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Application of Fuzzy Math Simulation to Quantitative Risk Assessment in
Pork Production

Myungnam Im and Seung Ju Lee*
Department of Food Science and Technology, Dongguk University

Abstract The objective of this study was to evaluate the use of fuzzy math strategy to calculate variability and uncertainty
in quantitative risk assessment. We compared the propagation of uncertainty using fuzzy math simulation with Monte Carlo
simulation. The risk for Listeria monocytogenes contamination was estimated for carcass and processed pork by fuzzy
math and Monte Carlo simulations, respectively. The data used in these simulations were taken from a recent report on
pork production. In carcass, the mean values for the risk from fuzzy math and Monte Carlo simulations were —4.393
log CFU/em” and —4.589 log CFU/em?, respectively; in processed pork, they were —4.185 log CFU/em® and —4.466 log
CFU/en?, respectively. The distribution of values obtained using the fuzzy math simulation included all of the results
obtained using the Monte Carlo simulation. Consequently, fuzzy math simulation was found to be a good alternative to
Monte Carlo simulation in quantitative risk assessment of pork production.
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CARCASS
» Prevalence on carcass

« Concentration on carcass

PROCESSING
* Reduction due to washing
» Prevalence on equipments
» Concentration on equipments

« Transfer ratio

Fig. 1. Flow diagram of the risk assessment for L. monocytogenes
in pork production.
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B AN E ClEEAZRE FE S AR gAE 9
5 299 A3 =&EE carcass®} processing THATHE 25}
o QRAE Z&3thFig. 1). &, AR GAE Agslged
carcassOllA L. monocytogenes®] ' ¥1%9t %, processingslA
AHE Al i FEE 54, 71TeAMe] 7o) iy Wik 5 g
71FREE] WA QHES EA3I9THTable 1).

Fuzzy it

Fuzzy 32 778 Zbe IAY 242 490, a&xe 774
oM RE JAY add tistd izt oz Ag v Aol
7VE 3] (weightings)Z B A TH(14). durdog AL 443
fuzzy 3r& 42H8 A& X (triangular membership) 352 ¥ 3}s}
=, =3 22 270 JY 842 FAHEL

X = <X, X, %> )

71 xE fuzzy Fe JF 84, x & A, & AW, x,
€ g ough o] o Ay Huigke ASEE 0
o, AN 1E ZHet(Fig 2). BIE A4F fuzzy 33 £
oA AE FEEIT Alldle fARE Fo) YRAT, I thite]
2zp %m0 gHgolghs HolM Aoldol Atk A4E fuzy
@ Aganel o) i 2%55E aHHoE Vehlr] st
o] Fig. 20049}t Zo] o-cutE AEER 71Edle] 1 A&vol o
o Asdhe & 4] JFLAR fuzzy FE e 5 3Tt -
cutel gt & e I abE 49 gTiY #goz TY
Hrhks).

A > <a, b, c>

= {(b-a) a+a, -
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(-b) ate}V o€ [0, 1]

olEs FHL o-intervald ARSI fuzzy G4HE HEsA &
o N fuzzy ) T2 2 7t gl W@ BE 29 ¢
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Fig. 2. General form of triangular fuzzy set and an alpha
interval.

C=A+B

— <a;ta, b+b, ¢ +c>

= {l(b;+by)~(a+a)Jat(ata,), [(b+b)—(ctcjo+
(¢t 3)

A AolE ikt 2ol zk 71 ol Wi EE £¢el
o F4 fuzzy & T F Ao 2 Aol v H3Fs)
o] Giachetti®} Young(17)°] A|Alek EF4 AR (standard
approximation)°l] 28+ 2(HE A JE ).

C=AxB
— <aa, bb, c.c,>
- {bb,-aa)a+aa, (bb,~ceatcc) G}

Fuzzy 3¢ 24532 a-cutQE re] 0, 02, 04, 0.6, 0.8, 1
9] F 677t e HE 84 e Akt g

HAAARI fuzzy A2 Rho F(6)°] B8k =SAAIFA oA
o] L. monocytogenes VI°1E19] & AMg-ete] dsidtt. o
A, carcassSllA] HH WX beta Fret 5 uniform T,
processinglA] 710l A @] B =9 betadr, Bl 7| FER
Ble] 22} LE9E9] uniform S ZHZ} Monte Carlo simulation
< 78t AE FeR AEAA fuy Y AR 2E5=
SRR AL Processingell Al MlE Al & T 343 &
5, 717X w79 wxe] Ao 448 FrE HE 9
o] ZE AME-SIGATK(Table 1). WA=t GAIEA A fuzzy T
9] 7t arcutd] WS BE Y 24EF F3 AR 4
%%, Azt EFBA), = (skewness), = (kurtosis), FUES A
&3} tH(Table 3). Microsoft Exceld AME-3l] 2E AlMME 3
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Monte Carlo simulation

Rho 5(6)°] Bt =S4 AAM L monocytogenes T
olE9] S5 o] 83la] Monte Carlo simulations A&} Th
Microsoft Excels ¥ 33} Palisade’s @RISK software Ver. 4 X
Z1¥(Palisade Corp., Newfield, NY, USAyS ARE-E19.2H sim-
ulation 58 Latin-Hypercube samplingS AF&-3}] 10,0009 1k
EATH(18). 23 A furzy @ HILE 95t &E 2=
(probability density) THAlol “FHA ¥lE(relative frequency)Z &
A 5 Zbzke) HiesE ) YI=sE Upo] 13 0rfeld] 3}t
o7 HEASGY. 3 FHF FEET Ust 7eBARS 4
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Table 1. Simulation model to estimate the distribution of L. monocytogenes in pork production

A. Carcass
Variables Description Unit Calculation
RiskTriang
P, Prevalence of L. monocytogenes on carcass - (1.17E-12, 0.03, 0.41)
Concentration of L. monocytogenes on contaminated 2 RiskTriang
C. carcass CFUfem (0.0030, 0.0036, 0.0099)
L, Log contaminated level of L. monocytogenes on carcass log CFU/cm® log (P, x C)
B. Processing
Variables Description Unit Calculation
. . RiskTrian,
R, .. Log reduction in counts due to washing log CFU/em? (0.5, 0.54, %)
. RiskTriang
P, Prevalence of L. monocytogenes on equipments - (6.62 x 1072, 0.07, 0.94)
Concentration of L. monocytogenes on contaminated 2 RiskTriang
Co equipments CFU/em (0,0.01,0.01)
Transfer ratio of L. monocytogenes by contaminated ) RiskTriang
Ry equipments (0.17,0.23, 0.87)
p
L. Log contaminated level of L. monocytogenes on cut meat log CFU/cm’ Log

(101 1 peq x Ceq x Req)

Table 2. Alpha cuts for fuzzy set of contaminated level of L.
monocytogenes from fuzzy math simulation for processing step
in pork production

o interval (log CFU/em?)
o level

Left Right

0 -14.46 -2.38
0.2 -4.63 -2.47
04 -4.33 -2.60
0.6 -4.15 -2.76
0.8 -4.03 -3.04

1 -3.93 -3.93

dot Y nE

Fuzzy 91&t8} Monte Carlo simulation

Fig. 3 carcass SAIE AX 89 L monocytogenes o &
55 &3 Aol Fig. 4= carcass®} processing HAIE E5
Z33 790t} Fuzzy I Monte Carlo simulation EHEE-F
B o] WA HAYCH, fuzzy JEA H AEEE 2 A
59 Monte Carlo simulation &E&E2ZA o B89 7%
=T vl 2HEE B ol BXe Aole A4k
2 Monte Carlo simulation®] A4 @aElE Xo|28E Ayd
% 9Jok11). Monte Carlo simulation®] <=4 F 7o FEEE
& QY AS, 74 FERR] A pE7E 2%l die
oA SEUEr} =2 A FHES) 2F2 AdEHAT TE
UE7t AuEos e A ghge] 32 uiAEE gEAd
H(probability sampling design)®] ¥-4lel] FATTKR). WA
4 R Ho Jod A FgES Qe zNE AEHE v
UTh WHHO fuzzy AN E fuzzy JTES FHLAEER
oA A el s RE ZFell tiste] Aite] o] FoA]
22 A4 AAEM doAe fuzzy I HF 84w At
AEE fuzzy AHEC] AP LAV Ak A E 25 XA
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Fig. 3. Simulated distribution for the contaminated level of L.

monocytogenes on carcass. ll: fuzzy math simulation, @: Monte
Carlo simulation.

fizzy AT A RE 2ol thale](1920) dit=lEz 4
fuzzy FEe) A%5EE UNHHOZ Fig 3, 49 o] AY BEXE
o]21 Monte Carlo simulation®] SEUES} Hlw g of 4uiH

ol 2 e Btk

A TAE ANE Fex dole] BXE H¥ processing T
A7} carcass YART ¥ HAE= AR VERITHFiE. 3, 4). ©l
£ Rho 5(6)2] HiolA vehd 3749 471 el o= Monte
Carlo simulation 2%¢] 582 %7} 6 #Hx @443, Quelehét
Cameron(12)°] B3t B3l rigapd o= <lsle] 349 71
BolR o 24 furzy HTLA ZX7} AR AMF At
qr}. o]#ldt AAr AT carcassoll Al processing AR B
WA B AFTE AN Frtsked ALt WAl Fote wE
g 75 239 57t Siste] AAPES AAHLE fumy
A% Fraid BERE ALY HAZE "WolAr] &
olt}. EF fuzzy AAPHI Monte Catlo simulation 2342] *}o]
= 9y 27 AR carcasse| A= Agtou, A o] Holxl
processing ©.8 22 ZI1EIAT Fuzzy <4te] Zolx= 4
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Fig. 4. Simulated distribution for the contaminated level of L.

monocytogenes on processing. WM fuzzy math simulation, @:
Monte Carlo simulation.

2k 7P 23] 25 wkedE)E yhHo) Monte Carlo simulation

M FEHOE 9u) Y 2T AW sl ks
W&ol Fig. 4% carcass BAITHS AZ AR Fig 3] H]3k)
A fuzzy JFe] Hole 2 HPA ] Frlel o) SeRy
o] AL A zfel7}t QA ekt

SAH H[mEN
Fuzzy %3} Monte Carlo simulation®] Z-EE X9 7|&EHA)
FE BT dlolEe] uEA X9 Hag, i, A
FFHAL, NI (skewness), H = (kurtosis), EYZHS Table 35}
‘:}. Fuzzy Qo) 2§ o] =A|o] F559 HFZHS carcass
S} processing 27 -4.393 log CFU/em?, —4.185 log CFU/em?
2 AEHAUT 3 Monte Carlo simulationd] <3+ HFzHe
carcass?t processing= ZHZ} -4.589 log CFU/em?, —4.466 log
CFU/em’E eIt & fuzzy 94+ #5571 Monte Carlo
simulation BTF B ¥90m™ 1 Il carcass HAIONA 0.196

Table 3. Comparison of descriptive statistics for fuzzy math and
Monte Carlo simulation

Statistical Fuzzy math simulation ~ Monte Carlo simulation
descriptors  Carcass Processing  Carcass  Processing
Minimum -14.456 -14.956 -13.72 -11.69
Maximum -2.383 -2.078 -2.55 217
Mean -4.393 -4.185 -4.59 -4.46
Std Dev 3267 3.490 1.20 1.09
Variance 10.671 12.178 1.44 1.20
Skewness -3.101 -3.124 -1.62 -0.75
Kurtosis 10.228 10.334 7.23 413
Median -3.932 -3.685 -4.32 -4.37
Mode - - -5.08 -5.92
Left X - - -6.90 -6.43
Left P - - 0.05 0.05
Right X - - 322 -2.89
Right P - - 0.95 0.95
Diff X - - 3.68 354
Diff P - - 0.90 0.90
#Errors - - 0.00 0.00

log concentration

Fig. 5. Comparison of mean values changes for fuzzy math
simulation and Monte Carlo simulation. @: fuzzy math
simulation, €: Monte Carlo simulation.

log CFU/cm?, processing THAIONA] 0281 log CFU/ecm*® 37 9]
7t BoldSE Frtelsith ol A AWE dAqkAdze) o
A A#ste aME ¢ Atk &, fuzry JF d=rt o
& 29 s B FHAde] e2Fo 7 A A3 whAH, Monte
Carlo simulation &2 XE © &A ¢34 AAHCZ fuzzy
Hgtre] HFgke]l Monte Carlo simulation ot © 34 o} =
S A ot Soiskel wEl 7 A W 7 Hagy Aol
7t FVhE olfE fuzzy datdlMe Hdigkak Hagkel Aol
2 EEHAPL O 2 JeRbA s34 0] 571813A1%F Monte
Carlo simulationoﬂ*i“ H4490] 71e) WeaR] ke ARARHE

4 ch 3 Davidson?} Ryks(8)°ll 21& Monte Carlo
sunulanon AT T4 7t /1A WA teration)
F7F S7kekE GEdRt A3k T X8R Al g
3 Bgk vl 9lo), Monte Carlo simulation 2HER¥2] I%E ¢
A YEREA Fig. 3, 4014 29 Hu)| AFe] o ZAel 71t
= BES F 0gesln. & 42708 Fig 5lM BEo|, 7
TR A A T3 A v FALE AR st 5
oh;].,
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=5 712 34 i@ QRAY Monte Carlo simulationo] 2-&-
H vl JEH, AES Boh?jo fuzzy e 83k Monte
Carlo ‘simulations} B]x 245}59t). Carcass Ao gk 24 Gﬂ
ZXQ fuzzy % Monte Carlo simulation EE%¥¥ 7] 7=
A Bk ZH2E 4393 log CFU/en’, —4.589 log CFU/em?E.
e e ™, processing THAlOI A& —4.185 log CFU/en, —4.466
log CFUcm’o 2 7 714 H Wy Eo] H&d AFE ik
Fuzzy %2 Monte Carlo simulation BEEZ g s A
22 veistth 8 A2 Fulolde A& Hotel dig d7ot
Zo] oA YEd hRE Hol8 BA4E Monte Carlo
simulationl| ¥+ 2]&3}7 37, T2 A vbid] g%k A1E )
Z]SL Aot} wetr B I3 H?Sﬂ B7FE A Y =7
= Jidsled AR FHe c]’ & AN 3k - fuzzy
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