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Abstract

Hazard analysis critical control point (HACCP) system is recognized worldwide as a most effective and
scientific control system for food safety. However, application of HACCP system in food industries has
disclosed technical problems to get quantitative information. This study addresses specific risk manage-
ment questions associated with Staphylococcus aureus in sushi (shrimp, tuna and octopus) and applied
quantitative risk assessment (QRA) to make more explicit the outcome of HACCP. First, the processing
steps were defined, and then analyzed with Monte Carlo simulation. Regression sensitivity results
showed that time during consumption and raw material contamination level were the most significant
factor. The scenario analysis results suggested that time control under 1 hour was a critical control point
for sushi production to prevent growth of S. aureus.
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Fig. 1. Processing of sushi.
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Table 1. Simulation model to estimate the distribution of S. aureus in sushi

Step Distribution Unit
Raw material

Rice RiskUniform(0,0.04) CFU/g
Octopus RiskNormal(2.81,0.08) CFU/g
Etc. RiskBeta(2,1000000) CFU/g
Level of S. aureus in raw material Rice+Octopus+Etc.
Equipments
Hand RiskBeta(7,55) CFU/cm?
Mixer RiskBeta(7,55) CFU/cm?

Level of S. aureus in equipments

Hand+Mixer

Serving

Consuming just after being served
Consuming just 1 hour after served

RiskDiscrete({0,1},{87.89,12.11}) -
RiskNormal(1.51,0.78) hr

Temperature RiskTriang(16.239, 20, 31.189)

MPD 9 Log CFU/g
C MPD-A Log CFU/g
B 0.406562-0.050259*Tm+0.003830*Tm? Log CFU/g
M 21.477147-1.7447033*%Tm+0.037877*Tm?> Log CFU/g
Level of S. aureus in serving A+C exp(-exp(-B (t-M))) Log CFU/g
Level of S.aureus in total sushi Raw material + equipments + serving Log CFU/g

1) RiskUniform(min, max)
2) RiskNormal(average, standard deviation)

3) RiskBeta (r+1, n-r+1): where n is the total number of samples and r is the number of positive samples
4) RiskDiscrete ({X1,...Xn},{p1,...pn}): specifies a discrete distribution with a number of outcomes equaling n. Each outcomes has
a value X and a weight p which specifies the outcome’s probability of occuurence.

5) RiskTriang(min, most likely, max)
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Fig. 2. Simulated distribution for the contaminated level
of S. aureus in sushi. (Y aixs: relative frequency, X aixs:
cell concentration)
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Fig. 3. Probability distribution for contaminated level for
S. aureus at final consumption of sushi.(Y aixs: relative
frequency, X aixs: cell concentration)
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Table 2. Simulated result of contamination level for S. aureus at sushi and consumption

Name Minimum Mean Maximum x1 pl x2 p2
Octopus 2.651 3.056 3.481 2.898 5% 3.218 95%
consumption 2.651 4.184 8.876 2.967 5% 6.847 95%
Shrimp 0.379 0.636 0.975 0.514 5% 0.764 95%
consumption 0.384 2.197 8.823 0.571 5% 5.973 95%
Tuna -0.282 0.996 2326 0415 5% 1.572 95%
consumption -0.282 2.506 8.828 0.633 5% 6.108 95%
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Fig. 4. The regression sensitivities risk factors effecting
for finial contamination level of S. aureus in sushi.
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(i.e., initial level of bacteria)
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MPD-A (i.e., number of log cycles of growth)
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1.7447033*Tm+0.037877+Tm?
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Table 3. Regression and correlation between the sushi contamination with S.aureus and the factors of the simulation

model
Sensitivity
Rank Name Regression Correlation
#1 Consuming 1 hour after being served 0.702 0.669
#2 Consuming just after being served -0.294 -0.387
#3 Temperature -0.063 -0.130
#4 Octopus 0.045 0.148
#5 Knife 0.025 0.061
#6 Mixer 0.020 0.069
#1 Rice 0.000 0.010
#38 Etc. 0.000 -0.008
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Table 4. This report details changes to the simulated distribution for consumption caused by stepping

Input: hour Output: consumption
Value Mean Min Max 5% 95% StdDev
1 3681 2.746 4496 2992 4264 0442
2 5.531 2753 6.986 3.029 6.868 1302
3 7.106 2753 8.447 3.044 8.408 1.693
4 7.838 2753 8.883 3.046 8.873 1.820
5 8.104 2753 8.979 3.046 8.977 1.882
6 8.207 2753 8.997 3.046 8.996 1910
7 8.249 2753 9.000 3.046 8.999 1.923
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Fig. 5. Cumulative distribution of consumed level of S. skt
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