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Quantitative microbial risk assessment of
Clostridium perfringens in beef jerky

Gun Woo Nam', Su Jin Kim', and Ki Sun Yoon"*

'Department of Food and Nutrition, Kyung Hee University

Abstract We developed a quantitative microbial risk assessment model for determning the effect of seasoning on
Clostridium perfringens behavior in beef jerky under aerobic and anaerobic conditions. C. perfringens was not detected
(<0.5 log CFU/g) in beef jerky samples (n=275), regardless of storage conditions or the presence of seasoning. Survival
models of C. perfringens on beef jerky were developed as a function of temperature (10, 17, 25, and 35°C). Risk of C.
perfringens due to the consumption of beef jerky was estimated with @RISK and FDA-iRISK. The probability of
foodborne illness due to C. perfiingens through consumption of seasoned, vacuum packed beef jerky was estimated to be
2.77x107'® per person per day. Overall, the risk of contamination of beef jerky with C. perfiingens is very low.

Keywords: beef jerky, microbial risk assessment, predictive model of C. perfringens, aerobic and vacuum packing, seasoning
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jsle] C perfringensS] %719 B4 < (initial contamination level)
ZARISTE AlE 25gS HHA0R FH3fo] 225 mLe] HEF
7¥skar 287 #d3st & 10 ©A A NS THEIL A
9 3 wAE S | mIAE onf o] Hit HEZHA
FoaAog Bty des A7IsIA &2 TSC HiA|(Tryptose
Sulfite Cycloserine Agar, Difico Laboratories, Detroit, MI, USA)
10-15mLE 7tste] 292 ST A 2 &3t & SIAATH
SaE A gl oAl g W 10mLE 7t SXAZ & 3§
7] Z ¥ (Whitley DG250 Workstation, Don Whitley Scientific,
West yorkshire, UK)E AH8-3}o] 36°CollA] 24A17F B 871324
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C. perfringens 4ZE ojs2d It

Aol AM-E FF= EIEA(artoxinys AAdSRE C. perfrin-
gens (KCCM 12098)2#] g=ru| A EHEME (KCCM)NA ¢
Qkok Reinforce clostridial medium (RCM; Oxoid, Basingstoke,
UK)S.Z At wjjefste] —80°CollA] HAslSith —80°CollA =2zt
H C perfiingense AR 918 AEAZ F, 5mLe] AHE
RCM iAol 50 uLE HEstL F7] AW oA 36°Cellr 24
A7 FE A ek S2o\A C perfringens 1E5E4 7l
WS P AlTellM duEe AFFEe TS st
of ol A EEAl 2 A AFH el A AF
o= FEeIeH 77t 37] ¥ Agxgow ERsk RdS
HEaksiet 10ge] LeAd ¥ e §ES EHAHoE AF e
o HEZHA Fe F, C pefiingens 100 LS TH| HE
ste] 27] QPEEE oF 5.6 log CFU/g 50| HE= 3Th
HEE Sx= AHs] Zoddl FH(20x30x0.05 cm)ell ot
%719} FF(FR-AI00WG CSE Company, Korea)o 2 Fo]
ek 510, 17, 25, 35°ColA 22t BASH C. perfringens W&
545 48Tt

2EAE B Fd SXA Azl W C. perfringens 12} ¥
Sol& g /Ndsty] 918 Gina FiT V1.5 Z2723°] Weibull
modelS F&3te] AERIS 73 tHGeeraerd 5, 2005).
Weibull model®] parameter® delta (P]QYE°] Z71F =N 1 log
CFU #ash=d dele AIZhet p (=2 Z9HE A=t

Weibull equation: p=Log (N,)—(t/delta)’

Ny PIREY 27 2L85%; ¢ Al delta: 7] QP F=olA
1 log CFUR Ztasted Zele Ak pr 282 2

13 BHloA] Ae deltas} pE FE3le] Ad B o &
oA 2=l WE C perfringense] 2% WFE Zd2 Graph
Pad Prism V4.0 (Graph Pad Software, San Diego, CA, USA)<

AF8-3t] Davey model (Davey 5, 1989y &8sl 7ld3sitt.
Y=at(b/T)Hc/T)

Y: delta, p; a, b, ¢: A5 T: 2=

oH e HE

C. perfiingens YHAEZZ NE AEAZRD S C perfringens
27| AEEAR S dSeted €8 7S dEs] fsl ¢
perfringens EANE ThEF} ZFo] FH|EIGATE Awidet C per-
fringens (KCCM 12098) 200 uLE 10 mL2] Fluid thioglycollate
medium (FTG Oxoid, Basingstoke, UK)o| HZE3l2 5%
(Water bath)oll A 75°Coll A 40%7F E*] ] (heat shock)S 718+ F
36°CNA 18A17F Bt HFAIHTE Bl 1 mLE A AEE
10 mL2] Fluid thioglycollate medium®ll & ¥ 36°CollA 4117+
59 w3t %, Modified Duncan and Strong (DS) medium
10%°]] #lFete FAS HEL 36°CollA 48417+ &<t wist
S}, Modified DS mediume 1.5% ZZH| 223 (proteose pep-
tone, Difo Laboratories, Detroit, MI, USA), 04% SR FEE
(Oxoid, Basingstoke, UK), 0.1% #}o] Q2] A2 F(sodium
thioglycolate), 04% 2} =2 (replacing starch), 1% <SIAFAF
(sodium phosphate), 100 uL 71#121(0.51 mM/mL)S 718t Az
aFAhPark 5, 2014). o], AT SR Wy T3
AFE ) ¢ TaRE FEsk] 22°C9F 32°ColX C. pefiin-
gens XA 55 AASI T

Fxzo| MZ|ufH
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A" AE HERAP AHE o E @RISK Z2 138 &
f3lo] 2 E¥xwds AR x| 1Y FAHFZFE 51.83
gol™, A AA Ex w29 ‘RiskBetaGeneral Distribution’
o7 AASNHFig. 1). AFNEE HA F2=0, ¥ 13=025,
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RISK Excel sheet

LeAd B dd SEo| HIAR I C perfiingensol] 2|7
A5 WYSES FGs] flall A UHHES(Input)= Excel
(Microsoft@ Excel 2010, Microsoft Corp., USA) spreadsheet X
2IE o] &5t AU RUS FEEoH, /ieE =Y
2 @RISK 7.5 (Palisade Corp.)E Al&-3ld =& AH&3It
(Table 1). Sampling type Median Latin Hypercube sampling<:,
Generator seed= Random W'H-S AE]SI 3, Iteration (WHE-A]SY
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RiskBetaGeneral (1.0586,4.7065,23.985,175.84)

= Input
Minimum 24.000
Maximum 120.000

<K < S

80
0

Consumption (g)

Mean 51.833
Std Dev 22.824
Values 144
— BetaGeneral
Minimum 23.99
Maximum 175.84
Mean 51.87
Std Dev 22.60

K < S 8

= = = =

Fig. 1. Probabilistic distribution for beef jerky intake using @RISK 7.5.
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=X (sensitivity analysis) 7155 o83t FBATE &3
thKo 5, 2012).

|Eeold A3z o]8-3t

FDA-IRISK model sheet

x| oFd f5F 2 XN C perfringense] 212230
A= 4 vash] 9138l FDA-RISKE €83 94 dlolH
Zre Table 29} 7t} S3E9] 271QFFFANN C perfringense
ASHA &ot 27]1ed=NE ghe 0.001%2 7HsIlaL HE
FEE FHA -2 log CFU/AA FHd 0.5 log CFU/gS] S 95
< AR S2AA dd Fek Y E 1Al m
E C pefingens?] AE JZ2dL Weibull modeloA] A2 1
2t A& S A3EQ0 dEF 7S 88 THTable 3). AF =
A AHEFE Vel 18] gHES 2] HadFE] 51.83
gS FEsIA, AFANEARTE Yeille A AFAVEE &
o] AFANES 061% HolEE &85 THMFDS, 2018). C.
perfringens®] & HFSH-S Exponential model (=1.82*%107")
g3l n, Aoz Q3 A nAe ¥E A=E UeME
DALYs per case &< APATE T3l d2 0.008S FHsIAT
(Haagsma 5, 2016).

SH &M

2 A¥& SAS Software, version 9.4 (SAS Institute, Inc.,
Cary, NC)E &85l 2= ¥ZZA(Z71A8)S 22d 28
Ad 2 Fd Saxe] de}, pak zbolol il A7 (t-test) ©]-8-3F
o] p<0.05 A fFoldS AR

M

Zut 9 nE
KEOHM C. perfringense| 2YAENZA}

Alzola A= e eBAd 2 g SEAA C per-
fringens®] S AHENE letslr] el thArtEm=120), AAAE
(n=30), 221 AE&=m=125)004 AFS ZHzF st 27]
LHTFE ek AFAFATNA 28XE E dd BE AF
oAlA C perfringenss LAE O] AR & Ao=Z Yelgon, 4
AAFAME BRE AFAA oA g2 HEHA] U

|E C. perfringense| ME0|S =Eyw
LAE 2 Fd KXANAM C perfiingense ol FEGlo]

BE AEsE Zo® Yeldtl C perfiingens®] AE9Z param-
eteroll te A= Fig. 29} Table 33} e}k BaA2=2l 10, 17,
25, 35°CollA] 3714 QEAE &xANX C perfringens®] @
Ef 3 2571 molxlel wet HlgHH g hdte AFS
Rt 2Ev 257t Wold s Sr|xET XF Rl A
LA 2 Fd SEAN BT C perfiingens’t 8] Abdst
o QdEet AEIE AeE YEhgor 53] 10°ColA &
71273 KgEagatele] dEl 3ol f213 (p<0.05) ZHol7t =
Aow RIFT & Aol AR AAERDS] Weibull model
oxe] prte iz RES Ueie #eE 1RY 2 pite
HE2710 mAE d7 A-3] APE3sk= i convex curve
E Yep 2, 120} 22 ppke JEx7] vRAE d7F 55
ArEstE BElQl concave curveE Y ERATHAlbert9} Mafart,
2005). XA C. perfiingense] AEEHL] p 3 EZF 1HTH
A o g fdel o o Il AAgle]l BE 250
A C. perfiingens= 48] AFEsk= 202 JEET

C. perfiingens= 2&°l w2t A 6°CHH o 50°C7H] 4
e 5 gom(McClane, 1997), 0.93-0.97 M9 a, 2 6.0-7.09]
pHolA 33E 4 Ath(Bartschel Walker, 1982). 15°CellA] &7]
2o R BASH cooked ground turkeyoll Xl C. perfringense A7k
o] Aol mEt AbEE, FFEGNNE FEshs Aol T
AttJuneja 5, 1994). LWtz o2 SRoN FAFEFHLS 574
Aol AR AES 24T F Ak H dxd A4
w2 277NN C perfiingense 22°COlA 7] 2 v|s7] 2
Ao 242}t 5 log CFU/gH 1 log CFU/ge] S71813A1%E, 7°Col)
Al 7], ver] a8y E71&A9A BT APE S th(Qadir,
2015). 2 2 AoM = L2350 WX A 279
SEANA C. perfringens®] A7 HEAEA QUT). o9} 2 A
I & A AR A B Fd §E a = A 078
I 0.752M, SXE0] @Fe 7R GAE dZ C perfringens®]
Aol A" Aoz AREL S aureus®t L. monocytogenes=
21°CoM AFEZD SE(a, 0.73-0.87)0014 HF 45 B A=
39X H(Ingham &, 2006), 10°ColA &7]9} 25
A C perfringens’t B APEeta, B7|7bo] 4
ZRA o ulEet ATshe s #ES A7 v
ol A3E HATHPark 5, 2014).

Tl 2 AlMs 8RAdF Fd AFLS C perfiingens
o] o= 2 zo)7} 8IS Bae 5(2012)2] AFAddl =
W, o] H7H dii AlFRCA = ddel H7EA! 82 Al
FEO B cereus®] 37 Jol F=7](lag time, LT)7} =31 3
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Table 1. Simulation model and formulas programmed in Excel spreadsheet to estimate the risk of C. perfringens in beef jerky with

@RISK
Symbol Unit Definition Formula References
Pathogens contamination level
IC log CFU/g  Initial contamination level =RiskUniform (-2, 0.5) This research
Market storage
Mark-time h Storage time in the market =RiskUniform (0, 1440) Persopal .
communication
Mark-temp °C Storage temperature in the market =RiskUniform (0, 25) Persqn al‘
communication
Predictive model
. . . Aerobic  =1.983+(4.809/T)+(720.9/T%)
Beef thy 5
delia . eef jerky without seasoning Vacuum  =3.680-H(-124.5/T)+2739/T?) This research:
' Beef jerky with seasonin Aerobic  =-1.693+(66.07/T)+(767.6/T%) Davey 5, 1989
! 8 Vacuum = -7.071+(262.5/TyH-212.4/T)
p fiexd =0.6 This research
Contamination level of . . , This research:
G log CFU/g C. perfringens in the market =IC-(Mark-time/delta, ) Mafart 5, 2002
Transportation
Trans-time h Time (market to home) =RiskPert (0.33, 0.813, 1.171) Jung, 2011
o Storage temperature n: .
Trans-temp C during transportation RiskUniform (15, 25) Jung, 2011
Predictive model
. . . Aerobic  =1.983+(4.809/T)+(720.9/T%)
Beef thy 5
dela, . eef jerky without seasoning Vacuum  =3.680-H(-124.5/T)+2739/T?) This research:
- Beef jerky with seasonin Aerobic  -1.693+(66.07/T)+(767.6/T%) Davey 5, 1989
! 8 Vacuum  -7.071+(262.5/T)H-212.4/T)
p fiexd =0.6 This research
Contamination level of _ . ) =
G log CFU/g C. perfiringens during transportation =C,-(Trans-time/delta,) Mafart 5, 2002
Home storage
. . . . e This research:
Home-time h Storage time until consumption =RiskPert (0,123.2,720) MFDS, 2016
Home-temp °C Storage temperature until consumption =RiskUniform (0,25) Persqn al.
communication
Predictive model
. . . Aerobic  =1.983+(4.809/T)+(720.9/T%)
Beef jerky without 5
delta . eet Jeriy without seasoning Vacuum  =3.680+(-124.5/T)+2739/T°) This research:
3 Beef jerky with seasonin Aerobic  -1.693+(66.07/T)+(767.6/T*) Davey 5, 1989
) g Vacuum  -7.071-+262.5/T)H-212.4/T)
p fiexd =0.6 This research
Contamination level of _ . » =
C, log CFU/g C. perfringens during at home =C,-(Home-time/delta, ) Mafart %5, 2002
Consumption
Consump g Daily consumption average amount T%s&k‘]zetaGeneral (1.0586, 4.7065, 23.985, MEFDS, 2018b
ConFre % Daily consumption frequency fixed 0.61 MEFDS, 2018b
CF(0) Daily non-consumption frequency (rate) =1-0.61/100 MFDS, 2018b
CF(1) Daily consumption frequency (rate) =0.61/100 MFDS, 2018b
CF Distribution for consumption frequency =RiskDiscrete ({0, 1}, {CF(0), CF(1)}) MFDS, 2018b
Amount Daily consumption average amount =IF (CF=0, 0, Consump) MFDS, 2018b
considered frequency
Dose-Response
D C. perfringens amount =10 xAmount
r Parameter of r =1.82x10™" Golden =, 2009

Risk
Risk Probability of illness/person/day =1-EXP(-r*D) Golden -, 2009
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Table 2. Model input for beef jerky-C. perfringens scenarios in iRISK
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C. perfringens on the beef jerky, total population

Element of risk scenario
Input parameter, iRISK template Model input Reference
Food Beef jerky Description
Hazard C. perfringens Description
Initial prevalence 0.001

Initial concentration

Process model Initial unit mass

Uniform (-2, 0.5) log CFU
Unit mass 100g

This research;
Personal communication

Partitioning 100g
Duration 0-1440 h
. . . Aerobic Uniform (1.84,9.65)
Beef jerky without seasonin, .
Predictive model Jery ¢ Vacuum Uniform (2.10,18.54) This research;
(Survival) Beef ierky with . Aerobic Uniform (1.04,12.56) Davey &, 1989
eelJericy with seasoning Vacuum  Uniform (0.81,16.98)
. Grams per eating occasion 51.83g
Consumption model . . MEDS, 2016
Eating occasions per year 0.61
Dose-response model ~ Exponential model =1.82%10™" Golden 5, 2009
Health effects DALY template (C. perfringens) 0.008 DALY per case Haagsma 5, 2016

YA Y = (maximum population level, MPD)= W& Ao Z e}
$ohBae 5, 2012). %3}, Farber 5(1995)S 0.4%2] FANEES 3
7}t liver pate (meat spread)ollX SFAEE H7FSIA] & AR

s} el fEr) wEm, A
ehlel g Rk vigEe) 4%

T ATk

BT} L monocytogenesS)
QAEEETF o WSS

o Aol ehde B

C. perfringens =

C. perfiingense EAS
BEA LS} EAT} 7Fs2d
A BHEG Wztolv B Fo7
8& 77 WEell 2 A=E v

24

02
£ o
2
I

I
[

TZS
T=g

15
=

Beef jerky without seasoning

2 kd ¥ C perfiingens

#o 8 FATA A
228 45715%
QUste] TAL ol b5

=ENO

Oo]:/g."_\]j_ Agl__"l o=

of

o w04
=) )
™™ [ 3
(] o
g g
2 22
1
0 20 40 60 80 100 0 20 40 60 80
Time (h) Time (h)

Y= 1.983+ (4.809/T)+ (720.9/T%

Beef jerky with

6

©)

5
g s
[l =]
9 3 b
% o0
s, o

0 20 40 60 80 100
Time (h)
Y= -1.693+ (66.07/T)+ (767.6/T?

Y=

Y= 3.680+ (-124.5/T)+ (2739/T?)

seasoning

6

w

>

w

N

40 60 80
Time (h)

-7.071+(262.5/T)+ (-212.4/T?)

20

100

100

Fig. 2. Primary survival models of C. perfringens on beef jerky under seasoning and packing conditions (@): 35°C, (Hl): 25°C, (O): 17°C,

(0): 10°C.
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Table 3. Survival kinetic parameter of C. perfringens on beef jerky under seasoning and packing conditions

Beef jerky without seasoning

Beef jerky with seasoning

Temperature (°C) Packing
delta (h) p delta (h) p
10 Aerobic 9.65+£2.61 0.58+0.09 12.56+1.49 0.64+0.12
Vacuum 18.54+2.00* 0.62+0.11 16.98+2.79 0.60+0.14
17 Aerobic 4.93+0.21 0.61+0.84 5.08+2.49 0.60+0.11
Vacuum 6.37£0.51 0.63+0.65 8.22+3.25 0.68+0.12
95 Aerobic 3.02+0.27 0.93+0.35 1.76+0.61 0.59+0.07
Vacuum 2.10+0.36 0.36+0.01 2.03+2.03 0.51+0.23
35 Aerobic 1.84+0.78 0.71£0.06 1.04+0.40 0.71£0.11
Vacuum 2.87+0.60 0.60+0.21 0.81+0.39 0.47+0.08

*Significantly different at p<0.05 by t-test.

Initial contamination level
-1.875 0.375

5.0%

' I Ilog CFU/g '
Unit: log CFU/g
Minimum -2.00
Mean -0.75
Maximum 0.50

Fig. 3. Probability distribution of initial contamination level of C.
perfringens on beef jerky under various processing and storage
conditions.

=3 F e BYoNX C perfiingens EAS] AEEA T &T

T AeAE AT 712N 22, 32°Co B @
o
- C.

Y x| S C perfiingens A WEF e |20 A
22, 32°COIA} Z}2} 576, 1.92 h& e, IgEAgoxie 747}
476, 216 h= JEFTH AF A7 el M7 ool daglol
XAdeel WE C perfiingens EA] e} 3 dGA 2L} 2
tole AAA T, FEAEe} vwEte] EA= BT 7ro] Zof
ATE x4 o o# Al AEY F Aglen 53] 378
o AFxgeA o o8 AETS AT 53, 22°Cce] A4

$ oExd 2 g §Ee B AeEF E AFM Ho)
218 h (°F 9y 2APE s S1dTh

@RISKE &8t |SZ0IM C. perfringense| HEX 2sHH7}

B AFoME @RISK e Z2a#S AREsle] &30 C
perfringens®] B SRS AT A HA g ¥
Z oA W Fd SXoAM C pefringense] 27| LAGTE
%5 (concentration levelYS 213} Uniform distribution=
|3to] 243}, Uniform distributionS 24 715Al0] <Y
ol gk BX=2, o8 7kss A&7t olF AAY fle AT
u kel mdojn QYT FAL Al Algo] AEHA &t
o, Algrrt A& A olstE EAlshe Ae=E 7Pgste] @
7bFs 75 FHY W AT EX(distribution)e]th. & A
oA #AE EAE B Fd SE@=275)°N4 C perfringens=

o2 o pe ro gk rlo oy

HZE3HA(<0.5 log CFU) %2 uniform distribution (-2, 0.5)
g3l 2710 dFER A3tk @RISKE &85t &
Aok A3 2Ad 2 d SEoNAM C perfringens 27 LA
FEe HAHOE 075 log CFUE EXde Zog Vel
tHFig. 3).

202 % HAIE AXHA C peafiingens® HE LIT
F(CFU/p)el w7 Wstel 7oA a9 19 A3z HH

EE Isle] ANApT FFHor HHSH El= C perfringens
&S Fst] 1 1909AM C. perfringensll 213+ 5= @AY
352 Table 49 2T} @RISK ZZI-S o]&3lo] wHEA|FY

35 10,0008 o]de] A3E HFTHQ f3= vlolE= &8s}
R 2 A, A ATl FHete AlYEee] AR 27004
BAEY 57)9F AFgEFeR AEy e LIAE §EXE
AHBES 735, 19 1°19AIM C perfringensol| 23+ 255wt
A B8 A7t FF 557x1077, 1.79x107°0. 2 Yy}, 3
3 SEE AFEINE AF, 19 1AM C. perfringensell <
255 A g8 27t HaF 1.61x1077, 2.77x10° 0= 1

%

=

Table 4. Probability of illness per day per person by C. perfringens with consumption of beef jerky with @RISK scenario

Probability of illness/person/day Min 25% Mean 95% Max
) . . Aerobic 0 0 5.57x107"7 0 2.38x10"
Beef jerky without seasoning Vacuum 0 0 179107 0 1.73x10™2
Beef ierky with . Aerobic 0 0 1.61x10" 0 1.43x10"
eel jerky with seasoning Vacuum 0 0 2.77x107 0 1.32x10°
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Fig. 4. The regression coefficient for sensitivity analysis affecting
illness by C. perfringens with consumption of beef jerky with
@RISK.
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Table 5. FDA-IRISK risk estimates of C. perfringens in beef jerky under various processing and storage conditions

Sample Risk ranking Packing  Total No. of Illnesses ~ Mean Risk of Illness DALY Per EO Total DALY Per Year
or Consumer
Beef jerky with 1 Vacuum 5.34x10™" 9.06x10™ 7.25%107™ 427x10™
seasoning 2 Aerobic 4.12x10™ 6.98x10™ 5.59x10™ 3.30x10™"
Beef jerky without 3 Vacuum 3.23x10™" 5.48x107"? 4.39x10™ 2.59x10°"
seasoning 4 Aerobic 1.79x1012 3.03x10™ 2.42x10 1.43x10
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