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Computation of Maximum Edible Time using Monitoring Data of
Staphylococcus aureus in Kimbap and Food MicroModel

Hyomin Lee', Gunyoung Lee, Eunkyung Yoon, Hyenjeong Kim, Yunsook Kang:,
Dongha Lee*, Jongseok Park*, Soonho Lee*, Gunjo Woo*,
Seungho Kang**, Jisun Yang and Kihwa Yang
Division of Risk Assessment, National nstitute of Toxicological Research and
*Division of Food Microbiology, Korea Food and Drug Administration Seoul 122-704, Korea,
**Stlatistics Ewha Womans University, Seoul 120-750, Korea

ABSTRACT - The prevention of infectious disease from contaminated foods is very important in public health.
Quantitative microbial risk assessment has been used in advance countries to achieve the safety of public health
against hazardous microbial causing contaminated foods. This study was conducted to estimate maximum edible
time without producing enterotoxin from Staphylococcus aureus in Kimbap selling at different domestic store using
Food MicroModel and monitoring data and to compute maximum edible time by temperature with 99th percentile
safety probability based on only restaurant data. For estimating maximum edible time, model operation conditions
like reaching time at 2 x 10, which enterotoxin was known as producing point from S. qureus, temperature of 28~30
°C, pH 5.2, NaCl 0.22%, a (water activity) 0.99, and intaking one serving size of 171 g in Kimbap were considered.
Estimated maximum edible times by regarding outdoor temperature in summer were 3.9~4.6 hrs in restaurant,
6.7~7.9 hrs in department store and 7.4~8.7 hrs in convenient store. Based on restaurant data, estimated maximum
edible times with 99th percentile safety probability by temperature were 1.9 hrs in 30°C and 17.7 hrs in 15°C.
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Fig. 1. The exposure contribution of Kimbap to the total
occurred outbreaks in 20001)
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Table 1. Annual data of food poisoning outbreaks caused by
foodborne pathogens
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2000” 2001% 2002" Table 3. Isolation rate of Staphylococcus aureus by season and
Causing bacteria B PY g p¥ gy pY store in Kimbap”

104 7,269 93 6406 78 2980 Season Store No. of iSOE)ates/ . Mean
Salmonella 30 2,591 13 561 25 589 sample(%)  (isolated number)
Staphylococcus aureus 9 84 10 363 8 370 Winter Department store  6/21(28.6%) 97.59
Vibrio parahaemolyticus 14 235 13 254 10 188 {Jan~Feb) Restaurant 28/63(44.4%) 708.61
The others” 16 942 18 1,848 9 351 N 2/121(9.5%) 9.43
Not detected 35 2,677 39 3,380 26 1,282 Summer Department store  3/10(30%) 29.7
H?: number of outbreaks (July~Sep)Restaurant 31/79(39.2%) 1085
PY: number of patients cs? 3/20(15%) 23.25
The others®: E. coli, parasite, natural toxin(mushroom toxin) etc. C.S *: Convenient store
Table 2. Prevalence of Staphylococcus aureus from Kimbap purchased at different regions in Korea®

No. Isolates/sample(%o) Total
Region
Restaurant cs? Department sumimary

Seoul 17/32(53.1) 1/9(11.1) 3/11(27.3) 21/52(40.4)
Busan 13/36(36.1) 0/10(0.0) 2/8(25.0) 15/54(27.8)
Daejeon 16/37(43.2) 2/11(18.2) 3/9(33.3) 21.57(36.8)
Gwangju 13/33(39.4) 5/41(12.2) 1/7(14.3) 16/51(31.4)
Isolation Rate to Total (%) 59/138(42.8) 5/41(12.2) 9/35(25.7) 73/214(34.1)

C.S* Convenient store
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Table 4. Identification for producing poeint of enterotoxin from
Staphylococcus aureus in Kimbap

Sampling time(h)  Colony count (cfu/g)* Toxin present (+)
0 1.4x10° -
] 1.4x10° -
2 2.1x10° -
4 7.8x10° -
6 2.0x107 +
8 9.7x10’ +
10 1.1x10° +

*35°C, pH 5.4 and NaCl 0.22%
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Fig. 2. Growth curves of Staphylococcus aureus by Food
MicmModel@(pH 5.4, NaCl 0.22%, aw 0.99)
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Table 5. Growth kinetics of Staphylococcus aureus in Kimbap

Growth Growth Kinetics
condition EGR GT LPD
10°C 0.021 14.53 40.9
25°C 0.371 0.81 1.8

EGR: Exponential growth rate(log,, cfu/ml)
GT: Generation time (h)
LPD: Lag phase duration (h)
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Table 6. Resulted maximum edible time of Kimbap without
producing enterotoxin by store in summer

Store Maximum edible time (h)
Department Store 6.7~7.9 hrs
Restaurant 3.9~4.6 hrs
CcSs? 7.4~8.7 hrs

C.S.%: Convenient store
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Table 7. Resulted maximum edible time of Kimbap computed
at various temperature with 99% safety probability based on
data investigated in restaurant

Doubling time of S. aureus Maximum edible time

Temp °C (h) (h)
15°C 444 17.7
18°C 242 9.6
20°C 1.70 6.8
23°C 1.06 42
25°C 0.81 3.2
28°C 0.58 23
30°C 0.49 1.9
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