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Development of Predictive Growth Model of Listeria monocytogenes
Using Mathematical Quantitative Assessment Model

Sung-Yang Moon, Gun-Jo Woo', and 1l-Shik Shin*

Faculty of Marine Bioscience & Technology, Kangnung National University
'Korea Food and Drug Administration

Growth curves of Listeria monocytogenes in modified surimi-based imitation erab (MIC) broth were obtained by
measuring cell concentration in MIC broth at different culture conditions [initial cell numbers, 1.0 X 10%, 1.0X10°
and 1.0 X10* colony forming unit (CFU)/mL; temperature, 15, 20, 25, 37, and 40°C] and applied to Gompertz
model to determine microbial growth indicators, maximum specific growth rate constant (k), lag time (LT), and
generation time (GT). Maximum specific growth rate of L. monocytogenes increased rapidly with increasing
temperature and reached maximum at 37°C, whereas LT and GT decreased with increasing temperature and
reached minimum at 37°C, Initial cell number had no effect on %, L7, and GT (p > 0.05). Polynomial and square
root models were developed to express combined effects of temperature and initial cell number using Gauss-Newton
Algorism. Relative coefficients of experimental k and predicted & of polynomial and square root models were 0.92
and 0.95, respectively, based on response surface model. Results indicate L. monocytogenes growth was mainly
affected by temperature, and square root model was more effective than polynomial model for growth prediction.

Key words: predictive growth model, Listeria monocytogenes, polynomial model, square root model, maximum specific growth

rate constant (k)

M =

20417] FRke] ZA 2 FHETEY w74 TR EE)
T AE FY gE3QY HY AR o AR e ok
A E AR 47+ EA47F E 2 Uch. olof 2159 &
As} kS Rl 93 AES 7lec] sk Hie
H, 288 7]=¢) 3E “Predictive food microbiology(ell 3w
AEEyo] tidt Fqlo] wobxA =AU FH viFFH FH2
FHoz s sk A9t olFAA e HERAE
e S A7k 91 283 AP L5 e AR
S HEAY - READ S HAE AFY dAEETH
AH)e o]Z7|7A19] A HAFell oA HEAMAES] Bl
st F8H2 BdE o] 48t d&o] rhesty] R AHlE
o2 AFE o HY nAE FFA 93 =8 7Hguantitative
risk assessmentyS & & I FEATEHCE AR EHT ATHI).
T3k AFY HA8E FqHE] S AT Iy

*Corresponding author: II-Shik Shin, Faculty of Marine Bioscience
& Technology, Kangnung National University, 120 Gangnung dac-
hangno, Gangnung, Gangwon 210-702, Korea

Tel: 82-33-640-2346

Fax: 82-33-640-2346

E-mail: shinis@kangnung.ac kr

194

QAT 7IERte g REsr] i ol Huslr] H3t
=A4E 71%2o2M HACCP Al&Ho] m=o] 7P {85 F
T3 AAde ez A4E7le o|=% vy 281t HACCP
7t 2Ee] AR BOAM Hlo o|27|7kA 8] A Ao WAHE
RE {8l 949 ol "oz she 9 v, AS04E
& HF9 kA EAle o 7HE FeEaE & vFE
A ek Gal wAETS T g eR s, olEe] AAE
T84 wdd s AFHoR &3 Hrietr] wiLe] H
24 FEslAME §&0] 58 HollM I SUthR).

of Su| Y Egfo] 7 TheFst HEZANA A7k 7ol upE
g As, = 54 5 AR APEd disk $X ¢ daa
ZRH 73 ¥4 2AZ A=Y 5L sEde=
Bl 248 28, H7]dA 4oz HHE AR 2
e 24 Ay R eEAN R e A «
T Ropelt}, v §§ 1813 Y 2 AR AES
FHoR A WA Fwrel 2w Rle A e
QiR HAAAY S 3t FHoR o SnA
B3 Fopoll tigh A7 2 FA7E ZEEY e detd, 5
el ZAgole o1 Baide] A4S e Estal A
714 A ESe B B ATETE AU dgeltt

L. monocytogenese YWHE L2 &, 37, B, H42E,
55 BH, ojdllfF Foll £X3t Jdom, frHE, STt



82| e 7122 o8-8 Listeria monocytogenes} 437 o Z e o] 195

TE, FAWHEAE T Uk HEM dEHE e A=A
olth. L monocytogenes®| €& AF=0] FA7F 7| A%
3 7L 19800 A E 3] 2]FF Abzle] Aze)H(3-5),
listeriosis®] HA3 Aol e HFL2E +F, A=, ofl,
A=, $7HE Bl slow, 237 ¥ H4Hsts FAE
ot A FA dof 2 b 7k AFME 2 fsiAdol
FEEA UThe).

L. monocytogenesl] T3t d&Rdo] A3 AFTZ= opddt
7 2PelA F9] AFE dEI] gt &, TEEA,
pH, 714}, NaNO,. CO, 5% 5°| =2 A-fol A= JFF
of halld B up UAYHT-12), A Lub v ol xe] 4
Holuh S7E diIdeR g dafgoln], 24 Ee) oA L
monocytogenes®) NEEH T A7= A Rl Aot

uEtA] B ApdMe FaEY g3y AEs Add
Vibrio parahaemolyticus®l T8t w2] AAHSE HFH o= o
Zote 478 Rd9] Jgs Bagh AE(13)) oo 44 vt
TAEFY ASEA £ shte] nAEEE s 3 4F Ae)
A Q= L monocytogenes®l thated AFell 72 o Al #¢]
dgdsts AFEoR d38 5 Qe FE 2l At
e Az ARE AFEAd 2%, 27|49 wile] we
L. monocytogenes®] 7374 | 24E shdatny,

Mz W U
3A BF

B Ago] AMSE FFE Listeria monocytogenes ATCC
911382 FrAHFEITY FHASY(KCTOL 2RE
¢k WL O ™ brain heart infusion broth(BHI, Difco Laborato-
ries, Detroit, MI, USA)Yl & wi<fste] 1mLel vial tubed
15%2] glycerols F718le] —8°Cell FARBEIAA HAE A
Modified Imitation Crab(MIC) brothellA] 37°C, 24A17F A wjek
st ARSI

BA FF9 vfef

FA T vl 5, 7o) AF Ed2 TAAAHEQ A
skl Agslr] fjs) Algkd AR EEY 7.8%, ZAW
0.2%, Br3E 16%, 3)& 2.5%, T8 73.5%)S A5 MIC
broths A 23t ARSI tH(Table 1).
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Table 1. Composition of modified imitation c¢rab (MIC) broth

Ingredients Amount
Peptone 10.0g
Disodium phosphate 25g
Yeast extract 100g
Dextrose 100g
Sodium chloride 100g
Distilled water 1000 mL

Z}2} W skt

Zt A8 A7Ee] ATl wE g e dAAT 7
722 Plare count agar(Difco Laboratories, Detroit, MI, USA)
E AMgEld BEguheig (1402 HF5E 235 g
wdct.

Gompertz modeld HE

9] sigmoid¥ FeHe] HAE HYE] Yol A&
&3] 22 GompertzZb 1825'd0] ATl 2AMAIS
R8N 02X AAIF Gompertz model 4] (1)(15y2 ML
™, 15]9] wjFA g M Ae] Aol ok 12- 16709 BHE
e P, d3eAE £0)7] ke 158 vy ¥
3t o) A4¥ ZIAAE Gomperz modelol tidste] 22 F
21 & dEshe 49 A& AE=ZAN HASAETAATR), 5
71(Lag time, LT), AthA|7HGeneration time, GTy& =& c}.

Log(Nt)= A+ C * exp(—exp(—B(t-M))) ()

t: ¥ A hr)

N(1y: ujFA | 7hel] & F(CFUMmL)

A 27 F4°¢] log ZHCFUML)

C: &4 5739 log ¥ (CFUMIL)

M: EREx7F Hd7E HE Al A1

B: A7 MelA e g S TS &%)

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

=28 Ho FAHEE AR, FE710D, AHAZHGD)
nRlE 27 459 259 9%E 7 One-way ANOVA-test
& AA1E9d Duncan’s muitiple range test(16)2 # 2], 72l
244 (p < 0.05¥% SPSS(SPSS Inc., 2000) program(Ver. 10.0)S
5 FAA s

Parameterme| @&zt HE WII =Re g

HUSASES Y 25 R Z795ste) AddAE 7
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E 83 FFH/1ED polynomial model 4] (2)7 square
root model 2] (3)°l] ZHzF &-835}32(13), SPSS(SPSS Inc., 2000)
program(Ver. 10.0)2.2 7} 419 parameters 24§ &, Sigma
Plot(SPSS Inc., version 7.00°2 =2]8} slgen zt Wi =A
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Table 2. Effects of initial cell number and temperature on maximum specific growth rate constant (k) of L. monocytogenes

Initial cell number k(h)

(CFU/mL) 15°C 20°C 25°C 37°C 40°C
LOXI1¢? 0.16 £0.024 0.25+£0.037 0.39+0.021 0.69£0.07 0.56+0.05
LOX 10} 0.151:0012 0.251£0.014 0.35£0.047 0.6410.06 0.57+0.08
1L.OX10° 0.171£0018 0.22+0.029 0.4010.050 0.630.07 0.54+0.05

Table 3. Effects of initial cell number and temperature on lag time of L. monocytogenes"
Initial cell number LT (h)

(CFU/mL) 15°C 20°C 25°C 37°C 40°C
1.0X10° 10.44£1.73 7.30+0.71° 3.78+0.41 2231£1.28 2441020
1.0X10° 11.37+0.69 7.12+0.87* 3511124 2.23+0.37 2.78+0.39
Lox1¢t 10.40+0.72 5691 1.49° 3441072 2.09+0.33 2.66+0.55

YValues (Mean £ SD of 15 times replication) in the same column not sharing a common superscript are significantly different (p<0.03).

Table 4. Effects of initial cell number and temperature on generation time of L. monocytogenes"

initial cell number GT ()

(CFU/mL) 15°C 20°C 25°C 37°C 40°C
LOX 107 2.12+032 091045 0814012 0.66:0.05 0.67 £0.03%
L.ox10° 2.03+0.19 1.09£0.12 0.89+0.18 0.64+0.07 0.68£0.01°
1.OX 10 1.934£0.36 1261021 0.761£0.06 0.660.05 0.68 +0.01*

"Values (MeanxSD of 15 times replication) in the same column not sharing a commen superscript are significantly different (p<0.05).



4812 A ek 71 R E)-8 0143} Listeria monocytogenes®] 47 o 2 o] A 197

Table 5. Parameters of the polynomial model and square reot model for the prediction of maximum specific growth rate constant (%) of

L. monocytogenes

Statistical analysis

Coefficient S.E. t-value P S. E. of estimate R?
T 36,055 0.7489 48.143 <0.0001
, Ag, -8.1194 10019 00262 09792
P"Kgggl“a' a 07103 26224 02708 07873 0.0575 092
b 11.849 0.7107 16,673 <0.0001
¢ 21590 47555 0.0708 0.9437
- 34170 15507 221909 0.0317
Square root Tmax 445 | 3 l B 1 393 39069 <00001 0 95
model b 0.0215 0.0014 15.043 <0.0001 0.0369 '
¢ 0.3600 0.1110 32448 0.0018

A,, initial cell number (Log CFU/mL).

Fig. 1. Comparison of experimental k and predicted &k of L.
monocytogenes by the response surface model at different
culture condition.

@: cxperimental &, B predicted k.
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olgist ZE Giffel and Zwietering(23)©] square root
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ole] AAEAE viwasS v, square root modele] Htl ¥
& AABAS JeEt Y Bk Aoket Ak

4,

oxt ZEAID Gompertz modeldfl 2|8t L. monocytogenes
o ME tiE

Az g2 &5 7] #4 2284 polynomial model:}
square root model® o= HWFALEATE a9 4%
#434 H35= Gompertz modeldl] -8 2] 7h 7oA
Gompertz model®]l 9]¢ ¢} A48 A5 & AUk

7] ¥ 1L0X10* CFUML, &% 25°Col|Ae] wtEAH S
5 AGFA R, 22 270049 polynomial model?t

0.8

0.6 4

Square root k @r)

10 20 3’0 40
Temperatare ("C)
Fig. 2. Comparison of experimental k and predicted k of L.

monocytogenes by the square root model at different culture
conditions.

®: cxperimental Jk , —: predicted Jk .

10 r

Log cell number (CFU/mL)

0 L L L A 'l L L 4
0 5 10 15 20 25 30 35 40
Time (hr)

Fig. 3. Predictive growth curves of L. monocyiogenes by the
polynomial model and square root model (Initial cell number,
1.0 X10* CFU/mL; Temperature, 25°C).

@: Experimental data, —: Growth curve by the polynomial model,
- - - Growth curve by the square root model.

square root modelel]l 218l o|& AGIH(GEX)S g 2
3 AGA ddAAe o3t ¢ A Agrird g o
gajo] &g o] A A Yok Ao YEPdth(Fig. 3).
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