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Quantitative Risk Assessment on Staphylococcus aureus in Pork in Shanghai
LUO Xuan, GUO Hong-wei, WANG Ying, LI Jie
(Key Laboratory of Public Health and Safety, Ministry of Education, Department of Nutrition and
Food Hygiene, School of Public Health, Fudan University, Shanghai 200032, China)

Abstract : Objective To evaluate the risks associated with pork contaminated by Staphylococcus aureus, so as to provide
references for improving the microbial risk assessment and adopting effective risk management measures. Method
Multiple growth model was used to predict the growth of Staphylococcus aureus in pork stored under room temperature for not
more than 24 h during the time period from June to October. Results The probabilities of occurring Staphylococcus food
poisoning related to pork consumption from June to October were 3.3% , 33.6% , 21.4% , 7.6% and 0.3%. In June,
September and October, the most related factor for Staphylococcal food poisoning was the contamination of Staphylococcus
aureus at the time of purchasing. While in July and August, Staphylococcal food poisoning was most likely induced by long
term storage of foods. Conclusion The risk of occurring Staphylococcal food poisoning caused by the consumption of pork
was the highest in July, and then in August, September, June and October. The probability of Staphylococcal food
poisoning in the five months was in consistent with the distribution of temperature, the higher the temperature the more
susceptible to Staphylococcus food poisoning. It is suggested that the prediction model used in our study is valid.

Key words: Staphylococcus aureus ; Pork ; Risk Assessment ; Model

2010 4F45 22 #4505 3 1)

A W) RS B A ( microbiological risk assess-
ment, MRA) J2& 4 4> [ b5 £ i 42 A U™ 2 v H Y
— P B X R R AR A TR R A L
A, DATITRE AR B 7 A A R R T 255 1Y
U BN LA SOE PERUE BEFA AR A LA B
thEE By HE 8, 1999 4E fr vk i 25 B 23 ((Codex

s B #9.2009-12-11

E&WA: EiEHRE 2007 FEEXRHEHXTE (07d219508-6)

EEEN % # ¥ MitAt HAITO@ALRL4L  E-mal:
072102108 @ fudan. edu. cn

BISEE . F4T 4 #4%  Email; hwguo@ shmu. edu. cn

Alimentarius Commission , CAC) ) 58 19 { f# 2= ¥ XU B
PEAS I R 3 07 B ) D AT I A 0 e 5 XU 3
AL T AT ESR

AN ST — o ) 2 B PP AL AL, X b ifg
T T B DR A DA S A 7 e BR T B ) b 2 1 RURS:
R B R EAL , S 4 J5 i — 20 S8 35 06 A P i b
G B AR 25 K R XU TP A B 45 22 AR

1 #RIFEE
L1 BB
e VAR DL R S H8 R R, AR



T G A EREE XS —I% Ji EA £ RS

—245—

FRZE i AR TE 6 — 10 R [R5 1F T At
e AT o WIS B B s T SRR P TR (A 4

R A0 829 4 R Sl P LA A P R R AR
B T A A B SRR I TR .

K1 BREIHGEAIP SR

ME R EX i

A

Pp P P B AR BRI 5 e R

Beta {31,371}

Ip PR i P 4 3 LR A ER TR TS YK log CFU/g Cumulative(1,4,{1,1.3,1.6,1.7,1.9,2,2.08,2.26,
2.3,2.43,2.48,2.6,2.7,2.78,2.9,3,3.43,3.78 | ,
10.097, 0.226, 0.258, 0.290, 0.323, 0.387, 0.419,
My 3 0.452, 0.548, 0.581, 0.710, 0.742, 0.774, 0.806,
0. 871,0.903,0. 935,0. 968 | )
Ln AP il & B B R AT R B 05 ek log CFU /g Cumulative( -6,1,{ -6, -2.5,1},{0.01,0.5,0.99})
C T TR T 4 R O A R TR 1Y 75 YK T log CFU /g Discrete(Lp:Ln,Pp: (1 - Pp))
T it e IR C Pert ( minimum , mean , maximum )
T RS [ h Uniform (0,24 )
LT = 1. 12056 —0. 05434T +0. T2) —-1)/e
T e b (exp( 056 —0. 05434T +0 020()93 ) )/ exp
P ( —6.76516 +0.24987T —0. 00273 T?)
e . GT = ( -0.0185 T® + 2.1314 T> - 82.205 T +
GT Ly SRR 119 4 A s h
T TR T 4 B (0 2 R TR 1 A AR 1083.5)./60
2 ; 4 B (040 2 BR A -
Ct f‘fi‘ﬁﬁﬁﬁ%mrh%ﬁ@ﬁ@*m log CFU /g Ci= Cy+[ (1= LT)/GT] % logy(2)
e TR e
A 3 1 R A R ER A B T R VR B KT log CFU /g 5
LoLoT NSRS RS PR v 4 B €040 48 BR A B 00 46 15 G s LA AT R it 9 4 8 €0 3 A BR TR TS L T

SR FH L9 TR Al 24t M B i B B 2008 4F 6 - 10
L TAD TR TR 7 il P < 8 €0 7 4 B R I il o
DIAE R AR T LIRS A RO G T SR 55 4%
TR A8 45 3 oo At BR 9 10 CFU/g. 2 400
Ittt Th AT 370 (R R e . TR 2.

252 2008 AF _FIE R A G B O R A R A I AS

G v B
(CFU/g) R (log CFU/g) Rl

< 10 < 1.00 370
10 1.00 3
20 1.30 4
40 1. 60 1
50 1.70 1
80 1.90 1
100 2.00 2
120 2.08 1
180 2.26 1
200 2.30 3
270 2.43 1
300 2.48 4
400 2.60 1
500 2.70 1
600 2.78 1
800 2.90 2
1000 3.00 1
2700 3.43 1
6000 3.78 1

BIAKAE R EERE R T Ts Gk o R TR 2
PE SR DU 23 A1 T XAl R b 4 8 60 i A 3K TR
A5 YR, A Beta(s + 1,n —s + 1), Hrn &
T BRER R, s FoR BIVERE SR BRPERE B Y
1Y ACER ] 2R e A . R TAGTHBIYE
FES TR ARKE R EE, FH Jarvis 45 20358 Hovh il 52
IREEY S /A= v/l
M = - (2.303/V) x log(Z/N) (1)

Horp M FRomFE i S0 E (CFU/g) , V KR
KD e i PR i (g) L Z R B PERE S B, N Oy
A A R

SEBRASIN bR FH ) S AR, BUORE i h25 g, 45
ey Rl O W AW S W = R R iE A e SRy wih
R K DA Y R A vk BE R ME R - 2.5 log CFU/ g,
B DL HAE N SF ¥ (H, 8 1T left-hand-tailed
cumulative 43 11 > & 75 [ M FE b (9 vk B, )
—6 log CFU/ml 1 % /N {H (1.0% ) Fl &% K (i
1 log CFU/ml(99. 0% ) Al LA IPERE i rp 4 v 1
I PR SE PR BE N 0 Ik o SR, Al T 6
B RS YR B o A e R
12 Gl B SR P B KA AUy e &
TN A AR AR, KR UL ER 1, AR b A0 455 i i
NI 5 N ol o AW R o R R T - A
FS g

ST ] 6 — 10 IR B, A8 Rl 3K
HMRIE RS YREH, A2 E T kR . & T
B AR A 3 EAAE I SE S M R Ak v BRI
BT LN RIAF GRS — Ok U4 A 2yl it



—246—

i AR AR

2010 4F45 22 #4505 3 1)

CHINESE JOURNAL OF FOOD HYGIENE

24 ho PR, AR A B v R AL A RN 1E] R MEAE O ~
24 h, IR 2 7343 (Uniform ) SRt ids

RO SR R R AR i 3=
iz 55 19 B 1T 2008 4 6 — 10 F 4 7 1-~F- 25 i B2
e, BRI 3, I LA Pert 4 Ai BE4ML 45 T TELEE (4 43
s, RSB A F R AE N Pert 23 Al i A
TRE N BAYME , Fx 2] ik M Pert ( minimum , mean,

maximum )

#3 LTy 2008 476 - 10 J] T (C)
Hy P RAGRE  TPERE PRI

6 H 21.7 24.0 27.1
7H 27.2 30.3 34.1
8 H 25.7 28.4 31.8
9 H 23.4 25.7 28.8
10 H 17.8 20.7 23.7

ARAR FEERESREYIRES RS
( International
Specification for Foods , ICMSF ) i) — 13 445 F 98 T
HeAh T pH 5. 8 FIK S35 BE 0. 98 Y4 A rh 43 15 €4 7
FER A AEAS [A) I BE R A K B9 AR ( generation time,
GT) F3 8 AT .
GT =-0.0185 7 +2.1314 7T -
82.205 T +1083.5 (2)
Hordr GT AR T AE K A ARES (min) | T R
(e,
Baeza %1 75 57 G AR B 14 P 2 7 i o
A 00 7] 28 K DR A IR B A KBRS I R ) T X — 2
Ko EHHTIA LIS PR A 56 0T 1) 4 #0752 3K 1 Tl
AR A i T ALY pH B 7K 5316 B R HA
— SR A W0 4 A PR A AR K S2 R 5 ICMSF 4
A PARRL, BCFE R AL il ] T AR AR, Horp
GT MR LA h R Hfi , B RN,
GT = (-0.01857T +2.1314 1" -
82.205 T + 1 083.5)/60 (3)
A KGR Buchanan 2517 FRE DL 1 ok
TSN AAIPEM TR pH {F S ALEN T AH R 4
SRR X 4 B 0 A 4 3R T 196 E 16 A7 SRR 8 45 1
TR Hr DLXIA AR — AR R i
TR IR T LR 4 IR TF R R i S
B M FI MPD (e KR EE) 952, A 48 AR K
FikA T,
InB=-10.8812+0.255 17T +1.064 8P —-0.265 3S
+ 0.000379 N - 0.00133 TP + 0.00516 TS -
0.000 033 5TN - 0.007 23 PS - 0.000 845 PN +
0.000 199SN —0.002 73 7% - 0.056 3P* +0.003 08
S* +0. 000 027 ON* (4)
InM =24.1321-0.366 7T -4.570 5P +0.053 6S +

Commission  on  Microbiological

0.015 5N +0.011 OTP —0.003 24TS +0. 000 103TN
+0.036 9 PS - 0.002 41 PN - 0.000 449 SN +
0.003 667 +0. 301P° —0. 003 725> +0. 000 011 7N*
(5)
Hrp T iR E(°C) , Py pH {E, S ALY
B, N SRR R BE (pug/ml) .
DALMY Ay FE il 4 8 €0 4] 2 2K D A R i 1
(lag time,LT) 5 M F1 B ) Z o] AKX FIEWT
LT =M -1/B (6)
o LT g KGR (h) 7
BERE P pH (HZ7E 5.5 ~6.3 Z |, K%
JE—MRAE 0.99 Zdh o A SCHRHRE A 5 4% N 19 pH
HH 5.7, B E 43 /T 0,051 Fe gk
A RREE 7/ S = B P A At P W S P By = UL A A T
SHEY PR AR IE N3 me kg BICEE DA % 1A Y
pH {H5E SO AE R BEADRJE & & i pH {E28 5.8,
SACEN A 43 bR XA 23 A B v R e Y A /NE
0. 5% , WAH R fh e B % H 5 R &2 {63 mg/kg, #4
XEEMHARA B M Fik X, IFRAF 21 A P A~ A 5K
RN LT 3B A (6) Fe 245 3] A KGR W Y &
L 1.3 G Omaskm - s E Bl kmoAk
A TS RE W 2 B 45 0 €0 7 4 K PR 7 B HL TR AR
FEIRR OGR4 W O A K W R BOK - 5
FPEREZ AR SC KR . ICMSF 4l & s 48 A 0.1 ~
1.0 weh 7 5 2 BT Al 6k AR {d B 3 A L
EEE S 25 S (FDA) B BF 5T b is i g 7
Fom HE R T 10 ng I AT & 1 m 2 Bk i 2 )
B, MY HECE RIA 107 CFU/gBI ] =48 JE %
FRI R R, X — R TR S B Y
TR/ N i [ b — B G B €0 B A BR A E
IR A [ ARE AR SR FH T I e A A 30 b s o1
A B (S B ARWRIEAL LA0 CFU/ e b & A i
BRI BE 0 B (E AR
1.2 FEAIEA
DA 1 R4 S0 8 N JE R, 7 Excel
SRR IFR I E R YRR, @
RISKS. O FR 4% A5 7 v iy A5 S B50RN e 2 25 SR A T
AT o 7ESE PRI AR h B — B LA T 1 T IRz
B B—is /¥R H Latin Hypercube $li# 7715 A
FEEARY B 1t (MR 43 A rh Al C— M, DL S8 B L
BB E T TR

&R
2.1 R IR A e A R BRI T S KT
BTS2 6 A DAt 1 K a] )5 B



IR Y P e R A ER R E RSP —I% Bl S E

AR —247—

ZCFr T PR v 4 B (0 2 R TR 110 Bl X R R VR B
-5.0 log CFU/g(5% ) %] 4.4 log CFU/g(95% ) , F
YE R -0.4 log CFU/g, KT 5 log CFU/g ALK
H3.3% WL 1, 7T Ay aEgg Wy 3. 1 log
CFU/g(5% ) %) 10.5 log CFU/g(95% ) , - {t
3.1 log CFU/g, K F 5 log CFU/g Wy HE XK K
33.6% . 8 A& 5z e iy 1.8 log CFU/g
(5% ) %) 8.3 log CFU/g(95% ), F-¥J{H H 1.8 log

CFU/g, KT5 log CFU/g WIMER Hy 21.4% , 9 J]
By I R E e i Jy — 4.8 log CFU/g(5% ) 3] 5.6
log CFU/2(95% ) ,"F-3{E 7 0.3 log CFU/g, KT 5
log CFU/g [RER K 7. 6% , 10 A 3 it i & B f2 ik
JEHR - 5.6 log CFU/g (5% ) %] 2.8 log CFU/g
(95% ), F# 1} - 1.5 log CFU/g, K F 5 log
CFU/g HIMEFAL R 0.3%

5.00

96.7%

3.3%

L RS i)

-8 -6 -4 £ 0 2
T3 YL BE/ (log CFU/g)

1

5 1y i TR e 1 TS A v 4 Ea A 2 BR TR 1Y)
B 25 YLK V- B ARAAA LL AN 2 Fos o Fe
REWERTHEMEMMERL 7T AMEKR,H
33.6% 428 1, 021.4% . 119 A8t BE %
AEYTENME TR T 10% N, B 7.6% ., 6
A9 A B, }3.3%, 10 J &85 k&

5.00

AN T EHRE
R 75 J K FCuo H

P34
5%
95%

-0.4073
-5.0249
4.4311

6 F1 X4 Fh 4 M AT ER TR 175 K T A

BV PR R, U8 0.3% . 2R
PRI TG Qe K 3 A 3 55 4% H il JE 1 R BB AS —
2o WBAMBBUEIR EFE,T Al &N
SR A BRI P R A KU R, 2 10 A Y 112
B, 4% P RIKUGR 8.9.6 A, KA B R R KUK 73
B 10 AR 7L A% 25 A58 11 4.

96.7%

3.3%

66.4%

AR S

33.6% 0 R

+

0.8 1

0.6 1

0.4 1

0.2 1

+
ot

+

al Version
Purposes Only

KFECt/6 H

BASHNERTE
10 A R A (K95 B2
KFECt/TH

BARMANEAE
O AR K75 G
AKFCt/8H

AR N3 A S
S A ER B AT S
AKFCt/9A

AN T &

5 YK ¥/ (log CFU/g)

€0 7 2 TR B ¥ e
AKFECt/10H

B2 6 -10 H Iy P v o (0 4 40 BRI 75 kP SRR A 4 L

2.2 fHRE T
BECURRRE I A XU DAl A i 2 A R a3, T

ST AR AR R A AR e SO TR AR Y
SN, LAARAG PR AR XU B A7 25 il F  o AS A



—248—

i AR AR

2010 4F45 22 #4505 3 1)

CHINESE JOURNAL OF FOOD HYGIENE

R i K i) SR B A W) B T YK F- R R 8]
I TR

6 H BB S &l 3 fro . A8 4 D11,
D14 D13 ARUACERII U 15 G AT AT 1] 1 e
W o AT A SRR I b 3 AR P IR 15 4K
55 kA W s AU A A S B R, R OG R B

0. 82 ; HUCy fif i 18] , AHSC R BOCR 0. 54 5 L E
5 U AR S AR/, A R B 0. 12, 9 A 10
H 3 AR AU B AR S PRI 55 6 A ARTRL. i 7
HAI8 A 3 A 45 KBS i AR 5 B KA R B/ HE
B A it JRRISS 18] 0 75 e 7K BRI EE

Correlation coefficients

D11

D14 @RISK Tri
For Evaluation

D13

-1.0 -0.8 -0.6 -0.4 -0.2

0 02 04 06 08 10
MR R A

K3 A (6 A)

PRUI , T B 2 0 14 7.8 1 o LA ek b
i T R R TR DAy 2 ) g BR B T ) v 2 A
FEE o 3 SNSRI AT 89 45 I 95 ek P B R A%
RALELF . MTE6.9.10 3% 3 4> R EEAIR B, &
Wy e P DRSS A8 BL AU 8 PR o B B 75 e KR
o 25 HONE T R A AR ZE R T A N ]

3 itig

SWOMARRE A H R AP A, & —Fh
B OLAVEOR R . 8 RAE 3R R R 3 Y R 2
PR R A i A A BRI P EE S YR, A
TF S HR T 4 9 €0 4 4 BR VA 26 2B 0 TR v ARG 1 Sk 5]
18% "),

AR EWhERERMMBTERLIEN, BHER
(AR T EL TR R R, R BE H 5 P s o O X AR
YRR —E A K BE T, (H— BB 3R b
O e R R R S T R
FrRACE L —8 R, 3 E R R SE A Z 5
A AL BV A IR A A7 ol 8 T KA e i R
IAEAE . T AV RS R i) 4 B (A R A BR TR — i
AREAA B, BT B IR RO R R
VR TN &R,

H AT Rk, B P A C R AT B 4 0 60 3 45 3K 0l
a2 KU A /D, H 322 DL S IR W i S T
fli HFR &, R R AR 78 3% . Rh & A
R BR A 1 i KUR DA I 9 22 i ARG o,
RK MR EZ A5 7E 22 37—
Fopr A (s A vh S TR 2 R, T DIABER 4 A

AL AR 2 2], VAL TP b SR AE AR Z AT ETE
PR e = < €00 7] 0 K TR 11 70 - B SR, AR U PPA
LAL0® CFU/ gl Ry 2B B vh 2 1 B (E A, 3R
BE TER R EORIRZ — . L iRETH 4 2 (3 4 BR A
AN 2 DX S cfih A i, A 7 T A7 7 SRy BR
[ S i P A5 455 25 A TR 7 i, 25 o0 A TR R 286
PEAT A% RURSE DAL DU i T 2%, A BEORHBAS f2
VR, SRR A5 ™ R BR I A BE0 P, LA M O )
SRSy SR (BSE LRI SRR LY S S R
o DAl U SR A R PEIARTRY , Al  ih fi
FAF IR . PR Y NI N R S a5
PARH I ) A By R DA 21 ) Sk R A A I
AR o B3R TE DT T A BB E MRS T R
FEZE A HE R R AR 220 U

- B FR O T X P A R B
910 R SR R - SRR AR S A I 4 B
) R A S o XS PP W 50 ) B R R i ASUIEA
HR RS TR A 2 TR PAY R A7 A Y L AR A 0 ) ol
FRgg , WA I A W Z R R AR X
BT TG ) S B I FH 7 TR 753 230 U A 1 AT 1R
BE—P W . AT I F AR S AR LS A5 R A
el R AR A T A M R T O TR
TR AR TT T BIPT I, O AL i A KA A
NG o DX LERR Y S AT 155 5 S XU DAl i —
AATSE . RIS, A7 25 A B35 38 W] 4R 22 T Ji LU 45 Fp oA
(IR IR P 7= i b B0 ) < 8 (8 0 2 B R XL
R Al TAE



T G A EREE XS —I% Ji EA £ RS —249—

%%j{ﬁk unripened cheese made from raw milk [ J]. Int J Food
[1] CAC. Principles and guidelines for the conduct of Microbiological Microbiology ,2002,78(1-2) : 155-170.
Risk Assessment[Z]. CAC/GL 30-1999. [9] VF25Re. WU pH (AR AEPIR R R FH LT ], Hh i F s,
[2] VOSE D. Risk analysis; A quantitative guide [ M ]. Wiley. New 1983,5:24-26.
York ,2000 :401462. [10] INGHAM S C, FANSLAU M A, BURNHAM G M, et al.
[3] JARVIS B. Sampling for microbiological analysis[ M ]//Lund B Predicting pathogen growth during short-term temperature abuse of
M, Baird-Parker T C, Gould G W, ed. The microbiological safety raw pork, beef, and poultry products: Use of an isothermal-based
and quality of food. Gaitherburg: Aspen Publishers, 2000 1727- predictive tool[ J]. J Food Protect,2007,70(6) : 1446-1456.
1728. (11] e \RSEFIE PAE. GB 2762—2005 £ s Ju i) il &
[4] BAHK G J, HONG C H, OH D H, et al. Modeling the level of [S]. dbst. bRk it 2005.

contamination of Staphylococcus aureus in ready-to-eat kimbab in [12] ICMSF. Microorganisms in Food 5 :Microbiological Specifications
Korea[ J]. J Food Protect,2006,69(6) : 1340-1346. of Food Pathogens [ M ]. London: Blackie Academic and
Professional ,1996 :426-435.

U.S. Food and Drug Administration. Bad bug book : foodborne

[5] International Commission on Microbiological Specication for Food.
Microorganismos de los alimentos [ M ]. Caracteristicas de los [13]

patégenos microbianos. Espafia: E. Acribia S A., 1996, 358- pathogenic  microorganisms and natural toxins  handbook

359. Staphylococcus aureus [ R/OL ]. [ 2009-11-12 ]. http://www.
[6] BAEZA R, ROSSLER C, MIELNICKI D, et al. Theoretical cfsan. fda. gov/ ~ mow/chap3. html.
modelling of Staphylococcus aureus growth in a cooked meat [14] RHO M J, SCHAFFNER D W. Microbial risk assessment of

Staphylococcal food poisoning in Korean kimbab[ J]. Int J Food
Microbiol ,2007, 116(3) : 332-338.

product kept at ambient temperature using temperature profiles of

selected Mexican cities[ J]. Ciencia E Tecnologia De Alimentos,

2009,29(1) : 81-84. [15] REM, T2, B8, 5. B0 b 458 68 & Bk 5 R
[7] BUCHANAN R L, SMITH J H, MCCOLGAN C, et al. Response- WEFELI]. i, 2008 ,8(3) :88-93.
surface models for the effects of temperature | ph sodium-chloride | [16] R EIRSEMTAEEIM]S IR Jbat: ARTA A,
and sodium-nitrite on the aerobic and anaerobic growth of 2003 :368.
staphylococcus-aureus 196E[ J]. J Food Safety, 1993, 13(3): [17] Z=%. SEEHARE LG EEMHERET]. PEDIA
159-175. Ko 2475 ,2004 ,14 (4) :392-395.
[8] LINDQVIST R, SYLVEN S, VAGSHOLM I Quantitative [18] FAO/WHO. Food safety risk analysis-a guide for national food

microbial risk assessment exemplified by Staphylococcus aureus in safety authorities[ M]. FAO Food and Nutrition Paper, NO. 87.

ATNET TGN OO \o/»,\z

bk AL At

LAY

IEBUBEELTFERFREEARTFMA
REMERA TIEM S

TiEEe@Em[2010] 85 &
P 7 9 TR 42 ) s
AT AZRFIFIN(RE T mBAEZF AN B EEE TEHE L) ( TR EAL(2010)89 F), 2% LA
FHAMATEG RN, T AIFAR A LIFITIE,
AT S A ) R E AT AL T AR, LR P S B SRE R SR R A P AT AT R iR R E A
AT B RATRIL MR LT WA Fe b b3 B89 38 2 R o A I ) R S HUAAR E A AL, AR B FRALLR Fo 4R
kB RHATR A LAD XA AR EEEREL . A K TAFB R IF B &R B

BERA KRGk
% 2 9,75 .87776914
4% #.87776914

ZO—0O%F=ZH=Z+xH



	201003_部分52.pdf
	201003_部分53
	201003_部分54
	201003_部分55
	201003_部分56
	201003_部分57

