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Dynamic Modeling and Sensitivity Analysis for
Predicting the Pseudomonas spp. Concentration in
Alaska Pollack along the Distribution Path
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Dynamic modeling was used to predict the Pseudomonas 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 Pseudomonas 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 (Sx) at the terminal
phases of the three paths were estimated to be (A) 11.174 log CFU/g and 10.550 log Sk, (B) 10.948
log CFU/g and 10.738 log Sk, 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.
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el (Alaska pollack, Theragra chalcogramma)= 3+=2] &
Foto wIE Eu| ok :‘%ﬂ] 1, 5233, WL &
o] el QA E¥x3E 3FA F O R (Tsuzi, 1978),
m o] 7ol 1990-1997 FAEA S A F 392 ek
AL 1 AH|go] Be ojFo g AT} (Lehrer et
al,, 2003). o]ol whe} % A F EF4 2 A8 FHE 7t
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73t steady modelling (Vaz-Pires et al., 2008)% o} 2} A5
ol 2=wW3lo A =43 dynamic modelling (Koutsoumanis,
2001) AAsfoF gt
FAE FE FEEA e AT e v ol aE
vl loh JFow 2w W X9 f57se] HAstE
714k3 SMAS (Safety
Monitoring and Assurance System)2] 482} 3ol &3t A
7V frEAl w71 o] A A o] Fo] [Tt (Tsironi et
al, 2008). =3+ WFFEANA AHFH] RUHY S 9%
TTI A &9 GG 7ol T3 AFollAe= HA F&5d el
&k simulation®] 3% ¥} AT} (Giannakouroua et al., 2005).
¢HA, dynamic Ag2ANA FGAT D IS5 57
g 285 A% TTIO AMS-H SR d= o] 437t BalE g
T} (Taoukis, 1999; Tsironi, 2009).
21359 £ W3} kinetic modellingS 934 = A7t wE
H3lE S T3eE n|EAA o7 A dof gt} o] &=

218 Zolst= WHol= T2 dlH (analytical solution)d} 4=X]

13 TTI (time temperature integrator)©l|

1= =
A (numerical analysis)S A-8& 4 St} (Geankoplis,
1983). FAaHEE AHEAIT ﬁ?it A E 72 kinetics
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modellingS 93t %S 183 EFAALES2] (Hernandez
et al.,, 2000), =2 Ho] B s weet 2 FU X kinetic
k=] (Ruiz-Lopez and Garcia-Alvarado, 2007), TTIS] A3}
A EFAe] g 52 (Giannakouroua et al., 2005)
o] gtk elvh FAEHS m A HAste] 1 Fold
NSk 5 SAZE lom R o] tste] FX|AEE AMEE
itk Al7HEE 2% whEl W3lis dynamic 2% o]
A$2A FANAE Agolok Bk FANAES
A=A SRR Eflo] 9 npo]d el Ao E
9] 4214 4 (Song et al., 2001), 2] EAZF A9
2= 5 Hrbshy] f1gk Wil s (Vongehanh et al.,
2009), %72 dynamic A7 AN FA3} TTI A #3}9
of|Z (Park et al., 2009) %< A&7} ok
AA e mollA 2Fe] F-aleh AvtE FH/NA = 84
LE2HE 259 Aol met 71 YIZEE (sensitivity) 7} T2
TARE A5 §55H, Y, =3, A%, 7H, Jg,
] 5 vkt w@AZE EARTE (Pak et al, 2006). e}
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A Q) Clostridium botulinum
and Call, 1993) 5°] A
k<l

3l (China et al., 2004), THH2 E-3)
= 913 447 2o AJE (Whiting
|

@ EHARR ARl ol &8 FA T F vt
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(Lee and Park, 2008).

B Ao A= HE (Alaska pollack)e] UWHA 574 29
S-A1ZE o] F ol Pseudomonas spp.2] A1 74-S modelling
sk o714 Holst nae] FAATLZA Bol ALEH
Pseudomonas spp. (Feldhusen, 2000)Z dynamic =71 tfgh
s dS3tr] 98k 21314121 Euler's methodE 48
St HELE qABNE, 1EAA, AUAYE B
T 37HA] A2 Rt REARE 218 A
a3 Zy F8 7 2ol wet 2 AE Pseudomonas spp. 5% o
S R EEA S AN "HRY 18 5 F2 3l
483 5 AES AA AT

Aw 2wy
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E AFoAE A HafwolA o]gd HEHE AlRR AMS
skolch ol &g 3 FHu) 9 ouje] Hoj el o] HElE whole
fish N2 HPFWE (ZUvE, A& mallell AA)olA] -
W) sk Tk A A7) oF 1T AF Y L8 FX 3 Y= oF
LA 75t o] B3l it A8 AAQ Ho|7t Hit 4434 (+
0.46) cm, F-A7F Bt 45131 (+ 5.72) g2l HE|S AH&8FQIT)

Dynamic A7 A ¥

A5z 3vHE] Y whole fish FEl = W= E7g35to] B3}
Ak AR % AAE 270 5TollA 1243, 15TCellA] 24
A7, 20C el Al 24413F, 10T Al 24417, 5CellA] 36A13F2.
2 Ad7A3}o] thermo recorder (TR-51S, Japan)9} #o]
programmable incubator (HST-103SP, Hanbaek Co., Seoul,
Korea)oll B33} Pseudomonas spp. 78 3 vl2]4 7
o AHg3ent.

Pseudomonas spp. =73

NBE ZA 42 F, 5 g5 Fslo] 50 mL 82| conical
tube (BD Falcon 352070, BD Co., Texarkana, USA)°ll &+
HtE 34 N buffered peptone water (buffered peptone water
20 g/L, pH 7.2)& 20 mL Y3l vortex mixer (VM-10, Wise
Mix Co., Seoul, Korea)E A}-&3}o] 123t LA £33
%, buffered peptone water 25 mLS FH 7l AL
buffered peptone waterE AH&-3}o] 4718|245t duke 5|4
Hi=2 RFEITh A eFe] NS u]E] petri dish (SPL 10090,
SPL Co., Seoul, Korea)ol] =3 &2 vj#|o] = 3 & 27|
(HST-103SP, Hanbaek, Seoul, Korea)S A}F83}o] 30°ColA] 48
AZE vl sttt Bl A= Pseudomonas agar base (CM-0559,
OXOID Ltd., Basingstoke, England)®} glycerol supplement
(MB-G1821, Kisan Bio Korea Co., Seoul, Korea)E 23 3}]
H 3t Pseudomonas A B Aol 2 mL2] cephalosporin fucidin
cetrimide supplement (MB-C1849, Kisan Bio Korea Co., Seoul,
Korea)s #7het § &3t} 33] vHE3le] A4S xedeqla
A= AR g% colony forming unit (CFU)= TR

Growth model

Primary model 5 exponential model< Pseudomonas spp.
o =3k Alboll A-8319 T} (Taoukis et al., 1999).

N = Ny -exp(k - 1) (D)
d[In(N/N,) ]
—a &

1714 N td o "]RAE7)A 4= (CFU/R), No= 27173 El 2]
v A E A S (CFU/R), kv VMAESGEE (1/h), t£ AlZE
(yeltk. 2 2= A ()9 PAEAAFH In (NN)E to]
3t WslE= Yeld Aol

HAERFAEE k= 229 &3AA U39 Arrhenius
model® -3} T}

—F
k=k, o eXp(— 7 T) (3)

o] 714 ko= frequency factor (1/h) ©] 3L, E, = A4 3ol 4 %]
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(J/mol), RS o] A7 AA4= (8.314x107 kI/mol+K), T A&
= (K)olth ¥, ko (= 4.928x107 1/h)&} E, (= 49.578 J/mol+K)
e Ze HHAIRE AMEE dRe] AFRE EEEdvt
(Shim et al,, 2010). 4} (2)¢] In N/NpZ A|7bol] we} Aaks}7]
AelA] A2 dlloF skt In (NN FE2> Al -2 52of] whe}

AR k7] wito] FAAE R Heg 4 ok wEkA
=3 ol FASA S A&t
ER

2|34 H S 2 Euler’s methodE %8313t} (Macdonald
et al.,, 2008; Park et al., 2009).
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o714 it A AF I (=Lre vhebdTh 4 3)
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d[In(N/N,)] E,
L) gy

Ao A @sh A ($F AEsted o] W n (NN)E
ARtskl .
A A
=3 Pseudomonas spp. 7N A5 WFHE= (Sy, sensitivity)
= Uedt 2ol Atsith
Sk,:u:% ot o explket) (6)

ok

2] ()] N7 kel disl Anjitats 2 67 22 25 &
4= 91t} (Van Boekel, 2009). X314} QEale] Izt= §
ALFstRA 3L 5238 Pseudomonas spp.2] 7WA1G=<} vl g},

AFE T2y
A Axe) Nzte BA n%E 82 E1 0] simulation
of JFTAoZ HL&e vt ol duEEFE &3t (Park

et al., 2009). MS Excel 20079] visual basic program (VBA)S
N2 ARGso] ksl o mhE Ngbe dibsho]
MS Excel 20072] spreadsheet & graph® 273 e}

FERE 47

[e)
71E AmE Faste] x4l
(Pak et al., 2006). F-573
dynamic modellingS &3] 54 = 4 Ps eudomonas spp.
=

S22 & simulationslx 7+

EEE Ty
Pseudomonas Spp 94 Z21 % dynamic modelling
Dynamic #7248 } =4 ¥ Pseudomonas 52 =/d 7}
o5 wdle] vl 19 el 7] L5 5T
TFE 3.306 log CFU/g l I, 12417 Bt ehuksk S48
BT 124)17F o] THE 225 15CE S2A1A 1247 &
ot A3 A3} 6826 log CFU/g o 7+ 215 Bt 36~
FO]FHE 25Z 20T E $2A14 24/\l7¥ 5o A9
A3} 7.409 log CFU/g] ¥4 S4& B3, 60413 o] F
10C & 2417t &2t A3 gk A7} 8.608 log CFU/gE] +57F
== Atk 84AI3F o] F HEFAH R ST 24X F2] g
A3} #= 8.681 log CFU/g ©] UFskt. oF 36417k} 484 7H
Abololl MEle] 747} 7 log CFU/gS ol 4lth ThE 7ol A
7 log CFU/gS ol 7o Faja|ztola}t o3 o= Hol
o] Azt WA HHe Fajrt dojds & & A
(Stamatis and Arkoudelos, 2007).
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Fig. 1. Comparison between predicted and measured
Pseudomonas concentration with respect to a temperature
profile. @: measured model, __ . _: predicted model, ........:
temp profile.
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g -5C, 8AIZE, 49HA= 718 5T, 24413E sEAIE WG
5C, 12A13F, 6 A= Ful/7tuf 25C, 12417k 2 ekl
AR ZANA WA 3714 F2E dAste] MR 3
534 97 = Eﬁ o] AH&3th FERAAE F&F Tl (A,
buying from distribution center)x= ¥, ¢} i/&3}, /A4,
A, ol o] HA SEAE 7
=3k vl (B, buying from manufacturer)= Wll, ¢} 3/&3}, 71,
o/ ul) 4ﬂr74]E AAM, AAY (C, buyin
market)= B, Y 3/E3}, /At 3GRAE 7
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Fig. 2. Distribution channels and the typical temperatures
at each phase of Alaska pollack from shipping to
sale/consumption. I : shipping, II: warehousing/shipment,
II: warehousing/storing, IV: processing, V: market
exhibition, VI: sale/consumption.
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Fig. 3. Sensitivity and predicted level of Pseudomonas spp.
during distribution in case of buying from distribution center
(A).

AA 12 30
o
)
T
(@) <420
g )

Q.
8 {102
S (5}
Q [
S
3 40
3
3
Q~ 0 1 1 1 1 1 1 _10
0 20 40 60 80 100 120 140
Distribution time (h)
B 12 1 i
10F .

"8
@
(2]
o

0 20 40 60 80 100 120 140
Distribution time (h)

Fig. 4. Sensitivity and predicted level of Pseudomonas spp.
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Fig. 5. Sensitivity and predicted level of Pseudomonas spp.
during distribution in case of buying from direct marketing
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Table 1. Residence times at each of distribution phases
according to distribution channel types and Pseudomonas
concentration at the final phase-sale/consumption

Market ~ Sale/
exhibiion - Consumption

U] ]
15 8 0 1 1 1,174

Pseudomonas
(log CFUIg)

Distribution channel g 1) Warehousing/S Wareousing!S Processing
fype hipment () toring () (h)

Buying from
distibufion center (A)

Buying from

manufaclurer (B) 9 0 4 0 12 10.948

A
%Z Fig. 3-B, Fig. 4-B, Flg. 5-B afhiol yERHTE 27
= 3.306 log CFU/ge 2 A&t simulationd THE
fFredme] 24 dAE g2 vtk RIZEER]D Sigke
U AA logH el & Ak 2F @A AlAsRrt 254 e
o o] AL FAE FE7t obd 1 gAle A BT S 2}t
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Z (A)E 10550 log Sy, (B):= 10.738 log Sk, (C)= 9.602 log
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Table 2. Sensitivity at each of distribution phases according
to distribution channel types

Distibuon  Shiogine Warehousing/  Warehousing/S Processin Market Sale/
channel type (IogpF[)S]g) Shipment toring og S ])g exhibition ~ Consumption
Y logls)  (oglS) © logs) (o [S)

Buying from

distribution ~ 5.708 5.854 5.726 0 6.442 10.550

center (A)

Buying from

manufacturer ~ 5.708 5.854 0 6.499 0 10.738
)
Buying from
Direct 5.108 5.854 0 0 0 9,602
marketing (C)
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