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Summary

Predictive microbiology has been used to model the population dynamics of a number of
pathogenic and spoilage bacteria of foods. This is possible due to the reproducible nature of
microorganisms response to the environment (McMeekin et al., 1993). Therefore by gathering a
detail knowledge of the growth rate response to the dominant environmental parameters of
temperature, water activity (Aw) and pH, it is possible to predict the extent of microbial
proliferation under conditions within the range of experimental values tested. The results are
incorporated into a mathematical modei, which may enable the evaluation of food safety and
remaining shelf life of a food (Dalgaard et al., 1997; McMeekin et al., 2002; Jagannath and
Tsuchido, 2003).

Predictive models in food microbiology are classified as primary, secondary and tertiary: the
most widely used primary model for describing microbial growth is the Gompertz equation
(Whiting and Buchanan, 1994). From this primary model, secondary models of either the
polynomial or the square root type have been developed to predict microbial growth rate, generation
time or lag time as a function of several control factors affecting microbial growth in foods, i.e.
temperature, water activity (Aw), pH, sodium salts, etc. (Delignette-Muller et al., 1995).

This study deals with the development of predictive models and computer softwares that are able
to predict the growth of V. parahaemolyticus and Listeria monocytogenes in response to
temperature, pH and initial cell number using mathematical models. These informations allow the
prediction of V. parahaemolyticus and Listeria monocytogenes growth under conditions different

from those tested experimentally but within the studied range of temperature and pH.

Chapter 1. Development of Predictive model and Construction of Database for

Pathogenic Bacteria

Modeling was carried out in two stages. The first stage involved modeling the bacterial growth

curves using a modified Gompertz function whose expression is:

Log N = A4 + Cllexp [-exp{-BL(T-M)}] (1)
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where log N is the decimal logarithm of bacterial counts (CFU/ml) as time t, 4 is the asymptotic
log count as time decreases indefinitely (approximately equivalent to the log of the initial bacterial
counts), Cis the log count increment as time increases indefinitely, that is the number of growth
cycles, B is the relative maximum growth rate at time M (hours'l), M is the time required to reach
the maximum growth rate (hr). Using these parameters, the specific growth rate [k=BTC/e, with
e=2.7182], generation time [G=(log2)e/BC] and lag phase duration [L=M-(1/B)] were derived.

In the second stage, growth rate was modeled as a function of temperature and pH. The
generation times were converted to their reciprocal, the growth rate £, and polynomial model of £
was calculated for model fitting to homogenize the variance in growth rate estimates. Polynomial
models were generated for the three initial bacterial counts. As the results of 27 experiments were

available, In k was calculated using the following equation

K (In k) + C]+C2T+C3pH+C4T2+C5pH2+C5TpH+ (2)

where CI, C2, C3 - - - - were parameters, 7 is the temperature. The Square root model of £ was
also used calculated for model fitting to homogenize the variance in growth rate estimates. As the

results of 27 experiments were available,/k was calculated using the following equation

Vk = b (T - Twin) [1- exp(c(T - Tmax))] 3)

where b is parameter, T, is temperature when £ is to be minimum and 7y is temperature when
k is to be maximum. The parameters that arc most fitted to & from Gompertz function were made
using the SPSS (version 10.0) statistical software.

In order to evaluate the goodness of fit of the observed data and predictive model, response

surface model and multiple liner regressions were performed and calculated, respectively.

1. Development of predictive model of V. parahaemolyticus

The maximum growth rate (k) of V. parahaemolyticus became fast according as rising of
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temperature and was fastest at 37°C. It became, however, a little slow at 40°C. The lag time (L7)
and generation time (G7) became also short according as rising of temperature and was shortest at
37C. They became, however, a little long at 40°C. There were not significant differences in &, LT
and GT by pH and initial cell number.

We could get polynomial model, f = a - exp(-0.5 - ( ((T-Tmax)/b)* + ((pH-pHmax)/c)2 ), to
express the combination effects of temperature and pH under each initial cell number use
Gauss- Newton Algorism of Sigma plot 7.0 (SPSS Inc.). The relative coefficients of
experimental & and predictive &k were 0.966, 0.979 and 0.965 under initial cell number of 1
X10> 1X10° and 1X10* colony form unit (CFU)ml, respectively. We found that
experimental k£ and predictive k were almost same from response surface model and
experimental growth data and predictive growth curve were also almost same from fitting

of polynomial model to Gompertz equation.
2. Development of predictive model of L. monocytogenes

The maximum growth rate (k) of L. monocytogenes became fast according as rising of
temperature and was fastest at 37°C. It became, however, a little slow at 40°C. The lag time (L7)
and generation time (G7) became also short according as rising of temperature and was shortest at
37°C. They became, however, a little long at 40°C. There were not significant differences in k, LT
and GT by pH and initial cell number.

We selected the square root model, vk = b (T - Touin) "[1_ exp(e(T - Tmax))], to predict the
growth rate & because there was not significant differences in growth rate % by initial cell number
and compared the square root model to polynomial model, f = a - exp(-0.5 + ( ((T-Tma)/b)* +
((pH-pHmax)/c)’ ), to express the effects of temperature under each initial cell number use
Gauss- Newton Algorism of Sigma plot 7.0 (SPSS Inc.). The relative coefficients of
experimental k£ and & from the square root model, and £ from the polynomial model were
0.95 and 0.92, respectively. We, therefore, found that the square root model is more fit to
experimental £ than the polynomial model. The experimental growth data and predictive
growth curve were also almost same from fitting of square root model to Gompertz

equation.
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3. Development of predictive model of putrefactive bacteria isolated from imitation

crab sticks

We isolated putrefactive bacteria, Bacillus subtilis and Bacillus licheniformis from imitation
crab sticks to predict the shelf-life of it. The portions of Bacillus subtilis and Bacillus
licheniformis are 60% and 34%, respectively. The k, LT and GT of mixture of two bacteria
inoculated in Imitation crab sticks were measured from Gompertz model to predict the
growth of putrefactive bacteria in imitation crab sticks.

The maximum growth rate (k) of putrefactive bacteria became fast according as rising of
temperature and the lag time (L7) and generation time (G7) became also short according as rising of
temperature There were not significant differences in k, LT and GT by initial cell number. We
selected the square root model, vk = b (T - Tw), to predict the growth rate k because there
was not significant differences in growth rate % by initial cell number and compared the square
root model to polynomial model, £ = a + bT +cAy, to express the effects of temperature
under each initial cell number use Gauss- Newton Algorism of Sigma plot 7.0 (SPSS Inc.).
The relative coefficients of experimental £ and k& from the square root model, and k£ from the
polynomial model were 0.88 and 0.87, respectively. We, therefore, found that the square root
model is more fit to experimental k£ than the polynomial model. The experimental growth data
and predictive growth curve were also almost same from fitting of square root model to

Gompertz equation.

4. Prediction of shelf-life of imitation crab sticks by storage temperature

The shelf-life of imitation crab sticks was decided basis of viable cell number of putrefactive
bacteria, off-odor and slime materials. The off-odor was occurred at 5 log CFU/g and the slime
materials were appeared at 6 log CFU/g. Therefore we found that minimum off-odor level
(MOL) is 5 log CFU/g. From these results, predictive model for shelf-life was calculated

as follow model that is modified from Gompertz model.
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Shelf life (br) ke , M= =

In(—In

The ‘k was calculated from square root model, vk = 0.0196(7-4.58713), at each storage
temperature. We found that experimental shelf-life, and predictive shelf-life from square root
model and Gompertz model are almost same. We could also predict that the shelf-lifes of
imitation crab sticks are 19.41, 529, 242 and 1.38 days at 10C, 15C, 20C and 25C

respectively.

Chapter 2. Computer Application of Predictive model and Development of Web

Graphic User Interface

1. The objectives and significance of the study

We implemented a computer software for simulating of microorganic multiplication. With
simulation using this software, users can predict the number of microorganism without lab

experiments.

2. The contents and scope of the study

First, we build numerical models based on lab experiments and implemented a computer
program based on the numerical models. For verification, we repeated comparing the
program results and real results of multiplications from the lab experiments and modifying
the program. We also tested the program through end users of the software for correctness,
convenience and performance.

The program runs on the host machine and users can use this program on web browsers

via internet that the program is portable and easy maintenance.
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& AZEg 18 aEl3n Auvt 28 HE AR HAFAE - EEAR S dAste AFe] 4A)
S2RE &vld o|27|7HA9 d P Fo BAuAEY A st 34 Rdg o]
€% AF7 Aoyt rhestrl dEd, i AEFEFTY B s AFFH AQ=wUL
Quantitative risk assessment)E 913+ A B]-Eo] FaEFHEOZ QAHT AoH). 3, AZEo
FHAE Frshy] Yatodxe AB7AY 4ty JAwE JIEVe2e FE37] fEol

olE Resty] A3k IA|F 7|EL 22X HACCP Ala®Ho] =50 7HF F&8% £33 9

A#E FEoR AT o235tk gy} HACCP7L AF4] ARBA 4uld o]27]
7tA1e] A FA o) WAE BRE 93 249 M“Jr‘l}% 227 3= do v, A5 vAEEe
2F9 Hg EA do M FLIJAE 2 HF S AAE Fd rAERE L gL
2 3lo, o]59 RS F84 Rdo 93] %‘%‘:E,P_E &3t Hrishr]l W&ol vl
SEItEAE 580l 2 HdA ApEstE I U 12151 olg3 483 Rdo 2§

AR, A4H £4927 @ A JERV & HACCP A2=H9 &3 B dAld
= 2A gtz g &, A9 nAEd 9% g3 FrHHA) e, FoBgy
(CCP)E 84 rdS o83l AFHoZ NG e, AFY 7 7334 =18 32
=7t & CCPY &% olualx ZAAstn, AT 5 Sk

A4, 7874 2dg o8¢ vWAE AR A3t FFH Uit 2A F5& A E b
v AFHY ¥@ed Hgol ZA 7]Hst )t Parameter(A|47)8] £A7F B2 F£3813 Rdd
AAA, 1 FES A9 Z2HERY At s FIVAAE gL =874 ARG a2

‘6}1113? Z T Personal Computer(PC)9] R34 8|4 Z21389] 7de] 93] o]59 At A
g7t &8 olFofxA Hlew, AT #Y softwared] NEE T3t PIYZ] B A
Aol gle At AHAEAA AN E, Z4F BA2Ade dHT22ZN AF T A4F 74
29 A B3E <5 T 5 A =30

A5 vlAESe] ¥ AF= BT R WD - FHFE e 19803 FubRy
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A Y. old AT AHE vF FEAY(USDA)Y HYF Zd Z2Yy
Pathogen Modeling Program(PMP)3)3’—]— A= Foja#¢Ad (MAFF)Q Food Micromodel? o]
43} Holglth oo} It FoME dEo] FUHA °] Boko] #I AFE HIT &

2w e

AYATE Qou), ohAZAA g meade Awsel 94 Yk

B9, WZH 43 2R QEY 2L AAIAES FAoE AFY IR Fud A
FW9 Agwe 2dn FW BYRol) FTARAY FYL AF FUCE dZnYEY B
ofol TF AT L FAE ARAL A FARA Hstel, T AelE 1 Badl
4438 AZFAE 274D AAZA JZHARY] BF ATRIE ATH AFolh. v
g ogd 9% 4FE AL F, FAE BY 4Fo] AXRE WFH EF S 99 7]
£} 3] AASE WF 52 LAY W, £4 ATAFL RO AF 4842 19
3 e HENY BEAT ol §35H7] AYF PCE AZLZEQ]

HEAEL 3 AL TR gl oM tBEEH The FAC Jden,
b AR A 2B A7 7L 24 o EUAS. B,
2ol o3 A AA FEHAL Je FRIM, BLrdE
FLEY 713 % o MAE F4 sheAol A FHHEA jleH, 1 It
of & ] ok azjeE, 4F9) uBEE A A%

=
AEo FAA] B BAE AR FRAAN AFsA HQo, GATTY UR 83 &, 3
& %39 sJQl SPS(Sanitary and Phytosanitary)olj A& “21F9] ¢tx SR ez £
d ARS & AL, 2 WHe F3y 26 Jadstdort dyEm wam AP

nZe] AL, AFAA W WA AT g8 AFE Anz A AP P
AAH £42 2dstn doH, old w3 vlF ARE ‘AP AFY 45 4T AA

A AL AEIJANTIE AXFAFRE IS Hsln Ak 2 B, 19979 18 259 o)

2] 2489 fEHL AETY [ FRE 98] Food Safety Initiative; & ¥},
43007 22)(eF 5169 9)9 1S a7 A, A% Z #d J)#d] diste] AFo
dAG FRE AF dAS e7siAd. 2 23 Asd WIARIM F FEY FEoE

i
el
2
N
W
QI
[
O
ri

3t ZY e uAI/ME o] SAAT L RAFE AFE 1998
106,688,0009 2] 2} 2 3}=
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su AnHoz sty dEY + YE TFuE 2, 9 Hge,

AR, HACCPIl A 873l 42 Yl 84 ot 2e5e ARE AR & 4 YL
ok olg @ THEE =l o3 AWH Hrk L =, o LS e HACCP Az
S 4E Az QF % ulgo] £28E MAE AELY - REAY SO
S thA Fe] vlg Azrmar ol Bt HetFoln ARFH A8E AT T &
A, TR A% B, o g5 NF AxHA Fol FAVL AN B 2 A
9 PAEY AAUSRE AFHLE 45 T F A7) dEed, 2 AFY A& s
A, W ol gsjoktt HeA, & #H7] & AQE ARHoE o] shest, wEiA] A
A, TRAAF A% L 529 I Fuo} o2 A B AR 1§ HFstel] )
ostm, dA, F4b 7p3A P H BAF B43sld JAE F UE Aolth

O
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o
X
Mo
o Mt o2 ol W

O

H, B AE o HF5 Akdo] A AAGe R RAsHA FASY FPxE HA
aglew, s Ao, vid vBge JEFE FAHOE 3 AFE Alzio] EolA &
of th¢] 17 Iyt B Yok FE, HT o] I AAFeE B e AFE
A 542 FAAY AEE 2t HFIAMA AAE AEAEE B3 dHol# A
Atg|F o2 e #E o4 9 B FFo] HuA AgHo] de uIH 47 F-H 5 7tol
A ol st flen, O R ol oM E HA qEE Hoztx e FAEgE el
ok ol23 5L A3 e @A A4 £33 Wt g AAE JAXL vt F,
T ARSI life styleo] Wl o 7 AF0 4o oEx @ He AFFYH
B A% AH2EFE Fo7 FUlsIEen, dHoRE ARANE E AAAF] dg
A5 57t AAs AR - A”E AFY Fa7 F74stAnh ol AF Yoz o
o7 gty WAEP] s 2o AFS dFen Adsin, A4F B 549
7bedr BISIAIZIA] 3 HUMESY ARRS A HEUE I AFNEY =8 V)2 olA
HA 23 o]t A&njte] Qe o83 A|E-S Listeria monocytogenesSt 72 A LA

F2

e s el lt%ﬂ?ﬂ Hol, 2EAY, 284, pH, AFHHE T2

st mlA=e] oM FEIR WFeE WX Ayt Ha wvh dFAtE AFol ¥
A - gz s AAYE % bE)51, O Abele] B Hge 7137} dAEe §, %
ZI7re] it R =3 O 3PS FUAZT tSol, 4 Abart dojubE Ao g ol
FHAT AGelX digez SAITE Aot awd ZATAIN A5FH 23 dy
cofghe) o s <lstel W WA e WHHo] dojAle nE3} A4t FUketAL
B, dlolz gAge F7he 22 g M Abare] JhsAle]l wobA|a Qlth of9f
< AHE - 2514 Ws Sl 22 tiEs Hoprta e MY S AT AEFL] 2AAL

L
BN
A
o
off o
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TE S 27k A B W A EAHe] §31 QL Bur ollg, AT
BAoZ27R olojx] AZA 2 Alg AA ] EAZ ulFHn Aok wala s
b 71340l ¥L fEuete] A%, FAEd tiE AT £ e AFFez gAm
12 AT, F99 A3 234 494 diF idx §& n¥ W, AFRH
1AEQ WslEs 4243 adx AFFHoZ Yrista voprt Ne 1 ¥3ls o238 5

t

o
Al

=

r$J

7 BAnAEe AxAF 2D 243 87 A0 @ AFA} 24
=

Q1 Vibrio parahaemolyticus$} Listeria monocytogenes

E ARsta, £ AAFARD) ] 247 FAE BoulA] Adste] AzAR) BEE
HED BHAAEAM 259 pHE AAsY Nz 08 S4230%eE ¢ pH w3}

oo 73 Ax9 S8 FFgsirde A
Aol Gompertz Zddo] H& 7548 AESIgon Fo A%
of FlAE ex9} pHY 9% AFH o2 BTk

X,
rfe
ox ¢
o3
£
N
i
i)
fu

. ZRAAEL ]8T BF BRAR B PAvPEY] AZSFFARAY A 2

153] o]de] wIEAY S Fold 2%, pH 5 5% &4 JAE HAmAES ZFF7}
298 sfastF e, P Zd(Square root model)¥} t}d}
< o BAHRIA 2%, pH, T g ¥

2} 2 9 (Polynomial model)
€ €
gAstg e B3 S32A(27T5, HEes 2 pH ¥}

o] A E 9] /\gxo]-aﬂ_%_gg%
blA g ARE 2

1

O

gt XZAAAFA dig A5 FP7IL D] Z parameterd)] VW= JF A3 oL
database 73
A=Y 7lR el 2} parameters] BlAE BAARE FEL 23448 olfaho] 53



s}atal, WHEAE S Bt X353k 49| AE-S databasedl & databaseE o] &3}
o Bé'

A& BFE 953

vk 44 TRAAFANY F52Y
i’%?ﬁv% SR RO

2. 5549 computing 7]& A& L §(web) 7Ivt 13 Qg H o] gt

7 Av AR UF 87 A4Y FIAAL 2 A
AT EY F4 o5 2do] gE $4 AxpE BHE AL 2y
MAE 4FBAY 5 ZaPdAe due 49 2l PFHE
29 MwE Fao] FREE BT

U} BE LT EYo|(ZZE HS))o A

e 715 BAglel dEUelA Abgo] JhsateE dE spNtez s GUI
(Graphic User Interface) 8732 7=3t¢ 01, A& AEE ololt]o} HIUH T E Hoslo
7 AAYZ dolgulol g F5Y & TS HHoH volemol2) e A5
GUI (Graphic User Interface)E o|83}e] A&7} HolHE wloAvkS o]fsla] 44
UFstn 27ze) AE 4 9T & Y= ALHAG £F F GPn By

=
3 aHY 3L 93 =2a98 fAstg.

o ¥ZAAF g S AFH7I2 D] parameter W3S FLH £33 g3 &

=
=
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A3 Z dvzgsd g 2 22

A 1A BAvAE 45 FAFH/IL D9 /E = database 75

1. Vibrio parahaemolyticus ] AR S29 7%

2} off & B 9] 1)
BB o3 AFE Alpo] #Yflo] Aty 1 FEHC JAME dESEHL e FA
olth. o] wFFTY HLE dte] Fe A e AAAEFY I7F 7 FF°] WA

il

A olFoigel wal AFY AATA AAY FrHe IAHA BAHoE dFHIL UG
(McMeekin 5, 1993). ole]l 2Fo] 9483y AN FRE A3 fFasde=zA HACCP
(Hazard Analysis Critical Control Point) Aj&8l9] 7ide] d MAFcZ ==L AoH,
Fhe] Aoz R Fobr == AHEHT ok B, HACCP A2919 =93 H

Boj, JZoe "= {3 7t T8 TAHLE AEFY nAES] YPHEEE 3 2d
< o] &3ty o FetuA e AFvF s AP HL Yo

o] Zn] &3 (Predictive food microbiology) o]g}il B %+ o] AT Eote #8448 =
48 o] g3l AFe dRERH AXTH, £F 2P, B, 20 o= 7R A AA
FolA ¥ 2 RvAEe AFS FFHLE A5t ATS EFHor st Y o
ZuAESA AMEEHE F84 RdZAE nAEY 4FE Edste 718 2d(1A 29)
I vjBEY F4d AlAs FHAMLE, pH, FEEA )9 4TS Edse 24 2d
agn @o FH VIEFHQ F4 23 T dEFeEH T AR WEE d=

nd2 FAEN 9t} (Coleman and Marks, 1999).
; 01 1 FRATE 2 WFE

= 2 5874 2o o3l AFACE dFan
AR geel Mmn desEAE Bgol kou ol Sud mde Hge HAA
XA7A% 9 AYA AEEs ¥ HACCP A29e o nghad B =7 7198
At} (Baker, 1995; Notermans %, 1995). &, 2&9] v]4E&Ed 2g 3] H7HHA)7T 7H53)
H, $2#H(CCPE F3t Rd S o] §ste FFHor AT ¢ AFY 24 7HeF
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AL AYT/ 2 223 ACCP)Y A-S L% ojuld|A] BRI, AAT &

oj¢} e dFu|AETY] EAL U EY] AW e Bo; ABFHo| FIFH
ol H7l7} 7bs3te] HACCP Al2He] ddeS B & 4 & ¥7 ofygl (Baker, 1995;
Notermans %5, 1995), 7|9 m|AE FAAPY] vlgte] wlg A& g Fo] 7bssity. aga
2, Az 1", AY Fo] AaHE UAE FFAE - EEAE S HA S, AFe AR
ZRE &uld ol2771A9 A A Fo HAvAEY A djete 54 BdE ol &
& A Aoyt ket o2 s, dd AFFY Bd v AFH A= ¥t
(Quantitative risk assessment)& 9|3t 21 Hj o] fFagdez AAAHIL JH(Ross and
McMeekin, 1994). w}2tA], olgjg FAEAQCE Zujdto}l wE, F5 T& THLE 4T o
F7F olFo] A 3lew, ojn| 2)F J&L} Z+E 27 27L& 4¥3) Zﬁ‘ri o ogk ALt
S APFozN i vAEY AAASLE o5 - Blasal graphZ ®F 7bs ¥ program?
Mol AP Eo] v FFEA(USPA) o A= Pathogen Modeling Program, @=r9] F o]
2k (MAFF) o]A]= Food Micromodele z}z} 7)utatdTH(Yano, et. al. 1998). 1&u} o]E
program-3 o]&3ltjgl AF Fo EE WAEL FAE &H3] dF3te AL EVMEd
H, A48 program®] WA R A77F I Fof Aok

g, Aol H}‘jri =R e A 22 F9 FAE]l AASE HiFo] 9
oA &t Y o - o
de] ggo] oy, 4

o dEd BAvdEclsL ¥ 4 Ut AR B, o2 A¥ 4FF Auzt

U

¢

W Zoglol AT glo] o] tg M Bag Aotk EH WIO AAle &4
ol%, ZAIZte] Fodo] YoINE AEe) g dWA FRE A P2 FrPYY £
3 Bd A2AAC B 277 98 ZURO we} dSEAEBEe] £go] FEF FHO

ole] £ dATdMde FAHFAM WEFH HFHE AToE2 A HI e Vibrio
parahgemolyticus o thete] A = I3 FRE AXsl= 4t 7FFAFQ AlntabddA
= V. parahgemolyticus2] 8=

Lo Als 2 oy

) A 75
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b A EF
B A3 o) A& FF= Vibrio parahaemolyticus ATCC 2210001 2 St=A F st -9 4
AL (KCTC) L. 2 HE £ 2o} 3% NaCl& 713 brain heart infusion broth (BHI, Difco
Laboratories, Detroit, MI, USA)ol| 15% 2] glycerolE 3713l -80C o] FZ2R B3lHA A A
MIC brothdl| 4 37°C, 242 7+ A ujj oFslo] Al &5 o).

b 3A &5 WE

FAFF WG FE, T A RDE 2 FAAFY At H83h7] ) Alstd 4
B33} §-AFSH v} X} (Modified Imitation Crab broth, MIC broth; 10g Peptone , 10g Yeast extract, 10g
Dextrose, 10g Sodium chloride, 10g Disodium phosphate / ¢ )& A}8-3} 5T

T Ao v e 2%, pH R 27 @5 5 84 I3 9T dolr7] st 4 BE
@ FFE 45T water bathol 4 F& 8153 ¥, vlg) £1@ BF MIC broth 50mle] §F3}a
37C incubator (Sanyo, Japan)ol| A 24A17F e stATh Anjk 3 FFE 18mle] HH A
AA4(3% NaCl)E o] &3] 108|128 343t 200mle] MIC brothel] 7] #47} 10°, 10°,
10'CFU/ml7} § =8 HE8l3 &5 15,20, 37, 40°C, pH 6, 7, 80| A zH2} ujj kst 4.

(h 79 83 54
Z+ AP 7 A7ke) Ao wE 7o AL YA A2 2 Plate count agar (Difco
Laboratories, Detroit, MI, USA)E A}-8-3}] 315 B3 v FH(AOAC, 2000) 0.2 A d4+5 54
stod LrEh g Qi

(2) Gompertz model 2] & -&
T2} sigmoid 3+ FEj o] AFE 7] Hs) AFEste AE5EF A2 AF7HA A 7HA|
o] e 2 BuHo] oy aF A 53] Gompertz modeld] &3 A7 713 or] =3
n] ol A Z+Z} 7§ ek food micromodel (FMM) and Pathogen Modeling program (PMP) 73 -9l
%= Gompertz model-& A-&3}31 gloh

Jb

Log(Nt)y= A+ C - exp(— exp(— B(t— M)))

t o ¥} %A ZH(hr)

N(t) : ® FAIZEo] & #4+(CFU/ml)

A 27 749 logg(CFU/m)

C: &5 759 loggh(z7] 759 Ad F59 2, CFU/ml)

SN
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M E5&e7 A7t " Alde Az
B: Al MofA 9] &5 SE(HY 5 £5)

Uura o2 7} 9] Wk FANA 121674 BFFRES AR, 15U 5T 47 A
22 Gompertz model o tHejste] o AEAEAL ANZHEE 45( = BC/o) T 7319

T F4e dEse 7 45 AREZA, I FHEE A0S F=71(LT), AhAZE
(GT)& 2482 5% Gompertz o] ost =25 om. A S4 S 5ol v 27]
5, 259 98-S 7 7} One-way ANOVA-testE A Al3}e] Duncan’s multiple range test
(Duncan, 1955)2 *2] H#7He] /24 (P<0.05)-8 SPSS (SPSS Inc., 2000) program (Ver. 10.0)..
= ARGt E3 o] 59 B35 el #A & Square root model ¥} Polynomial model 2 # 23}
st

(4) Parameter5 2] 24 3} w9 9] H7}
7+ 87 27 £ 15, 20, 37, 40CS} 27] 74 10° 10°, 10° CFU/ml 274 Gompertz
model 258 73 ) A& % F4(k) 9 873 2439 BA S 793}7) )8+ Square root
model, Polynomial modeldl] z} 7t & 8-3}¢f SPSS (SPSS Inc., 2000) program (Ver. 10.0)& o]
3} 7} 2] o] parameterE 24 8}3L Sigma Plot (SPSS Inc., version 7.0 )2 T213} 35 oW, Z}
Wk 2712 gYshe) A4 AP o2RE 78 AU FASE 450 o RdHo 2R 78
H FAEE AFk)ee] 43 BAE vask o

(5) V. parahaemolyticus®} 3% o} &
MIC broth ol 49} 54 2o Al o) Ho) FASE 450 L2 27 Fool Be 3
2 37} T d-& Square root model, Polynomial model-& ©o}-8-3}o] A &3} st o™, A= H7}
2 Jsf q 58 A FHEE (R E o188 Gompertz 2o 9% F 9] A &3FE
By sick

7 87 a0 Ge T 34 4557 A5t T FH2 o

=2
o
fr
o=
Ho
A
=3
it
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A, AU FAEE FKk), +=71(LT), ANAIHGT)E Gompertz A ZHE] F3HTH

LogN= A+ Cxexpl — exp{— Bx(t— M)}]

k = BC/e
GT (hr) = (log 2) e / BC
LT =M - (1/B)

Ch Ad SHAEEZSFHA viA= 830899 9
V. parahaemolyticus®] 2%, pH, % T 15!}

13 Fig. 1o el & &% é'@.?%‘i z7] g g ?QEH %‘*ﬂé_‘% &)<
Hate fFHA Aole UEhA FARE J
Z71g¢FRtg 2 HU $45E M’“(k) #e Y HAd S4E5E A5k =
Au A JFe W Aoz vehytth Miles 5 (19940 B2, Hu) ZAE% 5
pH 654 pH 89 ¥ oA wiwz ATt Bgvt glom 2
AReHAl pHell W& Hl S &2 k) 723 Zole sl

U=
X
S,
®!
i
<
~.
2
e
K=
S

(h F=71LD A= 382 9F
-EL«] FELDY MAe 372 299 JTE& Folwr] 4ste] V. parahaemolyticus2)
Z7] 4FE U2A & M2 dE 25 %, pH 24 A wdsRed, 1 AHE

Fig. 20 Jehith 271D PXE 259 93 257 Hold4E §a/|(LDe
FolAH, 37T A 7HE B/ FE7(LT, 16940303 hr)E Uenfgon 40THAE 55
E7ILT)7F A 2o 7] da9k pHell mE F=71(LDY F9FY Aol g

(P>0.05).

(th) Adl AZHGD v e F7He%9 9

9 AAZHGCT)o) vXe 373 809 G3Fe dolrR 7] 319 V. parahuemolyticus )
Z7] #5E U2 o A2 & 2% %, pH 24 oA wigsgen, 1 234E
HAls 229 FFE 2E7F FolESFE AgAIz

Fig. 3¢l veplilnh. At AIZHGT)ol dF2
(GTYe ZolA™, 37T A 71 8- ARAZHGT, 0310.041 hr)S JehjQow, 37C
Hth & 2xdXE AUAHGCDS ZoiRth 38, 7] F59 pHel whE AujAzt
(GD] F4AQ Aol YATHP>0.05).
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Table 1. Effects of temperature, pH and initial cell number on maximum specific

growth rate(k) of V. parahaemolyticus'

Tnitial level Maximum specific growth rate(k) (hr")

pH (Log CFU/ml) 15C 20°C 37°C 40C

6 2 0.11+0.01° 0.40+0.05 1.08+0.09 0.88:+0.04
3 0.09+0.01° 0.36+0.04 1.01+0.06 0.91+0.02
4 0.09+0.01° 0.36+0.07 0.98+0.12 0.88+0.04

7 2 0.11+0.02 0.37+0.06 1.10+0.16 0.80+0.04
3 0.09+0.01 0.32+0.02 1.08+0.13 0.88+0.03
4 0.10+0.03 0.31+0.04 0.98+0.19 0.860.03

8 2 0.11+0.02° 0.35+0.06 0.99+0.02 0.88+0.02°
3 0.08+0.02° 0.26+0.04° 0.99+0.07 0.92+0.06>
4 0.10+0.01° 0.25+0.03° 0.93+0.07 0.87+0.05°

Walues (meanzs.d. of 15 times replication) in same column not sharing a common

superscript are significantly different (P<0.05).
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Fig. 1. Effects of temperature, pH and initial cell number on maximum specific
growth rate (k) of V. parahaemolyticus (BB, 15C;>, 20°C; 4, 37C;0, 40°C).

Error bars indicate standard deviations (n=15).
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Fig. 2. Effects of temperature, pH and initial cell number on lag time (LT) of

V. parahaemolyticus. Error bars indicate standard deviations (n=15).
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1) &3 xo] HAUFASEATRA A= 9F 24 2D 43 FFI

(7h pHet 259 Wsle] we 27|75 ¥ APt

7t 7] #F5o)A pHS} £x0] ©E HUFAEEAS (K] |

8] modelglstHtt. 7] F59 pHe @& S ET3S(k)

UA ggren (p>0.05). Miles 5 (1994)0] W2, HFd&s

8.9 WglolA Blma YAty Rudnt 3tk o] 22 pH ¥
Z

Fol U245, A 5o A% A2 pH WelS IAH=E, £4 4F) 98 Bt
o X

=
-o

7FEAEF oA HAA A& V. parahaemolyticusel BA o
28 5

ATk AT
Z+ Z7|d Z2ANA pHe exo E§AY 1 $8iA Sigmaplot
7.0(8PSS Inc.)9] Gauss-Newton ¢1ZES AL vAE SAEHE F3t9 f=a-
exp(-05( ((T-Twa)/b)* + ((PH-pHma)/c)® ) FElY Th2oz dehjglod, #
parameter #r2 Table 20 YehiT & 7] @5 wE A#ABAAE 0966, 0.979,
0965018 7|1 Fdl WE AT AEEAFR)S F2HQ0 o7t flenz 27)dF £
AE FAE A, 4BBATE 096602 VeI

of
o
% o
=
r {
_O'JL
N

() 2x9 Wstd we HdFHERFF(k)S Wt
Z7] #5¢ pHol BE HAFHERZF0S F2AAA Aoje N 9}4(1»005) u}
A, Ratkowsky 5 (1983), Zwietering 5 (1991, 1994)o] o3 27|FFE
o HAFASEAF()Y F5AE-E Fdshe 23 249 BT

= 2= 2do] 3
B HEE A vk = b (T - T [1- exp(c(T - Tow))]E B8] FF3 YT
(Table 3.)

Miles 5 (1997)& V. parahaemolyticus®] %4 &£%o) vXE 259 FEIA o] AT

AFANA 4 272 8 strain®] V. parahaemolyticuse] -S-0] 7l

3Ce w, ) Lx& 45.3C~48To|n, 4 & 37-39T= X

232 square root modelol]l 93+ V. parahaemolyticus®] A5 HA =& 95T, 3
CE 499TE FAEF Aots Uehho

ro
Bl by
X,
rfo
i1
fr
(62}
W
|3
o0

(B A o188 HNZ NS I3z
A

k)] AER gS5A Y
V. parahaemolyticus ¢ ¥

H
5] st 73 AUEASEAF(R)  f=atexp(-0.5%(
(T-Toa)/b)* + ((PH-pHimay/c)* ))THA o] 23] 28 HANSAE=35(k) e Hlad
A& Fig. 40 vehislod, 32 d &39 e vk = b (T - Tww) [1- exp(c(T

o
O\fﬂ

e
£
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Table 2. Parameters of Polynomial model for prediction of maximum specific

growth rate (k) of V. parahaemolyticus at different initial cell number

Initial level Parameter R?
(CFU/ml) a b c Twex  PHoas |
1.0 x 10 118642 879753 379321 334201 6.62192  0.966
1.0 x 10° 111402 893174 42621 342014 6.89355  0.979
1.0 x 10* 1.02322 961076 963489 349752 473513  0.965
Unification 1.09724  9.0909  4.67523 341378 658586  0.966

Table 3. Parameters of Square root model for prediction of maximum specific

growth rate (k) of V. parahaemolyticus

Statistical analysis

Coefficient S. E t-value P 5. E - of R?
Estimate

Tmin 9.5459 0.3554 26.8617  <0.0001
5 Tmex 49,980 0.9566 522472  <0.0001

quare root 0.0436 0977

model

a 0.0636 0.0057 11.1888  <0.0001
b 0.0663 0.0129 51318 <0.0001
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1.0x10° CFU/ml 1.0x10° CFU/ml

k(hr?)

1.0x10* CFU/ml Unification

Fig. 4. Comparison of experimental k and predictive k by response surface model of V.
parahaemolyticus at different culture condition (@, Experimental k; B, Predictive k).
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Fig. 5. Comparison of experimental v/k and predictive +/k by Square root equation of V.
parahaemolyticus at different culture condition (@, Experimental /k; —, Predictive / k).
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Fig. 6. Predictive growth curve of V. parahaemolyticus by Polynomial model (Initial

cell number, 10° CFU/ml; Temperature, 37C; pH 6 ). @, Experimental data;

----- , Growth curve by Polynomial model

_53_



4. 4 8

V. parahaemolyticus= S| T 7|45 A FE BEXde 594 ATS2 (Bergey's
Manual, 1984) 1950\do] Y& QA7toX vl EXd &% HF= dAdFe

A (Fujino 5, 1953), 2 93| x &AY @ 7128 4
ofAlofd yetol A AF FolE F e Be4g Aol (Joseph &, 1983).
Wong 5 (1992, 1995)2 vk mE W $AAE, Aol WEAFEANT V.
parghaemolyticus7t A&V G RusPen, V. 49y AZe AHY
S AL, dEE B FE AAE 2 34 AYEE 92719 (Potasman T, 2002),
g 7132 Kanagawa (KP)E ¢o7l= d@9A WEA 88542 thermostable direct
hemolysin(TDH)7} #H]E o] 2558 ofylsie Aox ¢#A b (Nishibuchi 5, 1985;
Honda g, 1993). HI&, YutZl 44 AEFo} |F FANA EesHoAE L& KP
negative strain ©]1} KP negative strain®] TDH-related haemolysin (TRH)| 9lsixx= 2%
Eo] Hrsita B aE o] o} (kelly and Stroh, 1989; Okuda &, 1997).

olZ &+ V. parahaemolyticusd] T3+ 54+ 21F ) 93T 7S 9)8) Sumner, ] and Ross,
T (2002) =FoA AHIEHI e 74 A5 s, AnlZFs AS5s 48 W vgo
2, A58 4 79 A9=E =2 Bt (Table 4). o7]d] m29d Zzd Ao 2
stE V. parahaemolyticus ¢ 18 =7} 3792 ©E Vibrio £ vHA R, 54 54
B4y A e 52 £98 A ' Aoz Yehgth

A, 2 AFAME Aok Zol 4 AFo FAA He V. parahaemolyticusE GO 2
2%, pH 2 X795 5 09 873 dd9 79 47 438 Z74E tolg o]yl
dte, ol& nlEo R 884 2dE T3 7o AFE FFHoE FAFoEZHN, S8EE

7HE A% F U BEY 2AE AMSIAE. 4 27 g wE T SAAREI Y

. parahaemolyticusdl|

_1
4

3
_Orl_,
H
s

1x10° CFU/ml : k = 1.18 - exp(-0.5( ((T-33.42)/8.80)" + ((pH-6.62)/3.79)" ))
1x10° CFU/ml : k = 1.11 - exp(-0.5( ((T-34.20)/8.93)* + ((pH-6.89)/4.26)" ))
1x10* CFU/ml : k = 1.02 - exp(-0.5( ((T-34.98)/9.61)* + ((pH-4.73/9.63)" ))

271359 pHe| B2 HAYZAEEE §89 FFo|7} YACBE k = 1.10 - exp(-0.5(
(1-34.14)/9.097 + ((pH-659/4.67/ )% %= mele] Sa® BN vk = 0.06 (T - 955)

[1- exp(0.07(T - 49.98))]% ehf Lk
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Table 4. Risk rankings of hazard/product pairings of significance for the Australian

seafood industry
Huard/produet patiing Selecied popudation Risk ranking
Clgwtera in reef fish Cenerat Austratian population 43
Chpuatera in reef fish Recreational fishers, Queensband 60
Scombrotoxicosss General Avstealion population 40
Algal bivtoxin in shellfish-controlled waters Cenerat Austrabisn population 31
Algal biotoxie-~during an gheal bloom Recreational gatherers 72
Mercury in predaceous fish {eneral Australizn population L]
Viruses in oysters—conlaminaied waters Gonerat Australian poputation 67
Vinges in oysters--uneontaninated waters Cenerat Australian population 3
V. parsthaemodytions in cooked prawns Generat Austrafian population 37
¥ cholergs in cooked prawns Generst Austealian population 37
¥ virliflons iy oysters Cioneral Austratian population 41
L. monoeptogenss in coldsmoked seafoods Cenerat Australian population 39
L, monocytonenes in colbsmoked seafoods Susceptible (aged, pregnant, efe.) 45
L. moneeptogeres i coldsroked safonds Extremely susceptible {ATDS. coneer) 47
. Botulfnm in canned fish Cenerat Austrafian popotation 25
€. boitimm i vacoun packed smoked fish Cenerst Austratian poputation 28
Parasites in sushisashimi Generat Australizn population 31
Enteric bacterfa in imported cooked shrimp General Awstralian population 3
Enteric bacteria in imported cooked shrimp Susceptible {aged, prognant, ole} 48
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2. Listeria monocytogenes ] A7} o= 2d
7 A 2

Listeria monocytogenest= 5= A
%’5 7&% S AR sl 7t
9 gag o} FhZ(literiosis)o]r} AA}l, BE, ug, T E

HH?O]E} (Faber and Peterkin, 1991). listeriosis®] 43} o] A+ 2
o, A=, §7hEF T gom, A ¥n AE FaRet AL FA
of &2 F4F 7HE AFolME I fsjdol FE5HI U (Ross T, 2000).
2F] A oA FHE 3 faFdeZA HACCP (Hazard Analysis Critical
Control Point) A]2=¥e} 7ide] A xﬂﬁ]agg =9l= 3 9l o m(Walls 1997), ©]9} g &0} d

=
off o
2,
R
B

o,
o,

re 310 o >iﬂ

% WgBEe Azke] HFo] EAstE BAR WA dia) ol B HY) =2 H AT}
= k) S8 S ] QB Y s 1tk (Ross 5, 2000). o] 213 A FF2) v)4y
B9 AAWRE 79 2AL 0§t dZstuA st A4S Rlggetel ATE 4, 0
=, QY F3olA 393 AW H3 glow McMeckin 5, 1993), MAEY 4L 97 4%
U $% W5 259 284, pH 5ol YEHon ToH0) g

Listeria monocytogenes 9] @9l AL 2% SR IA, pH, 7714 NaNO, CO; 5%
o] #o ASd vlAE P disia R nl Aok (Nerbrink %5, 1999; Razavilar and
Genigeorgis, 1998; Lebert 5, 1998; Fernandez &, 1997; McClure -&, 1997; Farber 7, 1996; George
%, 1996; Murphy 5, 1996; Farber &, 1995; Duffy &, 1994; Duh and Schaffer , 1993; Grau and
Vanderlinde, 1993; Patterson 5, 1993; Buchanan and Philips, 1990). 3} ] 7t t) F-& A5t vl %] of) A}
o Aol $53 U 2 AT oln, Fzol T} YN X3 Aol 7 71 AFol
g A7} o] o)A itk (Dalgaard, 1997, 2002). ¥k, $ejvtegtel e 7124 4F vjAE
g} Bofe] A= o]FojAA & Ue AAolth

webA B Agdae AFfd A PAEQD L monocytogenes et @A) Il BT

g FaoE AASts 74 7}%“4%?_ Algtae X o] L. monocytogenes®] ez H7+E A4S

ol
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SEE ER
1) A 25

hH A #F
B A3 o) AME-3F 7= Listeria monocytogenes ATCC 1911322 =A% T8t T+
A28 (KCTC)ZH- £ ¢F who} brain heart infusion broth (BHI, Difco Laboratories, Detroit,
MI, USA)of| ZulF sted 1ml 9] vial tubedl] 15% 2] glycerolZ H7}8le] -80TC o) 54 R B3}
A, ¥ 2 MIC broth(Modified Imitation Crab broth, MIC broth; 10g Peptone , 10g Yeast extract,
10g Dextrose, 10g Sodium chloride, 10g Disodium phosphate / ¢#)ol] 37<C ol A} 24A) 7% 7w o3l

AR LE

(h A #59 “H?}
AT G FF, 7o A g EFAAFR] At AL3517] 98] At A
B3 5 v ] (MIC broth) & AF&38 4T,
T A MAe 2%, pH R 27| 75 T $4AA ] 4 goliy] 93l 54 BE
1 3 E 45T water batho| A 5% 3) IC broth 50mlej} A &3}
31 37C incubator (Sanyo, Japan)oil A 2417+ A vl <k 4ot Ak 3 #FE 18mle] 37 A
2] A14942(0.85% NaCl)E o]-&3] 108) & 3] 45} 200mle] MIC brotho] %7] F4=7} 107 10°

10°'CFU/ml7} § =& 42353 &% 15,20,25,37,40C, pH 79| A Z} 2} vl k3 o}

O

o
offt
5
w
=)
i
M
R
o
g o
r;u lt
<

(T 7o 4% =4

Z} A E Agke] Ao w2 o] AL 4 AR 244 22 Plate count agar (Difco
Laboratories, Detroit, MI, USA)E AM&-3ld 3T H 3 8] FH(AOAC, 2000) 0.2 HHFE Z3
sho] Lreh ik

(2) Gompertz model 2] 2] &

T2 sigmoid ¥ FER o] S B35 S8 AFRte AE5FEF 42 AF7hA 48 7t

Ao Fe 2 Basti 3oy 1 F A 53] Gompertz modelel] #3F 77t 71 Hon g5

I vl =0l A 242} 7@ Food micromodel (FMM) and Pathogen Modeling program: (PMP) 7
S = Gompertz model-g& A3} )t}
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Log(Nt) = A+ C - exp(— exp(— B(t— M)))

A 27 d49 loggk(CFU/ml)

C: FF 745 loggi(x7] #59 A @59 3, CFU/ml)
M : 25E27 Hoi7t Je AR Y AR
B M

T MolA e g Se(HY Ty &)

>

Qb o2 7} zhel Wl TAo) A 1216709 ATSFHE AOH, 15922 $9 49 2%
£ Gompertz model o] T} ste] F A EX QA H) 445 F5(k=BC/e)E F3FA .

BG83 8209 I

(Duncan, 1955)2 *}2] #3119 f94 (P<0.05)< SPSS (SPSS Inc., 2000) program (Ver. 10.0).2.
2 AARsA T} w5 o] 5 9] B3HA el B E square root model¥} polynomial model 2 7 23}

3ttt
(4) ParameterS 2] Z2A 37} 2 d o] {7}

7+ 87 24 £5 15,20, 25, 37, 40C S} 2 7] 74 10% 10°, 10° CFU/ml 2719 A Gompertz
model 258 73 HulFA&e AR} B4 2200 A E 79 3}17] #1584 Square root
model, Polynomial modell] Z} Z} 2838} SPSS (SPSS Inc., 2000) program (Ver. 10.0)E ©]-&
slod Z} 2] o] parameterE 24 3} Sigma Plot (SPSS Inc., version 7.0 )2 =243} 3%l eH, 2z}
ok 218 st A AgozRE 73 HAUSHEE A5} Zd A o2 HE 73 F
WA ET dgR) 2] F DDA E vlasi

(5) L. monocytogenes®] A7 ol =

MIC broth Aol A 2] L. monocytogenes®] HNF A& g4k o] 259 27] a5 m& F
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% 37} 298 Square root model, Polynomial model-S- o]-8-3le] A &3l stF o, A=k H7}
2dd o3 oS HWFAEE FFR)E o] 83l Gompertz R g 79 dSAH4ZE Y
ERA Ao}

—r

L= = T = R

b

(1) Listeria monocytogenes®] A7 oZ wdo] 7wt

H 374 =74 B 7#9 AS AuA w3}
7 87 2909 4B 79 F4L 4337 st 7o F4L URsE A{AEE
A, HRFAEE Ak), F=71(LT), AHATHGT)E Gompertz L2 HH T3¢t

i

LogN= A+ Cxexpl[ — exp{— Bx(t— M)}]

k = BC/e
GT (hr) = (log 2) e / BC
LT = M - (1/B)
O HANSAEEZFE PlA= BA 209 9
&9 HUFHAEEAFON wAs 84 o FFE dotrr) HAso L

a9l

monocytogenes®] 7] #4E TEA 3 ME & 2=dA wiYsigoen, 2 Z2R3E
Table 13} Fig. 1 o Yeplilth HAoSAEEdFE) PlAe 229 432 227}
EoHEFE o] S, 37TAA 7 2 #g UEhien 40ToAE 743t
Jok. 271 TFel e AWSTASEETHD HIdae FdFHd Aole Mok
(P>0.05).
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25 B8 FEI(LDE 257 HoAFE FEI(ILDE LA % 40T =
C Rt}

A F=71LDHE HESITH

Table 1. Effects of temperature and initial cell number on maximum specific

growth rate (k) of L. monocytogenes'

Initial level Maximum specific growth rate (k, hr')
(Log CFU/ml) 15C 20C 25T 37C 40°C
2 0.16+0.024  0.25+0.037  0.39+0.021 0.69+0.97 0.56+0.05
3 0.15+£0.012  0.25:0.014  0.35%0.047 0.64+0.06 0.57+0.08
4 0.17+0.018  022+0.029  0.40+0.050 0.63+0.07 0.54+0.05

Walues (meants.d. of 15 times replication) in same column not sharing a common

superscript are significantly different (P<0.05).

0.9 _
0.8
0.7 L
0.6 |
05 |

0.4 w
0.3
0.2 L % 2

6.1 L

0.0 2 L N
2 3 4
Initial level (logCFU/ml)

k (hr'h)

Fig. 1. Effects of temperature and initial cell number on maximum specific growth
rate (k) of L. monocytogenes (B, 15C;>, 20T;4, 25TC;A, 37C;0, 407).

Error bars indicate standard deviations (n=15).
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Table 2. Effects of temperature and initial cell number on lag time (LT) of L.

1
monocytogenes

Initial level Temperature ()

(Log CFU/ml) 15C 20°C 25C 37C 40°C
2 1044+1.73  7.30:0.71°  378+041  223+128 2441020
3 11.37+0.69  7.12+087°  351:124 2232037  2.78+0.39
4 1040+0.72  5.69+149° 3441072  209:033  2.66:0.55

Walues (meants.d. of 15 times replication) in same column not sharing a common

superscript are significantly different (<0.05).

14.0 _
12.0 |
10.0 |

8.0 L

6.0 L

Lag time (hr)

4.0 L

0| =%

0.0 1 ’ 3

Initial level (logCFU/ml)
Fig. 2. Effects of temperature and initial cell number on lag time (LT) of L.

monocytogenes (M, 15C;O, 20C; 4, 25C;A, 377T;0, 40C). Error bars
indicate standard deviations (n=15).
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gaog Jeloen, 2t z+2] parameter ¢F 54138 EAXE Table 49

7207 HANFHAERASFR) B ZdE F M F3Fe ZdL Square root
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Table 49] HUFAEEASF (K] vAe 29 pHY A
daog Mz & x7)

F Agieh

Table 3. Effects of temperature and initial cell number on generation time (GT) of

L. mo’nocyt‘o(s_genes1

Initial level Temperature ()

(Log CFU/mi) 15C 20°C 25C 37°C 40°C
2 2124032 0911045  081+012  0.66:005  0.67+0.05°
3 203+019  1.09:012  089+018  0.64+007  0.68+0.01°
4 1934036  1.26+021 0.76:006 066005  0.64+0.01°

'Walues (meants.d. of 15 times replication) in same column not sharing a common

superscript are significantly different (P<0.05).

3.0
25 L
2.0 L
1.5 L

1.0

Generation time (hr)

05 L

0.0 1 2 s
2 3 4
Initial level (logCFU/ml)

Fig. 3. Effects of temperature and initial cell number on generation time (GT) of L.
monocytogenes (M, 15C;O, 20TC; €, 25T;A, 37C,0, 40TC). Error bars
indicate standard deviations (n=15).
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Table 4. Parameters of Square root model and Polynomial model for prediction of

maximum specific growth rate (k) of L. monocytogenes

Statistical analysis

Coefficient S. E t-value P 5. E - of R?
estimate
Tomin 34170 15597 21909  0.0317
Toa 445128 11393  39.0689  <0.0001
Square root 00369 095
model b 0.0215 00014 15.0434  <0.0001
¢ 03600 01110 32448  0.0018

Tnax 36.0549 0.7489 48.143  <0.0001
Aomax -8.11943  10.0187  -0.0262 0.9792

Polynomial 07103 26224 02708 07873 00575 092
model
b 11.8487 07107 16,6726  <0.0001
c 215899 47555  0.0708  0.9437

Ay, initial cell level (Log CFU/ml)

1.0

~ 08
B
=
N’
4
2 o6
£
@
S
s
=
=
B 04
0.2 ‘ . —
10 20 30 40
Temperature ('C)

Fig. 4. Comparison of experimental /k and predictive v/k by Square root equation
of L. monocytogenes at different culture condition (@, Experimental k; —,
Predictive k).
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Fig. 5. Comparison of experimental k and predictive k by Polynomial equation of

L.

monocytogenes at different culture condition (®, Experimental k; i, Predictive k).
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Square root model: vk = 0.0215 (T + 3.417) (1- exp(0.3600(T - 44.5128)))
Ppolynomial model: k = 0.7103 - exp(-0.5( ((T-36.0549)/b)* + ((Ao+8.1194)/21.5899)* ))
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Fig. 6. Predictive growth curves of L. monocytogenes by predictive model (Initial cell
number, 107 CFU/ml; Temperature, 25C). @, Experimental data; - , Growth

curve by Square root model.
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AR E(F)Y AR AEES 25T incubatord] A 547+ W3 & FA33
S =% ¥ 93] BHI(Brain heart infusion, Difco. co. USA)agar plate
&) 7TolA 24Xt vikat et WY 5, Fa@del e colonyE <& A<
AEE counting 33l AE WIE7} 2 colonye] EAo] T3 F F/H2 colonyE
T Fdstd AR F 73 Aoz Fsifvh 2 Fo Age HE vl we
T & F, MIC HiAol] 24417t o] wfFstAth g2 15%9] glycerol& F7hste]

,J
ok
#
w

My = e

—

2mle] vial tubeo]] EF3taL -80TCA T2 RASAA AP AF&3HT

() H5) Ao wigsts A

© ¥FHgy 54
8 @FF BHI brothe] HFsle] 37TCo|A 24412+ w3l ¥, hanging drop
methodol] oJ3] @r|A& Fal $F54S FFSIHI, Gram G4 53 7o Je £
Gram GHA1-S #2359 .02 ™, malachite green &4S 7}sle] 607t SEH3 Sof I}
P FF& BESFAL

@ A2, Asety 54

@D Catalase A&
#2 #5E BHI agar wiR|o] HF S 37TColA 2427 vidd Fo 3% HO2
of & Wgole d& FEFSY 7t YAARE BF St Th

@ Indole A4
$2) #FE 1% tryptone nutrient broth #jx|o] AE3te} 32ColA o] B3
¥, Kovac's A1% 5mig A@@ 71 g ZuA s /1A &80 &
AR A2 BRI AN WM FHoz WA

& 71g Asteta A
ONPG, gelatin 9}3}4], V-P reaction, Arginine dihydrolase A4 &9} Fo] o]&

o] #& APL API kit(API 50CHB, Bio Meriex., France)& o]-& &t} #astgrt.

® 29 AR 4% 27
R A Ee AR GE T HA131A 228 %) MIC brothol] 4] 37°C 24212+ s} kgt
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Aol M e 27] #5 D L2 2L BAURY G Folns] 93 $A w7
FE 45°C water bathol| Al 54 sj5& &, vlg] &1 2 MIC broth 50mle] Fsk 3
7°C incubator (Sanyo, Japan) ol x| 2447t 2} &k stk Auj ek 3 A FE 18mle] B A2
2] 22(0.85% NaCl)Z o]-&-3] 108]%) & 4}s}a] 200mle] MIC brotholl %7 F5=7} 10', 107,
10°CFU/ml7} Sl =& HE &, 5 15,20, 25T A4 Wl g, 271 T4 U Az F
o) & 7ol AL A AT 1A S 2 Plate count agar (Diffco Laboratories, Detroit, M,
USA)Z AHE-3te] %3 %9 1] 9 (AOAC, 2000) 2.2 A F52 243 th

A

rkat

l‘

U

[‘

(o]

(2) Gompertz model 2] & &

79 sigmoid & Fe o A4S HAsY] A3l AHEshe A& 4L AS7HA 98 7}
Aol e 2 Budta lov I Sl A 53] Gompertz modele]] #3 A77F 7P ow 9=
7} m)ZFo A 24z} 7)) 8 Food micromodel (FMM) and Pathogen Modeling program (PMP)7

£-ol = Gompertz model 2 AF&3}3L QT
Log(Nt)= A+ C - exp(— exp(— B(t— M)))

t o W} A Zh(hr)

N(t) : wiFA e w2 F45(CFU/ml)

A 27 759 logg(CFU/ml)

C: #F Z71%9 logai(&7] Tt Ho ¢59 =, CFU/ml)
M: 287 At g 1\]7@4 ]7

B : AZk MollA 9] &g S=(Hd) 25 &%)

>

AntA o g 7y Zh o) Wl ¢F FA oA 12-1670 &) A8 & @Uem, 15%H8-S T3 4 A+
€ Gompertz model o] B}t 7] BFAF A< HhZ ]wl =34 k=BC/e)E

G373 22 FF
7o A4S g 79 AS AREZAN, AT ST R T2 71(LT), AAAIHGT)
A8 & T3 Gomperiz L9 o5t mastlon. Ao T4 S Aol viAe 27 o

259 932 7} Z} One-way ANOVA-testE A AJ5la Duncan’s multiple range test
(Duncan, 1955)& 2] H T 7He) /24 (P<0.05)-2 SPSS (SPSS Inc., 2000) program (Ver. 10.0).2.
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2 AAsIH ) gk o] 59 B3HA A A E Square root model#} Polynomial model 2 & &3}
skt

(@) vl N A9] parameter5 9] A% 2d o] P}

7} 87 24 €5 15,20, 25C 9} 7] #4 10% 10°, 10* CFU/ml =71 4] Gompertz model
22Y 73 HUSAEEAF () 83 2A99] #AE 757 98] Square root model,
Polynomial modele] 2zt z} &-8-3}of SPSS (SPSS Inc., 2000) program (Ver. 10.0)2 o] 83} 2+
2] 2] parameter& 2% ‘?S} Sigma Plot (SPSS Inc., version 7.0 )2 =43} st ow, Zh v o =7
2 st A4 AP RE 7 AUFASELFE) O BIH 02 RE 7 AUTHS
A HRAAE BT,

G) 73 AldEe AF 45

MIC broth el o] ARd FoA T HANSHEELF(R)A 229 27] T W 3
#F 37} 29 -& Square root modeld} F 7}2] B} ¢} 9] Polynomial model-& |83} 7 23} 3}
on, 3% Byt ndo] o3 6| SH SEASFE 0|45 Gompertz ZHl o] )& 7o JFHAE
Cehy gl

-t

. 2% 2 12

b

O ARG Bl AFe] 2 2 A8FE 54

o ¥ A &+
ST AN E(F)Y AR FEFL 25T incubatoro A 5U7F MAF T FA 3 s}
gl 100uE =% HHo o8 BHI agar plated] st wjdd A3, A
o] JEFLS HAE FQ& AFL colonyd 54 ¥E F J1A strain(A, B)2E UE
AU F oFe] R AR W HH vES 47 60%9 34%E e

i
o
4o

(h 2 AT ASTH 54
By 59 AL ¢3te] Gram stain, motility, spore stain, catalase test, ONPG %

Azletd EAL #AASHeH, 1 5AE Table 13 2¢] YU A, B #F EF
Gram positive, 7+ 02 EXE FAsgon, B 759 colonye HIAES AisAh
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AP kit 50CHE ] &3 49579 T & AL dA8td & A4S 2, Az ®
Ho F A4 AT A FFE WA EAES BASHE Bacillus subtilis 9 B @FE B2
Yoz F& EI3te exopolysaccharide(EPS)E A Atsl= Bacillus licheniformisE. B % ]
t}. Larpin 5 (2002)2 Bacillus licheniformis= glucose, fructose B+ sucroseE £33t

s F24719 FRAPAA 3 B e EPSE A4dTn Rustgoen, Car
(1987) & B. licheniformis9®} 5% Lactic acid bacteriao] 2]3] A4 ¥ EPS= W, 9}
o 2 AL do A FRAL AE oy AT R Pt) B. subtilis & WIA
AE st Ak Thdel o7 AFolA Dopdd EAlel o3 B. subtilise] F4
Jo] & 4 g1om, Spilimbergo F (2003)2 Z YA COE o] &3] 60C 90 barci| A 247t
Azjstd 443 TAE B8 T 7 vy Byt

Boro ol

s

@87 204 Be 79 S AEA ) W}

b Fsiel 44 - uiA W
Astade] R JFL wAe FL& AT 60% B subtilis ©F 34%<] B.
licheniformis ©] ¥ 2§22 Y¥E 4 Atk AR U 39 Al 248 =357 98t
o, HF vlgd LA 7S E£33le MIC brothd] 27|74 B2 HAEFs1 Az g2 &
A MFIEN LY AL kG AEE FAG Aol G 9 AT T

LAk}

22 mdo] o3k E3td e F4& 4557 Hstd YutA o= sigmoid 3 T F4

A3l Gompertz 2d-S AF8-319 2.9 (Gibson &, 1988; Willocx &, 1993), ¢ &
Ne dEste ASKAREN, A FHSEATEK), FE7IL), AHAZHG)E Gompertz
wEgBE 7890 (Yano. 1998).

LogN= A+ Cxexp[ — exp{— Bx(t— M)}]
k = BC/e
generation time (hr) = (log 2) e / BC
lag time = M - (1/B)
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Table 1. Morphological characteristics of putrefactive bacteria isolated from

imitation crab sticks

strain A strain B
Gram stain + +
Form rod rod
Spore + +
Motility + +
rope - +

Table 2. Physiological and biological characteristic of putrefactive bacteria isolated

from imitation crab sticks

strain A B. subtilis strain B B. licheniformis
Catalase + + + +
ONPG + + £ +
Indole - - - -
V-p + + + +
Arginine dihydrolase - - + +
Gelatinase production + + + +
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o |21 A 52 WEA IAE FASE Bacllus subtilis ¢F B #3E &

= A
o7 g8 Bl exopolysaccharide(EPS)%— B AFS}= Bacillus hchemformzsi 5o R

e
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e

P,

. Larpin & (2002)2 Bacillus licheniformis= glucose, fructose L sucroseE 3] 5}
F FAN FAARANN M B &9 EPSE Agdvtn Bustgon], Car 5
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22 Q4% Yo FAY A% oby] ANk RIHAG. B. subtilis £ )L
A% Fgstel YA AALel A% AFAM Fopde TA oAs) B. subtilise] FA
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27 Bdof g £dT Y F4E dS5str] st AREAH O Z sigmoid F 7o F2
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Ueh) gt ol Ratkowsky 5 (1983) o] A A7ty L% HdA mAE v

ZH&n 2dor B3 B subtilise] HASAESEAATKR) S Bl Ao, &8

T 2 B. subtilis 7} A3 87} 60% o=, T 7}X 9] Bacilus sp.o] 8¢ BATF

d W FUEAETAFHE EF AT Fole gl Aos B EF, Y 2
zAsN 27| Foel W HUESALEAFRE 15CAA 27 FFE7F 10°

CFU/ml¥ v 0.092 7P 24 vehgon, 20T} 257

(P>0.05).

1

(M =710 PiA= S48 9
@9 FE/INAE BRAY 88 290 S WAL AT nuHu o
(Buchanan and Cygnarowicx, 1990; MeMeekin %, 1993; Baranyi and Roberts, 1994;
Zwieterin 5, 1994), gJ¥-E 259 g3k Hs+ 031%7]— o]Fojza Ut} (Membre %,
1999; Augustin &, 2000; Gill 5, 2001).
9 $E/IDA A B4 29 AP Foimr] fistel A BGE 27) F4
9} oA RI|MFL vldsled, Gompertz model2 FE #9 F=7I(LT)E F3ATH
Table 4 @ Fig. 3¢] Vehd £59 27 T @& F27(0DY 9Fe 2571 &
ol ¢ & fE7lE Folplom, 15C AdTAME 21757t 10049 7HE 2 #E7
IDE Jepigen), e £E A87dAE #9592 Aols ggioh
Mckellar 5 (2001)°] F=7|(LT)¢ pHe #AE AFFHA FHZ Yoy, &%
o} FE7ILT)Y BAE B 2¥dAN AFHA Fe 2 Fig. 4] YERAAT
Augustin 5 (200002 2] F4o] JoAM F=I7LDY v FFL 27 HF
2 S vty Bagk vf QQom, Listeria monocytogenes®] Z 71494
e mE FEIINE 2848 sgod, B A¥ ARY R 27
£ §E/(IDE #42 Aol7h vehix @t 4old A%E RYth E@, Whiting
T (200202 HE WY Hulk Fo diSFA7], AA7, AET] 2ol HFEA wEt #
Busgoenz, 2 dFAMs AEe dss47A 75

N
=
lo

b

4 ol
2,

@) AMAZHCY vl E= B340
Z9 AWAHCD MAE B2 299 FFS dopnr) Y5 2] ge 27 @
Zol exoA B AFE vjdsted, Gompertz model2HEH o MUAZHGS T3t
Qer 1 ZFE Table 59} Fig. 59 Y3l
z7] #5o] BE AYAZHGCDY F3A Aole Aded, ARAZHGCT) &=

o ot
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7t EAFE Ao, AUAZHGS £E45S wud A FAE YEh AT

10

Log cell number (CFU/ml)

0 T T T

0 50 100 150 200

Time (hr)

Fig. 1. Growth curves of putrefactive bacteria in Modified broth at different
temperature ([ ], 25°C;A, 20C;0, 15TC).
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Table 3. Effects of temperature and initial cell number on maximum specific

growth rate (hr') of putrefactive bacteria®

Initial level k (hr_l)
(Log CFU/ml) 15C 20C 25C
2 0.12+0.01° 0.19+0.02 0.38+0.06
3 0.09+0.01® 0.19+0.02 0.33:0.06
4 0.10+0.03° 0.16:0.03 0.31:+0.04

Walues (meanzs.d. of 15 times replication) in same column not sharing a common

Superscript are significantly different (P<0.05).

0.5 .
04 L

0.3 L

02 | ; !
o1 | é\é—’/é

0.0 ] A ']

k (hr'h)

Initial level (logCFU/ml)

Fig. 2. Effects of initial cell number on maximum specific growth rate (k) of
putrefactive bacteria at different temperature (I, 15C;, 20TC; 4, 25C).

Error bars indicate standard deviations (n=15)
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Table 4. Effects of temperature and initial cell number on lag time (LT) of

putrefactive bacteria’.

Initial level Lag time (hr)
| (Log CFU/ml) 15C 20°C 25C
2 60.43+6.94° 19.28+4.07 6.36+0.74
3 69.12+11.07° 15.42+6.20 5.38+0.94
4 72.05+11.46 12.43+3.93 6.03+1.83

Walues (meanzs.d. of 15 times replication) in same column not sharing a common
superscript are significantly different (P<0.05).

9 .
80 L
70 L
60
50 L
40 L
30 L
20 ¢ E '

10 L

F — & A

Lag time (h

2 3 4
Initial level (logCFU/ml)

Fig. 3. Effects of temperature and initial cell number on lag time (LT) of

putrefactive bacteria (B, 15C; <, 20TC; €, 25TC). Error bars indicate
standard deviations (n=15).
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80 _
y=2512.9¢ 247

70 L »
R =0.9775

® ¢

60 L
50 L
40 L
30 L

Lag time (hr)

20 L
10 ¢

0 8 2 2 3
16 15 20 25 30

Temperature (°C)

Fig. 4. Effects of temperature on lag time (LT) of putrefactive bacteria at the mean

initial cell number.
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Table 5. Effects of temperature and initial cell number on generation time (GT) of

putrefactive bacteria'

Initial level Generation time (hr)
(Log CFU/ml) 15C 20C 25C
2 253+0.34° 1.600.16° 0.82+0.12
3 3.49+0.43% 1.60+0.18° 0.95+0.21
4 3.13+0.79" 1.96+0.32° 0.97+0.11

Walues (meants.d. of 15 times replication) in same column not sharing a common

superscript are significantly different (P<0.05).

45 _
4.0 L
35 L
3.0 L
25 L

20 L
15 L

1.0 L i A

05 L

Generation time (hr

0.0 A i ')

Initial level (logCFU/ml)

Fig. 5. Effects of temperature and initial cell number on generation time (GT) of
putrefactive bacteria (M, 15C; <, 20C; €, 25T). Error bars indicate
standard deviations (n=15).
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()23 2dol g ARFASEYFR) v AE ¥4 2089 9% 335

(7h 2x9 W & HgFASEdFH] FFF7td
Z+ 87 249 27 #F9 2E4 dE HWFAESEAFRY wsls AT
z7] o] B HHSASEATEH FAHY Aole vehA] odsten (P>0.05), o
A 27 Fo] fle xS HUSHAERAF0S deAse xdse 24 =Y
A BT EdE ARt HAH 2= olste] HHAMVE = b (T - Twn) FelE A3
Atk 39, 27 FFE AT BF k= a + bT +cAFH Y ddez Jeile

™, 7} 2} 9] parameter 9} A% £4 2] & Table 6] Ve AT}

Square root model 2 HUFAEEATF (K 229 Y-S A F3lst= 4] 2 Z Ratkowsky

= (1983)2 Square root model & AH§3He] ANZASEFR) L5 BAS FHHAL.
2
2)
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3 Miles 5 (1997)2 o] & &3ty Lot 7 84 F& FH 2002 3o duhilA]
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T (1997), Presser & (1999), Augustin 5 (2000)
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Table 6. Parameters of Square root model and Polynomial model for prediction of

maximum specific growth rate (k) of putrefactive bacteria.

Statistical analysis

Coefficient S. E t-value P Ess'tilih:’fe R?
Tmin 3.5089 0.9502 3.6929 0.0006
Square root 0.0409  0.83

model

b 0.0266962  0.0015 178940 <0.0001

a -0.2160 0.0377 -5.7351  <0.0001

Polynomial 00241 00015 162360 <00001 gou7 087
model

C -0.0199 0.0074 -2.6712 0.0107

Ay, Initial cell level (Log CFU/ml)

0.8

0.7 1

0.6

0.5

0.4 1

Square root k (hr 1)

0.3 4

02 T Ll T T T
14 16 18 20 22 24 26

Time (hr)

Fig. 6. Comparison of experimental /k and predictive v/ k by Square root equation of putrefactive

bacteria at different culture condition (®, Experimental v/ k; —, Predictive /k).
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Fig. 7. Comparison of experimental k and predictive k by polynomial equation of putrefactive

bacteria at different culture condition (@, Experimental k; 8, Predictive k).
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A4 78 Al HBAANA B. subtilis ¢} B. Licheniformis 5 WEA EAE 3
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o

T GAs] AHEEA] gon, AR F, IF 2x9 Al7te]l AR u,
F HAEE A AT o FFE mAe AoZ UERTH olHg Fu) AT
Hate], 27| BE JUSAEEZT0d F=710LT), AHARHGCDY Wde
T ztel7t GeElA] @ked, #9 4o 27175 Rue 259 FFo] XA
o2 YRt B3 2 4944 271U 259 BAE LThr) = 25219771 o
FAZE 483, S AEY FHuFHEEASLER)e] i, Square root model
Polynomial model& o] &3t 229, 27| ¥4 T &4 8o diste AFF 5oy,
o3 2ol vEh it

Square root model : /k = 0.02669 (T-3.5689)

Polynomial model : k = -0.2160 + 0.0241T - 0.0199A,

A)
%——‘.-i.’%‘ J-r(k)% Aqks &
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Log cell number (CFU/

0 20 40 60 80 100
Time (hr)

Fig. 8. Predictive growth curves of putrefactive bacteria by predictive model (Initial cell
number, 10’ CFU/ml; Temperature, 20C; pH 7). O, Experimental data; -, Growth

curve by Square root model; ---, Growth curve by Polynomial model
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4. 4 AAF U ¥ A7 oZ AT P 2
oA E

d5 FAESE AFUeY mAEY 22X 43S $AA Y 2d2 el
Sakis Ul*gsf-ﬂr?% ?3}01 A7 2L AT & L e Silﬁ‘r (Dens and Van Impe
= 1980t ZwHEE F&
2 ’Q%ﬂs}ﬁ-‘ltﬂ, AGEZE =g AR I3, lj8ads 53 2L 89 24 HA=x
H 5F SAAM AR} Ajdid] ) &ete AL B s EEd A7) o] F ol
3 tH(Yanno, 1998). oj&g A9 AAZ uvlx FFAPUSDA)S] HAF Zd Tzl
Pathogen Modeling Program(PMP)a% F= FoldFA (MAFF)e] Food Micromodelox] ¢
5 A mAEE AN A% 2dE Ade] Hojglx. 1 9 28 TR/ o3 2d
of MY Hojdth EF HIde A AFS dFLE & B FAFH oF 2do] By
31 lth(Piyasena 5 1998; Lebert 5 2000; Dalgaard % 1998). 3|9t o}2}3l RdSo=
AR B EAEC] lew olF ANsr] A% AHHA A77t otk Dens F
(1999)2 old EAF S stz T238 AF 9 WAES 02 {8 Y 4aF
Sl st AP o, o] Fo Rudgas A RIS JIXE 1A AFd ©E F
S F dx= 2dd BT A7/ AT (Dens 2001). WFAd], sl 2u)7F Be o} AAF
9] B, B¥ o5 vAES 242 d7H v} s Aol

metd B AFoME 13 FATFEAEQ] Aol N RE RaFe
X8l 43S ety Rd g B3 FFs oA FAx A0 W Agtate] RaljFe] S o

st §F 2282 AFUY WAEF WHE TUEHDE T, Yol ASS U= Frish g2
o 5718 = e AT /12 AR E ATEA 2Pl skt

@) 79l Ao A G, ARG JE, AF SH
e Fode A5 vigd v TS &, A ZEI FAEA 243 ¥ A (Modified
imitation crab broth, MIC broth)ol] 15% 2] glycerolZ F7}3}e] -80C o] T 4R 3 3= v Y

A} MIC broth 50mle} Auj oFsbe] L2510

Zh &3t Tl Aud

- 96 -~



A A e 24 AAFHAA o AlES £ F, 4 4 0= A 48
FAYSHA! ZA) & vl R} (Modified imitation crab broth, MIC broth)ol] A 37°C 244 7+ A vl 3}
T} w2 15% 9] glycerol& 718t 80T A M2 T2 Bu e, ERTF
B P FolQl B. subtilis®} B. licheniformisZ 45°C water bathol| A F& |5 3te], Fujgt &
MIC broth 50mlel] % £3}32 37C incubator (Sanyo, Japan)ol| A 24 A7 Aulj<F 3}t Al
e Antad A A& 8 vlEdd 2 £t ohA] Aul et Aui ek £ -9
T2 15% 9] glycerolE 7}l -80TC A 2 RESIH, v A A] 45 Cwater batholl A} 5

35 3k &, & MIC broth 50mlel| 753} 31 37°C incubator (Sanyo, Japan) ol A 24 A1 7+ A 8)] &
st

rr
offf ok

Mo ¥ B

=
o

=

A
=5

(b Ao A%

7" 2L H]A o] 27 MIC broth 2LE &3, Ax]SE &3 Bu FL 18mle) BT A 24
AFZ FAstd, T4 AAF 1552 AT st} AAAL W, 271FF7 2 7, 10, 10, 10°
CFU/g7t H =% MIC brothe] 2 & HEST T3 AAFS 1554 daste, 27 ¢
FHE T AFE AN 12 IAT F, 27 Fho 2/ - HE S JAFF AR
2293 2% 15,20,25C incubatordl] 4 vl k35 5t}

(th AFH 53 Ald 43 53
Z27) @4 HE Lo e A B mE g 47 MDA FeE HEL F
3}<], Plate count agar (Diffco Laboratories, Detroit, MI, USA)E Al-8-8to} 5 H3t v bd
(AOAC, 1990) .2 A d4& S8t Yeh o

(2) Gompertz model ¢] #-&

AvkH o 2 Z}zhof wjok FA oA 12-167) o) B4 3E
£ Gompertz model o] )3l 7] AFAEXQA ) FAEE F5(k=BC/e)&E F3 AT
o sigmoid ¢ FeEfe] YA EAsHY] Ha Algste A5 42 AFA 34
parameter 2] Logistic model (Ratkowsky 1983; seber and wild, 1989) 5 2] 7122} &2 B
323k Qo) 1 Fof| A 53] Gompertz modelo]] ek A7} Mg o FIa vl A 7z}
zt 74¢¥ Food micromodel (FMM) and Pathogen Modeling program (PMP)A-$-ol=

Gompertz model & A}-8-3}31 It

Log(Nt)= A+ C - exp(— exp(— B(t— M)))
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t ;WA ZH(h)

N(t) : WAzl B8 F4+(CFU/ml)

A 27 759 loggt(CFU/ml)

C: o F7HFY loga(x7] #5% AW 59 #, CFU/ml)
M: &&5&E7F HAU7E He AFY A7

B : AIZE MoljAe] s SR (Hd ¥8 £E)

<

o SA& st v AF AREA, JUSAEEd7(0 < 71(LT), A A ZHGT)
= dds Gompertz 2 o] ]3] =&3}3l o, Acﬁ%@‘e_L P—,«(k)ﬁﬂ n X e 27 o
4, 259 982 One-way ANOVA-testE 2 A 319 Duncan’s multiple range test (Duncan,
1955) 2 A ] H e 94 (P<0.05)2 SPSS (SPSS Inc., 2000) program (Ver. 10.0) 0.5 A 5}

[t =gk o] &9 3’;}74]—3— Square root model3} Polynomial model 2 7 %3} s} H T}

(4) ParameterS 9] 2% 3} 2 dl o] H 7}

N
o
on
PN
oY
fo
ki
f&
®)

2 0, 25°C s} 7] @4 10, 10% 10° CFU/ml 273 o)l A] Gompertz model
ZRE 13 ARNZFAESTAEK) S 374 207 BAES #9817 $)351o Square root model,
Polynomial modelol] 7} 7} & &3} SPSS (SPSS Inc., 2000) program (Ver. 10.0)& o] -8-3}of z+
2] 9] parameterE 274 3} 3L Sigma Plot (SPSS Inc., version 7.0) 2 & 2] 3} 8}9 ¢}
Parameter 7} ‘A% B Square root model 3 Polynomial modeldl] 2} 2748 t) 5l A=
22RH 78 AUNFASEASM) R 2R TI AUFASTAS@ e 4
ﬁl% EIEUC e

-

mz

r
rd

G) A2 B3] Mg B A5

Ak B 7o) AZFAEENEF(R) S 59 27 F5d 2 A 2 %7} 9L Square
root model#} 5 7} 2] €4} 2] Polynomial model & o] &3lo] A %3} sl o, B2 H 7 2o
osf A8 HHNSHEE=Fr(K)E ©]8-3 Gompertz ZElol} T
=

Lo
2
e
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o)l o
o
T
Aul
=
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pich

e

I

1) 873 x84 BgE 79 B3
b #3 A 3% - 7 dAFU
Astarel Fojo o B. subtilis 9} B. licheniformis & % &
o2 yes F o F 2FL FAE ARE W HR ved 74 7, 60%8) 342 Y
9 F4L dZas] dstel, Af Hgel W BE U

of, Algkate] 27174 10110510° CFU/gd 2 FEsle 94 A7 oz Mz g2 &
=AM ERdS 42 EFTY 4 9

z 4g S AT (Fig. 1). =%, 24 2l o3
Aste #ol S4& dEshe ASFAREMN, HU FHSELTE), F27ILT), Al
A ZHGT)E Gompertz ZdZHE 3T}

B AFe 27 #5E 927 o M2 g8 2204 uuogs}gagrq, ZF z7e0 A9
HNF 2 &2 (k)E Table 13} Fig. 2 o] YelAth HAAFSHST=ASF 0 WX e &
9o gk 2u 7l HolASFE Zo] Z7189 o, controlyt 7] T4 wE HU =42
&7k FAHR] Aol JUTHP>0.05). AR F& HIsA ¥ AdF+ 15T,
207, 25ClA 2+ 4, 0.0620.01, 0.11£0.04, 0.24+0.032 HWZAEEASF(K)7F 7HE ZA

B A8 controle E1 & =9 ould] AToT F& AEIA L3 AR A
B AFE Q4 eEelA QR AT o RBSAAS ST TAAT R, 23 2
7] AZe) ¥t AF59 27) FHE 10 CFU/g o512 AEH %) controld & %7)
T 24949 HuFAERZF0 FAAA 2ele AT

(th F=71LD VA= 842209 I

oo FE7ILD vixls 37 299 IS gotrr] st 7Jr7] o0& z7) dJF

9} Zof A -rJM TS wjFste], Gompertz modelZH-E w9 F=7I(LTE T3ttt

(Fig. 3). 271+ E}E— 929 ol AL B(P>005), 15C T FEdA g2 2
FToX 4468144 ATOE JHF AA UEET K270 2%, A 29

oA HulFA % L-Tr(k)iﬂrrt— g, control®} APTE FE7ILT)NA v44

o
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AEAZ10 o2}t fF=7]o Zol7t
10 CFU/g oldlz HuUlF £
7t 25 A@ToAM HE5E g A
d =2 9 AxE Zeeld, AFHe T2

Bo gok HXE ApEeta, 98 IS PA st B. subtilis$} B. licheniformis7} 3

HE ZARDE, A YA Fe] 9F ALE JASE Azko] Lol controld]
ST} 1 Ao E dEti(Table 2).

Augustin 5 (2000)2 ol ZF4] oA FEI(LDA mxe FFe 27 AEFY
gl @S ety B3k vh low, Listerin monocytogenes®] Z71d49F HujF4
= $EAIDE A5A Fe= 223 Gk 2 APAAE ex
AE A4 HEZ Fig 49 LT = 343.79¢"% o] gz ey

Jo
i
N
=
3
Lo
oy e

(D ARAMZHGD N viA= @32A9 IF
o AWHAZHGTA mixle &7 a%le 9FE Golry] dstd 7 g
9} 2x oA B HT& wjgste], Gompertz model2HE 9] A )A|ZHGT)
At} (Table 3, Fig. 5). AAIZHGT)S] Z-F, 20C¢] control AP F7F thE Z7)
G0l vl Z2A velden, 15C9 25TColME AdAZHGDY 271759 u}
<l Aole gl

%

i

71
-

2
fr

JURE mlo e

g]

@23 2 9 S AS=AF@ MAe 84 249 IFL F%3

O €29l ws Be =0l FFRAna
: B g 2239
ZASEFFR FAH Aol vehtA egon (P>0.05), o

=} ‘3@0 FHoRES AMgsle HA 2% o)ete MAANXVE = b (T — Twn) FHE
AFspstgch ¢, 27 F5E 18T 4%, k= a + bT +cAcZ H(type 1.)3} Sigmaplot
7.0(SPSS Inc.)9] Gauss-Newton ¢12]&S AFE3F vjAEg JARHS 535 k =a-
exp(-05( (T—Tmax)/b)* + ((Ao— Aomany/c)* ) HEl(type 2)9] Thatal oz JeRQon, 7t 7t
©] parameter ¢} 712 4% & Table 4o e it
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Log cell nimber (CFU/ml)

T
0 50 100 150 200

Fig. 1. Growth curves of putrefactive bacteria in imitation crab sticks at different

temperature (L], 257C; A, 207C;0, 15TC).

Table 1. Effects of temperature and initial cell number on maximum specific

growth rate (k) of putrefactive bacteria in imitation crab sticks

Initial level Maximum specific growth rate (hr™)

(Log CFU/ml) 15C 20°C 25C
control 0.06+0.01 0.11+0.04 0.24+0.03
1 0.08+0.01 0.18+0.02 0.34+0.07
2 0.07+0.04 0.15£0.05 0.33+0.07
3 0.08+0.02 0.16+0.03 0.33+0.06

'Values (meanzs.d. of 15 times replication) in same column not sharing a common

superscript are significantly different (P<0.05).
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control 1 2 3
Initial level (logCFU/ml)

Fig. 2. Effects of temperature and initial cell number on maximum specific growth
rate (k) of putrefactive bacteria in imitation crab sticks (O, 15C; €, 20C;
A, 257C). Error bars indicate standard deviations (n=15).

Table 2. Effects of temperature and initial cell number on lag time (LT) of

putrefactive bacteria in imitation crab sticks'.

Initial level Lag time (hr)
(Log CFU/ml) 15C 20°C 25C
control 46.68+4.40° 23.03+8.05% 12.75+3.82°
1 29.76+4.30° 14.23+2.05° 6.60+1.81°
2 28.25+510° 14.96+5.18° 6.02+0.43°
3 33.37+6.66° 13.82+4.03° 5.70+1.61°

1 . . . . .
Values (meants.d. of 15 times replication) in same column not sharing a common

superscript are significantly different (P<0.05).
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Initial level JogCFU/ml)

Fig. 3. Effects of temperature and initial cell number on lag time (LT) of
putrefactive bacteria in imitation crab sticks (&, 15C;€, 20T;A, 25T).

Error bars indicate standard deviations (n=15).
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R =0.9913
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Fig. 4. Effect of temperature on lag time (LT) of putrefactive bacteria at the mean

initial cell number in imitation crab sticks.
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Table 3. Effects of temperature and initial cell number on generation time (GT) of

putrefactive bacteria in imitation crab sticks'

Tnitial level Generation time (hr)
(Log CFU/ml) 15C 20°C 25T
control 5.16+1.06 2.87+0.94° 1.2520.17
1 4.06+0.74 1.83+0.77° 0.92+0.19
2 4.38+0.79 1.81+0.33 0.99+0.22
3 416+1.37 1.90+0.39° 1.18+0.37

Walues (meants.d. of 15 times replication) in same column not sharing a cornmon

superscript are significantly different (P<0.05).

Generation time (hr)

control 1 2 3
Initial level (logCFU/ml)

Fig. 5. Effects of temperature and initial cell number on generation time (GT) of
putrefactive bacteria in imitation crab sticks (>, 15C; 9, 20C;A, 25C). Error

bars indicate standard deviations (n=15).
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Table 4. Parameters of Square root model and Polynomial model for prediction of

maximum specific growth rate (k) of putrefactive bacteria in imitation crab sticks.

Statistical analysis

- i S.E. of 2
Coefficient S.E t-value P estimate R
Square root Tmin 6.2506 0.8640 7.2346 <0.0001 00474 0881
model b 0.0306 0.0018 167560  <0.0001
) a -0.310 0.0460 -6.7547  <0.0001
Polynomial
0.0257 0.0020 12.6470  <0.0001 0.0537 0.804
model (type 1) :
-0.004 0.0104 -0.4182 0.6781
Tmax 52.9055 1.1120 0.8657 0.3922
) Apmax -11.266 1058.8199 -0.0106 0.9916
Polynomial
2.2413 23.7921 0.9255 0.9255 0.0502 0.8372
model (type 2)
b 14.857 14.6880 1.0115 0.3183
c 25104 1041.3040 0.0241 0.9809

Ao, Initial cell level (Log CFU/ml)
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dutA o2, o AU S SR = MIA = 259 pH &L 27 AA ] G2 4 F3}
3171 Y3te] -39 28 Square root model ¥} Polynomial modelo] AF&-% o] 231 g1t
'\/k =b (T_Tmm)\/(pH_pHmm)
Square root model2 HNF A &5 (k) ¢} 29 GF& JF3st= 4 0 2 Ratkowsky

Z (1983)& Square root model & A3t} HuUlZ A& A4(k)st 5o BAS E A
be A 72728 EH FAE 49 Tand pHund FSAEE7F 00 He 7d439]
HA =9 HA pHE YehdL.

T3 Miles 5 (1997)2 o] & 45l
ZellM s HEx M—?(k)gu A Z %

rlo
o
-
i

24 5 $A 00 o] YuhujA]
B3l ata] B gkl gl o 2]k Square roct model
5 (1997), Presser T (1999), Augustin 5 (2000)-2
o] A AN, ‘E}— A 7‘%“3 ol BlAle 25, 8 24, pH, 24 %, /714 T o8 84

o} EHSHEHHE 710 2 3+ Polynomial model-2 ¥ 13 v} ] o0, t}
Fardol Ay, HUFAEE 5Kk v I WFikdn K)o tisted k(n k) = AT,
pH...)el BAo] glom, oleist 2o ddz FAD + Yok

kink)y = C + C-T+ C-pH+ C-T>+ Cs-pH* + G- T - pH +...+C,
p p p

A71A G, G GG A¥E 5T AdSAER ARt A4 Asge o83ty
SPSS T+ SAS T3 #2 BARA TR s 78 £ Jon, &
A3t tpgAe] oiste] Baranyi & (1996)2 179l ERATYS HAHEH I, Dalgaard F
(1997)2 square root model ¢ g2 H o} k3l polynomial modele] ©] #-8-4jo] ¥ o]
& Bzt o

Square root model I} 5 7}x] eo] T2 2 vl Ay}, Square root model?] A
FHAE 0881E w4 FHlo RdART ga w2 JHES Yeplen], §u e
9] type 19 TAR Tl k =a - exp(—0.5( (T—Tmax)/b)* + ((Ao— Aomax/C) ) BEIS] type 2
o ek Ao] 0847 BT} ¥ AT E Yol

(b d@d42 o1& HdFASEAF R APAY A5

29| Wl
2HATY A% 2L Bl 7 AUFHEEAFMY %HJELE%*‘J% SRR
gol 428 ANFHEEARME 7.
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Fig. 6. Comparison of experimental +/k and predictive vk by Square root equation of
putrefactive bacteria in imitation crab sticks at different culture condition (@,
Experimental +/ k; —, Predictive /k).
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Fig. 7. Comparison of experimental k and predictive k by Polynomial equations (Type 1 and type 2)
of putrefactive bacteria in imitation crab sticks at different culture condition (@,

Experimental k; B, Predictive k).
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Table 29] HFALEEAdF(k)o viXe 259 271059 9E¢E 2433 FFF7}
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Fig. 8. Predictive growth curves of putrefactive bacteria in imitation crab sticks by predictive

model (Initial cell number, 107 CFU/g; Temperature, 20°C). O, Experimental data; —,
Growth curve by Square root model; ---, Growth curve by Polynomial model type 1

and type 2

- 108 -



e
1o
re
-
i
5=
=2
>
X
po)
i
1o,
X
&
>
=k
rlo
o
=
a
s
wn
]
S
=
[¥5]
i
o]
=
q
=
wn
)
2]
3
)
S
wn
il
o Jo
oo
o i

= ), F=7ILT) 2 AHAHG)] P =
o FEE dotusitt. O Z3, HAFAESEAASFER), FEVILT), MHAZHGT)
Aol % 49 olg e}, AHAoT 27)F4
= 2 @E Aoz Yo, 27 AFE47 ohig 1% 9
A T deSAY), BAY, AFET] 2ol FFAIZ uE HuFAEEdF0), 5
ZI(LT), ANAIZHGT) o]z} Fka B 135k oh(Augustin, 2000).
B9, 280 A8 BF B AF) AR WAL eE9} 27135 FL Square
root model¥} F7}A] e 9] Polynomial modelZ 7zt Z} A &3} 314t

rO
)
=2

vk = 00306 (T — 6.2605)
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aldehyde, ketones, organic acid 53 22 UjAIFE ] WHAjo] YQdolgty R RiT &7,
=3

g
g 5 13 R AF U9 HAEY 24e L5 23 A 2o AT Aus 27
%2719 AF T2 FHZFHA L Wty By 89 (Dalgaard, 1995), 4% 759
92 9% Rdde exo 7] A% FAL meisor dukn Hgh

Al 9= FoAAFAH (MAFF)9 Food Micromodel®} Food Spoilage Predictordll=

i
¥

Brochothrix thermosphacta, Lactobacillus plantarium, Saccharomyces cerevisiae, zygosaccharomyces bailii

59 A7 2l o] Adts o] 9l oy (Dalgaard 5, 2002), o} 7 2] 0. Fujof) A<l Photobacterium

phosphorium, Shewanella putrefaciens -2 o} ths) A= 7 E 2 o] glo] Dalgaard % (2002)9]]

o) 27 o AF FE71TH o) Al Aol wel d7E A7t Aok Sl A, o5

FAF vl AA FAE TN B2 FES AASL AFAE B3I, A% AF
=]

o
Faofj o} 1o Bt Bl Al doF 28R B3 Ao, 5T 43 e AR H
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= e AFe2x Tl ol &

Hn glen, ‘@“} R fEHL dE ARdes deE ARdAT AREY AF 2%
e QT 7E F4 249 Gompertz modelS HIHOZ

<o st AFsetar, AY 2= wE AF F

v Als 2Ty

1) 3 dAF AR
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10°C, 15, 20°C, 25°C ol A A3}

(b AFH AEY 4 53
A 22X AzZte] Ao mE 7o AFe AL HEE AF 30gs FHt,
Stomacher bagell 270mle] E4 344 (0.85% NaCl)ye} &3l 74 7](Stomacher 400,
Seward, England)E- ©]-8-3}4 30x7F #2889t A2 72 Plate count agar (Diffco
Laboratories, Detroit, MI, USA)E A}-8-8}of T H 3w H(AOAC, 2000)0. = &3t

(2) Gompertz model 2] &-&

dutH o= 7} zhe) Wi FAdol A 1216704 AFaghe dler, 49 d3E Gompertz
model o T Y 3}e] Fo] FKAXXR] Hl) T4 S Ak =BC/e)E TAT
}.©

79 sigmoid & B} 4L FA37] Ao ALESE A5P4e 4L ABAA 3479
parameter?] Logistic mode] (Ratkowsky 1983; Seber and Wild, 1989) 5 o2 7}x] 2] Jej 2 B
33k 1oy 1 Fol A 3] Gompertz modelol] #3F A7 714 Bow G njZo A Z
z+ W€ Food micromodel (FMM) and Pathogen Modeling program (PMP)7-$-o) =

Gompertz model& A&} lTh
Log(Nt)= A+ C - exp(— exp(— B(t— M)))

t : uj A2 (hr)
N(t) : #jFA) 7o) @2 F4+(CFU/ml)
71 o459 loggk(CFU/ml)
7t logat(z7] @5t Ad d49 A, CFU/ml)
BEEES Aozt HE AW MG
A7 MY BE EE(HT BE &)

EAY

2~
N

@z O >

B) &7 229 IF
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7o 2L Y Hde 7o S AEEH, Z,]I;H.Z/ﬂé':}_/\]—_{l:(k)g} o) E‘.ﬂ(LT) ATl A] 7]‘(GT)
< A¥S EF Gompertz 24| gJte] E23gon, NS ASEASE) Tl X e A% &
=9 FgkS ol 9F & Ratkowsky 5 (1982)<] Square root model 2 7 %3} }g}u}_

\/k =b (T - Tmin)

2= HuSAEEAT (Y BAE JERY = Ratkowsky 9] Square root model®} 7]&4
= 1 B 2 = Ratkowsky 2, 9} Ratkowsky 3 model 9] F 7}A] e} 5 Y- 0]
A &7 o] Ve 4= 91t} (Ratkowsky 5, 1983; Zwieterin 5, 1991, 1994).

vk =b (T - Tin) {1- explce(T - Tinax)]} -- Ratkowsy 2
Vk =b (T - Twin) vA{1- explc(T - Twma)]} - Ratkowsy 3

B AYM e 79 HA 25 o] 2% 770 tisi e 42E A o, TunE £
a2 @& FE Y Square root modelS AFE-3te] =9} HF A& dS ()2 BAE

Ao 2 YJehj .
(4) ParameterE- 2] 24 37} 24 o] H7}

Z+ 37 27 259107, 15T, 20T, 25T 9}l Gompertz model 2HE 78 Y F2 &%
A3k &= o AAE 7937 98l Square root modeloll &-83}of SPSS (SPSS Iric., 2000)
program (Ver. 10.0)E o] 83} Z} 4] 9] parameter& Z % 3}31 Sigma Plot (SPSS Inc., version
70)5 =248 st o).

Parameter 7} 274 B Square root model o} Zt &&= 218 091514 ‘Zﬂ AgozHE 3
A AS 2R LA 222 T8 ASASELFR)

(6) Ay 23 A7) % o=

A &ETYEERS 22 27 FF =
A 9] Polynomial model-&- o] &3te] 3} ot o™, FF wrp wdof
=35 (k) o83 Gompertz 2o g 79 AS43F-S e
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=
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TS ATHA &2 23 3¢ o9 AES £3E NEsA &2 A2 2% 10T,
15C, 20C, 25Co) AF3AA AN ™A Y75 WS Fig 1o] by sick

A Ao AEra B. subtilis®t B. licheniformis2 Y&3on,
Embarek (19945 2 2 oj§ 71EF F AL 719 47 AGste T4 4% Foxe
A2 HAS= Clostridium ©|v} Bacillus So] Z224¢ 4 itz ®adlk vle} 2ok EX
AF FolA AeHe FoAd
5, 1997), &4 slg oAF 7FFF A= Photobacterium phosphorium (Dalgaard, 1995), $-
U Z", 7% 22 T4 pH &2 FEE4HE VAT ¥ BEE AFdAMs
Pseudomonas putida (Neumeyer 5 1997a, b)5o] AZdY <A Ao

23 27|, AFY PAE F= 10 CFU/g olstZ daHden, 7o AW F4= 25C
oA 23x10° CFU/go. 2 et

e

et

< S5 7FFFANA Lactobacillus curvatus (Kant-Muermans

10

Log cell number (CFU'g)

0 200 400 600 800 1000 1200
Time (br)
Fig. 1. Growth curves of bacteria in imitation crab sticks at different

temperature (], 257C;4, 20C;0, 15T;@®, 107).
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2 AR X9 B ETFZAAFY ASAR
zt A 2z XY 7o AFES Gompertz ZHZHEE 13 A8 AE2 JPFAE&EEN
F(k), FrE7ULT), Ath AZHGT)S Table 1¢) VER) LT}
HASAE AT 27t 2olgd wet F7hsden, =71l At AIZHGT)
A

z} ZVJ e T 4L vig =9 HRSAEELFHS 4548 w3}

g Rdg A}%o}oq HA 2x olgte] WM VE = b (T -
Table 2 ¢} Fig. 2¢] YeR{ich

i
3
L
i
N
S
i
(i
e,
g
19

@ X% dAF AF 2xd 4E §571F

A 2Z AAF AR 1 7t B4 olHAH HAEY S Bz AF
9] shelf-lifeE2 ZA3AT 589 gL 7r 2
BHE ANSRT, FA AT e WPsan. 1 A3, 7 27 FHE 10
CFU/g olstz #AHIJoH, 749 Z71FL 8 log cycle, #52¢l ojF¢ WL 5
CFU/g, HAES AL 6 log CFU/g 2-2o]A Uelgt) (Fig. 3). Bty B53 & o
A(MOL, Minimum Off-odor Level)& 5 log CFU/go 2 AAg 7%, shelf-lifed] #A2]&
Gompertz ZHl9] WHo2 T3 2ol vepd & 3o

In(—1n~MOL_A0)

- M- C In(—=In(A,—A ,,)
Shelf life (hr) k-e M = ke
c C

Ay (7] &%) = log(2) CFU/g

C (749 S71%) = 8 log CFU/g
H, ez} HAQIAEEAF(HE 2D YA VE=0.0196(7T—4.58173)2. 2 7} &
ZoX HFAEESTEHE 7& 4 Y. Fig. 3& 74 25N 7o AFdZ7 MOL
e B2 23 GompertzRd-S 53 )&% Aoz A4 AT FAE AL =2
F 9on, #%53 H4 A AAL 10T, 15T, 20T, 25CAA 2z zh, 1941, 529, 242,
13892 Yeton, 49 93 6ToAE 26992 27 &3 & 10C mlwte] x84 &%

g
, BN FE7IER 30 B ) REC] JhEd Aoz duHe) A
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Table 1. Growth parameters of bacteria in imitation crab sticks by Gompertz model

10C 15T 20C 25T
k (hr) 0.014+0.005 0.031+0.003 0.108+0.016 0.156:0.013
LT (hr) 181.7+3.115 43.61+1.890 24.29:3.659 14.862+0.343
GT (hr) 22.79+8.980 9.775+0.840 2.835+0.419 1.937+0.166

k, Maximum specific growth rate; LT, Lag time; GT, Generation time.

mean+s.d. of 3 times replication.

Table 2. Parameters of square root model for prediction of maximum specific

growth rate of bacteria in imitation crab sticks.

Statistical analysis

Coefficient S. E t-value P S E of R?
Estimate
5 Thin 45173 1.0315 4.3795 <0.0014
qHare 0.0277 0949

root model . b 0.019 0.0014 13.7064  <0.0001
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Temperature ('C)
Fig. 2. Comparison of experimental /k and predictive vk by Square root model of

bacteria in imitation crab sticks (@, Experimental /k; —, Predictive k).
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Fig. 3. Shelf-life prediction of packed imitation crab sticks by predictive model ([, 25TC;
A, 20C; O, 15T; @, 10C; —, Predictive growth curve by Square root model).

- 119 -



XN A7 AHRE, AR 7E 3 F 7HE AT AHE 53 AFU AEY &
I B3 A 2o, Bacillus subtilis} Bacillus licheniformise A|E WA EAES A, 2
ste] YA = ZoX 4A ARto] Ad Fo] dY AETE FAI F, st A
FHE o7l ATlE A& ¢ F UAATE AT AF A Ao wE 7t XA

53 Bt Ax, AR e uPEY $71 1x10° CFU/g B34 HZe off-odor
dAstgen, 1x10° CFU/g B-2ol A B. licheniformisd] o]k thAlEZ A HA thdivt
BAHJT kA off-odort FAE o3 F57IHe ARSI, ASEY AF &
g HANZAEEAF0TY AF WARde Jk = 00196 (T—458173)0.2 Rl shlo
™, Square root modeld] 9 F4] HX 2x& 4582 VEhdth HYEAEEAFE S &
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L k- e ’ k-e
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$temp = $nums|0];
$ph = $nums|1];
$log_cnt = 3;

$k = -0.7489+0.005884*$temp+0.105*$ph;
$first cnt = 1000;

$low_A = loglO($first_cnt-1);
$inc_ C = 9 - Slow_A;

$e = 2.718;
$B = $k*$e/$inc_C;

$M = (log(-log(($log_cnt-$low_A)/$inc_C)))/$B;

$temp_G = (log10(2))/$k;
$temp_L = $M - (1/$B);

$G = intval($temp_G*100)/100;
$L = intval($temp_L*100)/100;

$A=(($low_A*10000)-(($low_A*10000)-intval($low_A*10000)))/10000;
$C = 9-$A;

for($i=0; $i<1000 ; $i++){
Stemp_t = $A + (SCH(exp(-exp(-8B*($1-5M)))));
$T = $i;
if($temp_t > 8.999999)
break;

% 10. L. monocytogenes -3 29 A X,
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$log cnt = $nums|0];
$temp = $numsf1];
$ph = $nums[2];

if($log_cnt==2){
$k =
-0.998+0.6587*$ph+0.04328*$temp;
$first_cnt = 100;
}
else if($log_cnt==3){
$k = -0.766+0.02308*$ph+0.04526*$temp;
$first_cnt = 1000;
Jelse{
$k = -0.768+0.06333*$ph+0.03036*$temp;
$first_ent = 10000;
}

$low_A = loglO($first_cnt-1);
$inc_ C = 9 - $low_A;

$e = 2.718;
$B = $k*$e/S$inc_C;

$M = (log(-log(($log_cnt-$low_A)/$inc_C)))/$B;

$temp_G = (log10(2))/$k;
$temp_L = $M - (1/$B);

$G = intval($temp_G*100)/100;
$L = intval($temp_L*100)/100;

$A=(($low_A*10000)-(($low_A*10000)-intval($low_A*10000)))/10000;
$C = 9-3A;

for($i=0; $i<1000 ; $i++){
Stemp_t = $A + (BC*(exp(-exp(-$B*($i-5M)))));
$T = §i;
if($temp_t > 8.999999)
break;

9 15. V. parahaemolyticus 2] 2d 3=,
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if ($nums[0] == 1) $first cnt = 10;
else if($numsf0] == 2) $first_cnt = 100;

else $first cnt = 1000;
$temp = $nums[1];
$log_cnt = loglO($first cnt);
if($log_cnt == 1){
$k = (0.0304*($temp-6.0380));
3
else if($log_cnt == 2){
$k = (0.0299*($temp-6.1617));

}

else $k = (0.0261*($temp-4.4746));
$low_A = logl0($first_cnt-1);

$inc C = 9 - Slow_A;

$e = 2.718;
$B = $k*$e/$inc_C;
$M =

log((-log(($log_cnt-$low_A)/$inc_C)))/$B;

$temp_G = log10(2)/$k;

$temp L = $M - (1/$B);
$G = intval($temp_G*100)/100;
$L = intval($temp_L*100)/100;

$A=(($low_A*10000)-(($low_A*10000)-intval(Slow_A*10000))
)/10000;

$C = 9-$A;
for($i=0; $i<1000 ; $i++){
$temp t = $A +
($C*(exp(-exp(-$B*($i-$M)))));
$T = $i;
if($temp _t > 8.999999)
break;

a9 20, ARE BRIl 3 w4 3=,
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