 179 (4.3 mg/100g) BEl= 14U (4.0
mg/100g)2 WEsth= izt ok

ol
ol

10

TMA (mng/'100g)

U 1 1 1
0 24 48 72 96

Storage time (Hr)
Fig. 1.14. Changes of TMA during storage of Alaska pollack at 5C, 10C, 15T
and 20C.

S} TVB-N, TMA-N 3|2 Ho}

4
=
Ja
lo
fru
<2
ol
2
)
Jz
&
_O|L
N
A
Ho
=,
lo
fru
e

7l o we Rosine e o 4 YAk 22T AFLeEs) woldss ndEe] @

FolgteA B4 &) AH3E WA TMAOZFE S TMAS AAAE ez voA

_45_



B} A A9l Shelflifert o AFEHLS & 5 AT 5C7Fo2 AF AHRE 60A7F 337t
A8 214l 1~51 mg/100ge] 53 48l A sk

VBN<] W3}

e AG2E B Al wE VBN 43 A= Fig. 1.1.5.9] Jepl it Zzhe] 2
EdelA A9 FEAH FHAA A AL 27] Foz Eod 7129 VBNeE § x7] FI
71E<Q] 30~40 mg/100gel A A7 = Ae & & = Utk AFoiohs ThEA AN

=
91 VBNS| 7|Z0] ol FE @S AL L F Uom 0T A3% AL B 7hA 2

VBN (mg/100g)

06

Storage time (hr)

Fig. 1.1.5. Changes of VBN during storage of Alaska pollack at 5C, 10, 15T
and 20C.
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pHe| W3}

el AR B Aol w2 pHe| AwbH WMsle 68404 7622 UENH. 25
o] & A& ofFel vl 7] o7t st7 =A vehde AT BAvh A7t we
dehbes A% Al WAt Aotk R B w02 Astasl
27 AYEE Aoz yegth gEuol, TMA, DMA, & &7]14 B4 2oz pHEe 4
sated B3/t Jyg wat vste] pHIF Asste AL oluth BEIo] wet formic,
acetic, propionic, butyric T3 Z2 Abo] AAstHA EZ A Eafo] siA AETF Fotd

FE gemE pHF 4Estrl A% Wete AL e = ok

7.8
— % 5%

||| P R 10

T —— 3y —— 15T v‘“-h
—lge—.. 20T £

0 24 48 72 26
Storage Time (Hr)

Fig. 1.1.6. Changes of pH during storage of Alaska pollack at 5C, 10T, 15T
and 20TC.

re

e B5HAE EUE 3HA 53] 7E A4 §Eo A AP JH=
OE 5CE 7IEez AZ AFEE 60A74A WEZE HEgste olge] pH F3E
6.82~6.960] A3ttt AHETt 60AZHFE 84417 7tAE BB 2557 355 ALl
o] FUE Y vha Aert gojFien agofes g o Al BHH= 483 &
ol E7Fslttar dekE o
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FEAFNA AHT FHE 34 TLHA AE & AF LEEE HEWEE 23D
A7} Fig. 117. s 2t BEF 3
wzA Uehis 4% Ryth % 227 B o Rur) mdl AuHwA, 4} E

Cr1EeR AF ARRE 6047 ATAA Y
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Fig. 1.1.7. Changes of Acid-value during storage of Alaska pollack at 5C, 10T, 15T

and 20TC.
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Torrymeter2 BEjo] JEHE SAHANE 23 A=AREAM= FHFsI0= 288 HE &
Tt Fig. 1.18. & H¥ 20CE A3t 3712 2= oA 10~144 0] 2] X2 Vehlthr) 4

o) A7k Vo= vehted oAg AMd A4 & B¢ A A

SCore

06

4
#
W

Storage time (hr)

Fig. 1.1.8. Changes of score of Torrymeter during storage of Alaska pollack at 57T,
10C, 15T and 20TC.

=
olHEA S AR vehd F e FAIAE BAs7] fAste olFHUA indicatord]
Az ZAQAY kinetic A4S AEEL7] 95ty 753
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1199 Zo] I AFEA ZAF= Table 1137 Zdrt AR w245 A5ty flste 24
FRYZ dmsiEA 7]Ed d#ixnp 9} o] TVCS Pseudomonasts 13}

K-value 94| 13} H¥k-$-o]¢lt}. Torry meter, VBN, TMA, pH, AV 9] & wW3l= 03 HH-$-9
o 7o

10
- y = 0.05963 x + 3.74481
G R*=0.52475
=2 ¥ =0.05857 x + 3.14506 Q
L 8 R®= 0.67829
o (o]
o
2 6
=
w
o
g 4 4
g ¥=0.04177 x + 3.12471
] o R*=0.91453
3 2
y =0.01957 x + 3.3460

@ D.01357 x+ 3.34604
h“: R*=0.34643

0

] 12 24 36 48 60 72 84
Storage time (h)
Fig. 1.1.9. Sample data fitting for one quality variable (Pseuodomonas.spp)of Alaska Pollack
stored in an airtight container by regression analysis with kinetic Eq.(7) of

t .
1*%order reaction.

ohg SAZ e FAJAAY &R g g exoEA 2 FAZUXE EF3H
Arrhenius F5gh-& F317] 918t A(9) == 2 (10)S AME-38le] Fig. 1.1.37 Zo] 3| A4

A3 Table 1.1.49F Z9kth,

-5.00

-4.50

-41.00

y=-5963.162 x+ 17713
R*=0.845

-3.50

Ink

-3.00

-2.50
D.D-ITAD 0.00345 0.00350 0.00355 0. DTBD
-2.00

1T (1/K)

Fig. 11.10. Sample data fitting for one quality variable (Pseudomonas.spp) of Alaska
Pollack stored in an airtight container by regression analysis with Arrhenius

equation Eq.(9).
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Table 1.1.3. Kinetic constant (k) in Eq. (5) and (6), and goodness of fit for Alaska pollack

. . . . . th t .
quality variables from regression analysis with 0" and 1% order reactions.

Temperature(°C) 0"order reaction 1 order reaction
k(1/h) R> k(1/h) R>Y
Total viable count (log CFU/g) 5 - - 1.341x107 | 0.265
10 - - 2.951x10” | 0.679
15 - - 5.871x107 | 0.952
20 - - 5.866x10” | 0.814
Pseudomonas spp. (log CFU/g) 5 - - 1.957x10~ 0.346
10 - - 4.177x10% | 0.915
15 - - 5.857x10” | 0.878
20 - - 5.963x10” | 0.825
K-value (%) 5 4.714x10" | 0.873 | 6.231x10° | 0.802
10 4.795x10" | 0.845 | 6.269x10° | 0.767
15 5.240x10" | 0.765 | 6.974x10° | 0.691
20 8.039x10" | 0.738 | 1.105x107 | 0.688
Torry meter (score) 5 -1.551x107 | 0.304 | -1.376x10° | 0.300
10 2.258x107 | 0.214 | -2.136x10° | 0.213
15 -4.538x10” | 0.708 | -4.146x10" | 0.711
20 2.410x10" | 0.999 | -2.662x107 | 0.997
VBN (mg%) 5 5.808x10" | 0.862 | 3.728x107 | 0.944
10 6.581x10" | 0.889 | 3.714x107 | 0.942
15 8.003x10" | 0.881 | 4.391x107 | 0.931
20 1.169 0.962 | 6.757x10° | 0.873
TMA (mg%) 5 7.837x107 | 0.967 | 2.492x107 | 0.933
10 8.016x10° | 0.972 | 2.392x10” | 0.876
15 1.009x10" | 0.983 | 2.803x107 | 0.883
20 1.317x10" | 0.977 | 3.515x107 | 0.884
pH 5 -2.361x10° | 0.697 | -3.453x10™ | 0.699
10 -1.657x10° | 0.394 | -2.393x10™ | 0.395
15 4.851x10° | 0.706 | 6.871x10™* | 0.708
20 3.571x10° | 0.136 | 5.017x10™ | 0.140
AV (mg-KOH/g) 5 2.524x107 | 0.950 | 7.320x10” | 0.972
10 2.792x107 | 0.969 | 7.994x10” | 0.977
15 3.103x10” | 0.941 | 8.740x10” | 0.958
20 3.505x107 | 0.910 | 9.736x10” | 0.935

"Determination coefficient (R°)
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Table 1.14. Arrhenius constants (A, B, and Ea) in Eq. (4) and (9), and goodness of fit for

Alaska pollack quality variables from regression analysis with Arrhenius equation.

A (1/h) | B (1/h) E.(kJ/mol) R>Y

Total viable count - 3.382x10'" | 71.003 (1) | 0.888
Pseudomonas spp. - 4.928x10" | 49.578 (1%) 0.845
K-value - 5.139x10° | 26.498 (1%) | 0.776
Tony meter - 2.331x10% | 118.650 (0™)” | 0.885
VBN - 3.543x10° | 30.929 (0™ | 0.932
TMA - 2.810x10° | 24.414 (0™ | 0.901

pH - 8.303x10" | 40.668 (0™) | 0.670

AV - 1.674x10" | 15.044 (0™ | 0.998

1/t 2.318x10’ - 50.158 0.879

UDetermination coefficient (R?)
? 1%orderreaction(1®')

¥ 0"orderreaction(0™)

Pseudomonas 9t pHS] &/dglol| A7k -9 fAbstl o™, 28ivt pH A ZA A7 0.670
o2 e} FAJAR AdEIE BEFRST HFHOR o|FHAAANY 2EdEHL B 4
Tl Al AITE A@d)S AMESEA, a=001 FoFFe] olAHAATE B ARASAT. I ARA
Ay = Fig. 1.1.113 Z9ke ™ Arrhenius 244352 Table 1149} st YERA ST

¥ =-5044552 x+ 13.411
03

=]

In[1itg]

y=-6,032.999 x+ 16.959
R*=0.879
-34 |
0.00r40 0.00345 0.00350 0.00|355
-3.0

1T (1/K)

Fig. 1.1.11. Data fitting for reciprocals of off-flavor development time (1/tz in Eq.(4))
based on R-index of Alaska Pollack stored in an airtight container by regression

with Arrhenius equation Eq.(5).
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o]HEA indicatore] Q7R T oj=AML AWK O Z Pseudomonas, pH, VBN, TVC, K-value,
TMA, AV, Torry meter €] BABALIA7} ol AR AITEe] Bl LIA S} FAFSHA LhE}
gtk ol HPAAL AR FABI T WHE A9l T8 Pseudomonas, pH,
VBN 5o 4% ZuE 4Wuw ot AAHE Agel A, ¥z 5ol 343 Fees

WAL Holm, LEo A7 glo] olAPAAT UEE AP FEL YA ol: 3
ARl Aol FUKA LEEH0] FAFS oEWTh EF TVCS Kvalue: o A7)
A7kl BAFANIA S FA o] F

N BER FUHEAEE, ol nAEY SN 2= =24
o & ZAdo] 21 AR A o5 LdAE ATPES| A4dE dfj&d 29 d
Tt BoRTh olo] wkale] TMA, AV, Torry meters 2% EAo] fAletA] ¢x, Wz 3
AE Eolretx o|HAAAIHNA Y ghEo] d&Adol §lol, AT F wHelstA 7t o3
Hog ZgatA @ AMdE F5FF F Ut

Ao e olFHLA indicator= o3 FAJA F Wt Fdo] T3l 7HE 2%

Rl

j&
e,
o
2
rr

o] & Aol FAFEE PseudomonasQl AL = AL HETE

o] ol &g sde] R-index (

Ao A8l F A=EE FEE fste] AAE A FEF FHAHAE Asignal
reference), B(noise reference)2 A 71| A 82 HYstdh. & 6714 wjx WHoz 53 A4
BFATHKIm and Koo, 2003). 2 2z sid BT HHE 60%0ldE A3t F71 AHHER
glo] vtz #sHAE dAstt

R-index3t2 O'mahony(1992)e] <&l AHul®E A1) ol &sty FA= FA4tsld, 15
Ag X @ Azbel] thd Reindex ¢ B3t Table 1.1.5. 2 YepiAth A 257 £
20CAA 7H¢ ] R-index FHIX|(95%)ol ELsIATH 20Tl A= 72417, 15CAlAE 784
7h 71 =< Reindex e 7|28k, HF A7kto] 2o} A4E signal reference £ W3FL
4 4 dATHArgaiz et al., 2005). ¥, 10T 5CoAAE H3 R-index ol =2381A] £33
23

K
olf
2
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Table 1.1.5. R-index vs. storage time for Mackerel stored in an airtight container at 20, 15¢C, 1

0C and 5C.
Temperature Time(h) vs. R-index (%)
20C Time 12 24 36 48 60 72 84

R-index | 50.00 | 65.33 | 78.98 | 84.66 | 91.65 | 95.26 | 100.00
+0.12" | £3.21 | £2.25 | £2.41 | £2.53 | £1.69 | +1.98
15C Time 12 24 36 48 60 72 84

R-index | 50.00 | 50.00 | 51.69 | 66.69 | 74.66 | 87.29 | 98.55
+0.11 | +4.36 | £5.36 | £4.66 | £2.36 | £2.11 | +3.66

10C Time 12 24 36 48 60 72 84 138
R-index | 50.00 | 50.00 | 50.00 | 54.21 | 60.36 | 78.63 | 85.62 | 88.63
+0.11 | £4.26 | £3.87 | £3.69 | £2.68 | £2.51 | £3.55 | £0.43
5C Time 12 24 36 48 60 72 84 138

R-index | 50.00 | 50.00 | 50.00 | 50.00 50 55.96 | 61.98 | 70.69
+0.11 | £3.65 | £4.69 | £4.99 | £4.23 | £3.56 | £3.44 | £3.85

Y Meanzstandard deviation (n=12).

R-indexol] 2|g o] HZHA AT (L5 ])
o|HZHA A7+ Bi 9 O'mahony(2007)¢l] <J3] Ru® EARES Algste] AA M R-index
Aatdtt. BAFA 93 fod F£FE a=0.05914 29.22%, a=0.01¢]4] 34.01%qo™, 2z}
50%(chance value)Z Tsle] 79.22%9F 84.01%= ©]3 WA R-index AAHCZ Attt o
g e 2% F o|HHAAE FobaL, HA HEdk A= Table 1.1.6. 9 Zrh 20 CollA]
0=0.05 -l FF] AAHE o 3648417ke] a=0.01 F-olFF] AAHE oF 46,0947k
o] o]#A7} AAHAL, 15CAME a=0.05 FFT HFAHEL oF 64.3347ke] a=0.01 {5
£ BAHE oF 688843 do] o]FHTE HAHAULH, W0TCAA = a=0.05 frolFE2 ZA
Ag oF 730143t a=0.01 FoAEo] AAHE oF 8124413k Fol o|F7t HAAHALH,
5CAAE a=0.05, a=0.01 Fo5F9] FAFE EF 94 EArh o|HAAAANS E& Fo=
R-index Zkol A48 F7F atirh. A4 2% 9
BlmatE 20ColA EEE Aol oF 961A7tez 7bF & AolE YEhhdnh BE Yo 2
wf o] Wl Pdo]l AAE dojuda, AF A A ZL S Btk AR §9
Fol wet BAANA TLste ALY Zole EL LT 2
F S5/ olHAAA T Aol7t Id&S & 5 AATHByeon et al, 2009). 2= EA4 H
AL =005 FoFE] o|HHAALE o83t
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Table 1.1.6. Off-flavor development time for Mackerel stored in an airtight container at R-index

values of threshold at a=0.05 and 0.01.

Significance level Off-flavor development time (h)
20C 15C 10C 5C
a=0.05 36.48+4.66"° | 64.33+3.68° | 73.01+2.65° | ND”
a=0.01 46.09+4.89" | 68.88+3.25" | 81.24+2.36° | ND

YMeanzstandard deviation (n=12).
?Not detected.

““Means with different superscripts in the same rows are significantly different (p<0.05, n=12).

AUt E A7 MAPEARZ A AE TVC 47} ¢k 7 log CFU/goll =235t AFZZo| e oF
6 log CFU/gell =
AHolgle] MA TRZAY AFXF ZANA F 53 log CFU/goll T2dL ] o3 7} dAE
o} 4oz} olgrtn Bu G
oF 20A1%F, 15T A Ag <F 43A17E, 10Tl Al 2F A7 58417, 5TolA= AFAZE Ul
A EPA T YA 2xdiol A oF 6 log CFU/gol =&

ety B3t} (Fernandez-Segovia et al., 2007).

® B} o} (Stamatis and Arkoudelos 2007). 5o 20Co A A7

o O Fox= A % ¥ Pseudomonas®] = 7~8 log CFU/g7tA| F7138h= IS Rt
TVCol H]&| Pseudomonase] T CFU/go] @& o]f& 257} ¥ FHAA A= 54 o

_IC_)I__
Tolgt Az, azglste] TVCHE U= Pseudomonase] F2lo] AA| A2 A F o]z @A
Aol itk oA E T

N

& A
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Fig. 1.1.12. Time course of the quality variables of Mackerel during storage at different

temperatures. €:5°C, B:10°C, A:15C, ©:20°C. (a):TVC, (b): Pseudomonas. spp.-
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Fig. 1.1.13. Changes of K-value during storage of mackerel at 5°C, 10°C, 15Cand 20TC.

TMA9| W3}
TEole] A9 TMA-N7F & 0.7 mg/100go]Q @ #Ho] 2002 A% 4
3.6 mg/100g= A 27|53 @AE A Yo, 15CE 6043to] AV FEH 27|53 &
Alell, 283 20T Ae 9%6A1te] HAS u 271F5 dAE oM d&S FERS
o} 5T A$T Hu7b dl¢ M3 AAF o] 156417 A HE oJAlA Foll 42 mg/100gE
174 S w7k 20Tl

PN

71535t 271RAEAE dolA L e UeERiAth 25 olE 5T
AAPS w2y AA7|7He 79 A2 HE BEo 44 % ] Shelf-life7l 71 Aoz Ve TH

=

E

TMAE 5C7|Z22 07~21 mg/100ge] F7to] &3 fEd d$ AP Fedon,
21~38 mg/100g 7= A&7 {5 7Hs 3 7R ERTH
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Fig. 1.1.14. Changes of TMA during storage of mackerel at 5C, 10C, 15T and 207TC.
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Changes of VBN during storage of mackerel at 5C, 10T, 15T and 207TC.
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AFeE 5T Ao ofstH A FEAIFQL #5H 2885 Ay =5 73 e
T2 2 AA 1564 7kl A 20.38 mg/100gS WERH O] 7|E9] 27|RH oS 71E 3 30~40
mg/100ge]l & wX= Ze 2 YEGTE Al FolE BH 5 %

= gustA Foteta e Aol HlE 2L 2xd A @4F AT VBN £ =
A e 20T Age F 12470 F 7] ZiE BH 27]oe 2.80 mg/100gddl A 12.56
mg/100g2. 2 X7} F45shs A& & + doen APFE AlodE 3543 mg/100gS e}
Ao B FX sFe] len 10T 15T

C, 20C Z7 18.92 mg/100g, 2811 mg/100g,
3543 mg/100g& WERo] AZte] AR TE AF2Eo wE VBN FFo Aol ARE=

TUA T AP TMAZHS AZx VBN Azl u23 dA4e #Ha e AL
b & led 2709 ARE A AMS FE TTIE F=sled glo] & o ¥ 2t
i €tk VBNe| F7iste A2 ALEWste] z7lde F2 AMPY Zolr|ic yl
2 gryole] Ao &3 AHolx, TMAOL E3o] 23t TMAY DMA<] A4, o}n
4 S FEY] Bl o8 dEUol B ZF ofvlFeo A4 wEolrh. d¥rHo
G AR ofFelM= 510 mg/100g, HFAES ofFolr= 1525
Fajoj Kol A= 30~40 mg/100g, H33F ojKolAl= 50 mg/100g ©]Fo]atir
dH A ot o]AL oFH A% WY Tl wWE Mevl derR ofqE F£AE EE AF
| Fdxezm HESr|de ik FE7F Jdth GdF SoA @ARe dY thEe ade)
TMAOE F#3laL glojAl R0}, TMA, DMA F9| Alido] wol B ojFo |3 VBN
7b A vERdth mebA 919 71ES ZaAbatelr BaA|Y AlA FEAE AAl fF Al
Aele] 71Eo] He BEE TR wE A2 vFo] miaF oo} itk
B Ao 5C7|Eo 2 280~13.38 mg/100ge] TF7ro] 447 GEd ul$ H3s A
o™, 13.38~18.20 mg/100g T3t%= A&7 F52 7FestA R LnAEY] 7fdAte] wE H
27b E2Aste FEe 2 UERET

nEole A% AFLE 2 AGAT G2 WA pH Wsbe 57004 652 bt
27] Aol Barel Z7halmA pHﬂ Fadhs Age Roltd, 1243 wol e e
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TMA, DMA %), 718t #719719 =322 pHYl 45357 gioz A4"EY. HAa8 ofF
= gutz o2 pH 62~64 AEE 27|F32 2 o).

0 24 48 72 26 120 144 168
Storrage Time (Hr)

Fig. 1.1.16. Changes of pH during storage of mackerel at 5C, 10C, 15C and 20T.

O st 2ol AR LTyl = $oz pHyF WEA ZriEled olE Azt 2 m|A
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2 3FelA 53 Ato] H& 487 {5l v AP dEE Euw 5CE JEeE A%

A ZRE 72A17471A 9] aFol7t oldl sl olwj o] pH A= 5.78~6.048 tEF W ATH
T2AEE 132417 e B IMESTE 2-37 FUUE B tha AETE o A
Agk dol wojit Ao s 2A A A e 2EAES 7Y At QAL 8o
2 A 7hs @ AxEa VES 48 & o pH $X = 6.04~6355 LER ST

L

At A LE N AFAT B2 P ARE Fg 11170 UehiAch 2@elAst
Zol 227l ¥& £oE HE Asl Wz A9HwA, 47 29 2o g e
A7LE pHSE PRIZEAR BEAAL A5 3BAA 57 Atol TUL 487 FE e AFD
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BHE BEOW 5TE 7Fo2 A AZEH 7247128 aFolrt oo sigsis ofuf
A7b SAE 276~526 mg-KOH/gz ERER, 72417HEEH 13247 BQHe 5.26~126
mg-KOH/g & ehjgict.
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0 24 45 72 96 120 144 168
Storage Time (Hr)

Fig. 1.1.17. Changes of acid value during storage of mackerel at 5C, 10C, 15C and
20C.
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Fig. 1.1.18. Changes of score of Torrymeter during storage of mackerel at 5C, 10T,
15T and 20T.
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y=0.4932x + 2.7410 y=0.4262 x+2.9124
35 R®= 0.9993 Rz 0.9989
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= 0.3483 x + 2.2867
R?=0.9981

YBN (mg%)

y=0.1979x +2.7621
R?=0.9994
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Storage time (h)

(B)

4.0
y=0.0377x + 1.4754
35 R?= 0.8904 =
9 3.0 | ¢
E‘ 25 |
£ y=0.0314x + 1.528
= 20 ¢ R2= 0.8822
E 1.5 y=0.0268x + 1.4694
R?=0.9113
£ 100
y = 0.0215x + 1.3404
0.5 | R2=0.9308
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0 12 24 36 a8 60 72 84 96

Storage time (h)
Fig. 1.1.19. Sample data fitting for one quality variable (VBN) of Mackerel stored in an

airtight container by regression analysis with kinetic Eq.(5) of 0™ and Eq.(7) of

t .
1%order reaction.

mjo

0e WAz 15 BAWAY WeEE Aol 0 Loz % YA T
Arrhenius A3 T3817] 918t 4(9) == 2(10)2 A&t Fig. 1.1.20. 3} Zo| 3]

B A% A3le Table 1.1.8. ¢ 2ot

Ip

rok

45
40 |
35 | /ﬂ
y=-3,004.378 x + 6.978
3.0 | R2=0.997
e 25 |
=
= 20 |
45 f Lg
1.0 | ¢ y=-4,814753x+15.812
R®= 0.908
OFoo340 0.00345 0.00350 0.00355 0.00360  0.00365
0.0 L

1T (1/K)

Fig. 1.1.20. Sample data fitting for one quality variable (VBN) of Mackerel stored in an

airtight container by regression analysis with Arrhenius equation Eq.(9).
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Table 1.1.7. Kinetic constant (k) in Eq. (5) and (6), and goodness of fit for Mackerel

. . . . . th t .
quality variables from regression analysis with 0" and 1% order reactions.

Temperature(C) 0"orderreaction 1®orderreaction

k(1/h) R>" k(1/h) R

Total viable count (log CFU/g) 5 - - 2.043x107 | 0.473
10 - - | 5.156x10” | 0.935

15 - - | 6.291x107 | 0.893

20 - - | 5.176x107° | 0.686

Pseudomonasspp.(logCFU/g) 5 - - 2.802x107 | 0.740
10 - - | 6.439x107 | 0.970

15 - - | 6.498x107 | 0.941

20 - - | 5.546x107 | 0.704

K-value (%) 5 4.342x10" | 0.986 | 8.112x10° | 0.983
10 4.502x10" | 0.966 | 7.911x10° | 0.928

15 5.745x10" | 0.925 | 9.682x10” | 0.871

20 6.725x10" | 0.825 | 1.142x107 | 0.747

Torry meter (score) 5 -1.362x10™" | 0.960 | -4.710x107 | 0.763
10 -1.786x10" | 0.878 | -7.262x10™ | 0.965

15 -1.817x10" | 0.789 | -2.041x10™" | 0.794

20 - - - -

VBN  (mg%) 5 1.237x10" | 0.901 | 1.670x10” | 0.809
10 1.734x10" | 0.697 | 1.756x107 | 0.589

15 3.981x10" | 0.974 | 2.893x107° | 0.787

20 5.288x10" | 0.971 | 3.700x10” | 0.794

pH 5 3.780x107 | 0.742 | 6.337x10™ | 0.744

10 4.514x10° | 0.861 | 7.518x10™ | 0.864

15 6.339x10” | 0.887 | 1.048x10” | 0.888

20 1.121x107 | 0.907 | 1.825x10° | 0.911

AV (mg-KOH/g) 5 3.811x107 | 0.987 | 9.360x10” | 0.989
10 5.381x107 | 0.995 | 1.135x10° | 0.977

15 7.378x107 | 0.946 | 1.464x10° | 0.897

20 8.490x107 | 0.924 | 1.636x10™ | 0.837

UDetermination coefficient (R”)
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Table 1.1.8. Arrhenius constants (A, B, and Ea) in Eq. (4) and (9), and goodness of fit for

Mackerel quality variables from regression analysis with Arrhenius equation.

A (1/h) | B (1/h) E,(kJ/mol) | R*"

Total viable count - 2.057x10° | 41.961(1")? | 0.597
Pseudomonasspp. - 7.030x10° | 28.1 10(1%) | 0.454
K-value - 3.790x10° | 21.083(0™)” | 0.932
Torry meter - 8.370x10"° | 97.362(1%) | 0.942
VBN - 7.363x10° | 40.030(0™) | 0.908

pH - 4376x10° | 27.265(1™) | 0.936

AV - 7.790x10° | 31.160(1%) | 0.983

1/tr 7.945x10° - 47.651 0.875

UDetermination coefficient (R”)
? 1%orderreaction(1®')

¥ 0"orderreaction(0™)

VBNZ} TVCY & A3t A7F wl-¢ SAstgen, 28 TVC
ol FAJNAE AAEHIE ESESITH FFTHOZ o|HAHXAT
Al AIQFE A(4)& AMESEY, a=0.05 foFFEe] o HAAAILS I ARASAT. AR 2
7= Fig. 1.1.21. 7 2gken Arrhenius A4k Table 1.1.8. &} &}

o]
1ol

L
2
iy
o
kJ
33
o

46 | v=-4688.116x+12.128
R®=0.940

In[1/tg]

O

=3.8

Py y=-5,731.465 x + 15.888
R*= 0,875
=3.4

0.00340 0.00345 0.00350 0.00355
-3.0

1T (1/K)

Fig. 1.1.21. Data fitting for reciprocals of off-flavor development time (1/tz in Eq.(4))
based on R-index of Mackerel stored in an airtight container by regression with

Arrhenius equation Eq.(5).

o]HA indicatord] Q7R To=AML ZHIHOZE VBN, TVC, AV, Pseudomonas, pH,
K-value, Torry meter ¢ &/d3glo| X7} o] HAAA|ZE] &A= 9k FAFSHA e
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Table 1.2.1. Residence times at each of distribution phases according to channel types

and Pseudomonas cono toratto tat the final phase-sale/consumption.

Distribution channel | Shippi | Warehousing | Warehousing | Proces | Market | Sale/ | Pseudomon
type ng (h /Shipment /Storing (h) sing exhibiti | Consu as (log
(h) (h) on (h) | mption CFU/g)

(h)
Distribution center 72 15 8 0 12 12 9.518
(A)
Through 72 15 0 24 0 12 10.134
manufacturer (B)

Direct marketing (C) 72 15 0 0 0 12 6.337

Table 1.2.2. Sensitivity at each of distribution phases according to distribution channel

types.
Distribution channel | Shipping | Warehousin | Warehousing | Proces Market Sale/
type (log g/Shipment /Storing sing exhibition | Consumption
[S«]) (log [Si]) (log [Sd]) | (log (log [S«])
[S«]) (log [Sd)
Distribution center 6.707 6.456 6.531 0 7.827 10.597
(A)
Through 6.707 6.456 0 8.624 0 11.213
manufacturer (B)
Direct marketing 6.707 6.456 0 0 0 7.416

FEARY 4F (aFl)

DSl F2 B8 23 olFelA BEF Bk WolH HA FTY:AA Aol He
Brbe @ At 284 RERA 27142E WlARE AZstel 4R Tejsks A
AAAE AEA2E AR AAFRAA GE & U WAL F 6vAlT AAATL

951 7Fel ). 1RHAIE Hlo A 1°C, 24417, 29tAl = A1/ &3} 0°C, 154
'5 oC/ 8/\] Z_]__/ 4%7ﬂ “E

5C, 12/ 7te.2 A3t AAF = A

MGE 246 AT AE B TAAE W, Qu/Esh Y2/A4F, BFAG,
woh/ ol ol SHAE A E AEIAT FI TUG)E W, d1/28, 13, Bl
Tol 4BAE AXY, FANOE W, Yu/E3, B/ T SHAE ADeHPak et al, 2006)
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Table 1.2.3. Residence times at each of distribution phases according to distribution

channel types and VBN (mg%) at the final phase-sale/consumption.

Distribution Shipping | Warehousing | Warehousing | Processing Market Sale/ VBN (mg%)

channel type (h) /Shipment /Storing (h) exhibition Consumption
(h) (h) (h) (h)

Distribution 24 15 8 0 12 12 28.809
center (A)

Through 24 15 0 24 0 12 26.329

manufacturer (B)
Direct 24 15 0 0 0 12 13.537

marketing (C)
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Table 1.2.4. Sensitivity at each of distribution phases according to distribution channel

types.
Distribution Shipping | Warehousing | Warehousing/ | Processing | Market Sale/
channel type (log [Sk]) /Shipment Storing (log [Sk]) | exhibition | Consumption
(log [Su) (log [Sd) (log [Sd) | (log [Si])
Distribution 1.827 3.214 3.022 0 3.297 3.378
center (A)
Through 1.827 3.214 0 3.208 0 3.401
manufacturer
(B)
Direct 1.827 3.214 0 0 0 3.234
marketing (C)
A EF
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Fig. 2.3.6. Changes of dopamine during storage of mackerel at 5C, 10T, 15T and
20C.
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Fig. 2.3.8. Changes of gills tissue state during storage of mackerel at 5°C, 10C, 15T and
20°C.
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Fig. 2.3.9. Changes of hernia during storage of mackerel at 5C, 10°C, 15 and 207TC.
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Fig. 2.3.10. Changes of rancidity during storage of mackerel at 5C, 10, 15T and 20TC.
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Fig. 2.3.11. Changes of elasticity during storage of mackerel at 5C, 10, 15T and 20T.
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Fig. 2.3.12. Changes of overall acceptance during storage of mackerel at 5C, 10C, 15T
and 20TC.
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Fig. 2.3.13. Changes of eyeball transparency during storage of Alaska pollack at 5C, 10T,

15C and 20TC.
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Fig. 2.3.14. Changes of gills color during storage of Alaska pollack at 5C, 10C, 15C and

20C.
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Fig. 2.3.15. Changes of gills tissue state during storage of Alaska pollack at 5C, 10T, 1
5C and 20T.
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Fig. 2.3.16. Changes of hernia during storage of Alaska pollack at 5C, 10T, 15C and
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Fig. 2.3.17. Changes of rancidity during storage of Alaska pollack at 5C, 10C, 15T and

20C.
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Fig. 2.3.18. Changes of elasticity during storage of Alaska pollack at 5C, 10C, 15C and
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Fig. 2.3.19. Changes of overall acceptance during storage of Alaska pollack at 5C, 10T,
15T and 20T.
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=
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=)

=

Iday 6 23%

[ay 7 27

[jay 7 &3¢

Fig. 3.1.2 Color change table of polymer TTI (a) B type, (b) M type (continued).
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Inay 823 - " " »
[ay 2 23 - " " »
[hay 2 9% - " " #
Jay 10 274 - " " "
[Jay 10 2.3 - " " »
[7ay 11 &9 - " " “
[Jay 11 2. 3¢ - " " "
Iiay 12 3.7 - " " ®
[Jay 12 53¢ - " " "
Iday 13 2.9 - " " »
[Jay 13 &3¢ - " " "
Jay 14 274 - " " "
[Day 14 2.5 - " " i
Iray 15 2.9 - " ” "
[Day 15 2.3 - ” " W
jay- 18 23 - " " ]

()

Fig. 3.1.2 Color change table of polymer TTI (a) B type, (b) M type (continued).
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Fig. 3.1.2 Color change table of polymer TTI (a) B type, (b) M type (continued).
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bay 8 27 - HEY | AgEY | Adsd
[vay 83 % - w » "
lray 2 34 - w » "
llay 2 2% - " ” "
[2ay Ln 2™ - .'.- » %
[7ay 10 2.3 - " » »
[Jay 11 33 - " " "
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[1ay 12 39 - » » W
[nay 12 3.3 - " » »
[7ay 18 2.9 - w » %
[nay 13 2.3 - " » »
[Jay 14 27 - " » "
[ay 14 2% - w ” "
[7ay 15 2.9 - w » %
[ay 15 &% - " " "
[Jay 18 33 - " " "
(b)

Fig. 3.1.2 Color change table of polymer TTI (a) B type, (b) M type (continued).
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B type 9 TTI & 5T AT & 54 oA 64 Alo]dl reference ring I} coreg] o] LA
e BHAth 10CE 3¢ A%S o, 15CAA = 5 vhpdo] AE o, 20C= shF1ke
Aol Aol 4x] FMTE M typee] TTI= B type Hubs e W3ty 23 ¢ugled, 5T
A€ 8Yo] AW, 10T & 4¥o] A%S o, 15C= 35 ghtdo] A7 5t3& wf, 20T
= StEFre] 97 oF 5o o] A dX|sttt o] ZFAE ATl AMEE TTIS] AZXHGA
ol 4 AF3k drg el thekdQd lifetimee] Z A3 Bl w3dtH, A AolA B typed lifetime
5CE 49¢~6Y, 10T = 26¥€~3.1¢, 15C= 1.3¥€~1.6¢, 20C= 0.7¢~0.8Y o] M type

o

olr

o

9] lifetimee 5C+ 7.74~9.64, 10CE= 3.9¢~4.7¢, 15C= 20¥¢~24¥, 20C+= 1.0~1.2¢ ©
2 BollA vERG AITHE A9 AR ST A2 A= B type#t M typed] lifetime] z}o]7}
ZA sRevt 1oz ZFE o zol7t HFH Fo EU=H, olE F MEEE AT

Eaztel e AS 58 & vk BEod AHsle A= kinetic modeling & §3f o] Fo

Atk

o

TTI uh-3-o] = el (Steady)

Fig. 3.1.3 ol (a)= B typed TTIZ 5C, 10T, 15T, 20Tl A Z+z B# Fo| Ao whe}
Wstste A A (el tyst] A4 Mu g& EoEth (b)= M typed] TTIE 5T, 10T,
15T, 20Coll A Z+zt Bk Foll A7t wat Walsts A4S A (1) st A Mu 3
S HoFErh o AIFS IAEAM 3 ZAJ Kme 18 Avs Fdez yehliglen
Table 3.1.19] Ztzte]l ZE EAFAHES). T3 2+ 250 B typed ¢ 5C duj= Mu
Zkol 104 142417ko] XLb=} 0304 74A] A4S &9tk 10C QA= 0224 717, 15C
T 0179, 20CE 03087%] Mu 3to] ZAEL BRItk M typed A$E Zad dmel gt
& H)<=sith 5C A= 0153, 10CE 0198, 15CE 0.1776, 20CE 0204712 ZH4A st T
K E2%7 o242 B typed] A& 0.0055, 0.0110, 0.0207, 0.03892 =7} 3tH.oH,
type®E3F 0.044, 0.0097, 0.0177, 0.03892 2%=7} Z71 &42 o] gho] AXTh 37 EA9 R
#H2 09 ol ez et 03 v & FEES o 7 UUTH

Table 3.1.1 Reaction rate response of TTI at four storage temperature.

Reaction rate (1/h) B type Reaction rate (1/h) M type
Temperature (°C) 3 %
Mu R Mu R

53 0.0055 0.9315 0.0044 09171

10°C 0.0110 0.9397 0.0097 0.9286

15% 0.0207 0.9158 0.0177 0.8693

20°C 0.0389 0.9253 0.0348 0.9074
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Fig. 3.1.3 Responses of TTI color change at four storage temperature. (a) B type, (b) M type. @
5C, H, 10T, Al15¢C, x20<T.
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Az Ao d2ge JERE, 2 A7) 848 olix Fa gkT 2-& kinetic parameter
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Fig. 3.1.4 Arrhenius plot of the reaction reate of TTI color change. (a) B type, (b) M type.

Table 3.1.2 Kinetic parameter of different types of TTIL

B type M type

Ea (KJ/mol) 88.06 92.210
Ko (1/h) 1.954x10% 9.62x10%

R? 0.9999 0.998
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o Al&® B} 9lth(Taoukis et al, 1999).
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Fig. 3.1.5 Predicted (solid line) and measured (point) response of color change compared with time

under dynamic storage conditions. (a) pollack, (b) mackerel.
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= 2004]7te] Atz 0o EeelA] gkttt S APAS vlwstr] 9fs SPSS 17.0& Ab
N 3 Aate oed 2ok HEHe 542 dynamic modeling o thajAlE R
Zrol 0992 feom atel Ha AFMSE)E 314270 vr. n5ole] §54 2 dynamic
modeling o WA E AP G273k R*ZEe] 0995 ¢]# MSEE 20.857 o]{th. TTI9 o

S Aol 2 Aol vx] &a F EsiH, o] &3 TTI o tidt kinetic modeling

1. Giannakourou MC, Koutsoumanis K, Nychas GJE, Taoukis PS. 2005. Field evaluation of the
application of time temperature integrators for monitoring fish quality in the chill chain. Int.
J. Food Microbiol. 102: 323-336.

2. Giannakourou MC, Taoukis PS. 2002. Systematic application of time temperature integrators
as tools for control of frozen vegetable quality. ]J. Food Sci. 67: 2221-2228.

3. Macdonald CB, Gottlieb S, Ruuth SJ. 2008. A numerical study of diagonally split Runge-Kutta
methods for PDEs with discontinuities. J. Sci Comput. 35: §9-112.

4. Park HJ, Shim SD, Min SG, Lee SJ. 2009. Mathematical simulation of the temperature dependence
of time temperature integrator (TTI) and Meat Qualities. Korean Journal for Food Science of Animal
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5. Taoukis PS, Koutsoumanis K, Nychas GJE. 1999. Use of time-temperature integrators and
predictive modeling for shelf life control of chilled fish under dynamic storage conditions.

Int. J. Food Microbiol. 53: 21-31.

2. TTI9} IAAA E Ao A4 wdd

TTI (Time-temperature integrator)= A|ZF-2% o|g o] w2 H|7}H9ZQ A ¥H3E Yehj=

AR Fhte AFe] F2 A=E 45 5 JA €t TTIZREH F2S 453517 AAsiA

= dde e ANEd moh AF8 dZo] £AH7] ASME 4F2 TTIS A
A, & 2=zl ul&sfo} dth mwabA TTI s+ w0l 2 Hee] FAME Peudomonas,
VBN 3 o 44e thopdt 2dye B3 AZ-2wo] ohE TTI sk BAe 4w BAS
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st il 2 HEe F4 dFo] f3 Stk WA AMe gizHd F4 AR
°l ml &L B34 A(uncertainty) ¥} ¥ o] A(variability) ¢ SA& zta 7] wEo] A7k

S mE F4d ARG odZol oYtk mebd vHES P=E  HELE(probability
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ﬂllrll
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fu
ox,
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lo

oF WA Ao FAHS 9 steady @ dynamic kinetic modelingg F3l &% S o] 83}
o AA §% dFoNA TAE = A= b3S temperature abuse o 93 oFr] He= F

42 A9 D %k & 5 Ul PEe AT sl Bk A 1T AEe AA B

i
2

7F TTIS YAARA FA39 A4 Ay (deterministic)

WAL (2T

Se,
ol
%
o
s
ity
o

TTISke] AadS EdFstr] 9dsl, e

kinetic modeling & oln] 43 = u} glor}, AL o8 A7) & o8 Fx, &
< TR Wesd et I wkgel ti Aol €7k ¢ lEe nEste] A AdE A4

stk 2 A% TTIE 3% 150 2 9od $4 d3o] f& sharh

2 dFoAE dE Bz 8% FEHE ARE AMESIATE o83 & ARxA7] 3
T B FA XS AR A 99 ol e HoldElel HElE whole fish |2 Fufstot
FELE T8 A A2 AWRINA 542 FEHE ST BH 2
A2l Aol BWEL 43.95cm (range 40.4-49.6cm) FA & HFL 611.84g (range 512.4-790.4g)
Aot ZFol= T FaoA AgE AEE AMESIHTh o1FF Bk oA AA AW st
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olfe] o] el 1FolE whole fish Fejz Fulstdtt. mFo ZF 7fAle] dol=
W 36.5cm (range 33.2-38.1cm), A= B 612.67g (range 572.6-653.6)2] 72 Al8-3FS T}

el

ot

Y
o

A3
=3 1Eo] & HeE 3ntg]% whole fish ]2 polyethylene bag o] BE# s-4ich Zt
ABEEL 5T, 10T, 15C, 20T 2 AAH F2uj%kr] (SH-75B, Biofree Co., Korea)oll H 75}
A7 AlZbekeh A o] Pseudomonas spp. €+ VBN S0l o]&35lth Dynamic A2 2 5T
Al 12A17F, 15T A 2441 7F, 20Tl A 24A17F, 5CAAA] 24X]17F 5CAA 3647t 2 AR sH
thermo recorder(TR-51S, Japan)®} Zo] programmable incubator (HST-103SP, Hanbaek,
Korea)oll H#3}¢] Pseudomonas. spp ¢+ VBN Aol 3 mia]® 7Awjo] Azt Azol]l et

TIIMo 2% o218 FAgs sastel a4 29ze) s Brhsharh

Pseudomonas spp. =4

1 72 1. Steady AZH-2% /AN FA W59 AA AF 2 HHo Vet
Volatile basic nitrogen (VBN) =3

1 72 1. Steady AZH-2% /AN FA W59 AA AF 2 HHo Vet
Pseudomonas spp. ] kinetic modeling

14 1. Steady A7t-2% EA /A F2 W5 Z2ZAA AdgHE BHE AHESHAT

VBN kinetic modeling

14 1. Steady A2 =lP/44 B4 4o 2NA AFH S ASHAG
Ty=HEH F2 d=F

T 2%H AN Teff 2¥H Heo w4ge d=e thed 2o AN &+ U
(Taoukis et al., 1999).

In(N/Ny)y, = L exp
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714 t= AFAZHN), No 2 N = 79 27] 2 o9 5T, k= Tyl Ao THY £
4 (h-1), BEat 79 @431 X|(K]/mol), R& 714444 (8.314x10-3 kJ/mol - K) °]th. 21
o]

[y

olsl VBN of% E thgs 2ol A4 Sk
_ —E, 1 1
y()ﬁfi kr'ef ° eXp[ R ° (T(ff_ T”f )] ° t+y/n/ (2)

A7) = AZFAZH), v & yE VBN 27] 2 t A2 Zt, kers TyollAe] VBN £
A2=(h-1), Ea VBN2] &43}o19=](k]/mol), RE 7|44 (8.314x10-3 kJ/mol - K) o]t}

A3 g uF

2% 8 AT F WEY Pseudomonas, F2& I AL Fig3.21 I Zoh AF2=7)
OE v 714 ARE AHE i A% 7|te] Sk ARREVE 2o Fol mE £EE F
7tstdnt. gutd oz "W nAEe £t 6-7 log CFU/gdll T23lA Boj7l Frty B s
At 20CTAA = A 3243to] Aukg o, 15TAA= A7F 4343, 10ToAlA = 6243F, 5T
o= 1564 7ko] Autg w) 6 log CFU/gdl E2¢2 & < Atk 4 3)2 E3f 2=w =z
vl &% A thed g (Table 3.21). 2571 718 £2 wh8E&5E 0.041, 0.104,
0.151, 02012 7} sl¥em Fig. 322w 7z} 2% tidh k ¢ Ag k3 46)9 IALEY <
2RH AE"E ALY dFgEs vEH, 2 23 #4485 oA Ea @ 22 kinetic
parameter= Table 3.2.2 o JER) AT}

Table 3.2.2 Kinetic parameter of Pseudomonas spp.

Pseudomonas spp.
Ea (KJ/mol) 69.94
Kq (L/h) 6.686x 101
R? 0927
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Fig. 3.21 Pseudomonas spp. conceniration with storage time under isothermal conditions.

s EIige AlSC X200

Table 3.2.1 Reaction rate response of Pseudomonas spp. in the range of 5C to 20C.

Reaction rate (1/h)
Temperature (°C) z
Pseudomonas spp. R*
5°C 0.041+ 0.851
10°C 0.104+ 0.283
15°C 0.151¢ 0.801
20°C 0.201¢ 0.922
-3.5
+*
_3 -
-2.5
*
-2
=
SR %
_1 -
-0.5
D T T T T

0.0034 0.00345 0.0035 0.00355 0.0036 0.00365
/T (1/K)

Fig. 3.22 Sample data fitting for Pseudomonas spp. of pollack stored in an airtight

contaniner by regression analysis with Arrhenius equation.
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Ao FAg mdE (ALFol)
Fig3.2.3 7 Zo] A% 7|12t3} A 2=7F =™ VBN el maA S7HS € + UM
o A 2% 5T ZAd ot 43 FTE AHY #5H A& ES GH E=
of =2’ AHA 96AITelA 18.08 mg/%E UERHO 7T 27| RIS 7
30~40mg/ %l EmA= AL Z YEHT o= 15 oF AAVF It o R AnAEY A
FAste AM Bk Awfe] wol mE A7t dojubar old wet A8 BV dHd =¥ ste
AlZbe] w2 7] wjEoletn AZtETh E3F dRkd oz 5T HFg 1Fo]e VBN e ¢
2HEHA Frksta =R HlE 20T #gE aiFele] VBN e w27 Frist
AlZbell VBN o]l =4 vYelgdS ¢ & Utk Ed & 2%

Fo] Txg o, 53] 5~15Co] AFE 1Eol AL =

gk AlZko]l g £ VBN & o7t ARE & & Atk #Hedez A& EVbs A
T = A7Fe Z7F 20C= 20~24A17F, 15C= 42~48A17F, 10C 56~60A17F, 5Cel AHS+=
96~1004] 3t ollem, ojwj ¢l VBN &2 oF 18mg/% o2 UENT dRtH ez VBN
L m¢ AT o KoM= 5~10mg/ %, BE AT &A= 15~25mg/ %, F3 z7] AH)
o o] &L 30~40mg/ %, FIE oK 50mg/% olAolgtn HuEo] A gt ATk
o] Z oA AFF vie} Fo] ofF T oF AlV], A W wet 2 A F QleEE B

ol Zo] olgfdt 71FL A& srlel: thh Tt Yok
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Fig. 3.2.3 Changes of VBN contents during stroage of mackerel at 5C, 10C, 15T and 2
0C
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2 1509 F4 YAl VBN el wheE= ol i 2= oA
2 G435 o x2S £33 Arrhenius 43S F5H7] 915t 2(5)2 AH&-5te] Figl.249 2
o] 37 B3 Ay Table 3.2.37 Zt}.

'
s

- y=-8526.4x+ 28143 P
- R=0.967 e *

Ink

-L§

-0.5

U-.OIRH 0.00345 0.0035 0.00355 0.0036 0.04365

1T(1K)

Fig. 3.24 Sample data fitting for VBN content of Mackerel stored in an airtight

contaniner by regression analysis with Arrhenius equation.

Table 3.2.3. Kinetic constant (k) and Arrhenius constant and goodness of VBN contents

of Mackeral from regression analysis with Arrhenius equation.

rd .
T tu 0 orderreaction
em(g)t&r)a re o R A(1/h) E.(kJ/mol) R’
5 8.28 X 10~ 0.955
10 1.42 X 10 0.917 .
VBN s 194 %X 107 0,926 1.669 X 10 70.88 0.967
20 429 X 107 0.959

Table 3.2.3 oA HSo] Hkg &% Afe 2T/t 2old4E AAE AL < 9o, 1
Sole] F4 AX VBN 2 2% o|&Aoleta Atdrh 3 F8 Arrhenius 329

HE3t9e u, A3} A= oF 70.88k]/mol T}
TTIF 5o 2 HElel F2 =% ZIE Arrhenius equationo] plotting o 24, TTI A
Helol WA 4 AdAY 25 9EGE vlus] Eokth( TTI® parameter = HolA AR
I=]

stgTh. R* ke BAMs) 2w, Helo Pscudomonas®] 7% 0927, 15019 VBNZEY 7A$
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0.967, TTI B type2 09992 }elyt=H],

o2 F3 TTIst 2Eo] 8 Brje FAAAT} e

o=z Jds & FAt. yEol TTI ¢ Ea= 88.06k]/mol, WE|¢] Pseudomonas &=

F27+9] Ea 39l *}e]7} 25k]/mol

ol z
olStEM, Hle LE 924 2AL 2EYT /PEE 5 o] (Teoukis, 2001) TTIZ £3 T

10

Pseudomonas spp. (log CFUfg)

35

VBN (mg%)

T 25
- 20
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(=8
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Fig. 3.2.5 Comparison between predicted and measured value with

Al

temperature profile, slzz X s e,
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Gg&ﬂ»THAI&P‘M7Cﬁ2ﬂ o2 E3 dFFe HHdez Yl (a)= HWEH Y
HF 0 2 log 3~log79] A E

&= HRE I A5 AP gl dAFES & F AT (b= LFo] VBN oS3k}
AEHE Hlad Aolm ol Teffg F3+ olF RAHI Aael FHgho] A LA
T o|l8o] that Heje] Pseudomonas spp, IL5oe] VBN ¢ TTIS] ¥Hg ®

Toko] deterministic ¥ RAHS F TTIE o83 WFALAY] F4 A=59 HAFAHS

HoFo}.
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. TTI9F Y3 AR FA7e] 434 Bd7 (Stochastic)
Q9
g EAste A ELS B4 (uncertainty) #} ¥ o] d(variability)& ZEal glo
g3 nAEY dF 9 #rt olgrhuetA HIZd e olE nLHst A E =olr] Sl

3} 55 ¥ (probability distribution)Z ©]-83}% o7]A] Monte Carlo Simulation Z& FHFEH =
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Regression) 2 A}&3| kinetic parameter® EX T 24 A& 3lQch. 23 A2 deterministic

3 F49 AZTe Aolg Mm B4 ST
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A 8wy

A

B o] A2 % o]ge] mE Pseudomonas & F4gt2 348 2. TTIsF WA F4d3e 4
2d 3 (deterministic) & steady Z oA Al-&3F Ho|HE o]&3t ).

l‘:i oh,
o,

Pseudomonas %3 9] kinetic modeling

SLD (Simple Linear Rgreesion) th2-3} o] Ak st

y—b=azr (3)

7zt gl AEE aE 7HAZ 18 1. Steady A% RAP/AAH F2 W5 A A
Q }
[}

A
® modeling WH-S o] &3}l kinetic parameterE¢] EIXEE A3}

S LR

ERY RdAdyg
Z+Zke] @Alol A o] H YW= Microsoft Excel 2007 spread sheet TR O 7 ZHA
3t¥ o™, @RISK (Version 51, Palisade, Nerfield, NY, USA)E ©]&3}4] Monte Carlo
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simulation®l] ¢]3&le] EA el w3t Ade kot EHZEE Pseudomonas F% Zroll AT 4+
3L

e EFAAT gopde Ushyy] Slstel B8R E e Ades BAHAT

Al ZE-2% o8 e uE Pseudomonas®] X T

HejS 5C, 10T, 15C, 20Tl A S w 2% o] wE Z} A Ho| A 2] Pseudomonas

5.47

0.45 T
0.40
0.35 +
030 4
0.25 4
0.20 4 -

(4B ERE SR
0.10 4

0.05 4

0.00

i Mean Mas B 5%
1.921912 3. 189995 4.379885 2.665004 3. 7194456
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2.82 4, 540009 5.386729 3.792883 5.286541
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2.885619 5.219971 7.206522 4361014 5.073347
3.618994 5.820015 8.072052 4.862585 5.77675
3.829719 5. 279096 5.6563563 5.246662 7.312694

(@)

ComparisonwithLogistic{5.25882,0.932909)
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Min Mean Max Ve 5%

1.978711 3.19 4.401415 2.669934 3. 714471
2.194959 3.639997 5.05174 3.041002 “4.238565
2.312312 4.049985 5.595259 3.383498 4.716143
2.798327 4, 729985 6.53683 3.951929 5.507935
3.075319 5.569971 7.7342499 4.653598 6.485988
4. 232096 5.800006 9.374701 5.6814139 7.918057
4.134126 6.869978 9.4551386 5.739741 7.999582
4,580241 7.349997 10.28475 6.14908 8.558563

(b)

Comparisonwith Logistic{6.26055,0.916465)
3.55

Min Mean Max o 5%

1.932733 3.189998 4.478937 2.665259 3.7146498
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(d)

Fig. 3.2.6 Total distribution chart and general distribution chart of respective point of
Pseudomonas from Alaska pollack by time-temperature history (a) 5C, (b) 10T, (¢)
15C, (d) 20TC.

N

L ¥ Pseudomonase] AA| B

H

= 9 Zk A FErlthe] EXEE QRISKE %3 42 319
4660|312, 10T 354 HAgh2 528 15C= 6.26,

Mol BEXES Haghd Alto] Aaghel wel Zk 2= E OF 304 7Abolo] FE HAF]
Kinetic parameter 4+&

A7 %o & ZF AJFHol A 2] Pseudomonas spp.2] EXEZE simple linear regression 3}
o && Exo thdt kT EF, Ea BREFE A& Z2HE deterministic WH-& ©]-8-3 4H&3

Ao} vmd AoE the Bt

Table 3.2.4 kinetic parameters by various modeling methods

Ea (kJ/mol) kO (1/h) R?
Deterministic 69.94 6.696x<10"" 0.927
Stochastic 57.0224 2.6x10° 0.9503

Stochastic, PIYES 5 BIE o]8sle A=F k09 BIZ L 26x10° Ea Tz 57.02
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Fig. 3.2.7. Comparison between predicted and measured value with respect to a

temperature profile, (a) deterministic, (b) stochastic.

(a)= deterministic modelingol] 2]3] AF&% kinetic parameterE ©]&3}o] F32|54L T3

Aol A AFE LE-AZH Z7elA S PseudomonasE o3 w ZHF 1otk o}7)A He

N

W ¥EQJEE= FAHZES Jeldth (b) & stochastic modelings 53t o &L
el =d], 4 77E uAdE v 5 BEXZ A& O FolE HFHoR ZF A|FHA Y]

HAE Fro EITE o =31}l deterministic modelingol] €3k ®WH I} stochastic
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modelingol] &3 oAZF® AdAzFH SAHZ Aolg HlwEA 3 Adds thgI 2o SPSS
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T3 FE AdFo APl #AE 5 Ak o8 AFo]= activation energy xpo]] A ol A
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21 Z-9] activation energy Z7-2 TTI ¢] activation energyE 7|22 & Z-%9 22 7H
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Table 3.2.5 Threshold and parameters of TTI, VBN, Pseudomonas spp.

TTI Mackerel Pollack
(VBN) (Pseudomonas spp.)
Ea (KJ/mol) 88.06 70.88 69.93
Shelf-life at 5C (h) 119 119 119.0
threshold 0.35 18.5 (mg%) 5.6 (log CFU/g)

Shelf lifeo] <A
B 71Ze) TTI] 44 A& ol§3je] Shelflife® Thad ol 428 + 2o

SLyy = T

A7NA Ly TTIS] SE7]3 (h), Mup= Mu 38 HE A% (Table 3.25), kppys TTIC
S £ % (h-1)E 9r)|sit}h. 1509 4 QX0 VBNE o] 83 Shelf-life= oo 2o}

VBN, — VBN,
SLypy = T

SLypyE 15019 %713 (h), VBN,= VBN Zte] 2F 344 (Table 3.25), VBN,= VBN
%}\-O }_7] %}]\- (856 mg%), kVBW ‘1:‘ 001 VBNA -%— —éT— ( ) 4]:[]3]_]-4_ u:]EHA %_ ]O
A1 Pseudomonas sppS ©]-8-38F Shelflifes thg-3 Zth

N(Ng/N,)
SLPse'udom,(m(Ls = ﬁ (7)
SLpecntomons = BHE FE71T (h), NoE HE nl4Ee] HE SAFH (Table 325), N
U]/Kg%g ‘?‘7] %}\- (IOg 35)’ sze'u(lom,ona(s' % EH Ul/ﬂ%g % Q_E (h-l)‘%‘ Qu]éj—ﬂ-

SR das s dmEELS TSI MS  Excel 2007¢]  visual  basic
application(VBA)& 7N =72 Agatd FX814 AkE stk tol WE Mughs AAbsto
Excel®] spreadsheet & graph2 ZFH Yel == sl
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Fig. 41.1 Field application of day and time with temperature in range of circumtance (a)

Oct. 26-27, (b) Oct. 6-7
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Fig. 41.3 TTI color reaction and quality properties of Mackerel & Alaska pollack with
time-temperature history in field application. (a) Oct. 26-27, (b) Oct. 6-7 (continued).
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Fig. 41.3 TTI color reaction and quality properties of Mackerel & Alaska pollack with

time-temperature history in field application. (a) Oct. 26-27, (b) Oct. 6-7 (continued).
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Fig. 414 TTI color reaction and quality properties of Merkeral & Alaska pollack with
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TTI, (b) Pseudomonas in Alaska

pollack, (¢) VBN content of Merkeral, day : Oct. 26-27, (b) Oct. 6-7
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Table 4.2.1 kinetic Parameters of TTI

keet (1/h) Trer (K) E; (KJ/mol)
TTI -0.00134 268 68.06

‘]\/[ui+l :]\/[u/+kr(f * eXp[ = . (__
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Fig. 4.21 Distribution channel of Alaska pollack and Mackerel. (a)Alaska pollack,
(b)Mackerel
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Fig. 4.2.2 Results of prediction and experiment for TTI color reaction by attached position. (a)
catch of Alaska pollack (b) catch of Mackerel (c) fish grocery in Busan, (d) Market.

— : predicted, x : experiment, --- : temperature(Continued)
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Table 4.2.2 Results of prediction

distribution stage.

ojmjo] dAF & AFH

9o 2o

Fho] F ko] AXFE SSPS FAZ=E

and experiment for Mu value of TTI at respective

Bef ofdd 150 o4 24 oY BE
(171hr-188hr) (134hr-146h) (195hr-215hr) (199hr-219hr)
AR 044-031 039-028 043-034 039-035
2y 036-027 040-034 043-03 045-034
R 0992 0995 039 1000
Bt BRAE (MSB) 31477 20857 7071 0000
R dlZghel WAl Szl gl & RPSEAE HAFE go 19 7/esE 4

3ttt MSE (mean square error) RRS (residual sum of squaresZ degree of freedom©. 2 1}
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Fig. 4.24 Fish using ANSYS program
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Table 4.2.3 Compositions of Mackerel and Pollack

Water? Fat Protein Ash

Mackerel (Fresh) 68.1g 10.4g 20.2g 13g
(Dried) 15.5¢ 7.4q 72.4q 379
(Roasted) 61.6g 13g 24.2q 1l.6g
(Salted) 54.2g 6.2g 26.9g 12.6g

Pollack (Fresh) 80.3g 0.7g 17.5g 1.5g
(Dried) 31.1g 3.1g 61.7g 419
(Roasted) 74.1g 1.1g 23.5g 1.5g
(Frozen) 79g 449 14.6¢ 1.9g
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Table 4.2.4 Thermal properties of components of Fishes as functions of temperature.

Density
Carbohyvdrate p=15991-10% — 0.31046-T
A Ash p=24238-10° — 0.28063-T
P=ws Fat p=9.2559-10° — 0.41757-T
: Protein p=13299.10% — 0.51840-T
Water p=997.18 + 3.1439-10~° - T — 3.7574 - 102 . T2
Specific heat
Carbohvdrate C, = 1.5488 + 1.9625-10~% - T — 5.9399 - 10~ - T2
Ash C, = 1.0926 + 1.8596 - 10~ - T — 3.6817 - 10-5 - T*
Cp=2Chiw; Fat Cp=1.9842+1.4733-1072.T —4.8008-1075 . T?
Protein C, = 2.0082 +1.2089-10~% - T — 1.3129- 10~ - T2
Water C, = 41762 —9.0864-10° - T — 5.4731-10-5 - T*
Thermal conductivity
Carbohvdrate k=0.20141+ 1.3874-10-3.T —4.3312- 10— - T2
; Ash k =0.32962 +1.4011-10-2 . T —2,9069 - 105 - T?
k= m_f Fat k =0.18071 + 2.7604 - 10-* . T — 4.3312- 107 . T2
Protein k=0.17881+1.1958-10-3.T —2.7178- 10— - T2
Water k=0.57109 + 1.7625-10-% . T —6.7036 - 105 - T?

Volume fraction

Table 4.2.5 Thermal properties Mackerel and Pollack

Density Specific heat Thermal conductivity
(kg/m?) (K)/kg™C) (W/m*C)

Mackerel (Fresh) 1048.2 3474 0.268
{Dried) 12537 2.299 0.220
{(Roasted) 1054.4 3.539 0.339
(Salted) 1154.4 3.071 0.345
Pollack (Fresh) 1050.9 3.738 0.448
{Dried) 1207.2 2.653 0.258
(Roasted) 1064.9 3.609 0.412
(Frozen) 1043.3 3.703 0.433
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Table 4.2.6 Steps of ANSYS program for simulation.

Analysis phases Given conditions
Building model Element tvpe SOLID70representing a brick tvpe was chosen for fish.
Material properties The thenmal properties such as density, specific heat, and

thermal conductivity* for fishes were used.

Modeling Finite slab model was adopted for fish.
Meshing Free meshing was used for volumes.
Solution Analvsis tvpe It was confined to transient heat transfer **
Defineloads The boundarv conditions such as initial temperatures of fish

TTI, time step size according to steadv and dynamic

*%%  ambient air temperature and convective heat

profile
transfer coefficient

Solve

Postprocessor Temperature distributions throughout the nodes according to

storage times

* Isotropic.

## This means unsteady heat transfer mode.

pohx

***Time step size = S ,01< B <05 (Ng =1) p= average density.h = heat transfer coefficient.c =

specific heat. Ax = average size of element.
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Fig. 4.2.5 Simulation temperature profile of mackerel and pollack. (a) fresh mackerel,
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dried mackerel, (c) fresh pollack, (d) dried pollack (continued).
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Fig. 4.2.5 Simulation temperature profile of mackerel and pollack. (a) fresh mackerel, (b)
dried mackerel, (c) fresh pollack, (d) dried pollack (continued).
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(2) A Monte-Carlo simulation for pretiction of pollack quality and correlation modeling with
Time-temperature integrators.

(3) Internal temperature distribution in fish by ambient temperature abuse during

storage/ distribution

1}, SCIE 2 (2¥ F 1)
(1) Kinetic modeling for prediction of mackerel quality during storage
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distribution path and sensitivity analysis.
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Kor J Fish Aquat Sci 43(3), 195-204 Fhe 2], 43(3), 195-204, 2010

HEf2| 2HAZHY E FFH olF =gy

A4S UUS ota-olctM - UM B!
BY-O|YE-0|EF"
30D A&y, 'wAc)sn AEDe

Using Modeling to Predict Alaska Pollack
Quality during Storage

Soo Dong Shim, Dae Uk Kim', Soo Rim An,
Da Sun Lee', Seon Bong Kim', Kwang Won Hong,
Yang Bong Lee' and Seung Ju Lee*
Department of Food Science and Technology, Dongguk University,
, Seoul 100-715, Korea
Department of Food Science and Technology, Pukyong National University,
Busan 608-737, Korea

Several quality parameters affecting Alaska pollack, Theragra chalcogramma, were measured and modeled
kinetically under storage at different temperatures: the K-value, trimethylamine (TMA), volatile basic nitrogen
(VBN), Torry meter, pH, acid value (AV), total viable cell count (TVC), and colony forming units (CFU)
of Pseudomonas spp. The off-flavor development time (ODT) was also measured using the R-index sensory
test and modeled kinetically. Among the quality parameters, the CFU of Pseudomonas spp. was an indicator
of the ODT according to a similarity in the Arrhenius temperature dependence, which was derived as
a criterion mathematically. The temperature dependence was represented by the Arrhenius’s activation energy
(Ex). On comparing the E, of the quality factors and the ODT, the similarity in the temperature dependence
was found to be high in the order Pseudomonas spp., pH, VBN, TVC, K-value, TMA, AV, and Torry
meter. Therefore, Pseudomonas spp. was identified as the primary indicator of ODT.

Key words: Indicator of off-flavor development time, Alaska pollack, Fish quality, Temperature dependence, Kinetic
modeling

N B
¥, Alaska pollack (Theragra chalcogrammaye $v5-29) %
site R Hujge]¥uo} Yo A HelWd @ Ea,

putrefaciens®] P14 g FZ WYk (Gram and Huss, 1996).
gy o] H e v Eel oje) WS AW ohg
Ade) T2k 2 M4 Aol o Egch Fujs} #e S

Lxzas) Wgse] SRy 2 SHsdde) WA £xshe
A ol Folth (Tsuzi, 1978). Alaska pollack2 w]5E U ol 4
1990-1997 S=4bAF Al 39)0] s)Pe vhE Au)gko] e
o1 % (Lehrer et al, 2003)2.24 o]o] m& surimie] YRz
o) AHEch Fulel M dsigtelA o] el o) s}
o ok Y2 718 S sles AEEE P FENE 3
FARA} gl e A7t B5Aolo

Wele) 3 Wrhs B8, olslety &3 Wy Fo|
oA 7} WRE] AR AA) uRelA Aw|)e] )
§ A33E 8”0 FuAR WA Pl 2@ zo] Uy
Folot meld #ed A A + e AuH9 3
QIzHE nejsiol & Warl g

AAEe P e P Yot (ammoniacal), 4413 (fishy),
# 23 (rotten), B84 (hydrogen sulfide)?} 22 U] 7}A]
2 ¥FE0H (Gram and Huss, 1996). E§ o] & 87)4 R o]
F& o|F2& SPME-GC-MSE o] &8 AT (Iglesias et al.,
2009y @& 717184 Fe PurFl rEE F5Yst
(Morita et al, 2003)& ©|§-012|3) o] djiitolx gk, Bt
7R Reindex 2 8-8)0] o]#9] n| Mg WatE Hole
uh 21} (Argaiz et al, 2007; Park and Lee, 2008).

e o] )& ApAllES Pl Felvle AT S
v 2HE e 802l 400 Uy A7 digksolct
(Velazquez et al., 2008; Jin et al., 2007; Weng et al., 2007;
Shiku et al,, 2004). ¥ 253 Hejysle) AL YF F

Al o] HYA APFEL F2 v B o 417
oo} Ago] 3tk (Shewan, 1962), £7]1HQ W7} YE&
EoM AZE BHL Pseud spp.9} Sh i

A&7 Aol g AP (Cha et al., 2004), BERS] frame
protein 7HE-818& ZHE U A 2-E angiotensin-l converting
enzyme M3l JE}]= AT (Je et al, 2004) 50| Utk AR
7171840l g eH7HEA el Felel FAVNA B
e A= vt glck ey A AzAAgs A3 ERE

*Corresponding author: Lseungju@dongguk.edu

195

- 179 -



Kor J Fish Aquat Sci 43(3), 205-210 k4], 43(3), 205-210, 2010
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Ol 2P gizts 84
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Dynamic Modeling and Sensitivity Analysis for
Predicting the Pseudomonas spp. Concentration in
Alaska Pollack along the Distribution Path

Seo Dong Shim, Jaec Ung Sung', Jung Young Lee,
Da Sun Lee', Seon Bong Kim', Kwang Won Hong,
Yang Bong Lee' and Seung Ju Lee”
Department of Food Science and Technology, Dongguk Universiry,
Seoul 100-715, Korea
'Department of Food Science and Technology. Pukyong National University,
Busan 608-737. Korea

Dynamic modeling was used to predict the Pseudomenas spp. concentration in Alaska pollack under dynamic
temperature conditions in a programmable incubator using Euler’s method. The model evaluation showed
good agreement between the predicted and measured concentrations of Pseudontonas spp. In the simulation,
three kinds of distribution path were assumed: consumers buying from a distribution center (A), manufacturer
(B), or direct market (C). Each of these distribution paths consists of six phases: shipping, warehousing/
shipment, warehousing/storing, processing, market exhibition, and sale/consumption. Sensitivity analysis of
each phase was also implemented. The Pseudomonas concentrations and sensitivities (Si) at the terminal
phases of the three paths were estimated to be (A) 11.174 log CFU/g and 10.550 log Sy, (B) 10.948
log CFU/g and 10.738 log Sy, and (C) 8.758 log CFU/g and 9.602 log Sy, respectively. The sensitivities
indicated that path A has the highest risk of failure in managing the relevant phases.

Key words: Dynamic kinetic modeling, Sensitivity analysis, Alaska pollack, Psendomonas, Simulation

A =
el (Alaska pollack, Theragra chalcogrammays <o) 5 ¥ steady modelling (Vaz-Pires et al., 2008)4 oh\)2} @142
sjetog el Bo| gok, Hejdok eEzzs, wals 5 O EEMBIM ZHYF dynamic modelling (Koutsoumanis,
ofe] alee] Wol $EBE HHA ) FoR (Tsur, 1978),  2000& AAHo} Pt
58] B el 1990-1997 443 Aulg B 392 vehd TAHE AR FARY] U ARE ot o) 44
A2 2 A¥lako] Be olEoz elA Ut (Lehrer ¢ VF ATk AF2Z XA WA B9 57109 Mg
al, 2003), ojo Wt FEAA F T4 F2 @ gapesp N TTI (ime emperature integraton©ll 71%Hg SMAS (Safety
B FR30 ¥ ¢ Aok Ao £ FEIHE 457 Monitoring and Assurance System)@] 2{-8-3} 7ol p{ A7
0o choksie} FAe QMG IF LuApEe g 7F FEASWBE 7Y BHAA ol F AT (Tsironi et
7} wobA @A AEg wale) 7)Mol SolM Atk (Kim, ok 2008). EF WFFFN BHFD RUHDE A
2004). 186 O] FERA wigjo) hE A kg Ao TN AES] AAETl Wek AFME A KUY
FARM45 QPN ATE ADHOR o) HAT (Pak o U T simulationo] 5288 ul 2t} (Giannakouroua et al., 2005).
al, 2006). Weh AA] FEZ700) MR 4AME A)Ee) Eay  OH, dynamic Aol WAMH B JENS- F57)
Ho| Wasi, B 2HE AT IS A3 A3 Rlg o] Anprl wngg
FAHE AR E v Baeia Aatake] B4l th (Taoukis, 1999; Tsironi, 2009).
EAsl7) Mol Faelel ofeigol slck. FAA4e A ] FAW3} kinetic modelling® 91841 E Alzho] e
A2 #4¢ AW kinetic modelling® F8 #-Eo) Agae  UHEE ke cled oz ANE dok gtk o £
Ang 4 AT} Kinetic modellingZoAME B4 exolx = A& Feldhe WHole 248 (analytical solution)T} 42%]
8141 (numerical analysis)& #-8% 4 Atk (Geankoplis,
*Corresponding author: Lseungju@dongguk.edu 1983). 48 & AEAT AFRE AFAZE Kinetics
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Effect of Non—thermal Treatment on the Microbial Safety
and Quality of Ready—To—Eat Foods during Storage
Hyun Jin Kim' and Kyung Bin Song. Department of Food
Science and Technology, Chungnam National University

. This study was to examine the microbial safety and quality of
non-thermal treatment on ready-to-eat (RTE) foods. Red chico-
ry samples were treated with water, 50 ppm CIOz, 10 kJ/m*
UV-C irradiation, and a ion of 50 ppm ClO2/10 kJ/m”
UV-C, and stored at 4T for 7 d. The treatment of ClOy/UV-C
reduced the populations of total aerobic bacteria and yeast and

- molds in the red chicory by 264 and 241 log CFU/g, re-
spectively, compared to the control. Treatment used in this
study caused negligible change in the color. Hamburger patty
samples were inoculated of Listeria monocytogenes cocktail,
and then treated at doses of 0, 1, 5, and 10 kJ/m’ UV-C and
stored at 4T for 7 d. L. monocytogenes populations were de-
creased by 2.03 log CFU/g at 10 kJ/m’, compared to the control.
The thiobarbituric acid reactive substance values of hamburger
patty samples were no significantly differences among the
treatment. Beef jerky samples were electron beam irradiated at
doses of 1, 3, 5, and 10 kGy and stored at 18 for 60 d. The
populations of total aerobic bacteria significantly decreased by
176 log CFU/g at 10 k}/m’, compared to the control. Color
measurements showed that beef jerky were not significantly
different among treatments. And sensory evaluation of RTE
foods showed that there were no significantly differences among
treatments. Therefore, there results suggest that non-thermal
treatment could be useful in improving the microbial safety and
quality of RTE foods.

0P-02
HE RE U ME DH0| ME W] BAX A
HAE", QU8 o b, o) e FALY o)y, PHB n
Aot 4B, SEFuen 4 ET o

1Foe $29 A4 BolM AA|BE vlFo] o) £ ojFo
E#% A% & 4% WBE A8t scombroid fish poisoning
(SFP)& Yo7)71% gic}. SFP2 1§50l Mol x 4A45e oy
biogenic amine(BA) * histamine¢] $1Q] §3= &3 Uch
teba, FoI3 o Fe A4 {Fol histamine) FHalol of &
#4ol wobAR o NFF o Fis YA o] fe A
Afz 2ol e 71&E2) v]WEFGA ol BhobA gk
L2E A AEF Heey) Y. £ APolME 259}
Alztel uhe} @alshs BA, VBN, #53 AR Fo wal§ 448
o AF 8 209 B A5 W3l Ju VAR BAHo
s4ste] Al FrEHFANN oAF Hs @ ANEE =& DA 8}
Ak Algel AL RFole MEZF ¥E A& FUs YA
LE T3 AFRAAM Y& JYA BARA L Ak
FEAE ]88 HPLCY & ©] 83192, VBN v #ayio s
48 BT P AT FHE obzbel 23, WA A, 7
43, ¥ § 5714 #5858 FH2251 A= AL A
% dolele] B4 2§ ) SPSS $2 AxEs|ol§ AHE-3R
). &5of thE& BAS| 2lo] & ANOVAE o] &3t #4i3tglen),
o8 Aozt Qe A, Scheffee] AMFHA & 48 €=
s} A|zke| BA© ml A& 98k Tobit Regressiond o &ate] &
Hatch B HAke A 25| g Ao ANOVA, &5

oF AlZte| vl2= %2 Multiple Regression& AHE-8t ) vfx]
2o BA ¥4 Asga 5 A dabgk el wAE 2] 9
8ta] Pearson’s Correlation Analysis® AH8-3h9lch,

OoP-03

Pycnogenol inhibit lipid accumulation in 3T3—L1 adipocyte
through reduced ROS production associated with NOX4 and
antioxidant enzymes responses

Min-Jung Seo'’, Ok-Hwan Lee’, and Boo-Yong Lee'. 'Depart-
ment of Biomedical Science, CHA University, Kyonggi, 463-836,
Korea, “Department of Food Science and Biotechnology, Kang-
won national University, Chuncheon, 200-701, Korea

Pycnogenol is a group of flavonoids extracted from pinus mar-
itime bark and known for its strong antioxidant effects. Adipo-
genesis is the process of adipocyte differentiation: it produces
Iipid and ROS (reactive oxygen species). Recent researches
suggest that ROS are proportionally increased by lipid accumu-
lation as well as insulin resistance. The purpose of this study
is reducing the lipid accumulation with ROS production and
maintaining insulin sensitivity by using Pvenogenol. We cul-
tured 3T3-L1 adipocyte up to 8 days and investigated molecular
events that related with ROS production and lipid accumulation.
Our results showed that Pycnogenol inhibits the expression of
oxidation enzyme: NOX4 (NADPH oxidase 4), adipogenic tran-
scription factors; PPARy (preoxisome proliferator-activated re-
ceptor ¥), C/EBPa (CCAAT/enhancer binding protein a) and
aP?2 (adipocyte protein2). In addition, SIRT1 that regulated by
C/EBPa and NAD+ dependent enzyme and G6PDH (Glucose—6-
phosphate dehydrogenase) that first rate-limiting enzyme of
pentose phosphate pathway were also decreased their ex-
pressions like adipogenic transcription factors and NOX4. On
the other hand, antioxidant enzymes such as Cu/Zn-SOD
(copper-zinc superoxide dismutase), Mn-SOD (manganese su-
peroxide dismutase), GPx (glutathione peroxidase) and GR
(glutathione reductase) were enhanced their expression by
Pyenogenol. Our result suggests that Pycnogenol inhibit process
of lipid accumulation and ROS production in adipocytes.

OP-04

Immune Enhancement and Identification of Polysaccharide
Isolated from Fermented Ginseng with Phellinus linteus by
Solid Culture

Hoon Kim", Sora Jeung', Jae-Hyun Jeong', Heon-Sang Jeong”,
Kwang-Won Yu'. 'Department of Food Science & Technology,
Chungju National University, “Department of Food Technology,
Chungbuk National University

Crude polysaccharide (WG-PL-CP) was fractionated from fer-
mented ginseng with Phellinus linteus in solid culture to en-
hance the immune activity of ginseng. WG-PL-CP produced
three active polysaccharide-rich fractions (WG-PL-CP-II, III
and 1V) on DEAE-Sepharose CL-6B (CI form). Especially,
WG-PL-CP-1I eluted at 0.2 M NaCl displayed higher mitogenic
and macrophage stimulating activity (1.98 and 1.94 fold of the
saline control at 100 mg/ml, respectively) than any fraction
from crude polysaccharides of wild ginseng (WG-CP) or myce-
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P-13. Identification and Dynamic Analysis of Headspace Volatile Compounds

During the Refrigerated Storage of Mackerel

Da-Sun Lee', Jae~Woong Sung!, Kwang-Won Hong?, Seung-Ju Lee?,

Seon-Bong Kim', Yang-Bong Lee'

Dept. of Food Sci & Tech, Pukyong National University "

. Dept. of Food Sci. & Tech., Dong-Kuk University®

Mackere! harvested in the sea of Hokkaido in Japan was used as the fresh samples for this study.
The whole fish of Mackerel was purchased as a fresh state from a local big market within at most 9
days after the harvest day. The whole fish was moved to lab at the condition of 1 hour at 1.
Fillets of mackerel were made to investigate the relationship between the dynamic changes of
headspace volatile compounds and the freshness of the stored mackerel during the storage
condition of 5 days at 5C. The chopped sample of fellets was put to 250mL brown serum bottle.
The headspace volatile compounds was trapped with of Tenax column and the trapped volatile
compounds were desorbed.. The desorbed compounds were isolated and identified with GC-MS,
Total number of the identified headspace volatile compounds were 29 which were 6 alcohols. 5
ketones, 4 acids, 4 sulfur-containing compounds, 3 aldehydes, 1 amine and others by identifying
them with mass spectrum and retention index (Fig.l). Dynamic changes of these volatile
compounds was observed during the storage condition of 5 days at 5C. These changes were
compared with sensory evaluation and physicochemical properties to investigate mackerel quality
during it's distribution and storage.. Finally. the relationship between these data and time-

temperature indicator was investigated for quality control of mackerel.
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Dynamic Analysis between Headspace Volatile Compounds and TTI
Change during the Refrigerated Storage of Mackerel

8

%, ¥
o

INTRODUCTION

and other changes at room temperature.

Mackers quality can be measured by several methods such
as biological methods, physicochemical measurements, and

ovaluation. ‘can be measured by several
methods such as biological analysis, physicachemical
measurement and evaluation, Sensory evaluation of
the subject test is the most nt factor for consumer
decision, so an objective method that has a good
relations ith the sensory evaluation is needed to be
investigated.

Off-smell of the fish can be separated by four types of
ammonia, fishy, rotten, and hydrogen sulfide smells due to
ts own smell, lipid oxidation, the growth of
factors. The volatile

and other relate with
off-smell can be measured by the instruments of the
combination of dynamic headspace a  GC and

MS. Also, ane of important methods for measuring fish
s

qualiy nitrogen) during
distribution. VEN is atfected by off-smell and storage
" S

TTI(Time- Tamperature Indicator) made by using enzyme
reaction of temperature-sensitive polymer is a simple test 10
see the color change due 1o two factors of storage
and time, cate mackerel

1T can

quality as an indirect method. Mackerel quality can be
evaluated with the color change of TTI as a
tunction of

Therefore, This paper is presenting their relationship for the
objective quality svaluation during the storage and
distribution of the whole mackerel.

OBJECTIVES

compounds

change of TTI and to use the best related volatile
compound In order to_evaluate mackerel quality as the
abjective method with TT1.

MATRIALS&METHODS

temperature
15, 20°C in an incubstor (SH-758, Biofree Co, Korma). One wholo
fish a1 the cortain storage time was used for physicoehemical
anatysis and TT) imessusament

Isolation and identification of headspace volatile

compounds
The sample of fillet was chopped and the chopped 20 gram was
put into 200mL serwn bottle. The wampie bottle was covered
sminiom <ap: and it was placed for 10 min at S0C. The headspace
volatile compounds were 1solated and trapped into Tenan
tubs(Supeico) for S min. The t

temperature

332300 am.u. 708Y ionization voliage and 1800 V electron

multiplier voitage. Mass spectrum libracy was NBSTSK.L(Wikey.
-
Gt

il
e s g0

FRESH

The color change of TTT was

EXHAUSTED

measured by using Hunters L & b The
alue was presented a AF of L & b 8E is the difforence hetween
the «olor of relerence fing(no change) and that of core ring.
Polymer TTL (3 Freshoess check) s shown i the above figure.

Da-Sun Leel*, Dae-Wook Kim!, Kwang-Won Hong? Seung-Ju Lee?,

Seon-Bong Kim!, Yang-Bong Lee!

&
& 1Department of Food Science and Technology, Pukyong National University, Busan 608-737, Korea
2pepartment of Food Science and Technology, Dongguk University Seoul 100-715, Korea

RESULTS & DISCUSSION
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Fig.1. from the stored mackerel at 5°C.
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Fig. 2. Changes of major volatile compounds of the mackerel stored for 4 days.

Headspace volatile compounds of the stored whole mackerel were analyzed by the combined
system of purge & trap, GC and MSD. The identification was done by using mass spectrum and
retention index. Total 29 volatile compounds were identified, and they included 3 aldehydes, 6
alcohols, Sketones, 4acids, 4sulf ing and ine. The main
aldehydes were acetaldehyde and butanal. The major sulfur-containing compounds were
dimethylsulfide, carbon disulfide, and dimethyltrisulfide. The main alcohols were methanol,
ethanol, and propanol. Their amounts generally increased with storage time and temperature.

Fig.3. Changes of volatile bases nitrogen of the mackerel stored at 5°C.

FRESH e EXHAUSTED

Table 1. Changes of activation energy and Mu (u)on color change of TTI during
4 days at 5°C.

T T T
’VTime(h) ‘ 0 24 8 | 7 E 9% ‘
. | } -
at ‘ 1742 1442 1071 0869 0834
t — ——1 = =
L M | 1 0827 0614 0498 0478
I | | L |

The s value is the initial value by obtaining from dividing with AE. Therefore, the highest
value is 1 and the value is decreased upto almost zero value with the color change. The
data is shown in Fig.5.
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Fig. 4. Kinetic parameters on the response
of TT at several temperatures.

B type of T
in
R T )
o

Fig.5. Kinetic change of Mu on color
change of TTI at 5C.

VBN value and color change of TTI were changed
as the freshness of mackerel was decreased in the
experiment of the stored mackerel with 24 hour
sampling interval for 96 hours. VBN value of the
mackerel stored at 5% was started as a rotten
sample at 72 hr and it was determined as the state
of a rotten sample at 96 hours.

TT1 was started to change the color at 24 hours
and its change can be clearly shown at 72-96
hours and their data was shown in Table 1.

calculated by using regression analysis
and their results were shown in Fig4 and Fig5,
respectivaly. Among 29  headspace  volatile
compounds identified from the stored mackerel,
= .

g comp
was closely matched with mackerel quality, showing
the increase after 24 storage hours. Therefore,
these compounds can be used as a direct Indicator
for mackerel evaluation on off-smell.

CONCLUSION

Fish smell is the most important factor for sensory
evaluation on the freshness of the stored mackerel.
The chemical measurement that showed the best
relationship with fish quality was volatile basic
nitrogen. In order to find the best volatile
compound that shows the best relationship with

were isolated and identified by purge & trap, GC,
and MS.

Among several identified volatile compounds, the
changes of the amounts of sultur-containing
compounds  and i
matched with mackerel quality. TT1 color change of
B type was closely matched with the fish smell
sensory evaluation and VBN, compared with M type.
These results are thought to help to control other
fish qualities and 1o develop a biosensor on fish
smell.
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