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Development of a Predictive Model Describing the Growth of Staphylococcus aureus
in Ready-to-Eat Sandwiches

Hae-Jung Park, Hyun-Joo Bae*

Department of Food and Nutrition, Daegu University

Abstract: This study was performed to provide fundamental data on hygiene and quality control of ready-to-eat sandwiches.
Predictive models were developed to the kinetics of Staphylococcus aureus growth in these sandwiches as a function of
temperature (10, 15, 25, and 35°C). The result of the primary model that used the Gompertz equation showed that the lag phase
duration (LPD) and generation time (GT) decreased and the exponential growth rate (EGR) increased with increasing storage
temperature. The secondary model showed an R* for M and B of 0.9967 and 09916, respectively. A predictive growth model
of the growth degree as a function of temperature was developed. L(t)=A+Cexp(—exp(—B(t-M))) (A=Initial contamination
level, C=MPD-A, B=0.473166—0.045040* Temp—0.001718*Temp* Temp, M=19.924824-0.627442* Temp-0.004493* Temp* Temp,
t=time, Temp=temperature). This model showed an R? value of 0.9288. All the models developed in this study showed a good

fit.
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ZH7F 218 lolgtar & 4 Utk HMR & MESA]
ol 23Ho] e FHAF 2 FF(Ready-to-eat  food,
RTE)?] ¥l H|Fo] 53] mom, HeHA F=2 o}3]4]
A Ol g o2 Fojshs AMEAF &S 20201 UiH]
20210l= 56%7F 5718k THChoi 2021; Kwon 2021).
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A5e] Ay 7FsAde] AthSolberg et al. 1990).
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o PAELYTR YL 5T
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B Aol A3 FF= Gram YA Staphylococcus
aureus (KCTC 1621)Z A ¥st AF4e] FAA-23
(Korean Collection for Type Culture: KCTC)SZH-E HoF
QT Kim(2004)9] WS Fslo] 54 BHEW Bl

= o EEfetel €9 F wgelR A 1) A=

Table 1. Ingredient composition for one serving of sample

Raw One serving

. Reference
materials (2)
Bread 70 2 slice
Potato 50 Crushing after boiling

Egg 25 Half of one
Ham 20 Use of chopping at 0.5 cm
Cucumber 20 Use of chopping at 0.5 cm
Pickles 20 Use of chopping at 0.5 cm
Lettuce 10 Use of chopping at 0.5 cm
Cabbage 10 Use of chopping at 0.5 cm
Carrot 10 Chopping after boiling
Onion 10 Panbroiling after chopping
Mayonnaise 10 Bread spread 5 g, sauce 5 g
Mustard 10 Use of mixed within mayonnaise 5 g

A 25mLe] TSBelA] 35°C, 241)7F =<t vjekale] A3}
Al AT

2. A2 Ml 2 7ol M=
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4. oS 2 Y H Meld Bt

o] 4% JelE £d3sH7] 98] Gompertz equation
<Table 2>& AMS-3IATE HHE AES Bl 42 A48 4
F7ES Sigma Plot 9.0 (SPSS Inc., 2000)2] H] A& 3] 7
A (non-linear regression)S &-8-3}] Gompertz equation®]
HRl A, C, B, ME AE33it. o] & o]&sto] thdd
E(exponential growth rate: EGR, log CFU/g/hr), AtA|7F
(generation time: GT, hr), F27]7F(lag phase duration:
LPD, hr), o<+ (maximum population density: MPD,
log CFU/g/hr)E Alxtsiit

Table 2. Equations for Gompertz function and derived growth kinetics values

Gompertz’s function

L(t)=A+c*exp(—exp(-B(t-M)))

L(t)=Log count of bacteria at time (in hours)t [Log(cfuw/g)]

A=Asymptotic log count of bacteria as time decreases indefinitely (i.e., initial level of bacteria [Log(cfu/g)])
C=Asymptotic amount of growth that occurs as t increase indefinitely(i.e., numer of log cycles of growth [Log(cfu/g)]
M=Time at which the absolute growth rate is maximal [hr]

B=Relative growth rate at M [Log(cfu/g)hr]

Derived Growth Kinetics Equations:

Exponential growth rate (EGR)=BC/e [Log(cfuw/g)]
Generation time (GT)=Log(2) ¢/BC [hr]

Lag phase duration (LPD)=M—(1/B) [hr]
Maximum population density (MPD)=A+C
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Table 3. The growth of Staphylococcus aureus on inoculated potato-salad sandwiches during storage at different

temperature
Temperature (°C)
Time(hr)
10 15 25 35
0 3.28+0.40%) 3.28+0.40" 3.28+0.40¢ 3.2840.40°
2 3.29+0.35¢ 3.52+0.35° 3.60+0.01¢ 3.35+0.16%
4 3.23+0.33¢ 3.65+0.06° 3.79+0.27¢ 3.64+0.26¢
6 4.24+0.50% 4.29+0.54% 4.13+0.70¢ 4.49+0.13°
12 3.98+0.97% 4.79+0.35% 5.19+0.28¢ 6.22+0.05"
24 4.69+0.26™ 5.30+0.25% 5.91+0.44b° 6.92+0.10°
48 5.61+0.33" 5.810.08" 6.38+0.09" -
120 8.40+0.68° 9.28+0.56 12.26+0.86° -
F-value 26.99%** 64.33%%* 8925 182.94%

Y*"Means in a row followed by different superscripts are significantly different.
$%p<0.001

A
At o] IFAYA -1—% Gompertz equationoﬂ Ag3le] 2=
oF A7 mE LA Fe] ARHTE AT

=3
Gsdoz o v o 4E WY TAL U 0 [ciica um]
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1. 224 Staphylococcus aureus?| AIZEIIE Figure 1. Predictive growth curve of Staphylococcus aureus
in potato-salad sandwiches during storage at

AMELR oA FATEF10] 250l wE A Hsks different temperature.
33] WHE AES Fslo] AHE Ay= <Table 3>3 7“:}
MESIRo) FALCRTRS AET A5 27] 70
3.28 log CFU/gSt). 10°ColM= HF & 1277, 15, 25°C A1 4.5 log CFU/goll =3k Al7HS A B, 10°C0
M= 6rzZE, 35°ColM = AR BAT 4 FEE B A 22A17F, 15°ColA] 10417, 25°CellA] 9AIZE, 35°ColA =

1 O =
o]A] Ut :LEM 2 o]Fo= 7] & HeEE & 6~ 7o AT
A9l T A BATHP<0.001). Lee et al(2004)°] FHEZ=ATHe] BUE A5 o]
FANL P 7-48°C =19 A4 7HsstaL g3t e HEFAREAE APe AelA Ass
10~48°C oA B2 o] 7153t} Tatini(1973)2 3 Aol 99% g 2o HHFH RS A5E &
Z ZZ¥ ground beef, bolognaE 10°Co|A] H3 A Aoz HE st AR 30°ColA] WA & wf] 1.9A]7F,
enterotoxin®] AAEJTH Btk wEbA B Ate) A 15°Coll A W)k wf) 177717k 2 ARG 3Ed], 2 239
= NI SR A Al 10°CHE A9 AN EZ A3 72 Ag= M=% HACCP WAoo g
< AT QA oz Az AFHE e 2ad Fooe 53
7Jr7Jr°l 2Lt A7) whE S E o] Al o= 6AIZF oW, & 7Rl = 10417 ool F33hk= A
HIAY 3]92E o]8dt EAlsket 2= <Figure 1> o] sty AETh MESXE 10°C o|3te] ¥ <
J4' 2th S F6A ABEe YeplE R #hol T2 AshEA HiE gl ME9R] Az g4E F 22
BT 099 ol o= 2 AgES YeRT A St AW SR E ] ofgh FAlE B ER] &S A
Aol|A] AMELA|FoA A EE 2] Havt A== o2 AlsHh
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Table 4. Effect of initial number of Staphylococcus aureus at different temperatures on growth kinetics of potato-salad

sandwiches
Gompertz value

Temperatures LPD EGR GT MPD

©C) A C B (hr) (log CFU/g/hr) (hr) (log CFU/g)
(log CFU/g)  (log CFU/g) (log CFU/g/hr)

10 3.26+0.06" 2.57+0.11 0.18+0.01 13.91£1.23 8.52+1.00 0.17+0.00 11.38+1.00 5.84+0.06
15 2.80+0.29 3.03+0.29 0.26+0.03 11.88+0.34 7.92+0.34 0.29+0.06 9.72+0.28 5.83+0.01
25 3.444+0.35 2.84:+0.37 0.42+003 6.81+0.70 4.40+£0.72 0.44+0.08 5.57+0.57 6.29+0.04
35 3.19+0.04 3.73+0.07 1.06+0.05 3.54+0.6 2.59+0.21 1.45+0.06 2.89+0.21 6.92+0.07

DMeans+SD

2. Staphylococcus aureus2| AZH0{|= 2] JHgt 207

ndE AgdSEY A Al S - el 7 de o] 181

4 %= Gompertz equation <Table 2>2 %83} EGR, 16 1

GT, LPD, MPDE 4t&¢t A3= <Table 4> 2}, 2z} 141 y=0.959+(83.2943/x)

o] &xof W FATA datare fittingsgS A AHEH 12 R?=0.9805

A, C, B, M9] zte =2 Yelfigitt. LPDe PAEC] A=
S Agstar A4S Al flste] F9igEl A&
e 717t B 4 Qo) £ AFoA= LPDe 10°ColA
7P o 85207 YR Y, L0t E1ERE Hap 7
AeleE 43S Btk GT= LPDeF "R R &53710]
S FE 1 ko] AR AAde A%E B, EGRe
W2 257t ol s A4 wol e 4 E8S UeRith
o]e} o] MR FelA o] FMELE ATt o] e A
A=W GT, LPD, EGRO| ®Wis} o] ## A+®No
2001; Kim 2004; Moon et al. 2005)0|41¢] E=&-ox 9] &
ZH|g|ote] A, Algtatox o] Foljite] A7, n|EEA
o] A o] 4 A fAkeE AFE BATh &
3 o213t A= Mlte] LPD7F L%, pH, Aw, 28 5
o] E3FAQl 3 acldl| g won, 53] 2k B
FEFe W= Aoz S A A (Zwietering et al.
1994; Bearanyi & Roberts 1995; Augustin & Vincent 2000)
o} AL RS UERATH L5529} LPDE] BAIE AS3
Fej2 yepd 43} LPD7E L9 e dAV S &

T JAck<Figure 2>
12 BEE 7|Eo 2 sl nAEe] Ao IS nX=
213F0] 715 37 ale rdslet Ao] 23 Rdelt), &, 2
oA mdo] 4 eQogME L5 pH, FREIAE, dF
= = 8dle] HulTAEE(K), =71, 2
T 5o X e TS SIS Zo] dFa] mdo]
Els

o = pul
SERBAS olgdte] 23 el S

4L hgsisitt. 2ot Akl mE Bk Mgkl vigt

o] Bh3-2]8 <Table 2>2] Gompertz equation®l] 2-8-A]7
SR NN 2ol mE ST e AAHESE F
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Figure 2. Effects of temperature number on lag phase
duration of Staphylococcus aureus in potato-
salad sandwiches.

a7 918 Al ZRYA L AR AL BT 2,
L(t)=A+C exp(—exp(-B(t-M)))

A=Initial contamination level, C=MPD-A,
B=0.473166—0.045040*Temp—0.001718*Temp*Temp,
M=19.924824-0.627442*Temp—0.004493 * Temp*Temp,
t=time, Temp=temperature

2 BdofM= 27| SAHTE A SATTEEY 2
T FFS HEIAIAT oA 9] FRSRA I} AET
A5+ 237 (Buchanan & Phillips 1990; Duffy et al. 1994;
Moon et al. 2004; Hong et al. 2005)14 %7] L¥d4+=
ko]l F3o] e AeE HIEAI, PFM modelolA =
Z7|d5<= LPD, GToll&= obfd FFE vAA ¥or 5
Aol Emeehe ARt IS v Ao ek
ChPark 2001). Wb £ A7zde MEQx|Fo 27| 2
Aol BAglel Ageo] FFssitiy BT

S B AT gl FRde] 44 Hgel gloiA
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Table 5. Effects of temperature on the growth of Staphylococcus aureus in potato-salad sandwiches by response surface

models

M=19.924824-0.627442*Temp-0.004493* Temp* Temp R*=0.9967

Parameter DF Estimate Standard error t value Pr>|t]

Intercept 1 19.924824 1.621387 12.29 0.0517

Temp 1 -0.627442 0.166419 -3.77 0.1651

Temp*Temp 1 0.004493 0.003644 1.23 04338
B=0.473166-0.045040* Temp-0.001718*Temp* Temp R*=0.9916

Parameter DF Estimate Standard error t value Pr>|t]

Intercept 1 0.473166 0.209544 2.26 0.2654

Temp 1 -0.045040 0.021508 -2.09 0.2836

Temp*Temp 1 0.001718 0.000471 3.65 0.1704

K(hr'1)

Figure 3. Comparison of experimental k and predictive k
by the response surface model of Staphylococcus
aureus.

@: experimental k, B predictive k

93423 AR 7 Ao 88 4= tH(Buchanan
1993; Hass et al. 1999; Kim et al. 2003). 2] 2] ojH
g nAEl gk Hsld BrlelME &8 7hssh, o
volZt B Al =8, Hlgo] == vAE JFAIH Y
AAN DS alste Ao r: Fastth(Park 2001). T3
nAdEe] s HrE FARFANN =E2RFUE AT
simulation model®l| HE3FH ALt F-50l ol2= A
Aol|A] 29} A|7ke] AW et A T
’d F4o] 753, ol AR MELA| e olA 2]

3. JEo|ERUe| Mehd EUt

e A Al g8 JidE mde 7|l 27
oy Mz dAA A o8l 2 A ASstedor &
ohoE mdo] tigk A FUHRE s s
v 2 shde 54T 2] mid=e] 34 we 7=
o] B& 2d Hlwsks el v s 583 =
Aelre] i 2de) S g Ax A3l ok A
e vashks W olth(Hong et al. 2005).
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rE o

2&2d (k)] SR AFAE vlwe 295 vk
BA 08 Yehth<Figure 3>, olollx] ®iE Hle} ho)
gkt dlZgke] ABASE e 0.9637, 2] A (RS
0.9288= Rdlof tigh 4lg|Ado] w2 Ao A=t

T
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T A&H o Ayt F7HE FoR ddEE MES
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AT ST Eavt AAEEE A
5 log CFU/gell EEah= A7 A EH, 10°CelA
20417k, 15°ColA 10A17F, 25°CollA] 9A)7E, 35°Coll = 64
ZrolAtt. v E S E4R] Gompertz equations 2]-8-
3l EGR, GT, LPD, MPDE &3 Az}, B Apor =
LPDE= 10°CollM 718 =& 852417+ Ve, 257 &
Vs HAF Aadke A4S 2tk GT= LPDS} vzt
TR R 2ER0] EolEFE 1 o] A sk AT
S B3I, EGRE YR 257} Zold= HA EolA|
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ZrollA 2Eo mE PAEETF#o] AIREE AP
2d24S sdst A3}, L()=A+C exp(—exp
(-B(t-M))) (A=Initial contamination level, C=MPD-A,
B=0.473166-0.045040*Temp—0.001718*Temp*Temp,
M=19.924824-0.627442*Temp—0.004493*Temp* Temp,
t=time, Temp=temperature)®] 82 A=EFTH 7gdd &2
ol thit ASYHOR HASHEEETF (K)ol A5k 4
HRE Hlwst A9E vHEH BAS A9 A9k oS
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el S mde ndEe] fEid W7 FlFgelA =
Z%715 918k simulation modeloll HE3sHA AJAtelA f%5
o ol2= A oM e] 2ret AlZke] 2 FAEEF
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