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Quantitative microbial risk assessment (QMRA) analyzes potential hazard of microorganisms on public health
and offers structured approach to assess risks associated with microorganisms in foods. This paper addresses
specific risk management questions associated with Staphylococcus aureus in kimbab and improvement and
dissemination of QMRA methodology. QMRA model was developed by constructing four nodes from retail to
table pathway. Predictive microbial growth model and survey data were combined with probabilistic modeling
to simulate levels of S. aureus in kimbab at time of consumption. Due to lack of dose-response models, final level
of S. aureus in kimbab was used as proxy for potential hazard level, based on which possibility of contamination
over this level and consumption level of S. aureus through kimbab were estimated as 30.7% and 3.67 log cfu/g,
respectively. Regression sensitivity results showed time-temperature during storage at selling was the most
significant factor. These results suggested temperature control under 10C was critical control point for kimbab
production to prevent growth of S. aureus and showed QMRA was useful for evaluation of factors influencing
potential risk and could be applied directly to risk management.
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Table 1. Model design used in the quantitative microbial risk assessment for S. aureus in kimbab

Node Unit operation Description

1 Retail The initial contamination of kimbab with S. aureus at retail

2 Selling The growth of S. aureus in kimbab storage during at retail stores

3 Serving The growth of S. aureus in kimbab until the consumption

4 Consumption The estimate of probability of consumption of kimbab contaminated with S. aureus

2 “ 3 ¢ D E k S G

1 Unit operation Unit Formula input 1 Input 2 Cutput
2 {Incidence) {Extent]
3 Retali Log CFlfg Discrete({0.1}, (35,45}; BetaGeneraliQ 28225, 0.26805, 2 61. 3.5) F{EZ=0.6 ROUNDDOWNF3.0)
4
§ Selling Time Hour Irvgauss(2 4788, 0.71011, RiskShit(-0 18478))
6 Temperatare < Trang(16.239, 20, 21 183)
7 Grawth
8 LPD (Lag phase duration) Hoyrs M-{1/8;
9 GT {Generation bme) Hours Log(2)ef8C
9 EGR {Exponential growth rate) g [CFUigyh BC/e
17 MPD (Maamum population density)  Lag CFUig A+C 15000 5
12 B Log (CFUigyhr 50 406562-0 0502597F§+0 003BI"F6~2
13 M Hours #A=21 477147-1.744703°F6+0.03787TFER2
14 & Log CFUg £12-04
15
16 Final praducts centarmnation level . Log CFUlg  Gomen't F Y=GIHE 1AEXP-EXPLE {FE-E 13
a7
18 Serving Time Hour Dhscrete(f0,11.{87 88 12 Normal(1 61, 0 78) IF(E21=00 ROUNOOOWNF 2 0))
18 Temperature C FiskTriang(16.238, 20, 31 183)
20 Grawth
21 LPC {Lag phase duration) Hours M8
2 5T (Generation tme) Hours Log(2je/BC
2 EGR (Exponential growthirate)  Log (CFUIgkr BCle
24 WP {(Maximum population density)  Log CFUig A+C 19000
i B . Log (CFUgyhr B=0.406562-0.050259°F 19+0 00303 F 192
26 M Haurs (M=21 477147-1 744703°F 18+0 03787 7"F 19"
1N [s Log CFUig E24.516
28 Consumption Log CFUfy  GometzF Y=GG+{EITEXP-EXF(-E15(G1E-E26))

Fig. 1. Cell addresses and formulas, which are constructed in Excel spreadsheet, used in the quantitative microbial risk assessment for

S. aureus in kimbab.
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Table 2. Survey of the incidence and extent of S. aureus in
kimbab during 2004 in Korea'?

Table 3. Survey results of the storage time and temperature in
kimbab restaurants during 2004 in Korea™

Level (log cfu/g) No. of samples Statistic Time (hr) Temperature (°C)
ND 11 Mean 2.31 225
2.61 1 Mode 0.069 20.0
2.65 1 Median 0.78 220
2.77 1 Std deviation 4.63 317
2.84 1 Variance 21.44 10.08
3.16 1
3.27 1 Table 4. The results of growth rate, lag time, and total growth
3.47 1 amount of S. aureus experienced in kimbab')
33'458 i Temperature Growth rate Lag time To::]%ru(;\;vth
D (C)  (Logcfwghy () (Log ofule)
S. aureus was detected in 9 out of 20 samples.
ND = not detected. 0.03 21.17 0.87
8 0.14 6.30 1.24
WA A el BubEle Aol S aurews] T 10 0.23 430 135
09FE % oW YRS WRRe A0R o] WAIA of 12 0.33 264 212
£8 271095%0] U U Az Pak $(12)9 = i‘; 8‘5‘2 ?‘3‘2 ;;2
AL AFE o83 o] AR 20044% 7= EEAY 18 0.84 0.98 530
Atef kel Awel thsle] S aurens $9 LEFEE FH 20 118 0.85 570
Wiz g o R 4% AsE, vE dF Ak 2 139 081 554
ojg AutellAe] RUBY A&7t AAR Park F(12)¢] A 25 167 0,65 240

Anzh 29 £4 AE52A HE S g g &
AL Ao Ferslglr] wielt). Edt e A e 4
gl AANE EFsIA 7] wfEe] QMRAY EH) 7bg
gk Aoz ALEES o] zETHE: ol &3t  dAelA
ooz e Age &8 7kes A5 Aoz Ankel
o] Fuisle= FM7eR It Park S(12)9 2AME
g uvlglo 2 @RISKE o]&3ld AHHg FEFX(Best fit
parameter)Z A& 3] A% fittingHA S AASGT 1 A5
LFFE 71 HEgsh BEETTd=R BetaGeneral(0.29225,
0.26805, 2.61, 3.5)0] AAEUN, 29 Hwo] He ¢4
£9°] 45% (92002 FERY discrete({0,1},{55, 45}) $ERER
9 o]g3td QMRA Rdol 28319 thFig 1).

Node-2(Selling) vi7% Bg 59 4% @A: & w99 2 ¢
Ae g B3 F S awens®] 7o) o= A= sk
£ H7kske Zolth. Node-29l4 583k risk factors= ol A
o gt BWIA T g 2xo|t). wEA o] A= e
Aol gt B Bae 23 Al S aureus
o YAwde Ba dh Yuhgelre) A5k BEAZ
2zl e ARE 20049% £E B FHAY A e
W A A 5 @AY A R HHLEE x4
g Oh F(13)9] ZAMAHE 0|83} tiTable 3).

ol ARE HlEo R @RISKE &83l0], HAAZEE Invgauss
(2.4786, 0.71011) Shift=-0.16479, H3¥2 == Triang(16.239,
20, 31.189p] 71 243 SEREZ A= o] 5& QMRA
2do] L3 thFig 1). AEolAe S aurens2] YU
Jin 5(14)] APAAEZ 0§51 01 (Table 4), °) APFAH=
59 Gompertz 4] (1)l #£-317] #3t] SAS(version 8.0,
SAS institute, Cary, NC, USA)2] response surface procedureZ
o]-g ofzfel o] 2o} Al7tel| w}E Bz MLl Wit 23}
m2dg 2A3AI(15), ©18 Fig. 1914 e uvie} 20| QMRA
2o A&ty Eg 2 AgolA] o]&3h Hutelx e S

aureus 37+ @2 PMP(Pathogen Modeling Program, ver 7.0,
USDA, USAYE o|-&ated H|siglot.

L(t)=A + C exp(—exp(-B(t— M))) )

L{t)= The base 10 log count of bacteria as a function
of time: Log cfu/g

A= The starting value of the base 10 log count of
bacteria: Log cfu/g
C= The total amount of growth experienced as bacte-

ria count asymptotically approaches its maximum
value (MPD - A): Log cfuw/g,

MPD= Maximum population density: 9 Log cfu/g

= The growth rate in Log cfwghr: in this model
defined as 0.406562 - 0.050259 * Tm + 0.003830 *
Tm? (R*=0.9898)

t= Time (hr)

M= The time at which the bacteria growth rate is
maximum, hr: in this mode! defined as 21.477147
—1.7447033 * Tm + 0.037877 * Tm* (R*=0.9908)

Tm=  Temperature (°C)

Node-3(Serving) 79 ¥ HF AA7NAY 44 @A: & =
deo} 3 dAle syt FAS e FE dFHs7
A9l 8. aureus 370] o= HAx A=A E Hitshke Hol
t}. o] TAleM = 2dA A9} w2 e gk el of
3 AHREY] HAAI7E) Baes T2)w AWl S aureus
ol ARRdS Haz ) U At avjAte] A A
e 7Yt & ukE d3ske A9 e 87.99%el dA
A} T HAHE HEE 12.11%E UERK(13) discrete FEE
¥E o]g3lo Discrete({0,1},{87.89,12.11 )2 H-&stgdrt 4%
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717t A F dFse A%E HE 1611078A7Le 8 RA}
=©](13) normal(1.61, 0.78)2 QMRA ¢ HLslgr). A=z
AFH7R AelM e S aureus®] AAEEL 2GA oA o) &
g Gompertz 218 2thE &3}

Node-4(Consumption) S, aureus] LY@ AYS 44
@A: 93802 o] TAlE QMRAS 494 & uix9}t oA
Q] risk characterization®ll s|FEc}. webd o] AL Fubg @
9l (dose-response modelyS o185l 7wt &) W& S oureus
D S aureus®l] 2J3] AWAE enterotoxinol] )& AF= WA}
& FAsok 3Th(16,17). AT S aurens®] 739 F-5k
< Ed dig AE =02 Y QMRAS F38k= A
< o3 Aog HyEy rk18). AFEFS A A9H
(infectious)s} &2 (toxigenic) 0.8 TEHEd], 793 L 4%
o] AFEte] QFHY A3 I8 HEF g LIPS o
Wb Aol Qe Mol Jodly, E4YLE AFEFo] A}
e I tARHER] B4vt dol o AFES o 4
AoEZ, FAE E4vt Y BAl7t "t o2 Qs kg
AL ol #dd ugl H= wEe g slodor stk §
aureus®] A 2AY AFEFOZ o] Fo 9% =47 o
s ®2dle] A gpe) 87 240 mE 4o AMYg 2
oL olE 1% wkge] AT E HFshe o] o}F AL A
2 go} Ath(17,19). mEpA HAA] 54 HFEge] e
Me 2983 e eE okutg Hrpt olRojA 1 ¢l
th S aureusSt FARE E54Y AFEFY Q) Bacillus
cereus®| T APolM e A8 AR 2 HEQ] 7t A FEF o)
g 2AE, A Eattack rateyS o433l Yute WIS 3}
3 ATH20). AT dFZHQ B4 AFEFQ S gweus L
o ol oa MA¥ enterotoxin®l ThEr ojwEt grre 2y
= Argo] AR GrHI8). BF AFEL gdod 4 e &
3 4ol SET 449 AT AF F S aweus LATES
o] #AAZE A LA AR Zon Axale] wa} xlo
7F A Re2 et Anunciaca $(21)3% Wallh Scott
(19)= 6 log cfvg A= LFE AFNAN AFEL do|7d
ZE% SET7F AAEck 23l ot Gockler (22)@ Otero
T3 B L 5y 2ol slojor ¥ SET/F AR
T Buste], 540 o3 AFE HAe] A F4E ¥
371 fsiME o B JAFHES 87EH ok 2 A7
Me Boh o kg 52 FHsl7] 98l Anunciaca $(21)
I Wall#}h Scott(19)2] A gteERT 3 TA We 5 log cfig
E o s A, =3 o] 3t o]l 6, 7, 8, 9 log
cfg o148 HA7FAE o HEUAE QMRA Ed9] A)
E#o)HE 53l Hristsioh

& AHE2|olM(Simulation)

Alg#Hold FEWY: Simulation 752 @RISKE o] 4314
o H, sampling type> Median Latin Hypercube sampling<,
generator seedt= random™-& M3t o] 8307, iterations(t
EAJY B14) 10,000 o132 ZHE HFH Algdold A
2 o]g39tt. Simulation A3 E&¥ ¥ 2 ARE wlgo
E @RISKE ©]8-3to ofgfel o] RIZIE HA3 Alye]e
A4S dAlsad

UZE  EA(sensitivity analysis): W 7E 2L sfug
QMRA RHl9] ey FolM HFFAI 7 24 9%

Table 5. Filtered output results from 10,000 iterations of QMRA
model for S. aureus in kimbab at retail

Statistic Value Percent Value
Minimum 407 5% 407
Maximum 3,162 10% 409

Mean 1,595.75 15% 418

Std Dev 1,108.11 20% 436
Variance 1,227,887.19 25% 471
Skewness 0.29 30% 528

Kurtosis 1.38 35% 620

Median 1,277 40% 767

Mode 407 45% 984

Left X 407 50% 1,277

LeftP 5% 55% 1,591
Right X 3161 60% 1,941
Right P 95% 65% 2,314
70% 2,642

75% 2,862

#Errors 0 80% 3,034
#Filtered 5500 85% 3,113
#Unfiltered 4500 90% 3,150
Incidence 45.0% 95% 3,161

Filtering, which removed the zero iterations, made it possible to
calculate the incidence of initial contamination and the number of S.
aureus at retail,

tAle dYHETE MYk AYom B dPdre HF34
e AAHE Al AgeM Y S aurens?) LETFFEOE Y
2, 4E¥eE QMRA B9 e uiel o] mjAtollMe] &
71 EFE, gAY BALE/A 7Y HFAHH Al £x¢
Ao 2 g3t A1) AU stepwise regression
& ol&3ith.

AU ¥4 (Scenario analysis): Alvta]e 4L nlzle
HAoA APE F3Y Sl Y wste) wab Ay
H Al ArolXe S agurens 2GFF0)] H= AEE WIEhR=s
AE gelste] YW FAARNE AAEL ol IAIE
Ao o] g3l7] st AAIBIETE AuElee 7L 94
Hog RIREENA FA] F8L nHe AAE AAE A
7 R, ANkl 7] @4Fe] WElE o)FojH o, 7z}
dEro A gk oA sl R, olo] wE HF 7yt
A3 Al AelM e S aurens®) L PGS WEE BRET)

w0 g

Exposure assessment

wjgolae] 7] QYULS: Table 5= Ayt Aol A retaitol
Aol 27] LETFEel tig 2 A=E Yehd RoE, 10,000
3] SHE3l S aurense] 2.H0] ME ISR e Ao Y
Eb 00 log cfug)e I3t filtering 2 3}o)th. Filtering
@RISKIA 89 A gdolddate] thsle) 4sx ¥+ 3t
€ AASHE @RISKS /75 oE & dA7dMe 08 98t
A e BO=E B filtering HF2H, filtering® 7} 5,500
olgh= lwie 10,0002 AR AFH Al 5,500(55%)2 0 S
aureus?t AEHA o UmA] 4,5008(45%PIME S, aureus
7t AEHE o HaHOE 1,595cfwg, HA 407 cfivg, A
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Log cfufg at the final tme of selling

“1

1 2

Log cfufg at retail
Fig. 2. Scatter plot of S. aureus per contaminated kimbab after
selling versus at retail.
Points on the y-axis represent growth in non-contaminated kimbab.
For the remaining contaminated kimbab, the results demonstrated
that continuous growth of S. aureus during selling.

3,162 cf/gE 2GH] UR-E vepd Aol HIE B By
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He Aol S aurens®] 2EAE HIE FAs=d o
2% F s Foz Hilrh

WAolMe] R# 2 A% Fig 28 retailold 279 299
S. aureus’} EA viAolMe] BHLE 9 A7t me} o= A
52 AA3R=AE UEPd Aol o] 2FE 45%AME &
o] AAo] ol HE o|FofXI ot 27 M 2HH
2] oke Ao Z UERKO log cfwg) YA 55%AME 0] A
sAo g A= AL & F Ut ole 2 LHHA &
At stike o)F wFeX e Bper 2 AT wet s
aureus7t FH3] Aol shedlthe A& ouidth eErE
2 H2A(5% percentile) 0.00021log cfivg, B#(50% percentile)
340 log cf/g, AH(95% percentile) 8.99 log cfwg® 2 LFEFSITE
Fig. 2014 2.6 log cfig ©13lollA 3 ghe] Jehtr] %& 72
S AEA Qg Zeg HARIT

Tl ¥ H{F2HAAY B Fig 32 iPM 2dE S
aureus’t T} F HF SEAE7A G BASE R AT 3
ol wet ol A2 AR E vekd Aojnh dF £
Ahe R E JEfZ|E AR dio] AR glel, ole
Aol olfoAA g RAFH AR £ o 7
3 28R S aurens S7FE $ET FE2 o 27
U A 0AE S awreus ZS- AHAE o) F B T
o Ax 4ol 7hed Aos YeEE 7u F WeE A
7 ol anjahe Ao vigEd A& AU+ A

YR B S aurenss] AF AAF: Szt Gubegagel
A Ao e R S B8 S awens®] HFHFFS Fig 4
9} 7o) F (5% percentile) 0.04, H(50% percentile) 3.67,
A(95% percentile) A& 9.03 log cfi/gd HF e AR

Log cfulg at the final time of serving

Log cfuig at the final time of selling

Fig. 3. Scatter plot of S. aureus per contaminated kimbab after
serving versus selling at retail.

Results of this part of the QMRA model demonstrated a little growth
of S. aureus on kimbab from selling to consumption.

X >0.04 X >9.03
04 9% ' %
0.35 Mean = 3.67

Percentile %

10 12 14 16 18
Log cfulg

Fig. 4. Probability distributions of contamination level for S.
aureus at final consumption of kimbab.

The estimated contamination level is minimum (5% percentile) 0.04
log cfu/g, mean (50% percentile) 3.67 log cfu/g, and maximum (95%
percentile) 9.03 log cfu/g in kimbab.

vttt o] Axel QWA FFo] o= Ax2 & AN
A viud £ Je WY At S awens LEE FA AR
7} glol Adiulrt oje] e AAolch wetx B Ao Ay
S 53 S awenws AF HFAFE FHL LEGFE dE &
UEEg A3 B3N 2 28 5 F9 #7902 A8 E g
o2 HoMe HxE 3E AAE 2 ouz} Aok sk

Risk characterization

RSP0l 0¥/ s g Y Bk YA AR vie
o] S aureus® SETE & ¥ uhg w2 olx7px] s
# Aol glo] 7yt Av|FFoll ZATE S awensol] o8 AF=E
WS Hrlshe AL olEle ZoZ Uit webA Al
B o)X AZAHF Al 10°cfvg o3t LdFEL A
3 Aew B3 AlEF oA AASL 10°cfg ol ¥
g 7hsAld tidk dabhe A Fig S 2 479
QMRARHNA 0183 SAzA ule} vl S0
Z9 Aus HAEHoZ Y uriA 5, 6, 7, 83 9 log cfug
o 298 7sAL ek Aol AFHoz HHEe A
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nN nN & [
(=] w o w

Porbability of
Contaminated Kimbab
o
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o

Threshold level (log cfu/g)

Fig, 5. Estimation of probabilities(%) for the contamination level
of S. aureus in kimbab accerding to the threshold (contamination)
level and the storage temperature.

A:22.5°C, B: 10°C.

| S et e .
Storage Time at selling | - 0.368
Consumption practice . 0.1

Storage terrperature af | 0.059
selling }

Storage Time at serving | 0.047

Contamination level | |0.046
|

-1 -08 -08 -04 -0.2“- 0 02 0.4 0.6 MD 8 1

Regression coefficient values
Fig. 6. The regression sensitivities risk factors effecting for finial
contamination level of S. aureus in kimbab during retail-to-table

pathway.
The most significant risk factor appeared storage time at selling.

A AW F 5 log cfwg ol L9E M54 30.7%, 6 log
cfgol g2 25.7%, 7 log cfgoldS 224%, 8 log cf/geld
2 183%, 228]3L 9 log cfwgeld L9E 75 83%E U
Bt ol de] AR o AHadd we egdy &
T3 AFH 7FsAe] BENE RAFE AR, Ay HIH=
A S aureus AFE =2 7FsAo] HAshs Aoz 2
A & Avt mEA sl guiElE Ay R B
o]7] feiMe Avte]l FHol FFge FA e HY WY &
TAIZAE Y] 'Y QS5 olo) WE critical control point
A4 R Pt gase, =3 HAx QPSR L W) Y3
M At AzIA i S ek "WeXdo] AAE
Rk

RIZ% P4 (Sensitivity analysis): VU= FE2L 194 |
Atele] e 7HAH, | B 1o 2HESE 9% A5 3
Oz B 4 vk @RISKE ©l43 AWM S aweus?t 10°
cfg ol 2 7FsAd oI Uds E44d3e Fig 63 2t}
ARkl thE retail to table ZFNA Fofufgolxe] BAAZH
& Az F dui7iR)e] Alze] 7t ¥ 03682 UEh, Tk
0] &HAY HAFHoE Fu) ¥ vl HHE d=v 2
HA) 43 X717 A F AFshkel 43EHo] 011, ok

9
&
2 8
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Temperature (C)

Fig. 7. The estimated results of maximum (95%) contamination
level for S. aureus in kimbab at various storage temperatures.
The most safety level was assumed as below 5 log cfu/g and the
unsafe level was assumed as over 6 log cfu/g because the safety level
was not precisely decided yet scientifically. The most safe storage
temperature appeared under 10°C,
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