Food Engineering Progress
Vol. 13, No. 1. pp. 56~63 (2009.2)

TR

Food Engineering Progress

=H7IE2 AlEzl|o[dE o|S¢et AT & H[7tH
| *'ﬁ-"— ey 2lsHE@rt
%"12":1‘_ }’]‘PFXL]_ ° ao]-;.‘:\'_ O]‘% —*
S EERET L

Quantitative Microbial Risk Assessment of Non-thermal Processed
Japanese Foods Using Monte Carlo Simulation

Ju-Hyun Song, Yu-Jin Choi, Hyo-Min Nang, and Kwang-Geun Lee*
Department of Food Science and Technology, Dongguk University

Abstract

The am of this study was to control the outbreak of food pathogen through quantitative microbia risk assessment
(QMRA). We used Monte Caro Simulation (MCS) to predict contamination levels of Saphylococcus aureus on the

rav materials, equipments and cook in Japanese restaurant located in Seoul.

The result of sensitivity analysis

showed that the most significant factor for the outbreak of food pathogen was consumption temperature and storage

time. In shrimp and octopus sushi,

‘consumption temperature was the highest sensitivity value of 0.419 followed

by 'storage time' of 0.374. To increase safety of sushi, consumers should have sushi as soon as possible after cook-
ing. In sushi 'storage time after cooking' was determined as Critical Control Point (CCP). To determine Control
Limit (CL), Scenario Andysis (SA) was carried out. In sushi, SA was carried out using storage time as a unit con-
dition. Safety level of S aureus was set lower than 5 log CFU/g. After 2 hr ‘storage time' the number of S aureus
increased to 3.908 log CFU/g. Therefore, 'storage time' of sushi was set as CL in case of room temperature storage.

Key words. quantitative microbia risk assessment, non-therma processed foods, monte carlo simulation, Saphylo-
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o, o] gt AT FEobs 1) E-3}(predictive food
microbiology: PFM)¢|2}3  SFCH(Whiting &  Buchnan,
1994; FAO, 2008; Bahk et a., 2001).

o 54

PRME AF 3 WA mlae 4% 1 AbEe] 9%
2 mlxE a9l daHow &ﬂ 2ed sl )

= AHES B R o5 89l 7o X9t A 2y
S o] &3 ZAo|ti(Whiting & Buchnan, 1994; FAO, 2008).
PFMe] 522 2Ee] AR FAA Az, {5, B, A,
MRS A H ol HAd F FonAdEe] WstE
JEFoEMN olF nAES EHH O Aojetast =
ol Jth(You et a., 2000; Karl & DaWen, 1999). PFM-&
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P Fustan s ol F7keka Y FAlolth
(Whiting & Buchnan, 1994; FAO, 2008; Bahk et 4.,

2001).
2 EA S g Qe A A A AAY
< BN, g, 2w Az, 7H, B,

WA F Y= A

HACCP A8 0 2 = n| &5 Qa2 A #3lA]7]7] o

H7] wFo] AHHH wAE {8 H7H(quantitaive
microbia risk assessment: QMRA)E H &3 QMRA-

HACCP A &8 9] =¢fo] A5l SITHFAO, 2008).
A mAE Q8 Frhs S FNA ofH ol
A7 2 Jd=AE ARG fraE <l (hazad
identification), 7H<¢lolv ko] w|BETA Q3] Q4o
vt =Z =M duiikg o] nAES HFekeA d5st
= &% 7Hexpose assessment), A FH 771 Fe] F3)
& DA ALole] BAE Este o) LASA SH(hazard
characterization), 913l = & ¥ FES WS 754
et 9l SAE7H(risk characterization)e] V] ©AIZ T
JEthBahk et d., 2001). ©] F =&H712 Fdst7] 9
sto] g 2FolA sl H7F e HAE nAES]
LAFTE dSste Aol EFHoy, nAER 8]

%, F43% AR 5o s Sard Sdsin 8

A
T S Wk 2ues FEH oy e
3= Zlo] @ EH, EE|7HEE (Monte Carlo) 412
Alggold mdy W] Abgo]l FrhE A Utk
(FAO, 2008; Bahk et d., 2001; You et d., 1999).

£ AFexs A vZtEHE R Al s wlaT
= AAE], 29 giEl AF f8l 548 AsEda] &
= AR (Saphylococeus aureus)®] @ GFEFS 801
EHIFER AlEH ]S o83t AR, 2%
g 717, 2 FAAIA ] QHFES dSste o9
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A= w3
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AR AF AT LA el A B3
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T
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Hesielth, 2yhe A2 Fol2wg Ausiglon,

2ol ARSE= AES A, Fol3], W L FdolE 7t
7t 2 A FHskATh B3 WAl ds dod £ e
gape] & 9o wup 5, E94F, JA T FHEE]
Toll el B+ HEF 10 mLE 7] 7+
Shanghai, Ching 2.2 A& % 10 cmx10 cme] &
SEATh 2t Al AFE BE A 8= ofo
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A FBAF AXZE ool M E AALE SRS
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7k Z4A 10-25 g& 9vfol| s Il 0.1% Y JES
(Difco, Spark, MD, USA)ell Yo +Z7](Interscience
78860, S Nom, France)® 187} #&3MA At} #+23tE
AMES 01% E+ FEFE 1001Y A&354 513
Saphylococcus  aureus®] 2 {2 Baird-Paker RPF
Agar medium(bioMerieux, France)2 AFE-35le] ¥ HIY
o2 wisle] gt BT HjXE 37°C oA 24-
4877k EF miFetien, AHE +F T EEE o] 3l
= 432 F2S APl Seph kit(bioMerieux, France) o =
golsle] S aureusz HY 3HA T

ZTe|SEE A 3 e 2ol 7t AIZ(01M 2= JHe
d2 v FoAe] S aureust] LATES ER1EH] 3
FDASNA A 8F 377 =% (process approach)ol] 7]z 3}e]
%8 3HEE 2319 THCFSAN, 1998). 7+ 2] 5 @A)
Qe ahol ik FadEde A7) fAste] 9ISl
A H7A A S ol gaklon, E}ld fIsi7t sAlol
oE fsliet A Exal A= Ak, Al 2T oA ¢
LS A3 st Fade|ds A4S
z2]3ANA S aureus®] AT WSk FA AL
o] Fa3t FFAAE Totetr] flste] Algdold =
ol oA AAE vy ¢ =
JEs, FEEERYL 48 49 = £4
ol o A8t 2 sk th(whiting &  Buchnan,
& DaWen, 1999; Wals & Scott, 1997,
Ministry of Agriculture and Forestry & Republic of
Korea, 2000; Roh et d., 2001; Roh et d., 2003). 2] &
A Hle = oju gt Aol dojd gES AAst=dl A
H= Beta X E AHESIAAL, o8 THed ARTF ol
AAY gle 45 ] 292 AR 7Fsg Uniform
£ AREsHTh =g FE Hele M We] HRlE

& 3 gl ndz ALgS 4§
LEZEMN Triang TEE A3 THRoh e d.,
2001; Maeckintosh & Hoffman, 1984; Roh et a., 2003).
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Table 1. The contamination level of S. aureus in raw materials
and cook’s hand and kitchenwares

Saphylococcus  Escherichia

AlZ=I018 =4 aureus coli Coliform

EHAEE AEFHoAe AR 2 2 A7 43 Raw materia 2.70£0.20 002t0.18  2.8210.04
AAAG MO o8 7Ied FERERDS st Cookshandand g g4, 59 2101054  2.90+038
Aladleld mds 248 tH(Vose, 1996; Pdisade Inc, Kitcherwares

2000; Im et d., 2007). AlE#HoHA FE&

@RISK

(Unit : log CFU/qg)

4.0(Pdisade Corp., Newfield, NY, USA)S A3} oM sted PG| SAAE ARl o] A 7] (control
S| 5

sampling type2 median latin hyper cube sampling<, Limit: CL)

o
=2
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Al 3t tHBahk et

generator seed= random'd S AP, WHEAYSl: A, 2005).

= 1000002 44 33tHIm et 4., 2007).

T E 9% T2 AAsen, =4

0IZtz 2 (sensitivity analysis) o] B7lsg Ad Zg-olle 2 o] WS gt

Aol 2234 Faded(aitica control point:  AEE Y] A WA WHEE §ste] o]d)
CCPS AAs7] Slall U7 e B4 AAseh wigds  wE A3 Al S aureus?] QEFF #3HE o =313t
A8 JYHF FoA HF AT 7Y A TS
HAE JEHFE AAse Aoz B Aydres A52 4ot o &
H5 AF Al S aureus?] LFFTFoR AASIATE W
T FEE 1INl 3E 7, 05 7IRe R 1oy - X[E MTe| A&
1o 7besE Gl At YT e dRAEY = AR s} FAAR T AAA He 2ALELY S
7] 9AgE, w9 HANE, AAE ¥4, wAedYd, A auwreuse] L Y4FH vl A F A2 Escherichia coli,

ol&, A M HA2 /T, HF HF Al

259} Coliforme] 2 Table 13 2o}, AFA5 9] 2H

AlZE 5o 2 HAASATE Sepwise regressions ©]§3te]  F& W#2.70+0.20 log CRU/g o2 HEEH A oM, i

FAA FA4S AABFATHBak e d., 2005).

21999l A4 HF 1.90+0.28 log CFU/g F5=°] A Th.
olg gt AErTe APATAH9} vig FEolATH(Im

AL}2|2 241 (scenario analysis) et a., 2007).

A e BAL uizts BN AYE HFedrE
o 71 2 TS FE g Wle] wet A3 A S. aureus?| QYUTES I fIg AIE01M 2
o] S aureus LEFFC] A= =2 WEslEAE ot AlE oAl 7F Wl tig 48 g4 s

Table 2. Smulation model for raw materials, cook’s hand and kitchenwares of sushi

Step Distribution Unit
Raw material
Concentration of raw shrimp (SC) RiskTriang (0,0,48) %
Raw shrimp Prevalence of S. aureus on shrimp (SP) RiskBeta (16,11) %
Mixtureratio (MR) 12
Level of S aureus on shrimp (STot) SC* SP* MR CFU/g
Concentration of raw octopus (OC) RiskTriang (0,0,48) %
. Prevadence of S aureus on octopus (OP) RiskBeta (14,13) %
Octopus sushi Mixtureratio (MR) 12
Level of S aureus on octopus (OTot) OoC* OP* MR CFU/g
Concentration of rice (RC) RiskTriang (0,0,48) %
Rice Prevalence of S aureus onrice (RP) RiskBeta (11,16) %
Mixtureratio (MR) 12
Level of S aureuson rice (RTot) RC* RP* MR CFU/g
Concentration of wasabi (WC) RiskTriang (0,0,48) %
Wasabi Prevalence of S. aureus on wasabi (WP) RiskBeta (11,16) %
Mixtureratio (MR) 12
Leve of S aureus on wasabi (WTot) WC* WP* MR CFU/g

(CM) Contaminated level of S aureus in raw material

Shrimp sushi + Octupus sushi + Rice + wasabi CFU/g
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Table 2. Simulation modd for raw materials, cook’s hand and kitchenwares of sushi (continued)
Sep Distribution Unit
Equipments
Knife RiskBeta (0.17,2.37) CFU/cm2
Chopping board RiskUniform (0.1,0.7) CFU/cm?
Dish RiskUniform (0.05,2.3) CFU/cm?
Dish cloth RiskUniform (0.06,2.21) CFU/cm?
Mixture case RiskUniform (0.01,2.61) CFU/cm?
Contaminated level of S aureus in equipments (CR) U?Q?u:ech + Chopping board + Dish + Dish cloth + CFU/g
Contaminated level of S aureusin Sushi (CS) Log (CM+CR) log CFU/g
Serving
Storagetime RiskUniform (12,24) hr
Storage temperature RiskUniform (0,5) °C
Consuming temperature RiskTriang(16.39,20,31.89) °C
MPD (maximum population density) 9.0 Fix 9
C MPD-CS log CFU/g
M 21.47714-1.7447* Tm+0.0379* Tm? log CFU/g
B 0.40656-0.05026* Tm+0.00383* Tm? log CFU/g
Contaminated level of S.aureusin serving CS+C*exp[-exp{-B* (t-M)}] log CFU/g
Step Distribution Unit
Equipments & employee
Transfer ratio of S aureus by equipments (ETR) RiskUniform (0.17,0.88) %
Hand Prevalence of S aureus on hand (HP) RiskBeta (0.13,0.14) %
Concentration of S aureus on hand (HC) RiskTriang (0,0,0.36) %
Level of S aureus on hand (HTot) ETR* HP* HC CFU/g
Transfer ratio of S aureus by equipments (ETR) RiskUniform (0.17,0.88) %
Knife Prevaence of S aureus on knife (KP) RiskBeta (0.1,2.6) %
Concentration of S aureus on Knife (KC) RiskTriang (0,0,0) %
Level of S aureus on knife (KTot) ETR* KP* KC CFU/g
Transfer ratio of S aureus by equipments (ETR) RiskUniform (0.17,0.88) %
Chopping Prevalence of S aureus on Chopping board (CBP)  RiskBeta (0.11,0.16) %
board Concentration of S. aureus on Chopping board (CBC) RiskTriang (0,0,0.21) %
Level of S aureus on Chopping board (CBTot) ETR* CBP* CBC CFU/g
Transfer ratio of S aureus by equipments (ETR) RiskUniform (0.17,0.88) %
Dish dloth Prevalence of S .aureus on DishCloth (DCBP) RiskBeta (0.01,0.26) %
Concentration of S aureus on Dish cloth (DCC) RiskTriang (0,0,0) %
Level of S aureus on Dish Cloth (DCBTot) ETR* DCBP* DCC CFU/g
Transfer ratio of S aureus by equipments (ETR) RiskUniform (0.17,0.88) %
Dish Prevaence of S aureus on Dish (DBP) RiskBeta (0.01,0.26) %
Concentration of S aureus on Dishcloth (DC) RiskTriang (0,0,0) %
Level of S aureus on Dish (DBTot) ETR* DBP* DC CFU/g
Transfer ratio of S aureus by equipments (ETR) RiskUniform (0.17,0.88) %
Mixture case Prevalence of S aureus on Mixture case (MBP) RiskBeta (0.14,0.13) %
Concentration of S aureus on Mixture case (MCC) RiskTriang (0,0,0.47) %
Level of S aureus on Mixture case (MBTot) ETR* DBP CFU/g
Contaminated level of S aureusin on equipments (ECs) HTot + KTot + CBTot + DCBTot + DBTot + MTot CFU/g
Contaminated level of S aureusin Vegetables (SUCs) Log (RMCs+ ECs) log CFU/g
Sorage
Storage temp. (T9) RiskUniform (0,5) °C
Storage time (ts) RiskUniform (12,48) hr
Maximum population density (MPD) Fixed 9.0
Number of log cycles of growth (C) MPD-SuCs log CFU/g
Time at which the absolute growth rate is storage (M) McCann et a. (2003) Estimated from Ts, pH and C, hr
Relative growth rate at M (B) McCann et a. (2003) Estimated from Ts, pH and C,, log CFU/g
Log contaminated level of Saureusin Sushi after storage SuCs + C*exp[-exp{ -B* (tsM)} log CFU/g

1)RiskUniform (min, max)

2)RiskBeta (r+1, n-r+1): where n is the total number of samples and r is the number of positive samples

3)RiskNormal (average, standard deviation)
4) RiskTriang (min, most likely, max)

5)RiskDiscrete ({x1,...xn}, {p1,...pn}): specifies adiscrete distribution with anumber of outcomes equaling n. Each outcomes has avaue x and aweight

p which specifies the outcome’s probability of occurrence
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L(t) = Log count of bacteria a time t (logCFU/q)

A = Asymptotic log count of bacteria as time decrease
indefinitely (i.e., initid level of bacteria) (logCFU/Q)

C Asymptotic amount of growth that occurs as t
increases indefinitely (i.e, number of log cycles of
growth) (logCFU/q)

M = Time a which the absolute growth rate is
maximal (h): in this modd defined as 2147714
1.7447* Tm+0.0379* Tm?

= Rdative growth rate a M ((logCFU/g/hr): in this

mode! defined as 0.40656-0.05026* Tm+0.00383* Tm?

Derived Growth Kinetics Equations:

Exponentia growth rate (EGR) = BCle (logCFU/g/hr)

Generation time (GT) = (log2)e/BC (hr)

Lag phase duration (LPD) = M - (1/B) (hr)

Maximum population density (MPD)=A +C (logCFU/
0): 9 Log CFU/g
A Ol S HI7ID HM2| AES] 2EYTE oS
el dFAE 9 x2 7]FlA9 S aureus o] 27|
d FELERE A5 HF 29w Z3%= Fg. 1

[ e
o YehAdth (A= 94 & F F=7F 2o S aureus
L()=A + C expl - exp{ - B(t - M)}] W= &6+ e =
Table 3. Smulation model for raw materials, cook’s hand and kitchenwares of sushi
Input : hr Output: consumption
Vaue Mean Min Max 5% 95% StdDev
1 1.915 -0.318 3.535 0.707 2.789 0.663
2 3.908 -0.318 6.549 0.870 6.176 1.767
3 5.918 -0.318 8.233 0.944 8.209 2.284
4 6.275 -0.318 8.917 0.949 8.829 2.449
5 7.794 -0.318 8.991 0.949 8.969 2533
6 7.933 -0.318 9.108 0.949 8.995 2.570
(Unit : log CFU/qg)
2.500—F 1,600
Mean=)37%8%24 W Mean=3.966329
2 000 1.400 :
2 2 1.200
(/2] (2]
é 1,500 é 1.000
> > 0.800
3 = 0.600
S 0.500 S 0.400
o - & 0,200
‘ 0.000
5% %% 5%
.105 1278 4 4067
Log CFU/g Log CFU/g

Fig. 1. Probability distribution of contamination level of S. aureus at final consumption of sushi (A: contamination level of S. aureus
in prepared sushi, B: contamination level of S. aureus in prepared sushi after changing of temperature).
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Fig. 2. Probability distribution of contamination level of S. aureus at final consumption of diced raw fish (A: contamination level
of S. aureus in prepared diced raw fish, B: contamination level of S. aureus in diced raw fish after changing of temperature).
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¥ Consumption time

0.267 ™ Consumption
temperature

B Contaminated level of S.
aureus in Salmon

® Trandsfer ratio of hands

™ Contaminated level of S.
aureus in chopping board

® Transfer ratio of chopping
board

-0.8 -0.3 0.2 0.7 12

Fig. 4. Corrélation between the raw fish contamination with S.
aureus and the factors of the smulation model.
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Fo 2 AFeMs B o] Mg £ES dra] 9
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S28k.2m, 3A7HTEl = 5918 log CFU/gE 5 7Hstthrt
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