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Predictive model and quantitative microbial risk assessment of
enterohemorrhagic Escherichia coli and Campylobacter jejuni in milk
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Abstract We prepared the growth and survival models of enterohemorrhagic Escherichia coli (EHEC) and Campylobacter
Jejuni in milk as a function of temperature and assessed the microbiological risks associated with the consumption of whole
milk. EHEC and C. jejuni were not detected in whole milk (n=195) in the retail market. The minimum growth temperature
of EHEC in milk was 7°C. The lag time of EHEC in whole milk was longer than that in skim milk. The survival ability
of C. jejuni in milk was better at 4°C than at 10°C. Lower delta values were observed in whole milk than in skim milk,
indicating that C. jejuni survived better in skim milk. The probability of foodborne illness from whole milk consumption
was 5.70x107 for EHEC and 9.86x10™ for C. jejuni. Sensitivity analysis results show that the market temperature of EHEC
and the dose-response model of C. jejuni are correlated with the probability of foodborne illness.
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2017l 79.5 kg, 20193) 81.8 kg & F7IloH,
TR Aol M w2 AR UETHMAFRA, 2020).
BHAEAR = =2 GFh HHA7IEN -, FAFRE 38t
Foll 200mL %Y AFEE ARSI JATHMOHW, 2020).
THE AFA =& JYEE AT B oluE nAE A
Fe] Fa ulg v 98 Ark(Fusco T, 2020). -+ = FA
FoM HAR = F8 HAFS A7Fs4A A4 tlF<F(Shiga toxin-
producing Escherichia coli, STEC), XA &t (Salmonella spp),
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Z]zd|g]o} BAL| BRI 2 (Listeria monocytogenes), 73H ZH1E]
(Campylobacter spp), 32 EX= 314 (Staphylocococcus aureus) 5
o] BRI EJTHEFSA & ECDC, 2018). 53] HA haze A
W 537H2016-20201) =ollA AT Al AFE dd=E
1912 7S 1957, Sk 8.881% S 7153 o, Jd2utE
AT (Campylobacter jejuni)*| <3t a5 WAAFE At 5
A7k 607, A 2,023 0] B IEJATHMFDS, 2021). El-Zam-
kanZ} Hameed(2016)> 195719 A% % 3771014 FAI=HH
AFU7t AERE BAEth 199395E 201297k4] Bl=ollA]
= 1277, &A= 190978 9] A5 ARt R EEE A
o] Yo g ALRuE], Al7FEA AN tidd 9 ARdel
o3t Aoz HIEITHCDC, 2021).

WA g el wet A5494 Ul (Entero-
toxigenic E. coli, ETEC), Z&84 th*dd(Enterohemorrhagic E.
coli, EHEC), 4-334d "<t (Enteroaggregative E. coli, EAEC),
AH A4 - (Enteroinvasive E. coli, EIEC), EUA o<
(Enteropathogenic E. coli, EPEC)°.2 JE ¥ tH(Wang 5, 2010).
£3] &8 UAHEHECK: £84 WE, g4 744, F
AR 58 BEALR she £34 85 39S 4oy
(Dhaka %, 2016; Momtaz 5, 2013) <13 WjollA Wl Z%=2x(Vero-
toxin) g A3t 2FE F4S vERH th(Dean-Nystrom 5,
2002). HEAQ] HFo 2 237, #lS Tl E2l€ E coli
O157:H7°] ot AL=2urE AFUe W57 HEAE 5%
olshollA] Wrgal 2 A7) 3742°C0)aL, Was 71x,
pH 5 °|3te] Aol oRlst EA4E Holw F2 & A

=
=
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oA =3 Altekruse 5, 1999). 2 5= A+l A
W AFYe o3 HEs ARE A W sk goew dFd
A A&o g thA] dHE sisAdo] glow(Skirrow 5, 2000), &
A Fgzoz A4S AWshs 2daty Z32(Guillian-Barre
yndrome GBS), W34 #Hd <A (reactive arthritis)’s©] THEsan
5, 2017). ZAFE= 10° CFU/g ©J3t2 thE 79y 2455 Hr}
oA AESS do7|i g 2Lox A& 2 A
©2 BIET JtHBurette 2 Yoon, 2004).
A vAE fEd Wyl 5% BHYd vAEdd o &
" AES AAYS o s HYd vAER A% 4E &=
ol AT fE)dS 78 23 HolHE |8t $18
L, =E29UL A8 AA, e A4 Al wet
T W7}ehe wo|thHaas S, 1999; MEDS,
15). FAIFC tigt A=A wAE g Frt dYdTE=
olefg]ollr Ak Aol E coli O157:H7Z B =2ukE] A|lF
Y #8147 Giacometti 5, 2012), 99 A 24F97= e
X zoM gzHEol iAo | A2 81X 7 K Tiwari &, 2015),
AAX| =9} 7Fg2] =41 Non-Enterohemorrhagic E. coli $13143
B7HKim 5, 2017), AAHZOH(Lim S, 2020), Gouda 2=
(Wemmenhove, 2019), X|=(Ha <} Lee 2020)°4] 2]XHglo} &
‘I—/\}O]EZﬂLﬂ AaAF7E BaE o FujelA] ALtEE
FollM E coli O157:H73 A28 AFUdl gk 27
-r] a4 H7F A= EaE b gloh
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B ATAE AR, TAYSHAN FERY st

BB AFel tistel WEeE RS AUetn 45

g gt ARENE AFUS BE 33 4E D7t

& el Sl A A whe 4R dgas g4

e AFY 435 24 7PAS B
WEEIETE

C>':’Oﬂkl H ot HUREE 7o QYUMEH =AL

Xﬂﬁ‘)ﬂ}\i d g AERE #50] LATE
(1n1t1a1 contamination level)% B3] St A EE AL o
3 ulE, IElelA dhiE 1957 $RAFS st 48
Atk AFL] SHFTLE AFFTAMEDS, 2020) 43 oA
w3 AD2EE] APAEEE o) &UL, AP PCRE
Fall gt RUE Y AFAEREH oA HIZEEE A
FY 2 A=A g2 Prevalence data (PR)2] EXTi= Beta
distribution (o, B) 212 &83l a: FHAESTH], B: AAANESFT
“FINETHE ALSIATH(Vose, 1998). DREfrolA] F=A]
W AEREY AFY 27 Q9552 [Log(-In(1-PRY
weight)]¢] 2] 53 3431 H(Sanaa 5, 2004).
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SR} AL

o
In
0z
ol
do
0=
pal
[
el
b

TelA FLT FAFEEF, TR Eawo] Zzt
10mlY 93 /75 90mLE 7kt +2st & &, pH meter
(Orion Star™ A211 pH Benchtop Meter, ThermoFisher Scientific
Co., Waltham, MA, USA)E ©]&3le] pHE ZA3ITt 2%
Are AEE 8719 710% A= AN FESY= =4 7](HP-
23, Rotronic, Tokyo, Japan)g ©]-83t ZA st YA E++
ZAE 98t AR 25mLel 0.1% peptone water (PW, Difco™
Peptone Water, BD, Sparks, MD, USA) 250 mLE 7}3}e] 8|43}

I PFES AEske] 1010 3ANS FHlEHITE AlEE |
1071 34 1 mLAS A, i, o A2 EA
(3BM corporation, St. Paul, MN, USA)°| Z+z} 21 o]’ d4 &3}
o] 35k1°CellX] 48+2417F Bt wikst & | e & A

AT

bl

QUL 28t EERFT ¥ AMETZY M=
& Aol AREE =¥ AT (EHEC: NCCP 13720,
13723 A4 A 0157:H7 (NCTC 12079) 452 2&9]
OREQPHAA (MFDS )X 4o} —80°C W5 2L(Reveo® Ultra Low
Freezer, ThermoFisher Scientific Revco, Asheville, NC, USA)°]
Bl ARgelth AES flsl B Aol S deolA
35k §, tryptic soy broth (TSB, MB Cell, Seoul, Korea) 10
mLell 7—}7—}«] o5 10 pLA HESIL 36°ColA 140 ppme = 24
A7 B9 A EE(VS-8480, Vision, Daejeon, Korea)dlith. #ul
FA-L 4000 pme 2 108 5 A4E2](VS-550, Vision, Dae-
jeon, Korea)dle] cell pellete F 3} o5 EaE 0.1% PW 10
mLE ¥ol A d4Ee st J“Tﬂ 5 A5de AAsL
0.1% PW 10mLE ¥o] ZHzte] 458 Esto] 103 343k 5
o} 34 log CFU/mL =2 #9& A]~9~o} 4=
A 2ue] AFY FF(ATCC 33291, 33560, NCTC 11168)=
S| A E R A E%(KCCM)oﬂH Fokibol _g0eCo] Hkal A&
Stk ARs fal BaE A7) #FE F2olA e &
0.16% agar7} 23+ brucella broth (BB, BD, Sparks, MD,
USA) 10mLell 10 plA HF3l 42°C vg7 1 3271(0, 5%,
CO, 10%, N, 85%)¢] M (DG250; Don Whitley Scientific,
West Yorkshire, UK)lA] 48417 &<t Aul%k stk Auf st
& z}zke] #FE EFSIAL 107 gAe F 9F 4-5 log CFU/mL
TLo #dE ARSI

ROM HEEY izt HE2EE MHFEL S| WSS =2

ol et
NHPEXE FHET)OA FLHe Dbt FAE-7E
FaHoez 247 35mlY 50mL Y2 FE(SPL Life Sciences
Co., Dagjeon, Korea)oll B3 H&8A Eﬂzo}ﬂ EATE 27
#47} oF 344 log CFU/mML7} /=2 zkzte] Ao 350 pl2 A
stk o]F FERES wHste] AWe-Ro FA Al

o

e 4,7, 10, 17, 25, 36°C 2o A3t AEzuE A5

Y ‘%&ZE FFHog 35mlA 50mL ZUZ FHol g2A

Z Jure 09} A HRO- S A goﬂ x7] @57} <F 45 log CFU/
mL7} = 350 ¥ HEI F 4,10, 17, 25°Ce] 2=0 A

;‘Lo}‘l] 'éi‘ﬂﬁ AT ¢ 535 W3lE s 7—]'7—}«] =
Tl 12} Ao Z2 DL GraphPad Prism V7.03 (GraphPad
Software, San Diego, CA, USA) T2 1S &-83}3. Modified
Gompertz model 3-2](1)2 ©]&3lY F%7](lag time, LT), 5
2]4:1= (specific growth rate, SGR), ZU7HATEL = (maximum pop-
ulation density, MPD)& 4}& 3} tH(Gibson 5, 1987).

Y=N,+C*exp(—exp(2.718*SGR/C*(LT-X)+1)) )
N: iﬂ o B35 C v 27] #49] Alel;

LT: f=71(h); SGR: NS4 %(log CFU/);

X: AlZHh); Y: @5 (log CFU/mL)

Zyzto] 2ol 13} AVEdSRde Gina FiT V1.5 T2

S AHE3IaL Weibull Model 22](2)E ©]83td delta®t p =



2+&31 tH(Geeraerd 5, 2005).
Weibull model: Log 10(N)=loglO(N,)-(t/delta)’ @)

Ny FIAES 27] 2Hd¥5%; ¢ AlZk
delta: 27] LE9E=ANA 1 log CFU/mL syl AEle A7
p: ZYZ BF

13} e End A2 E 2% mWE LT, SGR, MPD
S Z}7} Davey model (Davey, 1989), Square root model (Rat-
kowsky &, 1982), Polynomial second order model (McMeekin
5, 1993y AHESte] 23F e SRdS JNEsith E3 13t
AtdeERd Az ie 22 mE delta 3 FAE ol&dte
Davey model (Davey, 1989)] #-&3te] 22 APdelSEAS 7|
et

OlEmol Mety mt

Qo % FARSFOIN HEEY thFRHEHECK] T
Mg mee) AP A5 9A5t] ARASEY Aol A

A B & 5 e 2Ed ANy e ErRoE
kool FE3] 10°Cek 1TColN wel % S A3
ALtk A e A e el A A58
slste] malel AMgalA ek TColA] dela gholl ThE 27
wd 4% AP AYSAch AL 928Y g AL
e AR A Sl e ATLE Wk §A4 A

<2l RMSE (Root Mean Square Error), bias factor (B,), accuracy
factor (ApE A= dSgat dddate] X}O]%
4 9l RMSEE 09 7742 e wde] A3wr) =)
(Baranyi 5, 1996). B AdS liffH de 73 F=¥ 23 B
g AeA e 7] AtiE AAE Wriske FAE 0.7-1.15 A
ole] & vERIH 2do] Adtsith= AL UERITHRoss, 1996).
A= 5" 7‘01 dupgtd AQRI b Ve EEe A
T2 F gt dA8S HH 15 71202 A, ol 194 dold
F5 e 2o RIS vePLL, g 29 (fail-safe)
A7kl ik WS ;qm 34 E=THOscar, 2005).

7} AlLZ|e

BOREOIN 7RI B =&
B4 g AEE AT

vIE FujgieA] BE F A&
Y A Ee APEYE 39S 8iA wiE i) Bgazk
255 A& 43 RIS Hi A7, FHUl 240K7F0 =
RiskUniform (0, 240)°], E#== 4 2°C, ¥ 4°C, FHl
75°CE Z&3 RiskPert (2, 4, 7.57F 71 A%e Serxnd
2 AAHAL vEAA TR % F &Y mﬂ&sﬂr
AR AFU AEFAHE Q8K mtECdA R oF
Sl AIZF 2 2% E Jung (2011)2] AFAHAES ALEsle] 54
7+ FA 0325417k, AR 0.98441 7L, JM L643A7HS A4-g
RiskPert (0.325, 0.984, 1.643) £¥7}, £5eLE= A4 10°C, 3
Q1 18°C, F ) 25°CE 83t RiskPert (10, 18, 25)7F 7F¢ A4
3 gERIrdz F8Hn

e84 CEW| AW % MAE)

0o W AHAFHg A Bypde AlFojokxo} 4;24(2015)
ATellA 1,500 tide® g S0t F8 ke A
HF 9 AFHHNE 2AP AFHE vPE 2R @RISK 7.5 (@RISK,
palisade, Sydney, Australia)Z distribution fitting2 &3] =3
&3 ¥ 249 22l RiskLaplaceE ©]&3lHom -F

o+ 813 7 A+ 659
o AFEE 19742 g0 2 YERTH AFAF ¥&2 5 233 4]
A v g2 41 5%, ‘T 13] o] AFA HlE&2 103%, 4 2-
33] oA AFHA} HIEE 94%, ‘19 13 HHA} B&L 037%
? Aoz & LEV}iE}.

2I8M Z™(Hazard characterization)

AEd A4 oM FEIR g §F-0H 29 Haas
5(1999)2] Beta possion model2 ©]-&3} T}

P=(1+ D)™ (@ 049, f:1.81*10%)

P AEEA e 27, o B T
D: 4294 el AFE =29 A 5

AE=ey AFY &9 EdS Medema
Nauta 5(2007)2] Betabinomial model2 ©]-&-3}3] T}
P =1-(1-p,)°
P, AEZEE] AFU o) 2EE &
&l

i a=
71—(‘7_351 g}

b AW e Azl o8 7aE
D: 438 AZ2uE AFY 5

=(1996) 2

n:tm

5

(0.019, 2% 5,

nqm

A2 AFY Fol 98] AF5e] ST FEP,
2 89 AL T 299 elAl AAR AFZo] WAYSHA & Aolgt
= AR 7wksled 03322 AlAFelsdthHavelaar 5, 2000). @
24 HF AEzuE AFY 9 A5E W gla3e P,
<} P ine e o] ALTEATHRisk= =P 5Py | r )

FROM ZHEEY iEzn AEERYE MFY Sz 23
(Risk characterization)

6 WA A2 AES BREE ATl 4
5 Y g5 FAs] s 43 dHHF(Input)= Excel
(Microsoft@ Excel 2010, Microsoft Corp., Redmond, WA, USA)
spreadsheet Z2 73] AlUg]e RS 25 AlUE]e =
4 @RISK 7.58 A3l BHIIEE A& 08-S &85l
Y =S AFE3FI T Sampling type> Median Latin Hypercube
samplingS-, Generator seed= Random 'S AE3I3L, Itera-
tion (FHEAIFY 317) 10,000 ool AAE HFHA AlEd A
AFHE o] &3St HFTH R *l%ﬁﬂcﬂ*ﬂ Aol el FEqFE
FE Fa209 B4 @RISKO & WZE E4(sensitivity
analysis) 715 &3t AAATE A=A

SAHXE|

E AFE SAS Software (ver. 9.4, SAS Institute, Inc. Cary,
NC, USA)E o]&ste] =84 tigaolr 2= ¥ duke-
A LT SGR, MPD%E ztolo} 74 2 ke XﬂTWﬂH
250 e Ae-foh FALR deltaghS ttest2 p<0.05
FEolA Frelk % A skt

ot nE

THIEC o5y SM A UK ET 2Y¥AUE] =A

el A=A e 9 L= AT gEdS
RS 949 AlRAES fle) A& P rkEEHE el
HE Y e gEbe-fot AW SRAE 247 i Hasw
zt /0, 15700 Aol el A RS A s ARk
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FG3-4% A1) B FAE-0% A1) AFel dntAlst, i
i, WS 2 ASEHA wker duke-fe] pHe 6.96-
701, Aw 0.938-0953, FAW4-f2 pHE 6.80-6.87, Aw

0.942-0.951 #H9lZ 1Yt Aws AZ7F 2 ol GUYUA
W, $59] pHE UAUY 2ATSAT} Se Aoz o
At GAZFe] olgeks EA W

AP EF 2Ge) 24
HE s Blgol 7ML AEL A WFASE

g A 52 ARSI

A=dA Ao R =(4-
36°C)ll we yE WskE A8t & dATelx= 4-6°C AL
ole] ol FAEEA ool e dEHA den 4°C
AMe =84 tidwel Abde] #ZEdEd dnke-frok 7
A FollA delta ghol ZHE 10464, 11.524 2 IuHe-fellA]
o W] Apdshs Ao 8Kl 1°*E‘r E}E}H =87t

12 A& d27-36°C He2=ollA st 242t &
T AWk, FAY SRl &P digee] 13 4%
o|Zxdlo] RZES 0.988-0.999 MHE Ueht mde] 3HAds
Folsl ez e [} *é%}oﬂ; ZdloflA {F=7|(LT),
Y5244 =(SGR) 2 HUNAEEE=MPD)E AHE3FSI TH(Table
D). =719 4% Bg 2xollA duke-folr FEEA it
9 Frrle AAEA 3% o)de] FAHe] HAd ] &
7] AR JgE = Ao FHA o} 10, 17°CY] L=
A gro] dRkefol AR fo] fFErlA folH AolE B

ATH(p<0.05). SGR #t2 Ank-fro} FAW-<9-% 242z} 0.008-0.977
log CFU/h, 0.007-0.821 log CFU/M 912 vepyton] xdke] 3
Fo] S &mdEs o8 TS FA FUT E3 Unke-
frollAl MPD %+ 7°ColA 6.09 log CFU/MLE 7H A rgr%}
ol UWke-Follr FEEA g A AALEE 7°CU A
oz ZRIFATE FAE-FlA MPD #% A% 7} Q—rﬂrﬂ
o wet 6.63-9.01 log CFUML HE Z7FI9th. TR H-5-<]
MPD %2 EE AF2Zox Urk-R-2] MPD%(6.09-8.91 log
CFU/mL) Bt} =9tom 7°C ¥ 10°Ce] AT olA folde
2 ¢ Eol duke-fo] Aol HUA e o A%
o= JeS F Ao=w AlgH} A3AF(Sprong 5, 2002; Ten

Bruggencate 5, 2016) ZA3olX = FAW WA )]
*ég Ak AR RHilEo] B AFoA FA-F R}

oA AEEA A Aol A" At A sk=
7;132 YelstTt

L

A

y

iR H FXLPRUM 20 ME FESEM i@zl
=
=2

W AelA] 12F 2E Hge]] ojgk 2%
24 s A3 Fig 13 2t
o 2w7} 7,10, 17, 25, 36°CE
71EFE fAIE ARl LT 3 zbols fo8 o= 7H4sise
05) Ak o g FAFolxA FE8A g LT #
Aue-FHT o Fe Ao Yghgton I Ajort e &
A ES Zoh 13 29 ¥\ MPD 3 % Xi%%Eﬂ =25
Z7F8 3 7°CF 10°ColA Tk A3+ 5
EARES-G-0] §oAQ] 2}o]E HY E]’(p<0 05)(Table 1). ¥
oA 5ol A FF(G-4%) Xpolv WAL FF
g4 =t *§5°ﬂ VIS T o= IIEHIUTK Table 1,
Fig. 1). ol FA%S i3 EZEA o] Z(triglycerides)et
2143 2] A (Membrane llplds)O] HYA g 0157:H7, Ardel
e eIt AR AFY, g2H o} RiAlo|EAU 2,
ER2EFF HEAAz As 235 Bl APAT =
A R)5= AR Sprong 5, 2001).
ik 9 FAHRoA A28 7o E JEd =
do A3 ASS 95t AgdEnd g AREER] &=
& FF ZHAA dEE AU 3T €83t 10°C9k
17°Colx B A% AFe st 4E8d td+22 7|
e 2d2g B 42 oS5 @t 10009k 17°CAlA KgE A
WA oo A Agks B3l A= B, A, RMSE g2
LTY 7% 0.703, 1.804, 3.305, SGR® 7% 1.192, 1.226,
0.0005, MPD?] 7-$- 1.003, 1.035, 0.0962.2 X Arola] sjute
A28 g 4S5 Ede gHAd gl 48 7t
e Ao FodEn} o] Kim 5(2013)8] ATl A A
=34 g 0157: H79l thek LT, SGR, MPD =27
- 7‘3:_134_7} ;é]—zarl/ﬂ pﬂxl—ﬁ-,,]_ x]— %_]1\4 r,ﬂ;(]—& cq]ZUg_]oﬂE x—l
H B9l A Afo|n), B AoM A e
T 7+ 10°CoNA 23.57417), 17°ColA 7.7647 70 & e} &

2

D e R o sk rlo H oo e o
w1 o
N

off o

— oko mE o

Table 1. LT, SGR, MPD and R’ values for Enterohemorrhagic E. coli in whole milk and skim milk at 7, 10, 17, 25 and 36°C

Sample Storage temperature (°C) LT(h) SGR (Log CFU/h) MPD (Log CFU/g) R?
7 37.84+1.83 0.008+0.001 6.09+0.14* 0.994
10 26.06+3.08* 0.057+0.001 8.75+0.06* 0.999
Whole milk 17 7.42+0.20%* 0.184+0.002 8.91+0.004 0.998
25 3.38+0.03 0.456+0.03 8.70+0.04 0.988
36 1.59+0.02 0.977+0.02 8.85+0.003 0.996
7 32.92+4.09 0.007+0.001 6.63+0.56* 0.995
10 15.96+1.19% 0.06+0.001 8.99+0.02* 0.993
Skim milk 17 2.94+1.49* 0.186+0.008 8.94:0.006 0.994
25 2.68+0.51 0.508+0.03 8.91+0.08 0.989
36 1.42+0.04 0.821+0.01 9.01+0.04 0.998

LT: Lag time (h), SGR: Specific growth rate (log CFU/h)
MPD: Maximum population density (log CFU/g)

“Significant difference was observed between whole milk and skim milk by t-test at p<0.05
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LT SGR MPD
50 1.5 10,
40 -o- Whole milk g ~ 8
B
— Skim milk £ 1.0t 5
5 30 - z =
£ o 4
= 20 g < 4
a = 0.5} il 2
10 & = 2
w
o ) ) o " . :
0 20 0.% 0 20 30 20 0 10 20 30 20
Temp (°C) Temp (°C) Temp (°C)

Whole milk: LT= -8.322+(282.3/T)+(320.5/T%)
Skim milk: LT =-0.8238+(26.13/T)+(1257/T%)

Whole milk: SGR=(0.03066+(T-3.978))*
Skim milk: SGR=(0.02452#(T-(-1.652))?

Whole milk: MPD= 7.544+54.69T -462.7T*
Skim milk: MPD = 7.307+65.3T-524.3T”

Fig. 1. Secondary models for LT, SGR and MPD of Enterohemorrhagic E. coli in whole milk & skim milk as a function of temperature.
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Fig. 2. Primary models of C. jejuni in whole milk and skim milk during storage as a function of time at 4, 10, 17 and 25°C.

Ao}l FolF ztolE HolA] UTHp>0.05).

Mo z=otE| FMIEL|e| 11X} =0

=

=
Sod JhY
[e]

G- B FA-follA AL2HE AFYs RARE 4-
25°CollA] BT AESI] A ZubE AFU] 12} AP ERY
S s h(Fig. 2). BA2X 4, 10, 17, 25°ColA LR
FARFolA ALE8E AFY delta 342 2571 Fobglell
e} A oR Thashs Aol YEen, 4°C BRI B4E
I-F-of FA R delta kel ZH2F 9.55U 3 1043U =2 F9
2 (p<0.05) xlel7F = Ao= SRIFATK Table 2). 4°COllA] delta

2 10°CY] delta FH(ERF-F 1.78Y, FAIH-H 1.59Y)Ht} oF
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Table 2. Delta, p, N, and R’ values for C. jejuni in whole milk and skim milk at 4, 10, 17, 25 °C

Storage temperature (°C) Sample Delta P? N,? R?
4 Whole milk 9.55" 0.52 4.88 0.962
Skim milk 10.43" 0.45 4.86 0.942
0 Whole milk 1.78 0.60 4.88 0.967
Skim milk 1.59 0.58 4.83 0.952
1 Whole milk 1.10 0.56 4.87 0.955
Skim milk 1.57 0.54 4.81 0.958
55 Whole milk 0.58 0.43 5.13 0.970
Skim milk 0.96 0.57 5.10 0.977
"Delta: Treatment time for the first decimal reduction
Ip: Shape
N,: Log initial number of cells
“"Significant difference was observed between whole milk and skim milk by t-test at p<0.05
Contamination level (log CFU/mL)
-4.98 321
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Fig. 3. Probability distribution for contamination level of Enterohemorrhagic E. coli and C. jejuni in whole milk.
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Fig. 4. Cumulative distribution for comparing the contamination level of Enterohemorrhagic E. coli and C. jejuni in milk from initial
contamination level to home with @RISK. IC: initial contamination level; C1: market storage; C2: transportation; C3: home storage.

= 69.2%, St oA WA BAdle AR
T 02% e &42& B 121@ 2 AFolre= gFHEe] 7FF
s FE 7P AHE o
A9 75 2 H:?Pé% Iutl o}oq A=Y U AE=
e Aol ogt AFE B sbeEE FEsITh
Gube-felA] FE2Ed dig#e] 2718 =EIC)E -394 log
CFU/mLoIQ o dhf o] rBasls F<ete) o<’ﬂ’“2(c1)~
-3.93 log CFUMLE F7133th. &n|2p7t Al el A -
;uﬂa T 7Pom eFEe A7H 25E Jung (2011)¢] ?i%
WE-S &8st el /5 7ol & 7}%9faﬂ 5 Al
7he H2 032577k, HHl 0984417, A 1.643A17-2 &3t
o] RiskPert (0.325, (0,984, 1.643) JEEX 7S %24 stk &
6& I o] & 7] 25 W79 2= FHA, F
A, Hdle] 222 7bz7} 10, 18, 25°Ce AL i o}O% RlskPelt
(10 18, 252 FA & 2 ¢ °°ﬂ*1 $ETA g
o AF HFE LIFI(C2)S -3.92 log CFU/ML, 7F3olA 43

AR o] WAgR A] Auke-F Q@ HE(C3)= -3.73 log CFU/mL
2 Z7FeRdh

Au-frollA FHEUE AFUL 27| 0¥EE -394 log
CFUMmLe]2, 7 B3 Al Q94552 ~7.86 log CFU/MmL, 7t
Hoz2 FEHAUS W LHFFES 889 log CFUMZ #AE=
Ao IRIHAT Uvke-FE FAnfgelA 7W°i SEHE
okl 2= HA 10°ColA Hu 25°Celn] AR A
1.643717k0 2 golE|o](Jung, 2011), AL EE AFU7} HFZ
o2 JAA AH A7 Aot AU oA A B )\]
LHEFTE -12.10 log CFU/mi 7V\o}°§11:} wEba] eluke-
£E sl & spHo s b HoF 219 x]7io) ;umi
el AUl fEiEe] P 2 dFS FE oE ERIHNA
th H2 AES 2RleE g & ujSAMHAE FE 7V4
o2 FHE AL 1HT o o] FAEAAN B BA
2= B AR #ErF FxEolol & Zlo® AR

L

|



664 =2 E 388 x] A 53 WA 5 & (2021)

Table 3. Simulation model and formulas in the Excel spreadsheet used to calculate the risk of Enterohemorrhagic E. coli in whole milk
with @RISK

Symbol Unit Definition Formula Reference

Product

Pathogens contamination level

PR Prevalence of E. coli in whole milk =RiskBeta(1,196) This research;
CL CFU/g  Contamination level of EHEC =LN(1-PR)/25 Sanaa et al., 2004
IC Log CFU/g Initial contamination level =Log(CL)
Market
M. h Storage time in market =RiskUniform(0,240) .
Mrop °C Storage temperature in market =RiskPert(2,4,7.5) This research
Growth
SGR, Log CFU/h  Specitic growth rate ={0.03066*(T-3.978)}?
LT, h Lag time =-8.43+(301.9/T) + (191/T?)
C Fixed Difference between initial and final cell numbers Fixed 5.1375 This research
G, Log CFUlg Growth model =[C+C*EXP[-EXP{(2.718*SGR,/C)*

(LT] _MTime)+ 1 } ]

Transportation to home

Trine h Storage time during transportation =RiskPert(0.325,0.984,1.643) Jung, 2011
Tremp °C Storage temperature during transportation =RiskPert(10,18,25) Jung, 2011
Growth
SGR, Log CFU/h  Specitic growth rate ={0.03066*(T-3.978)}*
LT, h Lag time =(-8.43)+(301.9/T)+(191/T%)
C Fixed Difference between initial and final cell numbers Fixed 5.1375 This research
G, Log CFU/g  Growth model (=LGTI+TC:S<+I;[}]EXP{(27 18*SGR,/C)*
Home
Hye h Storage time until consumption =RiskUniform(0,720) MFDS, 2009
Himp °C Storage temperature until consumption =RiskLoglogistic(-10.407,13.616,8.6107) Bahk, 2010
Growth
SGR, Log CFU/h  Specitic growth rate ={0.03066*(T-3.978)}*
LT, h Lag time =-8.43+(301.9/T) + (191/T?) This research
C Fixed Difference between initial and final cell numbers Fixed 5.1375
G, Log CFUlg Growth model =G, +C*EXP[-EXP{(2.718*SGR,/C)*

(LT3_HTime)+1 } ]

Consumption

Consum Daily consumption average amount =RiskLaplace (200, 20.524)
Intake rate Fixed Intz?.ke rate ' ' =0.37 MEDS, 2015
Amount ];z;lzezcét;sumpuon average amount considered —Consume*Intake rate
Dose- response model
Dose (D) EHEC amount =10xAmount
Model 1-(1+D/B)y* o=Fixed 0.49 Huertas et al., 2008

B=Fixed 1.81*10°

Risk Characterization
Risk Probability of illness/person/day =1-(1+D/B)* Haas et al., 1983
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Table 4. Simulation model and formulas in the excel spreadsheet used to calculate the risk of C. jejuni in whole milk with @RISK
Symbol Unit Definition Formula Reference
Product
Pathogens contamination level
PR Prevalence of C.jejuni in whole milk ~ =RiskBeta(1,196)
. _ This research
CL CFU/mL Contamination level of EHEC =-LN(1-PR)/25 Sanaa et al., 2004
IC Log CFU/mL Initial contamination level =Log(CL)
Market
Mie d Storage time in market =RiskUniform(0,10) .
) ] This research
Miemp °C Storage temperature in market =RiskPert(2,4,7.5)
Death
delta d delta =0.5198+((-1.908)/T)+(152/T%) .
This research
p p =0.4507+(0.0232*T)+(-0.0009582*T?)
C. jejuni survivalmodel ~ log CFU/mL  C, =IC-(My,,,/delta)’ This research
Transportation to home
Trime d Storage time during transportation =RiskPert(0.014,0.041,0.068)
i Jung, 2011
Ty oc Storage terpperature during —RiskPert(10,18,25) g
¢ transportation
Death
delta d delta =0.5198+((-1.908)/T)+(152/T%)
p p =0.4507+(0.0232*T)+(-0.0009582*T%) This research
C. jejuni survival model ~ log CFU/mL  C, =C,~( Ty, /delta)”
Home
Hyie d Storage time until consumption =RiskPert(0,2.5,15) MFDS, 2009
Hrep °C Storage temperature until consumption =RiskLoglogistic(-10.407,13.616,8.6107) Bahk, 2010
Death
delta d delta =0.5198+((-1.908)/T)+(152/T%) .
This research
p p =0.4507+(0.0232*T)+(-0.0009582*T?)
C. jejuni survival model ~ log CFU/mL  C, =C,~(Hy;,,/delta)’
Consumption
Consum Daily consumption average amount =RiskLaplace(200,20.524)
Intake rate Fixed Intake rate =0.37 MFDS, 2015
Amount Dally consumption average amount —Consume*Intake rate
considered frequency
Dose- response model
. . . —1NnC3
Dose (D) C.jejuni amount =10~xAmount Medema et al.,
Probability of infection by one infested ~ 2: - RiskBeta(a, [3) o=Fixed 0.145 1996
C. jejuni B=Fixed 7.59 Nauta et al., 2007
Probability of infection P 1-(1-p))° Nauta et al., 2007
Probability of illness given infection Py Fixed 0.33 (33%)

Risk Characterization
Risk

Probability of illness/person/day

=P.__*P. Nauta et al., 2007

inf Lill | inf

@RISKE 283 gute

FROM ZFEEY ™37

74 =8}

B MFUel MTA loidBIt 12
2 oA duke8o A& g7 Azl AF = 9
4712 98] @RISK T2 23S ARE-381S w3} 7

el B4 slald =
o, Qukegel 19 B

AFH 57X 29242 RiskLaplace

10]

7]. 7].%]— x%-&l—z‘s]_ 74 o7 7\/\]_5]9137_

1 AHFES 197 mL,

21 18] HAA S 0379 AR HALYTKTable 3, 4). F

A4 GAE ANEA 7 7 Hstel] me g
A RubE AFUel HE 2
d AAY D AAAEE 1346}04 FAstr. 2 A% AE

A o
F<(log CFU/g)y2 AWke-f



666

AN EASEA A 53 AA 5T Q021)

Table 5. Probability of foodborne illness of C. jejuni and Enterohemorrhagic E. coli per day per one serving of whole milk

Probability of illness/person/day Min 25% Mean 95 % Max
C. jejuni 0 9.86x10” 2.33x10° 1.05%107
EHEC 6.95x10" 1.29x10° 5.70x10” 1.10x10° 3.59x107
a) EHEC Risk

Iniaial contamination level 1
Storage temperature in home 1
Consumption amount 1 0.07
Storage time in home - 0.05

Transportation temperature to home {  -0.01

Transportation time to home { 0.01

Correlation Coefficients (Spearman Rank)

0.25

Storage temperature in market - 0400|
Storage time in market - o.ool

- o

o (=]

b) C. jejuni

Dose- Response 1

Storage temperature in home 1
Storage time in market 1

Storage temperature in market {
Storage time in home -

Iniaial contamination level |
Transportation temperature to home |

Transportation time to home |

“ < n
=) =) =)

0.2 1
06
0.7
08
09

Coefficient Value

Risk

Correlation Coefficients (Spearman Rank)

-06
0

0.2
0.0
0.2 1
0

06

Coefficient Value

Fig. 5. The correlation coefficient for sensitivity risk factor affecting probability of foodborne illness of Enterohemorrhagic E. coli (a)

and C. jejuni (b) by consumption of whole milk with @RISK.
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