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Abstract

Cooked pork can be easily contaminated with Staphylococcus aureus during carriage and serving after cooking. This
study was performed to develop growth prediction models of S. aureus to assure the safety of cooked pork. The Baranyi and
Gompertz primary predictive models were compared. These growth models for S. aureus in cooked pork were developed at
storage temperatures of 5, 15, and 25°C. The specific growth rate (SGR) and lag time (LT) values were calculated. The Bara-
nyi model, which displayed a R? of 0.98 and root mean square error (RMSE) of 0.27, was more compatible than the Gomp-
ertz model, which displayed 0.84 in both R? and RMSE. The Baranyi model was used to develop a response surface
secondary model to indicate changes of LT and SGR values according to storage temperature. The compatibility of the
developed model was confirmed by calculating R%, By, A;, and RMSE values as statistic parameters. At 5, 15 and 25°C, R?
was 0.88,0.99 and 0.99; RMSE was 0.11, 0.24 and 0.10; B;was 1.12, 1.02 and 1.03; and A;was 1.17, 1.03 and 1.03, respec-
tively. The developed predictive growth model is suitable to predict the growth of S. aureus in cooked pork, and so has
potential in the .microbial risk assessment as an input value or model.
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(Karl and Da-Wen, 1999). 2]32] ¢4 EAlo] o] 7}
F Tostas & HlFS ARk 8l vAE it
ol S g8 R o3 FFHOoRE HSstal
k7] wiell 719 HAE A vlste] vl Al
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(Park er al., 2007), @A $-2U2E BIET B2 vt
A 57, AEF Y dAE} SAHHALFA EAls=
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AH=2]1%](Chung, 2007), 3, AW 9 Hi17](Castillejo-
Rodriguez et al, 2002), $—-(Fujikawa ef al., 2006) Sl
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S. aureus®] T8 URNAFER] FAHAIF &= 752
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T2 A&2] H gFrlEdA 743ttt FAEQ =
EALe AT AES 10ecm FAE A2 F Eo ¢
7188 7F2=d|Q1A|(RTR-C303N, Rinnai, Korea)ol|4 7}
stk EAFONA Bdvls ko g =y, tig= oF
5cme] Zo|Z Hof Fuleitt. sk 232U * =5l o
sl okt 4.10%, It 1.74%, Frts 1.74%, A7 0.60%,
2F 227%, AT 020%, 27 0.L2%E LI =52 T4
257} 75°Cel =2 wi7hR] FE3] 7kt ¢h 8]
0l 31715 60°CE 213l & 3cm FAZ Ao A5 2 A}
239 Jung et al, 2004; Korean Dietetic Association,
2007). FR1E AEE 231 298 WAE] Ya) A
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12} e 7hsly] e vk 250l WE S aureus
9] A8 M2 lag time(LT, h)Z} specific growth rate(SGR,
LogCFU/g/h)Z AF=3153t}. LT} SGRS MicroFit(version
1.0, The Institute of Food Research, Norwich, UK)S ©]
-3} Baranyi model(Baranyi er al, 1995; Baranyi et al.,
1996)7} GraphPad Prism(version 4.0, San Diego, USA)<
A3t Gompertz model(Gibson et al, 1988)S -85}
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where

y: the bacterial count in Log CFU/g at time t

yo: the initial bacteria count in Log CFU/g at time 0
Wney: the maximum specific growth rate, Log CFU/g/h
Ymax. the maximum bacteria count in Log CFU/g
t: time

qy: the measure of the initial physiological state of cell

qr= TAY AT #EE] TAe] A EE U
EREH o] &%= ASF MicroFitl]l &3l Al4kd LTE
HE o=z 8 4= 9ltkBaranyi and Roberts, 1995).

% =N0+c*exp(—((2.718*“%“)*(tlag—><)+1)) 2)

where
Np: initial number of cells(Log CFU/g)
C: difference between initial and final cell numbers
(Log CFU/g)
Wna: Maximum specific growth rate(Log CFU/g/h)
t,,: delay before growth, same units as X(time)
X: time
Y: Log cell(Log CFU/g)

22F 2elle 2%o] el wWE LTS SGRE oS53}7]
£3te] response surface model(RSM)2]-S o831t}
RSM2]-2- polynomial quadratic 2}-S ©]-88}o] A4k= ST},
RE A4FS Minitab program(version 15.0, Eretec Inc.,
USA)S AHEslaal, fred WAAe g5 2o

LT or SGR=Y,+Y,*temp+Y,*temp’ 3)

where
Y, Y, Y, regression coefficients

temp: temperature

2 b1 ¥ FEH T}

AA1E 2709 Ao =2 d (Baranyi model®} Gompertz
model)?] Hln 2 Z3HJ H7}= root mean square error
(RMSE), coefficient of determination(R?), bias factor(B,),
accuracy factor(A)ake AHE-sle] 718ttt R*S AR
Mol F4us yol ol yoll tiske] y,el EME e
g HEEe] HIE-S 7 BOEA 0914 14kl 3k
Uehdth of ge 1] 7heSE At Folkit
(Duffy et al., 1994; Sutherland et al., 1994).

R =1=(Ye/S 1) )

where

e;: the error of predictive data
y;: the predictive data

)3: the average of predictive data

RMSE= A3t AS3ke] 2lol& ol8ste] dojxl=
SA2 o] 09 HesE wue) HgEs} Holr)
(Baranyi et al., 1996).

_ 2
RMSE = M (®)]

where
obs: observed value
pred: predicted value
n: number of observation

B A3S Tl ozl A¥3 f=d 23 2dl2
oA Lol HF 2ol HrIE Aog 19 IPFEFE
Aekgt ot} 1RY 2k 9= HA dS5H Ao, |
Hoh 3H A o5E Aotk 078t AAY 15K
& @ YERE o] AFslA| ol ARgo] E7Fsd)
THRoss, 1996).

B,= 10 Log(LTpredicted/L Tobservedy/n} (6)

=10 {2 Log(SGRpredicted/SGRobserved)/n}

n: number of observation

A APS B3l Poln APt A=W 23w
oA ol HF Aole] AR HIHE ROE gho]
AASE AL o] Ge | g =
o] &THRoss, 1999).

Af: 1 O{Z |LogLTpredicted/LTobserved|/n (7)

=1 0(2 |LogSGRpredicted/SGRobserved|/n}

n: number of observation

cE

[

20 2 $=|oMe S. aureus M&

Lo WE S aureus 37HAZ= Fig. 10] YERAT
WALER] 5°CAM BaE 752 27|L¥9EE 3 Log
CFU/goll A 720717H309) &<t A dAT 55 A
ST Kim(2004)2 ghalg2)e] 198 2320l S. aureus
AES T8 =397kIA 10°C YRS A BE 250l
A S aureuse A5 BER S FAAY Fast
Aotar B sk, Tatini(1973)7F S, aureuss= 6.5°C ©]s}
A= 43T & glke AFAAE A= 2 A
T= ol2F YA
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15°Co] HA2Eo|A= 48AIZ77EA] <] o] A9
YERA] gkol LABIAARE, 1A E s a5t 34
3] Z7}8k] Lindgvist 5(2002)°] EA4do] 758tk
6 Log CFU/gE Z7314T}. 16847 o] FHE]E 10 Log
CFU/g 702 J783HA A=At oleldt A= egg
products®] S. aureus /37 H SRS =799 A (Yang
et al., 2001)°14] BT 18°CollA 27|12 9%E% 1 Log
CFU/gRl 789 36A17F &<t ¢F 5.5 Log CFU/gZHAl 437
g Aol HlsiME WE S BT, 72 3, FAx
7], Garr)e 271295 5 Log CFU/gO.Z S. aureus
E AE3AES W 17.7°Coll A 2F 200417FS T2 A
9 Log CFU/g %2 HAE ATFZAI(Castillejo-
Rodriguez et al., 2002)9}= FAFSH A2 YePJt)

25°CollA= 12A|7F0] AUpaA F2lo] helz] 24A]71)
+ 6 Log CFU/gE ol 54 A4 7FeAS el
ol 27|249% %7} 2 Log CFU/ge] 7S 25°ColA 12
ARRE o} BAE v FUHETRH A4 oF 5 Log
CFU/g o2 #AF A oY, FREAZHT FAlolA
o] A ¥%& 5 Log CFU/g 5 ol3liths A4y

12 4

Log CFU/g

(Kim, 2004)2}= T Zpo]lE RYed], 2% 74 A
7z e Apolof] mE FoE AehE

5, 15, 25°ColMe] 2t &5 S aureus 4% A9E &
AR 9} 7o F&E= vl sle] Yehd AL <l
3+ 4= AN} Fujikawa®l Morozumi(2006)%= $—ollA S,
qurews 237 BEAAE AP AFNA 23°C wrk
32CoN B FHEES S2g0] w2 Lehs)
3 BaEnh mEbA 55 ke AFHEIESE sl
AMe AR exoA B ke AIRE #E F9
s S-S gFoZ AAsh= Flo] niEAlsitt)

HEEZE VY « djm

Zy LTH(5, 15, 25°C) 59 299 S aureusd] A5
A3KFig. NE 7|22 %o wWE Baranyi model}
Gompertz modelS ©]-83t F2&%(SGR)9} F=7](LT)
£ =3I tH(Table 1), AWFE o F SGRAES 259} H]
oz Zrlsidon, LTEke Lo} vy oz 7t
a3k A4S YeRth 53], SGREk F+ Edll BF 5°C
of| Al -~ Akl 15°C7HA] gk FUEAIE Helgrt

——5TC
—&—15C
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Fig. 1. The growth of S. aureus inoculated in Suyuk at different temperatures.

Table 1. The comparison of estimated of S. aureus in Suyuk from the Baranyi and Gompertz model

Model Temperatures Growth parameter Statistical analysis
ode .
0 LT (h)V SGR? (Log CFU/g/h) RZ? RMSE?
5 181.29 0.06 0.88 0.11
. 15 15.24 0.10 0.99 0.24
Baranyi
25 2.70 0.56 0.99 0.09
Mean 0.98 0.27
5 125.2 -0.03 0.49 0.17
15 92.05 1.32 0.77 1.27
Gompertz
25 19.48 1.06 0.94 0.66
Mean 0.84 0.84

DLT: lag time (h).

PSGR: specific growth rate (Log CFU/g/h).
IR?: coefficient of determination.

YRMSE: root mean square error.
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Table 2. The response surface model of the growth of S.
aureus in Suyuk

Growth Intercept " 5) 26)
parameters (Y,)? Y Y R

LT 321.881 -31.956  0.76755 1.00

SGR? 0.1975 -0.038  0.0021 1.00

DLT: lag time (h).

PSGR: specific growth rate (Log CFU/g/h).
349Y, Y, Y,: regression coefficients.

OR?: coefficient of determination.

323 Z715)e] 25°Co Ao +AS Lehigleh. LT
e A vHE F Bl B scolA 7P 2

OS2 YERGAL, 15°C7HA] 3438 THAE Ho|tpt s
HAZ7Q] 25°CAlA HAaghks Ao

T modeld] t$t FAZA] AFHS B8] sk
R? Zt3} RMSES E£415}it}. Baranyi modele] 729 £
AR AFAEE Y= R? 3R 098219 3= =
S TS RAHDuffy et al., 1994; Sutherland et al.,
1994). TE3F RMSEE. 0.272 09 7178 3hs Jehi s
dl, RMSE= A3 d&gke] Aol o]&3ste] doj~|
£ A2 o] A25E modeld] A U2 A
$HS o]m]Slth(Sutherland er al, 1994). HFH Gompertz
model®] 7% R? Zt 0.84, RMSEZ) 0.84% Baranyi model
I HlwEls W FAA Aol W B0 VERT
ol de] AFZ & u KoM L3l WE S aureus
A% AZa) A% olwdsl We gow AbsE
9] Baranyi modelo] T Z3sltkar B 4= St} Pouched
mashed potatoesol| A E. colioll T3l 71 A3 Ao =
2d-S /fE3sty] 98] Logistic model, Baranyi model,
Gompertz model2- H|1gF A7 (Fujikawa et al., 2006)°]
/= Logistic model®} Baranyi model®©] Gompertz model
ur o Al deRt & el Asie S,

2o} Tkt L0 71ROl g Pseudomonas spp.

o
o

o] A& Z=rasf AL (Gospavic er al., 2008)o A&
Baranyi model®} Gompertz model S H| w3+ A3} LT=
Baranyi modelol|A] ] 2l¥]Ado] =JATF R¥Gk 5 E5F
Ao =oF 5 2dl 25 Pseudomonas spp.2] 2373
SEYE AR 7Fsdithe A7 Ade B A7 i A
o7} AT

5ol Ao Gompertz modelol]l VIS 542 HEHAdo]
9<%} Baranyi model®] LT} SGRZFS ©]8-3}e] RSM2
o ofsfl 7itke 23} EE (4 (3)) Table 291 2T} SA
2 A3e YeM= R? 32 LT9 SGR 5 12 YE}
5ot o] BES2A1S 2] (1)2] Barayni modelol] 2-8-A12 73
EGAIZNA 52 &0 WE S auresus 37 A
S 4T 5 AchFig. 2). 759 27 L HHAS
ate] At Z A A9 59 257 5, 10°C

Aol AR Bl Aol UehA] ekor,
15°Ce} 25°Ce] A9+ AZATe} fAksE Aol Yehd
£ 5t g e 2dS o83 A9 4
1

e kMl Ho

[e)

W

_l

L

= T

ookt 2349 20 W S auresus 3G
T Jor, olE HaFrteA Fid] &8 4
o wal.

30 4\ Ho
filo o_;i Lo ﬁ

N

Model Mg "7}

AFo BEF goh RSME ol 83t] frmgl 2% @
2j0] ola] o}xl ol Zgke] ARWAZ A7 B IkFig
3). 1 A3} R?o] 5°Coll A& 0.88, 15°C 0.99, 25°C 0.99%
o] 7k ke el Aast dlxgtel BVl B
Z3t ADuffy er al, 1994; Sutherland er al, 1994)°.Z
epsih

Table 3ol d&5do] 345 Prtslr] 9t TA
2 A %7} ¥ RMSE, B, AGHS UERNQITE. RMSEZE
o dzmae) BRAL, BAEe ArH R Fany
o] SHARIE UEhAT AGLE Ao sk, SUTH
Alz=Hle] A ZA 2 TP oHEAE BoJFTH(Bharathi
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Fig. 2. The predictive growth of S. aureus in Suyuk exposed to S, 10, 15 and 25°C to 72 h.
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Fig. 3. Comparison of observed vs. predicted growth of S. aureus in Suyuk at different temperatures (5, 15, and 25°C).

et al., 2001). ¥ Ao A 7§ modelo] thE RMSE=
5, 15, 25°ColA] ZHzE 0.11, 0.24, 0.102.2 00l ZH3H)
YERSA, B 242 1.12, 1.02, 1.032 &5 9] 23}
A vehgth A AdFE 3RS 2edE 747
1.17, 1.03, 1.03o.2 yepgt) 3, dHz 7leah 2 g
b4kl sl S aureus®] 37 ASEAMNE AT F
nonlinear model %23+ Dengremont®} Membre2] -+
(1995)0llM+= 3 & 715ake] B, kol 22t 1.56, 1.09%
2R VEREAL, Eifert 5(1996)0] 2 7St S, aureus
S rdxe AWz 7i5Ae] B AR 1.512 H-3HA
UERstth ey 1 9j9] Baka A S diFEo] 28
Hol FAekst Ao = Jepydtt. o|elst Az} vluws) &
] £ A7 ApdErt Ao =2 AS ¢ 5 Aok

A8z o7 Jdtd Bde 5 15 25°Co|4] RMSES Z}
z} 0.11, 024, 0.102.8, B ZH2}F 1.12, 1.02, 1.030.%,
A= ZH7ZF 117, 1.03, 1.032.2 Yeht 542 Hg4o)
0ol & 4 ow, 50 st S, aureus 37 ASE
42 AL ZFssittal datEnh meba] 2 dATte] A
of o3l 55 A HAL & JIEF 37 AsiA
= A(10°C olshellA Rash= AL A3 (Fig. 2),

Table 3. The statistical indices of the response surface model
for growth of S. aureus in Suyuk at different temper-

atures
Growth 21) 2 3) "
temperatures (°C) R RMSE By Ar
5 0.88 0.11 1.12 1.17
15 0.99 0.24 1.02 1.03
25 0.99 0.10 1.03 1.03

YR?: coefficient of determination.
PRMSE: root mean square error.
9B;: bias factor.

YA accuracy factor.

Aol wigasiet. 2eh e My FAREE S5
ngets FA5A 92 1] '
27149 ATE o Lxn r)Ee] 44o] B
o2 Alg®)

=
R
wate] £8g <
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B i) g A9 wae ANSA S
Lo WE S aureusS] AFAFAL 5, 15, 25°Ce] R
2EoA SHSIATE. 5ol LFE S aureus®] 3FE
HE 7|%xZ 250 we} Baranyi model® Gompertz model
< ©]&3l SGRe} LTE 4F=3idith. 7 Edo) sty
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™ 21 23} Baranyi modelo| A= Z}2; 0.98, 0.27, Gompertz
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do] ¥4 o= AR o AEiiith RSMS ©]
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0.99, 0.99% Y} AAgI 53] GAuArt =5t
o} &3 RMSE= &=¥= 242} 0.11, 0.24, 0.102 Y&+
Wi, B 47212, 1.02, 1.032, A= 242 1.17, 1.03,
1.032 Jeht TAF Aol wthal & 4 Stk wet

A PR RS o §F A9 8ol T 2857
Sl (o)
SNl F88 FEY 5 AL Ao BT
Aol =

o] A7 2008d% FFthstw shEdATEAIH ol s
FHEAOH old A =k
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A
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