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ABSTRACT - In this study, predictive mathematical models were developed to predict the kinetics of Listeria
monocytogenes growth in the mixed fresh-cut vegetables, which is the most popular ready-to-eat food in the world, as
a function of temperature (4, 10, 20 and 30°C). At the specified storage temperatures, the primary growth curve fit well
(*=0.916~0.981) with a Gompertz and Baranyi equation to determine the specific growth rate (SGR). The Polyno-
mial model for natural logarithm transformation of the SGR as a function of temperature was obtained by nonlinear
regression (Prism, version 4.0, GraphPad Software). As the storage temperature decreased from 30°C to 4°C, the SGR
decreased, respectively. Polynomial model was identified as appropriate secondary model for SGR on the basis of
most statistical indices such as mean square error (MSE = 0.002718 by Gompertz, 0.055186 by Baranyi), bias factor
(Bf=1.050084 by Gompertz, 1.931472 by Baranyi) and accuracy factor (Af = 1.160767 by Gompertz, 2.137181 by
Baranyi). Results indicate L. monocytogenes growth was affected by temperature mainly, and equation was developed
by Gompertz model (-0.1606 + 0.0574*Temp + 0.0009*Temp*Temp) was more effective than equation was devel-
oped by Baranyi model (0.3502 — 0.0496*Temp + 0.0022*Temp* Temp) for specific growth rate prediction of L.

monocytogenes in the mixed fresh-cut vegetables.
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o HE JEE dEstee dF vAE S (predictive food
microbiology, PFM) £°}8] 77} 23] APHL o
W 3 F8Ae] A WFEHIL Y. o, FEEEE
(water activity), pH, 224 54 % Z7] v|J¥E £X §
o] WFAQ 2 (ntrinsic factor)?t 2] F2] Ak A7)
7k &t HEA EAske HAEY A uHe 821
2%, ¥4 9 §% 59 95 8A(extrinsic factor)
< 7Y EFAA PAEY ARl ArEE 8 W
HE o83k o &she Zolt}o, 1980 o] F 83
2dg A48 vAE SR 0|8t opE &
SH SHAME F58 Aol AAZ, AF Ul HEA
HAESY 47 APEE A% &5 e Y Bdol =
e 9 AFH Z2aE EEET UG o E
&R 11}, 23 9 33 RdE oy 13 B
o (Primary modelsy> 574 873 A8k X742 @3l
2 7o HIlE el 71244 2dol Gompertz
model, Logistic model ¥ Baranyi model®] th&E#o]5, 22}
Z4(Secondary modelsy2 pH, 2%, FEEAAT(AW) ¥ 1
N ool &Rz o3 12 Bl uiyfHert ofFA
H3H =5 Yehlles 2doly Squareroot model,
Arrhenius model @ Polynomial or response surface model
o] YjEAo|c}, 32} Zd(Tertiary models) 1, 2 @A &
4& Tt AL A o8 JHssiA @ ddskE
Rd= v]s USDAY Pathogen Modelin Program®] o %2
ojth™), X ¢k nAE S EDE 37 W EAlshe
8219 g Wold g 83 A9T 4 e &8F
A 2l uldEe] AH BE4& 3] nkgdshlde
AATMA = 153 FFolt). o5 FARNE EFs2
nAE ARAERd e AF dAY A8HE s, AR
o V= #VIEY HAAE W7 F @F0MY] &g
AAr goisle AAolt}e,

AHER AL Aoe A7 olf 5o A AAH
o2 da] 4= Y3, -] WHeR 5 A
24 M2l L monocytogenes©] 913 04 R FAH ¢
3] 7hs/del 438l S AoE W) ofd) E A
e ZHdd 2] HHF F43] SUEeke =4 Al
A oA PR F R 2ol FAF SJsiAde] 2 L
monocytogenes ‘4735 58 F Uv 7 2d & A
3t A5 o F AES] HA gE ¢ 3 wA

T HsiErol &8stz it

s 3 ey

EEADS

E Aol A" BEEFFE L monocytogenes ATCC
19113(isolated from human), 19115(isolated from human),
19116(isolated from chicken) ¥ 19117(isolated from sheep)>

2 American Type Culture Collection (ATCC)olA &4
2ko, tryptic soy broth (TSB, Difco Laboratories, Detroiy,
MI, USA)l A ujdsled 1mlE vial tubed] 50% glycerol
£ F7kste —700cel B4 BASIHA Al AR

Ag gde] gx

BFFF 10 WS TSB 10miol HEsle] 35°CoHAl 244
HERT Mid F Zzte) wiFA e EstaL, 4°CA 7,000
pmoE 5E7F 4] B2lgte] cell pellet® 3L °]F 0.1%
peptone water2 23] A A3 F 0.1% peptone waterE ©]-E-
8] 4log CFU/ml 2.2 435l o]& AP 422 3
Kt

Sample X ¥ ¥ HF

AH=E A Ade g 249 g7 wECdN 74
8l L. monocytogenes’t L.AH AA FE HEFFTA
ANEHez g9 F RS Ed /e AT AEE A}
£33k AR ERd AEg Astd AE 29 1me
A A A 25 gol) FY3HA FE 3, A a8l L mono-
cytogenes A% FX7t 2log CFU/g 7501 HA 3kt

=2 98 5%

L. monocytogenes7t HAEE AH=L A ALE B
Holl @3, AM Ahe] 7 2 75 7Fe 2§ 1E
o 4, 10, 20, 30°ColA HaA3PEA ZH AJZHY (1, 2, 3,
4,5, 17,9, 12, 15, 24, 36, 48, 60, 72, 96, 120, 144, 168,
192, 216, 240, 288, 336*17h) #¢] W3S PALCAM agar
(Difco Laboratories, Detroiy, MI, USA)E AM&-3}4 23] gt
£ glslst

goEnd e

B doe dg=g A4 Ao L monocytogenes
9] sigmoid¥t A7 FelE X EsL7] $18) Gompertz model
22} Baranyi model 218 AMS-3151Tt. B8 L. monocytogenes
o] HF24 & E(Maximum specific growth rate, SGR)E
Graphad PRISM version 4(Graphad Software, San diego,
USA) Z2a3g o]g3le] 4% AAE ZHzhe] =2dd i
3t MEE equationS =Z3I5TH

<Gompertz model equation>

1og(N) = NO + C(exp(—exp((2.718*mue/Cy*(Lag — X) + 1))

- log (N, logl0 CFU.g) = Log count of bacteria at time (in
hours) ‘

- NO (log10 CFU/g) =Log count of bacteria at initial count

- C (log10 CFU/g) = Difference between initial and final
cell numbers

- mue (log10 CFU/h) = Maximum Specific Growth Rate
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- Lag (h) = Lag Time
- X (h) =time

<Baranyi model equation>

7“maxl+
A=+ h{u’}

umax 1 +9’0
Hmax 1 eu""”'A -1
m | . . B
Y=Y 10y n(10) 1“[1 10(ymx—yo>]
1n(1 +—1—0)
~ q
Ilog - “max

- A="Time variable

- yo =1initial cell numbers

- y=Difference between initial and final cell numbers
- 4 max =Maximum specific growth rate

- flog = Lag time

B A9 factorZ AM-E % W39} L monocytogenes
°] SGR® AHHAAE &) Y8l Polynomial model
AME-3KIL, o= SAS version 9.1(SAS Institute INC., USA)
¢] PROC GLM2.2 ¥43t % Polynomial model2 ©]&3}
o ZF Ae] v/iisE ARl 223 3 5, 74 g &
=5 tsdste AA A ozHE 73 Ao & A
79 22 By Ao 2RE 33 A FA&E Aeete]
SHBAE A,

<Polynomial model equation>

InY =a+bls+b2T + b3p + b4s2 + b512 + b6p2 + b7sT +
b8sp +b9Tp + 3

- a, b, c=Constant

- T =Temperture

MHyojxgdo] MePy Wt

NREE L. monocytogenes A& Y 418 Hr}etaat
A4 AEA M%E(Mean Square EBrror), Af(Accuracy
factor), Bf(Bias facto)E 2F& SR TI®), MSEx mAl &€
A SA&2d U3 dEgk o2 3t ZolE o) 43t
o AEde FRZA, o] 0o 7PEE Jhdtd o2
2do) o] E5L v

A = =l
MSE = (Z(observed growth rates-predicted growth rates)’)/
number of observations)

Afe S 3 AEE dF @ 2ol 0 e

Brpshe AE2A, A7t ADSE dZRdo] PR
Aoz AN F UT 19 VHeFE wy AHo) =
& onlgn,

A= Zllog (predicted growth rates/observed growth rates))/

number of observations
Bfe 492 Tl S8 49 o3 29 Ao
AEE o2 ghe) Aol Yriske AB2A, o] £} |
AIHEES AEE A5 AP 2 A3t
1R E A 3 458 Aol 1Hu 22 g 2
2 d5d A.‘li SR =

B= o(Zlog(predicted growth rates /observed growth rates))/
number of observations

Zn Y 1%
254 |. monocytogenes “3°JIE
A Z &AM L. monocytogenes2] i 7L 30°C 216
A7}, 20°C 192417F, 10°C 240/17F, 4°C 336X 70 A 7.99,
7.75, 4.63, 5.521log CFU/g 5202 22319 thFig. 1).

oisRd 7“%'

Zulianu 5% & wAEe] A SRR o] &H=
24 g9 % 32t AF 2 AR w2t A=
t27] gl A WHs AR A 2ds e
slok gy ¥R mEbA P E ARG ESEY AT A
S - oA 7 dE] AFREAREZ e EE
Gompertz. model?#} Baranyi modelg ©]&3te] dzi=g Al
MR L. monocytogenes®] 52145 (Specific growth
rate, SGR) 7S =&33 AL AEsgrt

Gompertz modet, SGRO] 4°C (0.036~0.046), 10°C (0361~
0372), 20°C (0.5110.642) 2 30°C (0.695~0.791), Baranyi
model?] 7% SGRE 4°C (0.028~0031), 10°C (0.057~0.061),
20°C (0297-0312) L 30°C (0412-042)2, % 2N =
Z¥ SGR 32 Aol7} vebstth. shARE 7 2 RFolA
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Fig. 1. Growth pattern of L. monocytogenes in the mixed fresh-
cut vegetables during the storage.

g (30



28 Joon-II Cho, Soon-Ho Lee, Ji-Su Lim, Hyo-Sun Kwak, and In-Gyun Hwang

Table 1. Predictive specific growth rate (SGR) and r* values of L.
monocytogens in the mixed fresh-cut vegetables for salad by the
Gompertz and Baranyi model

Table 3. Developed model for effect of temperature on the specific
growth rate(SGR) of L. manocytogens iin the mixed fresh-cut vegeta-
bles for salad by the Gompertz and Baranyi model

Tempera- Gompertz model Baranyi model Model Equation

ture(°C) SGR P SGR P Gompertz  SGR =—0.1606 + 0.0574*Temp + 0.0009* Temp*Temp
4 0.036 0.966 0.031 0.916 Baranyi  SGR =0.3502 - 0.0496*Temp + 0.0022* Temp* Temp
4 0.046 0.954 0.028 0.922 ‘
e ool s Tl Sl e e iy g e
10 0.361 0.959 0.057 0.954 vegetables for salad
20 0.642 0.967 0312 0.947 Model ISE B N
20 0.511 0.971 0297 0.957 Gompertz 0002718 1.050084  1.160767
30 0.791 0962 0421 0.941 Baranyi 0055186 1931472 2.137181
30 0.695 0.981 0.412 0.937

Table 2. Observed specific growth rate(SGR) of L. monocytogens
in the mixed fresh-cut vegetables for salad by the Gompertz and
Baranyi model

Tempera- Gompertz model Baranyi model
twre’C)  observed  predicted  observed predicted
4 0.036 0.0834 0.031 0.1870
4 0.046 0.0834 0.028 0.1870
10 0.372 0.5034 0.061 0.0742
10 0.361 0.5034 0.057 0.0742
20 0.642 1.3474 0312 0.2382
20 0.511 1.3474 0.297 0.2382
30 0.791 2.3714 0.421 0.8422
30 0.695 23714 0412 0.8422
BAREEI}N 220 Hldste Frleta, dxiale] Ay
£ YHEllE £ g2 25 09 o) ® JERGTHTable 1).
w502 Al M9 L monocytogenes?] SGR #H10°C :
0.142, 20°C : 0.252, 30°C : 0.527)°] Gompertz model- ©]

€8 A4 Aj4e) SGR #EETh @I Baranyi model ©]
43 SGR #ETh= ¥ Aoz Byt ©3 Hwang
and Marmer’& egg M #1 =9} pasta W] =olA 4, 8 12°C
)A€ L. monocytogenes®] LPD(lag-phase durrations)Z}¥}
GR (growth rate)at-2 2H7h 0.0187~0.0318, 0.0118~0.0350
(4°C), 0.0387~0.0512, 0.0153~0.0418(8°C) & 0.0694~0.1003,
0.0453-0.0718(12°C)2. B a}gen], 2 a7 Azuct
2 FUSHEE Jept) olejgt Aol HEY 2
4 2 "ejel xol, L. monocytogenes®) HE FYFES
olgT R FAKLEY Ao|, AF AN #F 29 ¢
g Bd FF 59 o] W AztEY 14 2dE
S8l Hf 250 WE SGR #e A9 vlwag L
(Table 2), SAS 9.1€ F3) polynomial model2 2 &3] W
# 25 WE L monocytogenes2] SGRO 3 model
73 TH(Table 3).

BIEEEL HEY Bt

22t Rdg Sl e 29& MSE, Bf, AfE &5t
ol B3l Rde] FAH AYAES BIstTh(Table 4). A
A 229 MSE, Bf, Afe= Gompertz modeld]-& 283 7
$ 0.002718, 1.050084, 1.160767, Baranyi model®|2- & &3k
7% 0055186, 1931472, 2.1371812.2 YEb} Gompertz
model 4-& 83t 7hagl &2 g o] Baranyi model?]
& o] &3l gt ZEdof HjF] Aol =2 Ao

2 Ve
2 ¢

2 dFore A5y dya AFe Oy g2 2 A
FA A E A7t E437191351, Gompertz model
#} Baranyi models ©|-&3te] BHE=E AN 2o)A L
monocytogenes®] SGROY| &t 33 EE D (SGR by Gompertz
equation = —0.1606 + 0.0574*Temp + 0.0009*Temp*Temp,
SGR by Baranyi equation = (0.3502-0.0496*Temp + 0.0022*
Temp*Temp)ys- 7Nt Mdd wdeo] 234 s
213 MSE, Bf, B Af factorZ 23190t dej=g A
A4 MSE, Bf, Afs= Gompertz model2] 2 -8 3¢
0.002718, 1.050084, 1.160767, Baranyi model 2% %23}
7% 0055186, 1931472, 2.1371812.2 UER} Gompertz
modeld] 2 &85t 7lihgt o ZX 9 o] Baranyi model 2]
< o] g3l g g &Ede v Aol =2 R
2 Vel Gompertz model?]S Z§3le] B Aol
Age d=g AN AWM L monocytogenes 237
dEHRde AN AAFE AL, 7, BE 2 dfdle
AGA A de] &8 7HeE AR dAdEW, BS Hg
3 d&nd g YA e pH ¥ FEEEE 5 O
g wgol whE2 v Ee] AASE WSt Fo A3 AT
7} FI7HH o2 AgEojo} & Ao R AztE]e] .
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