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Risk Management and Control of Foodborne Pathogens

ZHANG Donglai', DONG Qingli’
(1. Institute of Agri-Food Standards and Testing Technology, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China;
2. School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai ~ 200093, China)

Abstract: The purpose of this article is to introduce the reader to a structured approach for managing food safety, including
sampling and microbiological testing. In addition, the text outlines how to meet specific food safety goals for a food or
process using good hygienic practices (GHP) and the hazard analysis critical control point (HACCP) systems. FSOs (food
safety objectives) can provide the scientific basis for industries to select and implement the measures that can control the
hazard(s) of concern in specific foods or food operations and for control authorities to develop and implement inspection
procedures to assess the adequacy of control measures adopted by industries, as well as to quantify the equivalence of
inspection procedures in different countries. Microbiological testing can be a useful tool in the management of food safety.
However, microbiological tests should be selected and applied taking into consideration their limitations, benefits and
purposes. This study is expected to provide guidance to the food industry on how to establish effective management systems
to control specific hazards in foods. This approach will similarly be of interest to inspection authorities with responsibility
for assessing whether industries have developed and implemented adequate food safety management systems.

Key words: food safety objective (FSO); good hygienic practice (GHP); hazard analysis critical control point (HACCP);
appropriate level of protection (ALOP); risk assessment
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Fig.1  Proposed scheme for managing the microbiological safety of food
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Table2 Examples of microbiological testing in food safety management

falkH Hif i HAxH RHIE B

T Ktk i) A L SRAHTE

W RIE CRMLRRK B A7 e Bl e
&l F# L YRR

Bl BE RREHA B4 &l L i R M HH

WERH et B B BRECAR K OEE RUEREE BTE
Wi HACCP il Aig R HRAIRRA
B flehhtt i T M (EFEn=1) Hmk
T v Wi & RAEEEA WA ROET4HE O SRE

TR IR H RO T AR, HA AR
(R IO 2 e a3 A 0 1 7 = b 7 L P e e =4
ft, AT B AR T IREE R e . 7RI 28
AT SC B T AT R SRAE 7 SR AN REAR AR KT IO TT IR
o IR B EOW B AR 2R B R R IR AR AR, W%
7 i R P AR SR AR L, AR R R R I
RLAGER . Bl K@it oz iED
RIS, EAEVFZ T, ASET G A AR IR
EEE, 8ETHE KR E R R IR A B E AR
DA% BORHIE 938 B R

FE—SE RN BEAT BUW G S0 FT IR B e 4. XY
SEBURB IR T 1D SRR R 2%
A BT BON B R 2) R & M=y
B, #HINGHP/HACCP#R%i: 3) VRGN 2 K RAT
T 25 BERER B 52 LR i T BUR YRS I PR S8 B0
bR B A AR IO AR S DL AT B R A

8 & i

ASCI) H A 4O B 22 4 TR (K T3
PR I ol ) 8 RO 96 PR S P A R PR A% R4t
MRAE H AR, WHig 7R % 2 4 A R AR R A
Ko, IR TR BUAT [ B R b T S SR S B B ]
SR M TR IZIE R B E b ik
WSCHF, S5EFSO, RENMRAERIVE. fRIPKT R AR
Toi 54 5y Bt 2 25 1) LR (A S i o

2% 3k

[1] WTO (World Trade Organization). The WTO agreement on the
application of sanitary and phytosanitary measures (SPS agreement)[R].
Geneva: WHO, 1995.

[2] JOUVE J L. HACCP et Systemes Qualité (ISO 9000)[S]. Option
Qualité, 1992, 97: 11-15.

[3] JOUVE ] L. La qualité microbiologique des aliments: maitrise et
criteres[M]. 2nd ed. Paris: Centre National d’Etudes et de Recherches
sur la Nutrition et 1’Alimentation/Centre National de la Recherche
Scientifique, 1996: 1-21.

[4] HATHAWAY S C. Development of food safety risk assessment
guidelines for foods of animal origin in international trade[J]. Journal
of Food Protection, 1997, 60(11): 1432-1438.



XA ERA

E6mill=

2016, Vol.37, No.17 287

[3]

[6]

[7]

[8]

[

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

HATHAWAY S C, COOK R L. A regulatory perspective on the
potential uses of microbial risk assessment in international trade[J].
International Journal of Food Microbiology, 1997, 36(2/3): 127-133.
DOI:10.1016/S0168-1605(97)01263-4.

GKOGKA E, REIJ] M W, GORRIS L G, et al. Risk assessment
strategies as a tool in the application of the Appropriate Level
of Protection (ALOP) and Food Safety Objective (FSO) by risk
managers[J]. International Journal of Food Microbiology, 2013,
167(1): 8-28. DOI:10.1016/j.ijfoodmicro.2013.04.013.

GKOGKA E, REIJ M W, GORRIS L G, et al. The application of the
appropriate level of protection (ALOP) and food safety objective (FSO)
concepts in food safety management, using Listeria monocytogenes
in deli meats as a case study[J]. Food Control, 2012, 29(2): 382-393.
DOI:10.1016/j.foodcont.2012.04.020.

de SWARTE C, DONKER R A. Towards an FSO/ALOP based food
safety policy[J]. Food Control, 2005, 16(9): 825-830. DOI:10.1016/
j-foodcont.2004.10.023.

International Commission on Microbiological Specifications
for Foods(ICMSF). Microorganisms in foods 2: sampling for
microbiological analysis: principles and specific applications[M]. 2nd
ed. Toronto: University of Toronto Press, 1986: 221.

International Commission on Microbiological Specifications for
Foods(ICMSF). Principles for establishment of microbiological food
safety objectives and related control measures[J]. Food Control,
1998b, 9(6): 379-384.

International Commission on Microbiological Specifications for
Foods(ICMSF). Microorganisms in foods 4: application of the
hazard analysis critical control point (HACCP) system to ensure
microbiological safety and quality[M]. Oxford: Blackwell Scientific
Publications Ltd., 1988: 102-123.

International Commission on Microbiological Specifications for
Foods(ICMSF). Microorganisms in foods 5: characteristics of microbial
pathogens[M]. Gaithersburg: Aspen Publishers Inc., 1996: 322-345.
International Commission on Microbiological Specifications for
Foods(ICMSF). Microbial ecology of foods. vol. 1. Factors affecting life and
death of microorganisms[M]. New York: Academic Press, 1980: 13-28.
International Commission on Microbiological Specifications
for Foods(ICMSF). Microbial ecology of foods. vol. 2. Food
commodities[M]. New York: Academic Press, 1980: 470-520.
International Commission on Microbiological Specifications for
Foods(ICMSF). Microorganisms in foods 6: microbial ecology of food
commodities[M]. Gaithersburg: Aspen Publishers Inc., 1998: 579-642.
ZWIETERING M H, STEWART C M, WHITING R C.
Validation of control measures in a food chain using the FSO
concept[J]. Food Control, 2010, 21(12): 1716-1722. DOI:10.1016/
j-foodcont.2010.05.019.

van SCHOTHORST M. A proposed framework for the use of
FSOs[J]. Food Control, 2005, 16(9): 811-816. DOI:10.1016/
j-foodcont.2004.10.021.

ZWIETERING M H. Risk assessment and risk management
for safe foods: assessment needs inclusion of variability and
uncertainty, management needs discrete decisions[J]. International
Journal of Food Microbiology, 2015, 213: 118-123. DOI:10.1016/
j-jfoodmicro.2015.03.032.

WHITING R C. What risk assessments can tell us about setting
criteria[J]. Food Control, 2011, 22(9): 1525-1528. DOI:10.1016/
j.foodcont.2010.07.011.

HAVELAAR A H, NAUTA M J, JANSEN J T. Fine-tuning food
safety objectives and risk assessment[J]. International Journal
of Food Microbiology, 2004, 93(1): 11-29. DOI:10.1016/
j-ijfoodmicro.2003.09.012.

STEWART C M, TOMPKIN R B, COLE M B. Food safety: new
concepts for the new millennium[J]. Innovative Food Science &
Emerging Technologies, 2002, 3(2): 105-112. DOI:10.1016/S1466-
8564(02)00010-3.

WHITING R C, RAINOSEK A, BUCHANAN R L, et al.
Determining the microbiological criteria for lot rejection from the
performance objective or food safety objective[J]. International
Journal of Food Microbiology, 2006, 110(3): 263-267. DOI:10.1016/
j-ijfoodmicro.2006.04.038.

[23]

[24]

[23]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Council for Agricultural Science and Technology(CAST). Foodborne
pathogens: risks and consequences[R]. Iowa: CAST, 1994.

Council for Agricultural Science and Technology(CAST). Foodborne
pathogens: review of recommendations[R]. Iowa: CAST, 1998.
Parliamentary Office of Science and Technology(POST). Safer eating:
microbiological food poisoning and its prevention[R]. London: POST, 1997.
BEAN N H, GRIFFIN P M, GOULDING J S, et al. Foodborne disease
outbreaks, 5 year summary 1983-1987[J]. Mmwr. CDC Surveillance
Summaries Morbidity & Motality Weekly Report. CDC Surveillance
Summaries, 1990, 39(1): 15-57.

BEAN N H, GOULDING J S, DANIELS M T, et al. Surveillance for
foodborne disease out-breaks-United States, 1988-1992[J]. Mmwr.
CDC Surveillance Summaries Morbidity & Motality Weekly Report.
CDC Surveillance Summaries, 1996, 45(5): 1-66.

TAUXE R V. Emerging foodborne diseases: an evolving public health
challenge[J]. Emerging Infectious Diseases, 1997, 3(3): 425-434.
DOI:10.3201/eid0304.970403.

World Health Organization(WHO). Foodborne safety and foodborne
diseases[R]. Geneva: WHO, 1997.

ALTEKRUSE S F, STERN N J, FIELDS P 1, et al. Campylobacter

Jjejuni: an emerging foodborne pathogen[J]. Emerging Infectious

Diseases, 1998, 5(1): 28-35. DOI:10.3201/eid0501.990104.

MEAD P S, SLUTSKER L, DIETZ V, et al. Food-related illness and
death in the United States[J]. Emerging Infectious Diseases, 1999,
5(5): 607-625. DOI:10.3201/eid0505.990502.

de ROEVER C. Microbiological safety evaluations and recommendations
on fresh produce[J]. Food Control, 1998, 9(6): 321-347.
DOI:10.1016/S0956-7135(98)00022-X.

Advisory Committee on Microbiological Safety of Food(ACMSF).
Second report on Salmonella in eggs[R]. London: ACMSF, 2001.
OLIVERIA J, CUNHA A, CASTILHO F, et al. Microbial
contamination and purification of bivalve shellfish: crucial aspects in
monitoring and future perspectives: a mini-review[J]. Food Control,
2011, 22: 805-816. DOI:10.1016/j.foodcont.2010.11.032.

ACMSF (Advisory Committee on Microbiological Safety of
Food(ACMSF). Report on poultry meat[R]. London: HMSO, 1996.
TOYOFUKU H. Foodborne diseases: prevalence of foodborne disease
in Western Pacific region[J]. Encyclopedia of Food Safety, 2014, 1:
312-322. DOI:10.1016/B978-0-12-378612-8.00073-1.
DELIGNETTE-MULLER M L, CORNU M. Quantitative risk
assessment for Escherichia coli O157:H7 in frozen ground beef patties
consumed by young children in French households[J]. International
Journal of Food Microbiology, 2008, 128(1): 158-164. DOI:10.1016/
j-ijfoodmicro.2008.05.040.

BELL B P, GOLDOFT M, GRIFFIN P M, et al. A multistate outbreak
of Escherichia coli O157:H7-associated bloody diarrhea and hemolytic
syndrome from hamburgers: the Washington experience[J]. The Journal
of the American Medical Association, 1994, 272(17): 1349-1353.
DOI:10.1001/jama.272.17.1349.

MAHON B E, PONKA A, HALL W N, et al. An international
outbreak of Salmonella in fections caused by alfalfa sprouts grown
from contaminated seeds[J]. The Journal of Infectious Diseases, 1997,
175(4): 876-882.

DOYLE M P, ZHAO Z, MENG J, et al. Escherichia coli
O157:H7[M]//DOYLE M P, BEUCHAT L R, MONTVILLE T D.
Food microbiology: fundamentals and frontiers[M]. Washington, DC:
ASM Press, 1997: 171-191.

WALLS 1. Role of quantitative risk assessment and food safety
objectives in managing Listeria monocytogenes on ready-to-
eat meats[J]. Meat Science, 2006, 74(1): 66-75. DOI:10.1016/
j-meatsci.2006.04.029.

HRR, AT, AR, 55, WIEr A i h R 2R B AT FSOfE A
SE[N]. &S R EE T, 2013, 39(11): 193-197.

FH g, R F5 . BIET 20 i b SR A 8 2 2 Bk e XU o A
BT, A 54, 2011, 11(2): 163-168. DOI:10.3969/
j-issn.1009-7848.2011.02.025.



288 2016, Vol.37, No.17

B5oiltl F

KRR

[44]

[45]

[46]

[47]
(48]
[49]
[50]
[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[o1]

[62]

[63]

MEMBRE J M, DIAO M, THORIN C, et al. Risk assessment of
proteolytic Clostridium botulinum in canned foie gras[J]. International
Journal of Food Microbiology, 2015, 210: 62-72. DOI:10.1016/
j-ijfoodmicro.2015.06.002.

DAHLSTEN E, LINDSTROM M, KORKEALA H. Mechanisms of
food processing and storage-related stress tolerance in Clostridium
botulinum[J]. Research in Microbiology, 2015, 166(4): 344-352.
DOI:10.1016/j.resmic.2014.09.011.

PECK M W. Bacteria: Clostridium botulinum[J]. Encyclopedia of
Food Safety, 2014, 31(1): 381-394. DOI:10.1016/B978-0-12-378612-
8.00091-3.

MOTARJEMI Y, KAFERSTEIN F K. Global estimation of foodborne
diseases[J]. World Health Stats Quarterly, 1997, 50(1/2): 5-11.
CLARK J, SHARP M, REILLY W J. Surveillance of foodborne
disease[M]. Gaithersburg, MD: Aspen Publishers Inc., 2000: 975-1010.
TODD E C D. Worldwide surveillance of foodborne disease: the need
to improve[J]. Journal of Food Protection, 1996, 59(1): 82-92.

TODD E C D. Epidemiology of foodborne diseases: a worldwide
review[J]. World Health Stats Quarterly, 1997, 50(1/2): 30-50.

BUZBY J C, ROBERTS T. Economic costs and trade impacts of microbial
foodborne illness[J]. World Health Stats Quarterly, 1997, 50: 57-66.
NOTERMANS S, HOOGENBOOM-VERDEGAAL A. Existing
and emerging foodborne diseases[J]. International Journal of Food
Microbiology, 1992, 15(3/4): 197-205.

WHEELER J G, SETHI D, COWDEN J M, et al. Study of infectious
intestinal disease in England: rates in the community, presenting
to general practice, and reported to national surveillance[J]. The
Infectious Intestinal Disease Executive. British Medical Journal, 1999,
318(7190): 1046-1050. DOI:10.1136/bmj.318.7190.1046.

Food Standards Agency(FSA). A report of the study of infectious
intestinal disease in England[R]. London: The Stationery Office, 2000.
Centers for Disease Control and Prevention(CDC). Preliminary Food
Net data on the incidence of foodborne illnesses-selected sites, United
States, 1999[J]. Morbidity and Mortality Weekly Reports, 2000,
49(10): 201-205.

Physical Health Society. Public health laboratory service[OL]. [2015-06-22].
http://www.phls.co.uk.

de CESARE A, VALERO A, PEREZ-RODRIGUEZ F, et al. Derivation
of performance objectives for Campylobacter in broiler carcasses
taking into account impact of selected factors on pathogen prevalence
and counts[J]. Food Control, 2015, 47(47): 77-85. DOI:10.1016/
j-foodcont.2014.06.033.

MANFREDA G, VALERO A, RODRIGUEZ-LAZARO D, et al.
Performance objectives for Salmonella in fresh pork meat intended to
be eaten cooked: how to derive them and verify their achievement[J].
International Journal of Food Microbiology, 2014, 184(2): 55-59.
DOI:10.1016/j.ijfoodmicro.2014.05.014.

STRACHAN N J C, DUNN G M, LOCKING M E, et al. Escherichia
coli O157: burger bug or environmental pathogen?[J] International
Journal of Food Microbiology, 2006, 112(2): 129-137. DOI:10.1016/
j-ijfoodmicro.2006.06.021.

Advisory Committee on Microbiological Safety of Food(ACMSF).
Report on Salmonella in eggs[R]. London: HMSO, 1993.

NAUTA M J, SANAA M, HAVELAAR A H. Risk based
microbiological criteria for Campylobacter in broiler meat in the
European Union[J]. International Journal of Food Microbiology, 2012,
158(3): 209-217. DOI:10.1016/j.ijfoodmicro.2012.07.018.

WALLS I, BUCHANAN R L. Use of food safety objectives as a tool for
reducing foodborne listeriosis[J]. Food Control, 2005, 16(9): 795-799.
DOI:10.1016/j.foodcont.2004.10.019.

MAGNUSSON S H, GUNNLAUGSDOTTIR H, van LOVEREN H, et al.
State of the art in benefit-risk analysis: food microbiology[J]. Food and
Chemical Toxicology, 2011, 50(1): 33-39.

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

(81]

CAMPBELL-PLATT G. HACCP/food safety objectives[J]. Food
Control, 2002, 13(6): 353. DOI:10.1016/S0956-7135(02)00038-5.
ZWIETERING M H. Practical considerations on food safety
objectives[J]. Food Control, 2005, 16(9): 817-823. DOI:10.1016/
j.foodcont.2004.10.022.

GORRIS L G M. Food safety objective: an integral part of food chain
management[J]. Food Control, 2005, 16(9): 801-809. DOI:10.1016/
j.foodcont.2004.10.020.

DOMENECH E, MARTORELL S. Definition and usage of food safety
margins for verifying compliance of Food Safety Objectives[J]. Food
Control, 2016, 59: 669-674.

van SCHOTHORST M, ZWIETERING M H, ROSS T, et al. Relating
microbiological criteria to food safety objectives and performance
objectives[J]. Food Control, 2009, 20(11): 967-979. DOI:10.1016/
j-foodcont.2008.11.005.

WHITING R C, BUCHANAN R L. Food safety objective[M]// BATT
C A, TORTORELLO M L. Encyclopedia of food microbiology. 2nd
ed. NewYork: Academic Press, 2014: 959-963. DOI:10.1016/B978-0-
12-384730-0.00395-5.

STRINGER M. Summary report: food safety objectives-role in
microbiological food safety management[J]. Food Control, 2005,
16(9): 775-794. DOI:10.1016/j.foodcont.2004.10.018.

IR, L, MALAKAR P K, 55, JRE i E & XY
i OB 3R], f3 b RHE, 2015, 36(11): 221-229. DOI:10.7506/
spkx1002-6630-201511042.

ZWIETERING M H, GORRIS L G M, FARBER J M. Operationalising
a performance objective with a microbiological criterion using a risk-
based approach[J]. Food Control, 2014, 58: 33-42. DOI:10.1016/
j-foodcont.2014.07.042.

TODD E C D. Microbiological safety standards and public health goals
to reduce foodborne disease[J]. Meat Science, 2004, 66(1): 33-43.
DOI:10.1016/S0309-1740(03)00023-8.

TUOMINEN P, RANTA J, MAIJALA R. Studying the effects of
POs and MCs on the Salmonella ALOP with a quantitative risk
assessment model for beef production[J]. International Journal
of Food Microbiology, 2007, 118(1): 35-51. DOI:10.1016/
j-ijfoodmicro.2007.05.013.

Food and Drug Administration(FDA). Milk and cream, pasteurized
(2 1 CFR 13 1.3b), Code of Federal Regulations[R]. Washington, DC:
Government Printing Office, 1997.

GUNVIG A, HANSEN F, BORGGAARD C. A mathematical model for
predicting growth/no-growth of psychrotrophic C. botulinum in meat
products with five variables[J]. Food Control, 2013, 29(2): 309-317.
DOI:10.1016/j.foodcont.2012.06.046.

CHOTYAKUL N, VELAZQUEZ G, TORRES J A. Assessment of the
uncertainty in thermal food processing decisions based on microbial
safety objectives[J]. Journal of Food Engineering, 2011, 102(3): 247-256.
DOI:10.1016/j.jfoodeng.2010.08.027.

Advisory Committee on Microbiological Safety of Food(ACMSF).
Report on vacuum packaging and associated processes[R]. London:
HMSO, 1992.

ANDERSEN J K, NORRUNG B, MACHADO S C A, et al. A
risk-based microbiological criterion that uses the relative risk as
the critical limit[J]. Food Control, 2015, 58: 29-32. DOI:10.1016/
j-foodcont.2015.04.011.

JONGENBERGER I, BASSETT J, JACKSON T, et al. Impact of
microbial distributions on food safety II. Quantifying impacts on
public health and sampling[J]. Food Control, 2012, 26(2): 546-554.
DOI:10.1016/j.foodcont.2012.01.064.

ZWIETERING M H, ROSS T, GORRIS L G M. Food safety assurance
systems: microbiological testing, sampling plans, and microbiological
criteria[J]. Encyclopedia of Food Safety, 2014, 4: 244-253.
DOI:10.1016/B978-0-12-378612-8.00363-2.



