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ABSTRACT - This study presents the influence on growth properties determined using a novel predictive growth
model of wild-type Salmonella spp. KSC 101 by variations in the temperature and time during cut packaging in cold,
uncooked pork meat. The experiment performed for model development included an arrangement of different temper-
atures (0°C, 5°C, 10°C, 15°C, and 20°C) and time durations (0, 1, 2, and 3 hours) that reflect actual pork-cut and pack-
aging processes. No growth was observed at 0°C and 5°C, whereas some growth was observed at 10°C, 15°C, and
20°C, with a mean increase of only 0.34 log CFU/g. The growth observed at 20°C was more robust than that observed
at 15°C, but the difference was not statistically significant (p > 0.05). However, compared with PMP (Pathogen Modeling
Program), the wild-type Salmonella spp. KSC 101 showed a more rapid growth. We used the Gompertz 4 parameter
equation as the primary model, and the exponential decay formula as the secondary model. The estimated R? values were
0.99 or higher. The developed model was evaluated by comparison of the experimental and predictive values, and the
values were in agreement with the = 0.5 log CFU/g, although the RMSE (Root mean square error) value was 0.103,
which indicates a slight overestimation. Therefore, we suggest that the developed predictive growth model would be
useful as a tool for evaluating sanitation criteria in pork cut-packaging processes.
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o] 83AIA EAdu)dlS XJIJ_O}OJ\E}. Colorimeter (DR100
Colorimeter, HACH Co., USA)E ©|&3}] A28 v gl
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ANEZRE F23E 9 100 WE 3k xylose lysine
deoxycholate (XLD) agar (Difco, Becton Dickinson and
Company Sparks, USA) 3%l easySpiral® Plater (Inter-
science, Co., 30, ch. du bois des arpents 78860 Saint Nom
France)— o]-8-3}o] platingdt 5 35°Col A 244 7F w3t

T #5E AESIT A E EE datas SAS (ver 8.1,
Statistical Analysis System, Cary, NC, USA) GLM +-24¢j|
olate] TAAR frelds AFsHATHp <0.05).

973 9] fittingd} parameter A7 Gl 2d A=

A= A¢g A3(Table 1, Fig. 1)E vI"2Z curve fitting
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Table 1. The growth of wild-type Salmonella spp. KSC101 on 91
cold pork exposed at 0°C, 5°C, 10°C, 15°C, and 20°C o4 —;— gg
Population (mean £ SD, log CFU/g)’ 71 S R g
- —-=— 20
Time— oc 5°C 10°C 15°C 20°C 61
(hr) o
D 5
0 3.34+0.04% 3.34 £ 0.04* 3.34 +0.04" 3.34 +0.04" 3.34 £ 0.04" 5
1 323+0.10*3.24+0.40%3.25+0.52*3.25+0.09* 3.26+0.10* g4 _ -
2 323+0.0743.24+0.09* 329+ 0.13* 3.44 £ 0.27° 3.47 £ 0.06" *] i
3 322+0.12%3.27+0.15*3.45+0.10° 3.64 +0.11° 3.68 + 0.08° 21
“Different letters for values in same column indicate statistically i
significant differences (p < 0.05). 0 ; : : : , ‘
0.0 05 10 15 20 25 3.0

<2 SigmaPlot (Ver 10.0, Systat Software, San Jose, CA, Time (hr)

USA) Dynamic fitting 22213 <% Sigmoidal non-linear Fig. 1. The growth of wild-type Salmonella spp. KSC101 on cool-

ing pork meats stored at 0°C, 5°C, 10°C, 15°C, and 20 °C after inoc-
regression®l A TH-9] 2] (1)7} 7F°] Gompertz 4 parameter ulitSd at 3.4 log CFUlg.
21& o] g-3te] Zhzhe] oA A7kl i3St fitting 3¢
12 Rd 2 A3 olR7] $I3} lag time (LT), exponential growth rate (EGR),
generation time (GT)E Mckellar 57 323t o334
Y =Y0 + a*exp(—exp(—(X — X0/b 1 .
p(exp(. ) D o) w219 (Table 2).

212l AellA Y=cell number (log CFU/g)°]™, Y0 =log

L . LT=X0-b 2)
initial number of cells (parameter 1, log CFU/g), a = differ-
ence between initial and final cell numbers (parameter 2, EGR = (a*b)/exp(1) 3)
log CFU/g), X0 =the time at which the absolute growth rate
. . . GT = (Log(2)*exp(1))/(a*b) “)
is maximum (parameter 3, hr), b =the relative growth rate at
X0 (parameter 4, log (CFU/g)/hr), X=time (hr)©|t}. Fitting g 22 2dS ety st 2 (1)9] 4709 para-
A3t AEH a, X0, b MFES o8, 79 S22 A=E ¢ meter T 27] 752 Y05 AQsta, YA 371 W g,

Table 2. Estimated growth parameters (equation 1, 2, 3, 4) of wild-type Salmonella spp. KSC101 inoculated on cold pork surface

Temperature a X0 b R? Lagtime  Generationtime Exponential growth rate
(°C) (log CFU/g) (time (hr)) (log CFU/g)/hr (hr) (hr) (log(CFU/g)/hr)
0 - - - - - - -
5 . - - B, . - .
10 0.2209 2.7613 0.2234 0.8191 2.5379 0.8276 0.3638
15 0.3494 1.9697 0.2364 0.9518 1.7333 0.5536 0.5437
20 0.3849 1.9515 0.2403 0.9683 1.7112 0.5109 0.5893

“a = difference between initial and final cell numbers
X0 = the time at which the absolute growth rate is maximum
b = the relative growth rate at X0

(4) (B) ©

0.40 30 0.242

0.240

0.238

26 Y=1.9511+1532.77*exp(-0.7545*X) 0.236
R=0.9983

0234

Y=0.3985 -2:3263"exp(-0.2573")
R=0.99 2408"X)

'Y=0.2420-0.2063"exp(-0.
R?=0.9969
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Fig. 2. Fitted nonlinear regression models (equation (5)) for effect of temperatures (x) on a (A), X0 (B) and b (C) values of Gompertz func-
tion (equation (1)) of wild-type Salmonella spp. KSC101 on cold pork surface.
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X0, b 9A] SigmaPlot (Ver 10.0, Systat Software, San Jose,
CA, USA) Dynamic fitting T2 t}2-2] 2|(5)9} 72
o] Mo H3k(Fig. 2)5 U R 25222 Exponential
decay, single 3 parameter equatione ©]-&3le] 2E=HE=E
fitting SFATH(Fig. 2).

Y=A4 + B*exp(— C*X) 4)

X =temperature (°C), 4, B, C = parameters®|t}. ¥ o]
A e 2dlof] tisl] 4422 PMP (Pathogen Modeling
Program, Ver 7.0, USDA, ERS) ¥E o]&3} ZAx}9} v &}
RO ™, Sara 502 WHI FHZ2 Puerta-Gomez "¢
WS A83le] R*9F RMSE (Root mean square error)?t
< HiEo R e dErde) Feg S A5l

An gy Ay

Ixr=.g.o M 2] Wild-type Salmonella spp. 3%t

=59 HFH wild-type Salmonella spp. KSC101°l] o
gk /3742 Table 13} Fig. 1914 B uie} o] WAES

AR R A G 3AIZF oJUf o] Fe A7kl 9l
e AA] EUTHFig. 1). £3], 0°CS}F 5°Co| A 2] A&
S

SAHoZ 2|7 YoM (p>0.05), 0°CAME 238
Zashe Aol vehdeH, 5°Ce Aol ® A7 AlE

SN} R} F7kshe Ao LrehgAIRE 27l@gnnt
oF e olFoiAA gtk 2 # itk AW 10°C
NHE 3NN Skbel el ALOw, 15Ce 20T

2 Z7VrFS HiE 034 log CFU/ = AT 1A 9 o]
& 27k e Uz Yo FAE vz 3y

[¢}

o FAXCEE o8k THp < 0.05) (Table 1, Fig. 1).
Aol M e] AF= Mann 522°] Fresh ground®} boneless
pork chop®ll standard type Salmonella culturesS 7% 3}o]
44, 72, 10°Ce} 2L(22-23.3°C)ollA A4S =43 44
oM e} FAKSE 73S YER AL AR, B Aol A & wild-
type®] 9= 10°CAXE 9F7ke] S YEPNA AL, 20°C
oM o e RS Hol Fo gl o]t Aol
= Aggd FF9 2ol Z 3 ARE AAE = Qo

BB=ES 71938 XU0)M Salmonella spp. *8% B

% EEE

oA Salmonella spp. KSC1012] 0, 5, 10, 15, 20°C
oA #aE A7 A= Sigmoidal non-linear regression
2191 Gompertz 4 parameterl] ]3]l fitting |1 TH(Table 2).
Aol AR 282 03 5°CollM= AAS fittinge] &
AEA] ekokom, gl WA 10, 15, 20°C oA fitting
A3l gk RFEE 10°CoM 7 52 0.819101%1 2,
15°Ce}F 20°ColM &= 22 0.9518, 0.96832 2 =A| eyt

FN

2~
T

rlo
rlo

ok &, 10°CAlA 8| A=A
olgta & & Arh

SHA Table 290141 Hi= vk} 72o] Gompertz 4 parameter
o &3l fitting © AHE HIFOE 2(2), 3), (4)°ll 93l
F4 ¥ lag time (LT), generation time (GT)3} exponential
growth rate (EGR)l T3k k& K™, 10°CollA] LT+ 2.54
A7k, GTE= 0.83 AlZH, EGRS 0.36 logCFU/g/hrZ thE 2
T 15°C9} 20°Ce] HE] ofF W g YERNIL 9o
H, ol Z W %] =Eve RS orjshe ALRE
E 7 Ak 15°C9F 20°CE] 4 10°Ce] A-HTb= W2
LTe} #& GT, 283 =LEGRES HlEoZ 10°Ce] 7
FHEU= WE AGS Ho 3 AR 15°C9F 20°CAY
ol9] HlwoA= & o7t gl o] EAolg & + 3
ok &, 15°C9}F 20°C] Z$-10°ColM By 4 =5
2R 15°CeF 20°C F &%) o] B]E 20°ColA LT7}
w1, GT7F &3, EGRO] EAIRE 15°Cob= & =7 /1

et £ 5 o

Aol vt

PMPZ o]-&3&}to] 20°CoX 2] Salmonella spp.2l 474 2
7} LTE 6.8 hr, GTE 1.0 he2 2 oA ALE-3l ofA
F 1o @4 70 LT9 GTE YeMZ e, ol 15
439} oM TF 28] brothet W A=S2] xfo] 2 213
Ao B F Ut} F, ol AR @2 2xoA A5
P o] EHO R AR 7 Y LTe 2
ol ARdo] ASdd &5 27o] JIFS W= o= 7

TGET 2 5 Ut

Table 204 A|AS+ Gompertz 4 parameter a, X0, b Z}
ztoll thEk 2)(5) &, 4, B, C o th3t 23 =4S Fig. 29}
7t} 37) W4 a, X0, b ol ths] 37 E Exponential decay
md B R¥%Zro] 09901402 =A Ueht, o] 23 &
dof] it A FEe ool B 5 glo, o 23 B

4.0

3.9 1

3.8

3.7 4

3.6 1

3.5 4

3.4 4 ®e o

Predicted (Log CFU/g)

3.3 4

3.2 1

3.1 1

3.0 T T T T T T T T T
30 31 32 33 34 35 36 37 38 39 40

Observed (Log CFU/g)

Fig. 3. Predicted versus observed growth values for wild-type Sal-
monella spp. on pork surface at 10°C, 15°C and 20°C. Dotted lines
represent central points.
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