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Preface

The Institute of Food Technologists (IFT) sponsors each year a two-day short
course that covers a topic of major importance to the food industry. ‘“Hazard
Analysis and Critical Control Points” was the title for the short course which
was held May 31-June 1, 1991, immediately prior to the S1st Annual IFT
Meeting. These short courses have been published as a proceedings in previous
years; however, the current and future importance of the Hazard Analysis and
Critical Control Point (HACCP) system prompted publication of the 1991 short
course as a book. This book is designed to serve as a reference on the principles
and application of HACCP for those in quality control/assurance, technical man-
agement, education and related areas who are responsible for food safety man-
agement.

The National Advisory Committee on Microbiological Criteria for Foods
(NACMCEF) published in November 1989 a pamphlet titled “HACCP Principles
for Food Production” (Appendix A). This document dealt with HACCP as applied
to the microbiological safety of foods; however, the principles can be modified
to apply to chemical, physical and other hazards in foods. The principles rec-
ommended by the NACMCEF have been widely recognized and adopted by the
food industry and regulatory agencies. Implementation of these principles pro-
vides a proactive, preventive system for managing food safety. HACCP should
be applied at all stages of the food system, from production to consumption. In
order for HACCP to be effective, however, specific plans must be designed for
each stage of the food system, specific food products, different food operations,
etc.

This book is based on the seven principles recommended by the NACMCF.
However, the topic has been broadened to include all biological, chemical, and
physical hazards. The first three chapters provide an introduction to HACCP,
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X Preface

HACCP principles and definitions, and an overview of biological, chemical, and
physical hazards in foods. The next seven chapters give an in-depth discussion
and analysis of each of the HACCP principles. HACCP as presented by the
NACMCEF relates to food safety concerns only; however, some government
agencies and companies use control points other than those relating to safety
within the context of HACCP. Therefore, a chapter is included on safety, quality
and regulatory control points. Next, an action plan for implementing HACCP
is given as well as an overview of the adoption of HACCP by federal regulatory
agencies. Several specific examples for the application of HACCP principles are
provided in the last chapter.

The general concept of HACCP as applied to food safety management has
not changed since it was first publicly introduced at the 1971 Conference on
Food Protection. Practical experience and a wider application of HACCP over
the years has led to revisions in principles, definitions, and methods of appli-
cation. This book, as explained above, is based on the November 1989 principles
recommended by the NACMCEF. In June, 1991 the Codex Committee on Food
Hygiene HACCP Drafting Group developed a draft report on HACCP. This
draft report is given in Appendix B. The NACMCF proposed in July, 1991,
revision of the HACCP principles and their application. The revised HACCP
document that was approved on March 20, 1992 by the NACMCEF is given in
Appendix C. The principles of HACCP as provided by the NACMCEF gives an
excellent framework and common approach for industry and regulatory to manage
food safety. At the same time, it needs to be pointed out that the principles serve
as guidelines in developing HACCP plans for food products and the application
of these principles may need to be modified based on advances in technology,
practical experience, etc. The discussion presented in this book is based on the
NACMCF November 1989 principles document Appendix A. This information
will continue to serve as a valuable reference when adopting revisions of the
HACCP principles.

We thank Dr. Robert Price, Chairman, and the members of the IFT Short
Course Committee for their assistance and suggestions in developing the 1991
HACCP Short Course. Appreciation is extended to Dr. Daryl Lund, 1990-91
IFT President; Howard Mattson, former IFT Executive Director; John B. Klis,
IFT Director of Publications; and members of the IFT staff who provided pub-
licity, facility planning, and numerous other details for a successful meeting.
Special recognition is given to Anna May Schenck for her skillful copy editing
of the manuscripts. Finally, we are grateful to the contributing authors for taking
time from their demanding schedules to prepare manuscripts for this book.

Merle D. Pierson
Donald A. Corlett, Jr.
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1
Introduction to HACCP

Howard E. Bauman

The concept and reduction to practice of the Hazard Analysis and Critical Control
Point (HACCP) system was directly related to the Pillsbury Company’s projects
in food production and research for the space program. The basics were developed
by the Pillsbury Company with the cooperation and participation of The National
Aeronautics and Space Agency (NASA), the Natick Laboratories of the U.S.
Army, and the U.S. Air Force Space Laboratory Project Group.

The pathway to the HACCP system started in 1959 when Pillsbury was asked
to produce a food that could be used under zero gravity conditions in the space
capsules. We started with the fact that no one really knew how foods, especially
particulates, might act in zero gravity. The initial conservative approach to solve
this problem was to produce bite-sized foods covered with a flexible edible
coating to prevent crumbling and consequently atmospheric contamination. The
most difficult part of the program, however, was to come as close to 100%
assurance as possible that the food products we were producing for space use
would not be contaminated with bacterial or viral pathogens, toxins, chemicals,
or physical hazards that could cause an illness or injury. Such hazards might
result in an aborted or catastrophic mission.

It was quickly determined that by using existing techniques of quality control
there was no way we could be assured that there wouldn’t be a problem. Further,
the amount of testing that had to be done to arrive at a reasonable decision point
as to whether a food was acceptable was extremely high. In fact, a large part
of the production of any particular batch of food had to be utilized for testing,
leaving only a small portion available for the space flights.

This raised two questions. First, “What could we do using new techniques
that would help us approach the 100% assurance level?”” Second, since companies
for good reason didn’t practice this type of destructive testing, “How much in
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2 HACCP: Principles and Application

the way of hazards was the industry missing by minimal tests of the raw materials,
and in-line and end product tests?”

This brought into serious question the prevailing system of quality control
that was being used in our plants and the food industry as a whole. Most quality
assurance programs were based on what the quality assurance manager believed
was a good program. There was no uniformity of approach or even understanding
in the food industry as to what constituted an excellent program. In our search
for answers, we examined the zero defects program utilized by NASA and found
that it was designed for hardware. The type of testing that was used for hardware,
such as x-ray and ultrasound was nondestructive and, therefore, suitable for this
purpose but not for food.

In looking for a better system, we decided to try a new approach to the
problem. We concluded after extensive evaluation that the only way we could
succeed would be to develop a preventive system. This would require us to have
control over the raw materials, process, environment, personnel, storage, and
distribution as early in the system as we possibly could. We felt certain that if
we could establish this type of control, along with appropriate record keeping,
we should be able to produce a high degree of assurance a product we could
say was safe. For all practical purposes if this system was implemented correctly,
there would be no testing of the finished packaged product other than for mon-
itoring purposes. It should also be noted that the type of record keeping required
under NASA rules not only furnished a clue as to how to approach the new
system, but also facilitated our experimentation with this approach and is a basic
part of the HACCP system as it now exists.

We were required by NASA to keep records that allowed traceability of the
raw materials we used, the plant where the food was produced, the names of
people involved in the production and any other information that might contribute
to the history of the product. In other words, a mechanism for tracing problems
back to the source. This required the development of a familiarity with the raw
materials that was not a normal process in food product development. For in-
stance, we knew the latitude and longitude where the salmon used in salmon
loaf were caught as well as the name of the ship. It was using this approach that
we developed the HAACP system.

HACCEP is a preventive system of quality control. The system when properly
applied can be used to control any area or point in the food system that could
contribute to a hazardous situation whether it be contaminants, pathogenic mi-
croorganisms, physical objects, chemicals, raw materials, a process, use direc-
tions for the consumer or storage conditions.

The Hazard Analysis portion of HACCP involves a systematic study of the
ingredients, the food product, the conditions of processing, handling, storage,
packaging, distribution and consumer use. This analysis allowed us to identify
in the process flow the sensitive areas that might contribute to a hazard. From
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this information we were able to determine the Critical Control Points in the
system that had to be monitored.

The definition of a Critical Control Point is any point in the chain of food
production from raw materials to finished product where the loss of control could
result in an unacceptable food safety risk.

Our first problem using this approach was that we knew what we wanted to
do, but didn’t know how to do an adequate hazard analysis. While searching
for a method, we found that the U.S. Army Natick Research, Development, and
Engineering Center had developed a system of analysis called modes of failure
which was used for medical supplies. After evaluating this method, we adopted
the modes of failure technique with some modifications as our model. We also
found that to do an adequate analysis we had to break down each ingredient and
product and its production system into its components and analyze each segment
for its potential contribution to safety. When this was completed, it was necessary
to connect them all together to develop the overall interrelationship. This is
critical, because whenever changes are made in an approved interrelated system,
the system must be reevaluated since any change in the system—even though it
may appear innocuous—could have a major effect downstream in the system.

We approached the problem by starting with the raw materials. We looked
at specific ingredients as well as each stage of processing from the field through
the food chain. This was done to determine what might happen to raw materials
and what we might expect in the way of problems when they appeared at the
plant. It was from these analyses, including searches of the literature, discussions
with suppliers and of course our own history of the ingredients that we were
able to select those sensitive ingredients and sensitive areas that must be mon-
itored and controlled in order to insure that we would not bring a hazard into
the plant.

The areas of concern ranged from the potential presence of pathogens, heavy
metals, toxins, physical hazards and chemicals, to the type of treatments the
ingredients might have received such as pesticide applications or a pasteurization
step. The next segment was an analysis of the manufacturing process, the build-
ing, the general environment and method of people control. This was done to
ensure that we completely understood all of the points or areas in the facilities
and process that might contribute to a hazard. It also included determining those
procedures that would prevent a hazard. Another segment of investigation was
the examination of the storage, transportation and distribution to be used for the
product and the abuses it might receive. Finally an analysis was conducted to
determine what the consumer might do to the product that could cause unsafe
conditions.

This is a rather simplified sketch of what must be done. However, it does
show that detailed knowledge of the total system for the production of any food
must be developed.
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The HACCP system was first exposed to the public during the 1971 National
Conference on Food Protection (U.S. Dept. HEW 1972). Following this con-
ference, Pillsbury was granted a contract by FDA to conduct classes for FDA
personnel on the HACCP system. The first comprehensive document on HACCP
was published by the Pillsbury Company (1973) and was used for training FDA
inspectors in HACCP principles. A special session was held with personnel
involved in FDA’s acidified and low-acid canned food regulation. This group
developed the necessary information for the promulgation of the acidified and
low-acid canned food regulation (FDA 1973) which is a successful HACCP
system.

HACCP has been used in the plants of the Pillsbury Company since 1971.
During the 1970’s and early 1980’s a number of companies requested and were
given information and help in establishing their own HACCP programs. It wasn’t
until 1985 that the HACCP system was seriously considered for broad application
in the food industry. In 1985 the HACCP system was recommended by the
National Academy of Sciences (NAS) in the publication An Evaluation of the
Role of Microbiological Criteria for Foods and Food Ingredients (NAS 1985).
The NAS Committee (Subcommittee on Microbiological Criteria for Foods and
Food Ingredients) concluded that a preventive system (HACCP) was essential
for control of microbiological hazards. They concluded that end product testing
was not adequate to prevent foodborne disease. In 1987, the National Oceanic
and Atmospheric Administration (NOAA) was charged by congress “to design
a program of certification and surveillance to improve the inspection of fish and
seafood consistent with the hazard analysis critical control points system.” This
effort has been carried out by the National Marine Fisheries Service (see Chapter
13).

The National Academy of Sciences publication also recommended that a
National Advisory Committee on Microbiological Criteria for Foods be estab-
lished. This has been accomplished and the committee has been active not only
in developing microbiological criteria, but has embraced the HACCP concept.
The committee has further refined HACCP by adding to the principles of HACCP
appropriate descriptions of what each principle involves. They have also devel-
oped definitions of terminology used in HAACP. The HACCP document of this
committee is intended to be a guide for maintaining a uniform system through
the use of the principles and definitions. This approach will make possible a
universal system of food safety that should facilitate the movement of foods
internationally as well as providing a high level of assurance that the foods are
safe.

There will undoubtedly be refinements in the future as more experience with
the system is gained. It is easy to modify HACCP systems, however, they should
be done with care and general agreement that the modifications add to the
reliability of the system and will not degrade it.
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Chapter 2

HACCP: Definitions and
Principles

Donald A. Corlett, Jr.
Merle D. Pierson

INTRODUCTION

HACCP definitions and principles covered in this book are based on the U.S.
National Advisory Committee on Microbiological Criteria for Foods (NACMCF)
HACCP system guide, approved November, 1989. The NACMCF guide is
published in the pamphlet, “HACCP Principles for Food Production,” (NACMCF
1989) which is given in Appendix A. This document will serve as the basis for
HACCEP definitions and principles for this volume.

The NACMCEF guide defines HACCP as a systematic approach to be used in
food production as a means to assure food safety. Definitions, principles, a
description of each principle, and the implementation guide are intended to
provide a clear and useful format for individual food industry producers to
develop their own HACCP systems tailored to their specific products, processing,
and distribution conditions.

This chapter reviews the definitions and principles, as well as the implemen-
tation guide contained in the pamphlet. For convenience, the table of contents
of “HACCP Principles for Food Production,” (Appendix A) is given as follows:

Part Pages
Executive SUmmary . .......... ...t 2.
Preamble . .......... .. 3.
Definitions ... .......o. it e 3.
Purpose and Principles ............ ... ... .. . 3.
Principle NO. 1 . ... . 3-5.
Principle NO. 2 ... .. e S.
Principle NO. 3 ... ... 5.

6
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Part Pages
Principle No. 4 . ... ... . 5-6.
Principle NO. 5 ... . 6.
Principle NO. 6 .. ... .. 6-17.
Principle NO. 7 ... . 7-8.
ImplementationGuide . ........ ... ... ... .. .. oL 8.

It should be noted that the NACMCF document only covers microbiological
hazard analysis under Principle 1. “Assess hazards associated with growing,
harvesting, raw materials and ingredients, processing, manufacturing, distribu-
tion, marketing, preparation and consumption of the food.” However, the Com-
mittee intended the HACCP principles to eventually cover chemical and physical
hazards in food.

Recently a protocol was developed by Corlett and Stier (1991) that extended
the system to chemical and physical hazards in food. This was patterned after
the six microbiological hazard characteristics described in the pamphlet under
Principle 1. Complete microbiological, chemical and physical hazard analysis
procedures are described in Chapter 4, “Hazard Analysis and Assignment of
Risk Categories.” The combined microbiological, chemical and physical hazard
risk assessment permits application of HACCP for all classes of food hazards.

The NACMCF HACCP definitions and principles were transmitted and rec-
ommended in 1989 to four federal departments: Agriculture, Health and Human
Services, Commerce, and Defense. Approval of the guide by the NACMCF
culminated an intensive eight-month project by the ad hoc HACCP working
group composed of Dr. Catherine E. Adams, USDA-FSIS; Dr. Howard Baumen,
Pillsbury Company (ret.); chairman Dr. Donald A. Corlett Jr., ESCAgenetics
Corporation; Mr. Cleve B. Denny, National Food Processors Association; Mr.
Spencer Garrett, National Marine Fisheries Service; Dr. John Kvenberg, Food
and Drug Administration; Dr. David M. Theno, Foster Farms; and Dr. Bruce
Tompkin, Swift-Eckrich, Inc.
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Overview of Biological,
Chemical, and Physical Hazards

E. Jeffery Rhodehamel

INTRODUCTION

HACKCP is a systematic approach to be used in food production as a means to
ensure food safety. The first step requires a hazard analysis, an assessment of
risks associated with all aspects of food production from growing to consumption.
However, before one can assess the risks, a working knowledge of potential
hazards must be obtained. A hazard is defined by the National Advisory Com-
mittee on Microbiological Criteria for Foods (NACMCF) as any biological,
chemical, or physical property that may cause an unacceptable consumer health
risk. Thus, by definition one must be concerned with three classes of hazards;
biological, chemical, and physical.

This chapter provides a generalized background of the potential hazards as-
sociated with foods. Appropriate reference materials on food hazards have been
included. A number of textbooks are available on the subject of hazards in foods.

BIOLOGICAL HAZARDS

The first hazard category, biological or microbiological, can be further divided
into three types: bacterial, viral, and parasitic (protozoa and worms). Many
HACCP programs are designed specifically around the microbiological hazards.
Archer and Kvenberg (1985) and Todd (1989) estimated that the incidence of
foodborne illness ranges from 12.6 to 81 million cases per year with a cost of
1.9 to 8.4 billion dollars. HACCP programs address this food safety problem
by assisting in the production of safe wholesome foods. Excellent references
exist on biological hazards (Cliver 1990), foodborne pathogenic bacteria (Doyle
8
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1989; Riemann and Bryan 1979), viruses (Cliver 1988), and parasitic protozoa
and worms (Healy et al. 1984; Jackson 1990).

Table 3-1 lists hazardous bacteria, viruses, and parasitic protozoa and worms,
which include the microorganisms of concern in HACCP programs. The Inter-
national Commission of Microbiological Specifications for Food (ICMSF 1986)
attempted to group some of these hazardous microorganisms according to severity
of risk (Table 1). The pathogens in Group I present a severe hazard; those in

TABLE 3-1 Hazardous Microorganisms and
Parasites Grouped on the Basis of Risk
Severity®

I.  Severe Hazards
Clostridium botulinum types A, B, E, and F
Shigella dysenteriae
Salmonella typhi; paratyphi A, B
Hepatitis A and E
Brucella abortis; B. suis
Vibrio cholerae O1
Vibrio vulnificus
Taenia solium
Trichinella spiralis

II. Moderate Hazards: Potentially Extensive Spread®
Listeria monocytogenes
Salmonella spp.
Shigella spp.
Enterovirulent Escherichia coli (EEC)
Streptococcus pyogenes
Rotavirus
Norwalk virus group
Entamoeba histolytica
Diphyllobothrium latum
Ascaris lumbricoides
Cryptosporidium parvum

III. Moderate Hazards: Limited Spread
Bacillus cereus
Campylobacter jejuni
Clostridium perfringens
Staphylococcus aureus
Vibrio cholerae, non-O1
Vibrio parahaemolyticus
Yersinia enterocolitica
Giardia lamblia
Taenia saginata

*Adapted from ICMSF (1986).
*Although classified as moderate hazards, complications and sequelae may
be severe in certain susceptible populations.
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Group II are considered moderate hazards (although the illnesses in certain
susceptible populations or complications can be severe) with the potential for
extensive spread of the disease. Pathogens in Group III cause common-source
outbreaks; however, subsequent spread is either rare or limited.

When developing a HACCP program, the food grower or processor should
have three basic aims with regard to biological hazards: (1) destroy, eliminate,
or reduce the hazard; (2) prevent recontamination; and (3) inhibit growth and
toxin production. Preventive measures should be taken to achieve these goals.

Microorganisms can be destroyed or eliminated by thermal processing, freez-
ing, and drying. After the microorganism has been eliminated, measures to
prevent recontamination should be taken. Finally, if the hazard cannot be totally
eliminated from the food, microbial growth and toxin production must be in-
hibited. Growth can be inhibited through the intrinsic characteristics of the food,
such as pH and water activity (a,,), or by the addition of salt or other preservatives.
Conditions under which the food is packaged (aerobic or anaerobic) and storage
temperatures (refrigeration or freezing) can also be used to inhibit growth.

Bacterial hazards

Bacterial hazards can result either in foodborne infections or intoxications. A
foodborne infection is caused by ingesting a number of pathogenic microorga-
nisms sufficient to cause infection, and the reaction of tissues to their presence,
multiplication, or elaboration of toxins. A foodborne intoxication is caused by
the ingestion of preformed toxins produced and excreted by certain bacteria when
they multiply in foods (Bryan 1979).

Table 3-2 lists the source, disease characteristics, and food associated with
various foodborne bacterial pathogens. Although not all-inclusive, the list rep-
resents the pathogens that are reported to cause foodborne disease outbreaks and
that are responsible for numerous cases of illness. Many food commodities have
a unique microbiology and group of associated pathogens. Processors of specific
foods (e.g., seafood) should consult reference materials in those areas (e.g.,
Ward and Hackney 1991).

The following summary discusses the notable characteristics of the various
foodborne bacterial pathogens of concern to the food industry and their rela-
tionship to the development of a HACCP program. The natural incidence and
the severity of disease caused by these bacteria, along with the general conditions
required for their control represent a cross-section of challenges for HACCP
programs. If these organisms are controlled, numerous other pathogens may be
similarly controlled.

Clostridium botulinum. Clostridium botulinum, the causative agent of botulism
(foodborne intoxication), is an anaerobic, sporeforming rod that produces a potent
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14 HACCP: Principles and Application

neurotoxin. Its notable characteristics are its heat-resistant spores and their wide-
spread distribution. Some strains of C. botulinum are psychotrophic. The spores
survive most thermal processes except those specifically designed to eliminate
them (e.g., 12D thermal processing of low-acid canned foods). If such a process
is not used, one must assume that spores are present in the food. If the food is
to be packaged in an anaerobic or reduced oxygen atmosphere, measures to
inhibit the growth and toxin production by the organism are necessary. C. bo-
tulinum growth can be controlled by one or a combination of the following
conditions: pH < 4.6; a,, < 0.94; 5-10% salt concentration; nitrite and salt
combinations (e.g., cured meats); other preservatives; temperature control (freez-
ing/refrigeration), and biocontrol (e.g., inoculation of product with lactic acid
bacteria). Sole reliance on refrigeration to ensure safety is risky. Botulinum toxin
produced is one of the most potent substances known but is relatively heat labile
(destroyed by boiling for 10 minutes). Reliance on final cooking by the consumer
to destroy the toxin is extremely risky.

Listeria monocytogenes. Listeria monocytogenes is a hazardous foodborne mi-
croorganism of relatively recent concern. It is ubiquitious in nature and is com-
monly found in food processing environments. It causes listerosis, a severe and
often fatal illness, to which certain populations (e.g., pregnant mothers, new-
borns, immunocomprised individuals, transplant recipients) may be susceptible.
Fatality rates with the more severe forms of listeriosis can be as high as 70%
for those untreated, but generally are between 25 and 35%. The organism is
psychotrophic and can grow at refrigeration temperatures. Its widespread dis-
tribution and its ability to multiply at refrigeration temperatures and cause severe
illness make it a hazard of particular concern to the food industry and regulatory
agencies. HACCP programs should attempt to destroy, eliminate, or reduce this
hazard and prevent the opportunity for subsequent recontamination.

Salmonella. Salmonella species can be found on most raw foods of animal
origin. Salmonellosis is one of the most frequently reported foodborne diseases.
Symptoms of salmonellosis are most severe in susceptible populations (the el-
derly, infants, and the infirm). Although about 40,000 cases are reported each
year, it is estimated that 2—4 million cases occur annually. Salmonella species
are destroyed by normal pasteurization processes and are most commonly spread
through contamination of processed materials with raw products or with the
juices of raw products via hands, utensils, or food-contact surfaces. HACCP
plans for processed foods should include controls to destroy and eliminate this
organism and to prevent recontamination.

Staphylococcus aureus. Staphylococcus aureus may produce a very heat-stable
enterotoxin when permitted to grow to an elevated level (>10° organisms/g).
The foodborne intoxication is caused by ingesting enterotoxins produced in food
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by some strains of S. aureus, usually because the food has not been kept hot
enough (>60°C; 140°F) or cold enough (=<7.2°C; 45°F or below). The organism
is commonly isolated from hands and nasal passages of humans. Thus, foods
which are handled or require preparation are at risk. The organism can grow at
an a,, of 0.86 and in high salt concentrations. Proper preprocessing handling of
raw materials is essential. If conditions allow the organism to grow and produce
enterotoxins, subsequent thermal processing will destroy the vegetative organ-
isms while the head-stable toxin persists. There is evidence that the enterotoxins
may not be completely inactivated at retort temperatures (121°C or 250°F).
HACCP plans should provide for proper handling of raw materials, steps to
destroy, eliminate, or reduce the hazard and controls to prevent recontamination.
If organisms can reasonably be expected in the final product, conditions to inhibit
growth and toxin production should be controlled.

Clostridium perfringens. Clostridium perfringens is another anaerobic, spore-
forming, rod-shaped bacterium. Perfringens food poisoning is caused by con-
suming foods that contain large numbers of those C. perfringens strains that are
capable of producing the food poisoning toxin, which is usually formed in the
digestive tract and is associated with sporulation. Limited evidence exists that
preformed toxin can be found in food. Perfringens food poisoning is frequently
associated with food service operations; temperature abuse of prepared foods,
such as large poultry or cooked cuts of meat and gravies and sauces prepared
in large containers, can provide anaerobic conditions. Because spores are heat
resistant, small numbers of organisms may be present after cooking (or large
numbers after improper cooking). Subsequent temperature abuse [not keeping
cooked foods above 60°C (140°F) or not providing rapid, even cooling to re-
frigeration temperatures] may permit the organisms to multiply to food poisoning
levels. HACCP plans should control proper cooking conditions and subsequent
handling temperatures to inhibit growth of this organism.

Information on the specific limiting growth parameters, heat resistance, growth
inhibitors or particular resistance to chemical disinfectants for these and other
foodborne bacterial pathogens is available in reference textbooks (Cliver 1990;
Doyle 1989; Shapton and Shapton 1991).

Viral hazards

Viruses are very small particles that cannot be seen with a light microscope.
They are obligate intracellular parasites that are unable to reproduce outside the
host cell. Thus, they are inert in foods and do not multiply in them (Cliver
1988). However, viruses may be transmitted to foods via the fecal-oral route,
either directly or indirectly. Some viruses may be inactivated in foods by thorough
cooking and some by drying. However, contamination of foods with viruses
should be avoided. Direct contamination can occur when an infected food handler
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contaminates food. Indirect contamination can occur when foods such as bivalve
mollusks become contaminated in waters infected by untreated sewage. The
viruses most commonly recognized as foodborne disease agents are summarized
below.

Hepatitis A virus. Hepatitis A virus (HAV) is classified with the enterovirus
group of the Picornaviridae family. The terms hepatitis A or type A viral hepatitis
have replaced all previous names for the illness. Hepatitis A is usually a mild
illness characterized by sudden onset of fever, malaise, nausea, anorexia, and
abdominal discomfort, followed in several days by jaundice. Occasionally, the
symptoms are severe and convalescence can take several months. The incubation
period for hepatitis A varies from 10 to 50 days (mean 30 days). The period of
virus shedding or communicability extends from early in the incubation period
to about a week after the development of jaundice. The greatest danger of
spreading the disease to others occurs 10—14 days before the first presentation
of symptoms. The infectious dose is unknown but presumably is 10-100 virus
particles.

HAV is excreted in feces of infected individuals and contaminates water or
foods via the fecal-oral route. Virtually any food that is handled by an infected
worker and not further cooked can serve as a vehicle for transmission. Shellfish
(bivalue mollusks), salads, cold cuts and sandwiches, fruits and fruit juices,
milk and milk products, vegetables, and iced drinks are commonly implicated
in outbreaks. Shellfish (bivalue mollusks), and salads are the most frequent food
sources. Virus transmission through foods can best be avoided by preventing
fecal contamination and thoroughly cooking foods before consumption.

The Norwalk virus family. Norwalk virus is the prototype of a family of
unclassified small round structured viruses (SRSVs) which may be related to the
caliciviruses. Common names of the illness caused by the Norwalk and Norwalk-
like viruses are viral gastroenteritis and acute nonbacterial gastroenteritis. The
disease is self-limiting, mild, and characterized by nausea, vomiting, diarrhea,
and abdominal pain. Headache and low-grade fever may occur. The infectious
dose is unknown but presumed to be low. Norwalk gastroenteritis is transmitted
by the fecal-oral route via contaminated water and foods. Secondary person-to-
person transmission has also been documented. Water is the most common source
of outbreaks and may include water from municipal supplies, well, recreational
lakes, swimming pools, and water stored aboard cruise ships. Salad ingredients
and shellfish are the foods most often implicated in Norwalk outbreaks. Ingestion
of raw or insufficiently steamed clams and oysters poses a high risk for infection
with Norwalk virus. A variety of foods other than shellfish are contaminated by
ill food handlers and include salads, fruits, eggs, clams, and bakery items.
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Rotavirus. Rotaviruses are classified with the Reoviridae family. Rotaviruses
cause acute gastroenteritis. Infantile diarrhea, winter diarrhea, acute nonbacterial
infectious gastroenteritis, and acute viral gastroenteritis are names applied to the
infection caused by the most common and widespread group A rotavirus. Ro-
tavirus gastroenteritis is a self-limiting, mild-to-severe disease characterized by
vomiting, watery diarrhea, and low-grade fever. The infective dose is presumed
to be 10—100 infectious viral particles. Rotaviruses are transmitted by the fecal-
oral route. Infected food handlers may contaminate foods that require handling
and no further cooking, such as salads, fruits, and hors d’oeuvres. The virus
has not been isolated from any food associated with an outbreak, and no satis-
factory method is available for routine analysis of food. Control measures to
prevent rotavirus transmission in foods are similar to those used for other viral
agents.

Other viruses associated with gastroenteritis. Although the rotavirus and the
Norwalk family of viruses are the leading causes of viral gastroenteritis, a number
of other viruses have been implicated in outbreaks, including astroviruses, cal-
iciviruses, enteric adenoviruses, and parvovirus. Astroviruses, caliciviruses, and
the Norwalk family of viruses possess well-defined surface structures and are
sometimes identified as “small round structured viruses” or SRSVs. Viruses with
a smooth edge and no discernible surface structure are designated “featureless
viruses” or “small round viruses” (SRVs). These agents resemble enterovirus or
parvovirus, and may be related to them.

Common names of the illness caused by these viruses are acute nonbacterial
infectious gastroenteritis and viral gastroenteritis. Viral gastroenteritis is usually
a mild illness characterized by nausea, vomiting, diarrhea, malaise, abdominal
pain, headache, and fever. The clinical features are milder but otherwise indis-
tinguishable from rotavirus gastroenteritis. Co-infections with other enteric agents
may result in more severe illness lasting a longer period of time. The infectious
dose is unknown but is presumed to be low. Viral gastroenteritis is transmitted
by the fecal-oral route via person-to-person contact or ingestion of contaminated
foods and water. Infected food handlers may contaminate foods that are not
further cooked before consumption. Enteric adenovirus may also be transmitted
by the respiratory route. Shellfish have been implicated in illness caused by a
parvo-like virus.

Parasitic protozoa and worm hazards

Parasites are organisms that derive their sustenance on or within their host. A
variety of parasitic animals are of concern to the food microbiologist. They
include protozoa, nematodes (roundworms), cestodes (tapeworms), and trema-
todes (flukes). Table 3-3 lists the parasitic protozoa and worms that are relevant
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TABLE 3-3  Parasites of Major
Concern in the
United States®

1.  Protozoa
Giardia lamblia
Entamoeba histolytica
Cryptosporidium parvum
Toxoplasma gondii
Naegleria spp.
Acanthamoeba spp.

II. Nematodes (roundworms)
Ascaris lumbricoides
Trichuris trichiura
Trichinella spiralis
Enterobius vermicularis
Anisakis spp.
Pseudoterranova spp.

III. Cestodes (tapeworms)
Taenia saginata
Taenia solium
Diphyllobothrium latum

IV. Trematodes (flukes)
Fasciola hepatica
Fasciola gigantica

3(Jackson 1990).

to the food industry in the United States (Jackson 1990). Some foodborne par-
asites may be transmitted through food and water contaminated by fecal material
that contains parasites shed by infected hosts. Other parasites spend a portion
of their life cycle in food animals and are thus ingested along with the food.
Methods for preventing transmission of parasites to foods via the fecal contam-
ination route include good personal hygiene practices by food handlers, proper
disposal of human feces, eliminating the use of insufficiently treated sewage to
fertilize crops, and proper sewage treatment. Thorough cooking of foods will
eliminate all foodborne parasites. Freezing, and in specific instances brining,
may be used to destroy various parasites in foods.

The following overview discusses selected parasitic protozoa and worms.
Additional information may be found in these references: Cheng 1986; Cliver
1990; Healy et al. 1984; Jackson 1990.
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Giardia lamblia. Giardia lamblia (intestinalis) is a single-celled protozoa that
causes giardiasis in humans. G. lamblia exists in two separate stages: the active
feeding (trophozoite) stage and the infective environmental (cyst) stage in which
the organism survives outside the host. Human giardiasis may involve diarrhea
within a week after the cyst is ingested. Other symptoms include abdominal
cramps, fatigue, nausea, flatulence, and weight loss. The illness may last for
one to two weeks, but chronic infections may last months to years. Colonization
and pathogenesis generally occur in the lumen of the small intestine, but the
disease mechanism is unknown. G. lamblia is shed in the feces of infected
individuals and is transmitted via the fecal-oral route. Giardiasis is most fre-
quently associated with the consumption of contaminated water. Outbreaks have
been traced to food contamination by infected food handlers, and the possibility
of infection from contaminated vegetables that are eaten raw cannot be excluded.
Cool moist conditions favor the survival of the organism. Food contamination
by infected food workers can be prevented by proper personal hygiene. Thorough
cooking of foods destroys G. lamblia.

Entamoeba histolytica. Entamoeba histolytica is a single-celled protozoa that
predominantly infects humans and other primates. Like G. lamblia, E. histolytica
can exist as two separate stages: a trophozoite or a cyst. Cysts survive outside
in water, in soils, and on foods, especially under moist conditions. When swal-
lowed, they cause infections by excysting (to the trophozoite stage) in the diges-
tive tract. Infections can be asymptomatic or accompanied by a mild gastroin-
testinal distress or dysentery (with blood and mucus). E. histolytica may penetrate
the intestinal wall, and if it enters the blood, may gain access to other organs.
Large numbers of cysts can be shed in the feces of infected individuals. E.
histolytica is transmitted via the fecal-oral route. Infection can result from the
fecal contamination of drinking water and foods, and by direct contact with dirty
hands or objects. Preventive measures are similar to those described for G.
lamblia.

Ascaris lumbricoides. Humans worldwide are infected with Ascaris lumbri-
coides. The eggs of this roundworm (nematode) are “sticky” and may be carried
to the mouths by hands, other body parts, fomites (inanimate objects), or foods.
Ascariasis, the scientific name for this infection, is also commonly known as
the “large roundworm” infection. Ingested eggs hatch in the intestine, and larvae
begin to migrate, reaching the lungs through the blood and lymph systems. In
the lungs, the larvae break out of the pulmonary capillaries into the air sacs,
ascend into the throat, and descend again to the small intestine where they grow
to sexual maturity. On occasion, larvae will crawl up into the throat and try to
exit through the mouth or nose. Vague digestive tract discomfort sometimes
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accompanies the intestinal infection, but intestinal blockage may occur in small
children who have more than a few worms because of the large size of the
worms. Large numbers of eggs may be voided in feces. A. lumbricoides eggs
are extremely resistant to sewage treatment and may survive in soil for years.
The eggs are found in insufficiently treated sewage fertilizer and in soils where
they embryonate (i.e., larvae develop in fertilized eggs). The eggs may contam-
inate crops grown in soil or fertilized with sewage that has received nonlethal
treatment. Humans are infected when such produce is consumed raw. Infected
foodhandlers may contaminate a wide variety of foods. Careful disposal of human
feces and avoiding fertilization of crops with insufficiently treated sewage are
key preventive measures. Eggs are slightly susceptible to drying and begin losing
their infectivity at temperatures above 38°C (Cliver 1990).

Diphyliobothrium latum. Diphyllobothrium latum and other members of the
genus are broad fish tapeworms (cestodes). D. latum is a broad, long tapeworm,
often growing to lengths between 1 and 2 meters (3—7 feet) and potentially
capable of attaining 10 meters (32 feet). The disease caused by broad fish
tapeworm infections is called diphyllobothriasis. Infections are acquired by con-
sumption of raw, underprocessed or lightly cooked fish. Freshwater fish (e.g.,
pike, burbot, and perch) and those that migrate between ocean and fresh waters
(salmonid fishes) may be infected. The larvae that infect people (plerocercoid)
are frequently encountered in the viscera of freshwater and marine fishes. The
ingested plerocercoid develops into a mature adult tapeworm and attaches itself
to the intestinal wall. Diphyllobothriasis is characterized by abdominal distention,
flatulence, intermittent abdominal cramping, and diarrhea with onset about 10
days after consumption of raw or insufficiently cooked fish. The tapeworm has
a strong affinity for vitamin B, and may cause a deficiency in the host. In
regions where raw or lightly cooked fish are eaten, the frequency of the disease
tends to be high. Preventive measures call for adequate cooking of fish foods.
Other methods proposed for destroying the larvae in infected fish include freezing
or brining at high salt concentrations.

CHEMICAL HAZARDS

Webster defines a chemical as any substance used in or obtained by a chemical
process or processes. All food products are made up of chemicals, and all
chemicals can be toxic at some dosage level. However, a number of chemicals
are not allowed in food and others have established allowable limits. A summary
of most of the chemical hazards in foods has been compiled (Bryan 1984). The
two types of chemical hazards in foods are naturally occurring and added chem-
icals (Table 3-4). Both may potentially cause chemical intoxications if excessive
levels are present in a food. For additional information, see Chemical Intoxi-
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TABLE 3-4 Types of Chemical Hazards

I. Naturally occuring chemicals
Mycotoxins (e.g., aflatoxin)
Scombrotoxin (histamine)

Ciguatoxin

Mushroom toxins

Shellfish toxins
Paralytic shellfish poisoning (PSP)
Diarrheic shellfish poisoning (DSP)
Neurotoxic shellfish poisoning (NSP)
Amnesic shellfish poisoning (ASP)

Pyrrolizidine alkaloids

Phytohemagglutinin

Polychlorinated biphenyls (PCBs)

II. Added chemicals
Agricultural chemical
Pesticides, fungicides, fertilizers, insecticides,
antibiotics and growth hormones
Prohibited substances (21 CFR, Section 189)
Direct
Indirect
Toxin elements and compounds
Lead, zinc, arsenic, mercury and cyanide
Food additives
Direct—allowable limits under GMPs
Preservatives (nitrite and sulfiting agents)
Flavor enhancers (monosodium glutamate)
Nutritional additives (niacin)
Color additives
Secondary direct and indirect
Plant chemicals (e.g., lubricants, cleaners,
sanitizers, cleaning compounds, coating
and paint)
Chemicals intentionally added (sabotage)

cations and Naturally Occurring Toxicants in Foods in Foodborne Diseases
(Cliver 1990). Many HACCP programs have been criticized for their relative
neglect of chemical and physical hazards.

Naturally occurring chemicals

If formal limits have been established for naturally occurring toxicants, the limit
will be found in the Code of Federal Regulations, Title 21. If informal limits
have been established (e.g., aflatoxins, paralytic shellfish toxin, and scombro-
toxin), the maximum allowable limit will be found in the Food and Drug Admin-
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istration’s (FDA) Compliance Policy Guidelines, available from FDA, Center
for Food Safety and Applied Nutrition HFF-300, Washington, DC 20204. The
naturally occurring toxicants include a variety of chemicals of plant, animal, or
microbial origin. Although many naturally occurring toxicants are biological in
origin, they have traditionally been categorized as chemical hazards. However,
for individual HACCP programs, their inclusion in the biological hazard category
would be equally appropriate. The following overview discusses several naturally
occurring toxicants.

Mycotoxins. A number of fungi produce compounds (mycotoxins) toxic to man
(Stoloff 1984). Mycotoxins are secondary metabolites of certain fungi. Among
some of the better known and studied groups of mycotoxins are the aflatoxins,
which include a group of structurally related toxic compounds produced by certain
strains of the fungi Aspergillus flavus and A. parasiticus. Under favorable con-
ditions of temperature and humidity, these fungi grow and produce aflatoxins
on certain foods, grains, nuts, and feeds. The most pronounced contamination
has been encountered in tree nuts, peanuts, and other oilseeds including corn
and cottonseed. The major aflatoxins of concern are designated B;, B,, G,, and
G,, which are usually found together in some foods and feeds in varying pro-
portions. However, aflatoxin B, usually predominates and is the most toxic. In
the United States, aflatoxins have been identified in corn and corn products,
peanuts and peanut products, cottonseed, milk, animal feeds, and tree nuts such
as Brazil nuts, pecans, pistachio nuts, and walnuts. Other grains and nuts are
susceptible, but are less prone to contamination.

Scombrotoxin (Histamine). Scombroid poisoning or histamine poisoning occurs
when foods that contain high levels of histamine (or possibly other vascactive
amines and compounds) are ingested. Histamine is produced by the microbial
degradation of histidine, a free amino acid found in abundance in dark-fleshed
fish, including members of the Scombridae family from temperate and tropical
regions. Fish that have been temperature abused are the most commonly impli-
cated foods. Other foods such as Swiss cheese have been reported to cause illness
as well. Fish most often implicated are mahi mahi, tuna, mackerel, bluefish,
and amberjack.

Ciguatera. Ciguatera is a form of human poisoning caused by the consumption
of subtropical and tropical marine finfish which have accumulated naturally
occurring toxins through their diet. The toxins originate from several dinofla-
gellate (algae) species common to ciguatera endemic regions and accumulate
through the food chain. Manifestations of ciguatera in humans usually involves
a combination of gastrointestinal, neurological, and cardiovascular disorders.
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Marine finfish most commonly implicated in ciguatera fish poisoning are pre-
dators and include the groupers, barracudas, snappers, jacks, mackerel, and
triggerfish. Other species of warm-water fishes have been reported to harbor
ciguatera toxins. The presence of toxic fish is sporadic; not all fish from a given
locality or species will be toxic.

Mushroom toxins. Mushroom poisoning is caused by the consumption of raw
or cooked fruiting bodies of certain higher fungi. Unlike the previously mentioned
aflatoxins, which are secondary metabolites produced when a contaminating mold
grows on a food product, the mushroom itself is the toxic food product. Many
species of mushrooms are toxic and there is no general rule to distinguish between
edible and toxic species. Mushroom poisonings are usually caused by ingestion
of toxic wild mushrooms that have been confused with edible species. Most
mushrooms that cause human poisoning cannot be rendered nontoxic by cooking,
canning, or freezing.

Shellfish toxins. Shellfish poisoning is caused by a group of toxins elaborated
by planktonic algae (dinoflagellates, in most cases) upon which the shellfish
feed. Under the appropriate conditions toxic dinoflagellate populations may in-
crease to high levels and persist for several weeks. The shellfish may accumulate
and metabolize these toxins during their filter feeding. There are four types of
shellfish poisonings: paralytic shellfish poisoning (PSP); diarrheic shellfish poi-
soning (DSP); neurotoxic shellfish poisoning (NSP); and amnesic shellfish poi-
soning (ASP). Ingestion of contaminated shellfish results in a wide variety of
symptoms, depending upon the toxin(s) present, their concentrations in the shell-
fish, and the amount of contaminated shellfish consumed (Hall 1991). All shell-
fish (filter-feeding mollusks) could potentially become toxic. However, PSP is
generally associated with mussels, clams, cockles, and scallops; NSP with shell-
fish harvested along the Florida coast and the Gulf of Mexico; DSP with mussels,
oysters, and scallops; and ASP with mussels. Control methods include effective
monitoring of shellfish lots or growing areas and, in some instances, depuration.

The food processor may control some of these naturally occurring chemical
hazards by learning in which foods (i.e., sensitive ingredient) they are most
likely to occur. Proper raw material specification, vendor certification, and guar-
antees along with inspection and spot checks will help to prevent introduction
of natural chemical hazards into plant facilities. Likewise, proper handling and
storage of sensitive ingredients will prevent conditions conducive to the pro-
duction of other natural toxicants (e.g., proper storage of grains and feeds to
prevent aflatoxin production and avoidance of temperature abuse of fish suscep-
tible to scombroid poisoning).
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Added Chemicals

The second group of chemicals which may be potential hazards are those that
are added to foods at some point between growing, harvesting, processing,
storage, and distribution (Table 3-4). These chemicals are generally not consid-
ered hazardous if proper conditions of use are followed. Only when these chem-
icals are misapplied or when their permitted levels are exceeded is there a
potential hazard. Cliver (1990) has reviewed the added chemical hazards. The
first group of added chemicals includes agricultural chemicals, such as pesticides,
herbicides, fungicides, fertilizers, antibiotics, and growth hormones. Pesticides
and herbicides are regulated by the Environmental Protection Agency (EPA),
which specifically states the permitted uses of each chemical and the maximum
allowable residue levels.

Prohibited substances (Table 3-4) are listed in Title 21, Part 189, of the Code
of Federal Regulations. Their direct or indirect use in food is prohibited because
they present a potential risk to the public health or have not been shown by
adequate scientific data to be safe for use in human food.

Toxic elements (e.g., lead, mercury, arsenic) and other toxic compounds
(e.g., some chemicals used in the food processing plant) are either not allowed
in food at all or have established maximum tolerances. In some cases these
chemicals are present naturally and have not been added to the food. Additional
reference information on many of these toxic elements can be found in Handbook
on the Toxicology of Metals (Friberg, Nordberg and Vouk 1979). Other added
chemicals in the food additive group, including direct, secondary direct, and
indirect food and color additives, are permitted to be used in actual food pro-
cessing to preserve the food (e.g., preservatives), enhance flavor, impart color,
or nutritionally fortify (e.g., vitamins and minerals). Secondary direct and in-
direct chemicals used in food processing plants include chemicals such as lu-
bricants, cleaners, sanitizers, paint, and coatings, which may become incorpo-
rated into food via migration from packaging materials, or microorganisms and
enzyme preparations used in food processing. Allowable limits for all of these
food additives have been set in accordance with Good Manufacturing Practices
(GMPs). At established limits these chemicals are not hazardous and a large
safety factor is incorporated into the regulatory limits; however, if tolerances
are exceeded, potential health risks to consumers may occur.

Means of control of chemical hazards are listed in Table 3-5. Foods which
contain levels of agricultural chemicals exceeding permitted tolerances should
not be accepted. Proper raw material specifications, vendor certification, and
guarantees along with inspection and spot checks will help to prevent the intro-
duction or receipt of added chemical hazards in food material. Other chemicals
should be checked for intended uses, purity, formulation, and proper labeling.
Quantities of chemicals to be added to foods or used in food processing areas
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TABLE 3-5 Control of Chemical Hazards

1. Control before receipt
Raw material specifications
Vendor certification/guarantees
Spot checks—vertification

II. Control before use
Review purpose for use of chemical
Ensure proper purity, formulation and labeling
Control quantities to be added

III. Control storage and handling conditions
Prevent conditions conducive to production of naturally occurring toxicants

IV. Inventory all chemicals in facility
Review uses
Records of use

must be controlled and recorded. Premeasured quantities of food additives (e.g.,
preservatives, nitrites, nutritional enhancers, color additives) can be prepared
ahead of time and properly labeled or color-coded to avoid confusion in the
absence of supervision. Methods to prevent intentionally added chemical hazards
are similar to those prescribed for preventing intentionally added physical haz-
ards.

PHYSICAL HAZARDS

Physical hazards are often described as extraneous matter or foreign objects and
include any physical matter not normally found in food which may cause illness
(including psychological trauma) or injury to an individual (Corlett 1991). The
FDA maintains a passive surveillance system known as the Complaint Reporting
System for the reporting of consumer complaints related to food items. A total
of 10,923 complaints regarding food items consumed during the period October
1, 1988, through September 30, 1989, were reported to the FDA Complaint
Reporting System (Hyman, Klontz and Tollefson 1991). The largest single cat-
egory (2,726 complaints) involved the presence of foreign objects in food and
accounted for 25% of all complaints. Of all reported foreign object complaints,
387 (14%) resulted in illness or injury. The most common foreign object in those
reports was glass. Table 3-6 lists the most frequently implicated food types
involved in foreign object complaints. One reason physical hazards are the most
often reported complaint is that foreign objects provide tangible evidence of a
product deficiency. Regulatory action may be initiated when agencies find
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adulterated foods or foods that are manufactured, packed or held under conditions
whereby they may have become contaminated or rendered injurious to health.
Thus, although the discovery of filth in a product may not itself present an
unacceptable heath risk, the conditions of manufacture, packaging, or storage
that permitted its entry present an unacceptable health risk. Food processors must
therefore be aware of product adulteration by physical substances and address
their control in a HACCP program.

The main physical hazards of concern, their sources, and injury potential are
listed in Table 3-7. This list is by no means all inclusive; almost anything
imaginable can ultimately be introduced into food and present a physical hazard.
Other items not mentioned in Table 3-7 include hair, dirt, paint and paint chips,
rust, grease, dust, and paper. The sources of physical hazards include raw
materials, water, facility grounds, equipment, building materials, and employee
personal effects. Physical hazards may be added inadvertently during distribution
and storage, or intentionally introduced (sabotage).

Methods involved in controlling physical hazards include raw material spec-
ifications and inspections along with vendor certification and guarantees. Various
preventive measures are available to find and remove certain physical hazards.
Metal detectors can be used to locate ferrous and nonferrous metals in foods;
various foreign objects, especially bone fragments can be found through X-ray
technology. Effective pest control and foreign object removal from plant envi-
ronments are also essential. Preventive maintenance and sanitation programs for
plants and equipment are necessary. Proper shipping, receiving, distribution and

TABLE 3-6 Eight Most Common Food
Categories Implicated in Reported
Foreign Object Complaints®

Number of
Food Category Complaints Percent®
Bakery 277 10.2
Soft drinks 228 8.4
Vegetables 226 8.3
Infant foods 187 6.9
Fruits 183 6.7
Cereal 180 6.6
Fishery 145 5.3
Chocolate and 132 4.8

cocoa products

*Adapted from Hyman et al. (1991). Does not include meat and poultry
categories or suspected or confirmed tampering complaints.

®Percent of total (2,726) reported foreign object complaints received by
the FDA Complaint Reporting System from 10/1/88 through 9/30/89.
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TABLE 3-7 Main Materials of Concern as Physical Hazards and Common

Sources?®
Material Injury Potential Sources
Glass Cuts, bleeding; may require surgery Bottles, jars, light fixtures,
to find or remove utensils, gauge covers
Wood Cuts, infection, choking; may Fields, pallets, boxes,
require surgery to remove buildings
Stones Choking, broken teeth Fields, buildings
Metal Cuts, infection; may require Machinery, fields, wire,
surgery to remove employees
Insects and Illness, trauma, choking Fields, plant post-process
other filth entry
Insulation Choking; long-term if asbestos Building materials
Bone Choking, trauma Fields, improper plant
processing
Plastic Choking, cuts, infection; may Fields, plant packaging
require surgery to remove materials, pallets,
employees
Personal Choking, cuts, broken teeth; may Employees
effects require surgery to remove

“Adapted from Corlett (1991).

storage procedures as well as packaging material handling practices (particularly
those involving glass) must be evaluated for their potential to introduce hazards.
Packaging should be tamper-proof and at least tamper-evident. Finally, employee
education and practices must involve knowledge and prevention of physical
hazard introduction.
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Hazard Analysis and
Assignment of Risk Categories

Donald A. Corlett, Jr.
Merle D. Pierson

Principle 1. Assess hazards associated with growing, harvesting, raw materials
and ingredients, processing, manufacturing, distribution, marketing, prepara-
tion and consumption of the food.

OVERVIEW

Hazard analysis consists of a systematic evaluation of a specific food and its raw
materials or ingredients to determine the risk from biological (primarily infectious
or toxin-producing food-borne illness microorganisms), chemical and physical
hazards. The hazard analysis is a two-step procedure: hazard analysis and as-
signment of risk categories.

The first step is to rank the food and its raw materials or ingredients according
to six hazard characteristics (A-F). A food is scored by using a plus (+) if the
food has the characteristic, and a zero (0), if it does not exhibit the characteristic.
The six characteristic ranking system is applied for microbiological, chemical
and physical hazard ranking, although the characteristics are somewhat different
for microbiological and chemical/physical hazards, as described later.

The second step is to assign risk categories (VI) to the food and its raw
materials and ingredients based on the results of ranking by hazard characteristics.
Possible combinations of hazard characteristic ranking and hazard categories are
presented in Table 4-1. Potentially highest risk is denoted by the highest number
in the hazard category (i.e., VI). In addition, note that whenever there is a plus

This entire section is adapted from the training course, “A Practical Application of HACCP,”
copyrighted, 1990, by ESCAgenetics Corporation and licensed to D.A. Corlett. Permission is granted
for the Institute of Food Technologists to reproduce this material for the 1991 IFT Short Course:
Hazard Analysis and Critical Control Points.
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TABLE 4-1 Possible Combinations of Hazard Characteristic
Ranking and Hazard Categories for Food Products and
Food Raw Materials and Ingredients

Food Ingredient Hazard Characteristics
or Product® (A,B,C,D,E, F) Risk Category
T A+ (Special category)® VI
U Five +’s (B through F) \"
\'% Four +’s (B through F) v
w Three +’s (B through F) I
X Two +’s (B through F) II
Y One + (B through F) 1
zZ No +'s 0

*The letters merely indicate different types of foods having different hazard characteristics and
risk categories. Normally the name of a food, raw material or ingredient would appear under this
heading.

"Hazard characteristic A automatically is risk category VI, but any combination of B through F
may also be present.

(+) for hazard characteristic A (a special class that applies to food designated
for high-risk populations), the resulting hazard category is always VI, even
though other hazard characteristics (B-F) may or may not be a plus (+).

Several preliminary steps are needed before conducting the hazard analysis.
These include developing a working description of the product, listing the raw
materials and ingredients required for producing the product, and preparation of
a diagram of the complete food production sequence. The listing of raw materials
and ingredients is the starting point for the hazard analysis. If the specific mode
of preservation for an ingredient is not known (raw, frozen, canned, etc.), the
ingredient may be assessed for each type of preservation technique that may be
utilized in preserving the ingredient.

The following parts of this section cover the details of the hazard analysis
for microbiological, chemical and physical hazards, and illustrate the application
of hazard characteristics and assignment of hazard categories for various foods.

MICROBIOLOGICAL HAZARD
CHARACTERISTIC RANKING

Microbiological hazard analysis and the ranking of food by hazard characteristics
is explained in detail in Section 4.1, pages 3-5 of the pamphlet, HACCP Prin-
ciples for Food Production (NACMCF 1989). I have made several minor changes
in Hazard F, to differentiate ranking for consumer products, and raw materials
and ingredients as received by the processor before any manufacturing steps.
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TABLE 4-2 Microbiological Risk Characteristics®

Hazard A: A special class that applies to nonsterile products designated and intended for
consumption by at-risk populations (e.g., infants, the aged, the infirm, or
immunocompromised individuals).

Hazard B:  The product contains “sensitive ingredients” in terms of microbiological hazards.

Hazard C:  The process does not contain a controlled processing step that effectively destroys
harmful microorganisms.

Hazard D:  The product is subject to recontamination after processing before packaging.

Hazard E:  There is substantial potential for abusive handling in distribution or in consumer
handling that could render the product harmful when consumed.

Hazard F:  There is no terminal heat process after packaging or when cooked in the home.
(Applies to food product, as used by the consumer.)

There is no terminal heat process or any other kill-step applied after packaging by
the vendor, or other kill-step applied before entering food manufacturing facility.
(Applies to raw materials and ingredients coming into a food manufacturing
facility.)

*After NACMCF HACCP system (USDA-FSIS, 1990): and by permission of D. Corlett (Copyright D. Corlett by
license from ESCAgenetics Corporation, course manual, A Practical Application of HACCP, 1990).

The microbiological hazard characteristics are given in Table 4-2. As indicated
earlier, rank the product and its raw materials and ingredients according to hazard
characteristics A through F, using a plus (+) to indicate that the food product
or its raw materials or ingredients exhibit the characteristic, and a zero (0) when
they do not.

A brief discussion of “microbiologically sensitive” products, and raw materials
and ingredients, is useful for scoring foods for Hazard Characteristic B given
on Table 4-2. Give the product a plus (+) if it is sensitive or contains micro-
biologically sensitive ingredient(s). Give raw materials or ingredients a plus
(+) if they are microbiologically sensitive or contain sensitive foods (e.g., a
cheese/starch flavor blend).

A “sensitive ingredient” is defined as “any ingredient historically associated
with a known microbiological hazard.” The term “ingredient” normally also
applies to raw materials. “Sensitive ingredient” was coined for microbiological
hazards (infectious agents and their toxins), but it is also now used for ingredients
and raw materials that are historically associated with known chemical or physical
hazards.

The original list of microbiologically sensitive foods was based on the potential
presence of the Salmonella species. Now any type of hazardous microorganism
may cause a food to be “sensitive,” and the list of sensitive foods has grown,
particularly with the recognition that Listeria monocytogenes is a known threat
in many foods. A partial listing of sensitive raw materials and ingredients is
provided in Table 4-3 to assist in scoring a food, or its raw materials and
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TABLE 4-3 Microbiologically Sensitive
Raw Materials and Ingredients

Meat and poultry

Eggs

Milk and dairy products (including cheese)
Fish and shellfish

Nuts and nut ingredients

Spices

Chocolate and cocoa

Mushrooms

Soy flour and related materials

Gelatin

Pasta

Frog legs

Vegetables

Whole grains and flour (secondary contamination)
Yeast

Dairy cultures

Some colors and flavors from natural sources

ingredients, for Hazard Characteristic B. If there is a question as to whether a
food is sensitive, it should be considered sensitive until more information is
available for purposes of clarifying its status.

Compounded ingredients may be considered sensitive if they are combinations
of sensitive and nonsensitive ingredients. For example, a fat coated on milk
powder, or compounded cheese flavor coated on starch. It is best to list all
components of a blended material to determine if the blend contains a sensitive
ingredient and also determine if it has received a controlled processing step that
destroys hazardous microorganisms. In some cases, it is important to determine
if microbiological toxins may also be present in a “processed” food, if it is to

TABLE 4-4 Foods Not Normally Considered
Sensitive

Salt

Sugar

Chemical preservatives

Food grade acidulents and leavening agents

Gums and thickeners (some may be sensitive depending on
origin, such as tapioca and fermentation-derived gums)

Synthetic colors

Food grade antioxidants

Acidified high salt/acid condiments

Most fats and oils (exception is dairy butter)

Acidic fruits
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be used as an ingredient (e.g., heat stable staphylococcus enterotoxin in canned
mushrooms).

Many raw materials and ingredients are not considered microbiologically
sensitive even though they may occasionally be contaminated with hazardous
microorganisms. A partial list is included in Table 4-4.

Tables 4-3 and 4-4 are not necessarily an exhaustive listing of all sensitive
and nonsensitive ingredients. When in doubt, it is recommended that assistance
be obtained from authoritative sources including universities, regulatory agen-
cies, trade organizations, consultants and consulting laboratories.

CHEMICAL AND PHYSICAL HAZARD RISK
ASSESSMENT PROCEDURES

The following protocol for hazard analysis of chemical and physical food hazards
complements the existing microbiological hazard analysis scheme given in the

TABLE 4-5 Hazard Characteristics for Ranking foods for Chemical and
Physical Hazards*

HAZARD A: A special class that applies to products designated and intended for consumption
by high-risk populations (e.g., infants, the aged, the infirm, or
immunocompromised individuals).

(Examples are foods intended for persons sensitive to sulfites, and for infants
where glass is of particular concern.)

HAZARD B: The product contains “sensitive” ingredients known to be potential sources of
toxic chemicals or dangerous physical hazards.

(Examples are aflatoxin in field corn, and stones in agricultural products.)

HAZARD C: The process does not contain a controlled step that effectively prevents, destroys
or removes toxic chemical or physical hazards.

(Examples include steps for prevention of the formation of toxic or carcinogenic
substances during processing; destruction of cyanide-containing compounds by
roasting of apricot pits; and removal of toxic processing chemicals such as lye
or dangerous foreign objects such as sharp pieces of metal.)

HAZARD D: The product is subject to recontamination after manufacturing before packaging.

(Example is where contamination may occur when a manufactured product is
bulk packed, shipped and packaged in another facility.)

HAZARD E: There is substantial potential for chemical or physical contamination in
distribution or in consumer handling that could render the product harmful
when consumed.

(Examples are contamination of a food from containers or vehicle compartments
that previously contained toxic chemicals or foreign objects; selling food in
open containers; or where the potential for product tampering is high.)

HAZARD F: There is no way for the consumer to detect, remove or destroy a toxic chemical
or dangerous physical agent.

(Examples are presence of toxic mushrooms or paralytic shellfish toxins, or
presence of sharp metal objects buried in a food.)

*Abstracted from Corlett and Stier (1991).
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NACMCEF system. Hazard characteristics for chemical and physical agents were
developed in 1990 for use in the ESCAgenetics Corporation training course, “A
Practical Application of HACCP,” and were recently published (Corlett and
Stier, 1991). They are designed so that both chemical and physical hazards in
food may be assessed by using the same six hazard characteristics.

Generally, hazard analysis for chemical and physical hazards is conducted
like the procedure for microbiological hazards provided in the NACMCEF guide.
Although the six hazard characteristics are somewhat different, the same plus
(+) and zero (0) scoring system and hazard category assignment procedures are
used.

Table 4-5 provides the hazard characteristics for ranking foods for both chem-
ical and physical hazards. This table also includes examples of chemical and
physical agents that could potentially be present in a food relative to each hazard
characteristic. The concept of “sensitive” products, raw materials and ingredients
is also used in Hazard Characteristic B for chemical and physical hazards.

EXAMPLES OF THE COMBINED HAZARD
ANALYSIS FOR CHEESE DIP

The complete hazard analysis consisting of ranking of potential microbiological,
chemical and physical hazards and assignment of hazard categories is illustrated
in the example of a hypothetical cheese dip product (called Don’s Delight, Table
4-6).

TABLE 4-6 Cheese Dip Ingredients (Don’s Delight)?

Types of Potential Hazards

Ingredient Microbiological Chemical Physical
Raw celery Salmonella sp. Pesticides Metal
Shigella sp. Wood
Listeria monocytogenes Rocks
Dried Salmonella sp. Pesticides Metal
mushrooms Shigella sp. Wood
Staphylococcus aureus Rocks
Soft-ripened Listeria monocytogenes Pesticides Metal
cheese Salmonella sp. Antibiotics
Staphylococcus aureus Hormones
EP Escherichia coli
Water Microbial pathogens Various n/u
Salt Not usually (n/u) n/u Metal
Stabilizer Not usually (n/u) n/u Metal

*From ECSAgenetics Corporation course “A Practical Application of HACCP”.
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HACCP WORKSHEET

FORM 5.0

RISK ASSESSMENT WORK-SHEET FOR MICROBIOLOGICAL FOOD HAZARDS

PRODUCT: CHEESE DIP

(DON'S DELIGHT)

PAGE_1_OF__1__ PAGES

DATE:

35

FOOD PRODUCT(S)

AS USED BY THE CONSUMER..........

MICROBIOLOGICAL HAZARD CHARACTERISTICS ASSOCIATED WITH
THE FOOD (+ POR "YES"; O FOR "NO")

A B c D E F
PRODUCT |HIGH RISK|SENSITIVE|NO KILL- |RECONTAM.|ABUSIVE |NO TERM. |HAZARD
SPECIAL |INGRED- |STEP IN |BETWEEN |HANDLING |HEAT PROC|CATEG.
POPULAT. |IENTS PROCESS | PROC/PACK|DIST/CONS|BY CONSUM
(1) REFRIG. 0 ' + + + A v.
]
(2) FROZEN 0 + 0 + + + v.
]
0 + 0 0 0 + II.

(3) CANNED
L

RAW MATERIALS AND INGREDIENTS..

.AS RECEIVED, BEFORE ANY MANUFACTURING STEPS
BY THE FOOD PACILITY (SUCH AS COOKING)

RAW MAT. A B c D E | F:NO KILL|HAZARD
OR INGRE. STEP BEFORE|CATEG,
RECEIPT*

RAW CELERI 0 + + + + + V.
DRIED MUS%ROOMS 0 + + + 0 + v,
SOFT-RIPENED CHEESE + + + ' + v.
SALT 0 0 0 0 o 0 0.
WATER 0 + ) + ) + IIr.
STABILIZER 0 0 0 0 0 0 0.

* NO HEAT PROCESS OR ANY OTHER KILL-STEP APPLIED AFTER PACKAGING BY
SUPPLIER; NO HEAT PROCESS OR OTHER KILL-STEP BEFORE ENTERING FOOD PLANT.

Copyright 1990 by ESCAgenetics Corporation and licensed to D.A. Corlett.

DONSMICR

FIGURE 4-1.

Principle 1.

4-10

Form 5.0. Risk assessment work sheet for microbiological food hazards, HACCP
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HACCP PRINCIPLE 1. HACCP WORKSHEET FORM 6.0-A

RISK ASSESSMENT WORK-SHEET FOR CHEMICAL OR PHYSICAL FOOD HAZARDS
IS THIS SHEET TO BE USED FOR CHEMICAL OR PHYSICAL HAZARDS? ""CHEMICAL"

PRODUCT: CHEESE DIP (DON'S DELIGHT) DATE:

FOOD ITEM HAZARD CHARACTERISTICS KNOWN TO BE ASSOCIATED WITH THE HAZARI
FOOD AND IT'S INGREDIENTS (+ FOR "YES"; O FOR "NO") CATEG.

A B C D E F
(1) |HIGH RISK|INGREDS. |NOT RE- RECONTAM. | CONTAM. CONS.CAN-

PRODUCT SPECIAL CONTAIN MOVED IN | BETWEEN BY DIST. |NOT DE-

POPULAT. |HAZARD MANUFACT. |MAN./PAC.|OR CONS. |TECT/REM.

REFRIGERATED 0 + + . 0 + Iv.
FROZEN 0 + + + 0 + Iv.
CANNED 0 + + + 0 + Iv.
(2)

RAW MAT'S

AND ING'S

RAW CELERY 0 + + + + + v.
DRIED MUS?ROOMS 0 + ‘ + 0 + 1v.
SOFT-RIPENED CHEESE + + + 0 + Iv.
SALT ) 0 ) 0 0 0 0.
WATER 0 + + 0 0 + 1.
STABILIZER 0 0 ) + 0 + I1.

NOTES: (1) AS USED BY CONSUMER
(2) AS ENTERING THE FOOD FACILITY BEFORE PREPARATION OR PROCESSING

Copyright 1990 by ESCAgenetics Corporation and licensed to D.A. Corlett.
DONSCHEM

4-11

FIGURE 4-2. Form 6.0-A. Risk assessment work sheet for chemical food hazards, HACCP
Principle 1.
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HACCP PRINCIPLE 1. HACCP WORKSHEET FORM 6.0-B

RISK ASSESSMENT WORK-SHEET FOR CHEMICAL OR PHYSICAL FOOD HAZARDS

IS THIS SHEET TO BE USED FOR CHEMICAL OR PHYSICAL HAZARDS?__ "PHYSICAL"

PRODUCT: CHEESE DIP (DON'S DELIGHT) DATE:
FOOD ITEM HAZARD CHARACTERISTICS KNOWN TO BE ASSOCIATED WITH THE HAZARI
FOOD AND IT'S INGREDIENTS (+ FOR "YES"; O FOR "NO") CATEG.
A B C D E F
(1) |HIGH RISK|INGREDS. |NOT RE- RECONTAM. | CONTAM. CONS.CAN-

PRODUCT SPECIAL CONTAIN MOVED IN |BETWEEN BY DIST. |NOT DE-
POPULAT. |HAZARD MANUFACT.|MAN./PAC.|OR CONS. |TECT/REM.

REFRIGERATED 0 + 0 + 0 + III.
FROZEN 0 + 0 + 0 + I1I.
CANNED | 0 + 0 + 0 + I1I.
(2)

RAW MAT'S

AND ING'S

RAW CELER1 0 + + + + + V.
DRIED MUS?ROOMS 0 + + + 0 + Iv.
SOFT-RIPENED CHEESE + 0 + 0 + I1I.
SALT 0 + 0 + 0 + III.
WATER 0 0 0 0 0 0 0.
STABILIZER 0 + 0 + 0 + III.

NOTES: (1) AS USED BY CONSUMER
(2) AS ENTERING THE FOOD FACILITY BEFORE PREPARATION OR PROCESSING

Copyright 1990 by ESCAgenetics Corporation and licensed to D.A. Corlett.
DONSPHYS

FIGURE 4-3. Form 6.0-B. Risk assessment work sheet for physical food hazards, HACCP
Principle 1.
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Forms 5.0 (Microbiological, Fig. 4-1), 6.0-A (Chemical, Fig. 4-2), and 6.0-
B (Physical, Fig. 4-3) illustrate the ranking of hazard characteristics and as-
signment of hazard categories for three modes of preservation for the cheese dip
product, and the ranking of all raw materials and ingredients.

References

Corlett, D.A. and Stier, R.F. 1991. Risk assessment within the HACCP system. Food
Control. 2:71-72.

Corlett, D.A. and Stier, R.F. 1990. Course manual: A Practical Application of HACCP.
ESCAgenetics Corporation, San Carlos, CA. Licensed to D.A. Corlett, 5745 Amaranth
Place, Concord, CA 94521.

National Advisory Committee on Microbiological Criteria for Foods NACMCF). HACCP
Principles for Food Production. FSIS Information Office, Washington, DC.



5

Determining Critical
Control Points

William H. Sperber

Principle 2. Determine the Critical Control Points required to control the iden-
tified hazards.

INTRODUCTION

Rather than organize this chapter according to the types of hazards present in a
food system—physical, chemical or biological—I have chosen to discuss Critical
Control Points (CCP) according to a typical product flow from:

* production, growing or procurement of raw materials,
* ingredient receiving and handling,

* processing,

* packaging,

* distribution, and

* handling at retail, foodservice or in the home.

At each of these stages we will consider a number of CCPs for representative
physical, chemical or biological hazards. Obviously, not every specific hazard
and its CCP can be discussed in this chapter. However, an attempt is made to
give a very comprehensive coverage of the possible CCPs.

Which type of hazard—ophysical, chemical, or biological—is the most com-
monly detected in food production? Physical hazards are the most common
because of the many chances for foreign material contamination. Biological
hazards, however, justifiably receive more attention because of the ability of
microorganisms to multiply in food and potentially affect more people. For
example, a stone or piece of glass in a package of vegetables may cause injury
to a consumer, but it would affect only one individual and the injury would
likely be minor. In contrast, Salmonella contamination in a pasteurized milk

39
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packaging operation could affect many thousands of consumers and some of the
resulting illnesses could lead to death.

Remember, a CCP is defined as: any point or procedure in a specific food
system where loss of control may result in an unacceptable health risk.

The hazard analysis and risk assessment process described in the preceding
chapter requires the involvement of technical experts from a variety of disciplines
including microbiology, toxicology, engineering, and regulatory compliance. It
is unlikely that any one person could identify all of the potential hazards in a
given food production system. Therefore, the same group of experts needs to
be involved in the determination of CCPs since a CCP must be established for
each identified hazard.

REPRESENTATIVE CCPs
Growing

All types of hazards—physical, chemical and biological—are potentially asso-
ciated with the growing of animals and plants.

Often antibiotics are used to treat diseases in animals. Only approved anti-
biotics can be used and often they cannot be administered within a certain period
before slaughter. This CCP is necessary to protect consumers who are sensitive
to specific antibiotics and to reduce chances for evolution of antibiotic resistant
pathogens in the human population.

The application of pesticides to crops is another CCP. Only approved pes-
ticides can be applied and then in the amounts specified by regulation or by the
manufacturer. The types of pesticides will vary with individual crops. The timing
of application before harvest is important so that residues do not persist in the
consumer product. Many processors will grow crops under contract with indi-
vidual farmers and closely regulate the use of pesticides.

Even the location of the growing field is a CCP. It is important to know the
pesticide history of the field. Only approved irrigation water and systems should
be used. For example, trench irrigation may be more appropriate than spray
irrigation in some situations. Some processors require that fields not be located
next to roads or former dump sites in an effort to minimize glass contamination.
Fields should be carefully inspected before planting and objects such as glass
bottles must be removed.

Ingredient receiving

Food ingredients should be shipped only in vehicles which are clean and sanitary.
Nonfood chemicals, such as pesticides, cannot be permitted in the same shipment
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with food-grade materials. Bulk shipments in particular must be locked and
sealed to assure that contamination or tampering cannot occur during shipment.

Temperature control of perishable raw materials is essential and will be a
CCP.

Sensitive ingredients must be quarantined and tested before being released to
production. Often the tests are performed before the shipment is unloaded (e.g.,
antibiotic or phosphatase testing in milk or aflatoxin testing in corn). Many of
the microbiology tests require one or more days before completion. The ingre-
dients must either be quarantined during this time or pre-shipment arrangements
need to have been made with the supplier to provide the necessary assurance
that the material is contaminant free. We, as other major food processors, main-
tain sensitive ingredient categories for Salmonella, Staphylococcus aureus, Lis-
teria monocytogenes, Bacillus cereus, and aflatoxin.

The growing importance of “Just-In-Time” (JIT) procurement and production
places greater demands on the microbiology laboratory to provide accurate results
on a timely basis. It is the responsibility of the food processor to certify the
competency of the microbiology laboratory—either its own, or the contract
laboratory it may use. Laboratory certification entails the certification of indi-
vidual technicians through training programs and check samples, and periodic
laboratory audits for use of approved testing procedures and compliance with
good laboratory practices.

Ingredient handling

The food processor must establish and maintain CCPs for ingredient handling,
both for bulk and packaged ingredients. Most of these CCPs are necessary to
detect and contain potential physical hazards.

All bulk receiving lines should be locked to protect against accidental or
premature unloading, tampering, and infestation. The outlet of each bulk system
needs to be protected by a physical control device such as a sifter, magnet or
filter.

Some claim that there should be only one CCP for a particular hazard in a
given production system. For example, the CCP for metal contamination would
be a metal detector on the finished packaged product.

However, I disagree with this approach since the basic premise of HACCP
is to prevent hazards from occurring in the first place. The keys to HACCP are
design and prevention. Therefore, a more pragmatic approach is warranted. It
is much better to have physical devices upstream to detect foreign material
contamination as early as possible. If a bulk ingredient is contaminated with
metal, for example, it would be better to detect the contamination and isolate
the ingredient before it could be used. In principle, you should not wait until a
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contaminated ingredient has been converted to a more expensive finished product
before detecting the contamination.

Another advantage of early detection is the protection of processing equipment
which often operates with high precision and usually is quite expensive. Tramp
metal which enters the processing stream either from an ingredient source or
from a piece of equipment can be detected and immobilized by a number of
devices such as magnets or screens.

At Pillsbury we require at least one CCP on each bulk ingredient system
which feeds into a production line (Fig. 5-1A). In this way, problems can be
identified and corrected more quickly than if we had relied solely on downstream
CCPs. Bulk liquid systems such as liquid shortening or liquid sugar can be
protected by filters or screens. Bulk dry systems such as bulk flour or bulk sugar
can be protected by magnets, sifters or screens.

Packaged ingredients must be passed through physical devices which serve
as critical control points. Bagged dry ingredients such as flour, nonfat dry milk,
soy flour, and cocoa need to be emptied into a bag dump station which at a
minimum includes a scalping screen and a magnetic grate. Optimally the bag
dump station will also include a sifter with magnetic metal or synthetic Nytex
screens. Canned ingredients such as No. 10 cans of mushrooms need to be
dumped over a plate magnet to detect and remove metal shavings which inevitably

L

e

PRODUCTION LINE

FIGURE 5-1.  CCP for each ingredient delivery system.
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are formed when the cans are opened. Boxed ingredients such as nutmeats which
will be added directly to products like ice cream should be passed through a
metal detector before the nutmeats are added to the production stream.

Processing

The CCPs most obvious to us are those involved in food processing: the mixing
of ingredients, often a thermal processing step, and the packaging of the com-
pleted product.

Some perishable foods depend on the product’s formulation to assure their
safety. In these foods, CCPs are necessary to control parameters such as the
product’s pH, water activity, or the presence of preservatives such as sodium
nitrite.

It is common practice to save partial batches of product, as well as recycled
or mislabelled products for later reworking. Usually the salvaged product is
reworked into the new product stream at the rate of 5 to 10 percent. If any of
the salvaged materials contain allergenic ingredients such as peanuts, milk, eggs,
etc., a CCP must be established for rework control. This is essential to protect
those consumers who are allergic or hypersensitive to these ingredients. A typical
requirement at this CCP is to rework “like into like” so that cross-contamination
of products which do not contain allergic ingredients cannot occur.

There are a great many types of thermal processes which can be controlled
to assure the destruction of pathogenic microorganisms. Some of the processes
provide a pasteurization treatment in which vegetative cells are killed, while
others provide a sterilization treatment which is capable of inactivating the heat
resistant bacterial spores.

The cooking of raw meats, poultry, and other ingredients can be established
as a CCP for the destruction of vegetative pathogens such as Salmonella sp.

For some foods, the thermal process must be very precisely controlled to
ensure the destruction of vegetative pathogens without overheating the product.
Such precise controls are necessary for the pasteurization of milk, ice cream and
liquid eggs. The equipment and controls used in these pasteurization processes
are quite elaborate and are designed according to the published requirements of
government regulatory agencies to assure the control of both temperature and
time. Critical control points are established for indicating thermometers, re-
cording thermometers and charts, differential pressure controls and flow diversion
valves.

Some products depend on a hot-filling process to pasteurize both the product
and its container. For these products, the temperature at filling is a CCP. The
temperature needs to be maintained for a minimum time and with some con-
tainers, particularly plastic bottles, inversion is required to pasteurize the bottle’s
neck and spout.
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Pancake syrups are a good example of a hot-filled product which requires
CCPs for filling temperature, minimum time in the bottle above this temperature,
and inversion of the bottles during their pasteurizing cycle. (Upstream, the
pancake syrup requires formulation CCPs for the control of pH, water activity,
and the presence of preservatives.)

The CCPs involved in sterilizing processes are analogous to those used in
pasteurizing processes except there are more CCPs in sterilization. This is due
to the physical complexity of the system required to achieve and maintain precise
time and temperature control at high steam pressures.

Additional time and temperature controls are frequently the subject of CCPs.
These include holding kettles, recycle systems, surge hoppers for fillers, cooling
rates and storage temperatures. These CCPs are very important in the production
of refrigerated and frozen foods.

In the above discussion we have been considering heat treatments of moist
foods. Similar CCPs are necessary to control the pasteurization of dry food: e.g.,
“hot-boxing” egg albumen to assure the destruction of salmonellae.

The remaining processing CCPs to consider are those involved with facility
design, good manufacturing practices (GMPs), and cleaning and sanitizing prac-
tices. Many of these CCPs are new to the food industry and have been necessitated
by the emergence of Listeria monocytogenes as a foodborne health and regulatory
hazard.

Facilities must be designed (or remodeled, if necessary) to maintain positive
air pressure in the processing and packaging areas. This is a CCP which will
keep airborne contaminants out of the production areas. The make-up air for the
facility must be filtered and all areas around the intakes need to be kept clean
and dry.

Similarly, process air needs to be filtered so that it cannot serve as a source
of contamination. A good example of this is the air used to produce overrun in
ice cream production. The presence of a clean and dry filter in this air line is a
CCP.

We have strengthened a number of GMPs to control cross contamination from
raw materials to processed foods. These are easily administered as CCPs. Ex-
amples include traffic control and some of the personnel GMPs. Traffic control
applies to all persons—line workers, supervisors, visitors, maintenance workers
and truck drivers. Under no circumstances should truck drivers be permitted
inside the plant. Each plant should provide a separate waiting area for them.
Line workers who handle raw material (e.g., raw meat) should not be permitted
to handle cooked products or even enter the processing and packaging areas for
the cooked products. The use of different colored uniforms and physical barriers
can help enforce traffic controls. These controls also need to be applied to fork
lift trucks and pallets. Some companies take traffic control so seriously that they
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have built separate locker rooms and lunch rooms for workers who handle raw
materials and those who handle finished products.

The personnel GMPs which need to be enforced as CCPs include: hand dip
stations in processing areas, footbaths with sanitizers and the wearing of hard-
soled shoes or rubber boots instead of soft-soled (running) shoes which act as
sponges to incubate bacteria and carry them from one area to another. As you
can probably recognize, we wouldn’t have talked about those practices as CCPs
before the emergence of Listeria.

Similarly, certain cleaning and sanitizing procedures are now administered
as CCPs. These are principally in post-pasteurization areas before products are
packaged. We have established CCPs for cleaning and sanitation of certain food
contact surfaces (e.g. ice cream freezers and fillers). I would expect that such
CCPs could also be applied beneficially in the packaging of refrigerated meats.

Equipment cleaning can also be a CCP to assure the removal of allergenic
ingredients before product changeovers.

Packaging

Several important CCPs are usually established in conjunction with product
packaging. One of these is the use of a metal detector to reject products which
contain metal. Another CCP is the use of a product code to provide trace and
recall capabilities. A relatively new packaging CCP is the use of a tamper-
evidence feature such as sealed membranes or shrink bands to protect consumers
against product tampering.

A number of potentially important packaging CCPs must be considered and
incorporated as necessary during the stage of product and package design. These
include compliance with the consumer product safety act so that, for example,
packages will not be set on fire in microwave ovens. Others are: labelling, so
that consumers are aware of the presence of potential allergens; recipe review
and approval, so that the consumer is advised not to use the product in an unsafe
manner; the potential for the migration of chemicals from the packaging material
to the food; and the composition of the headspace atmosphere. This last point
is an important consideration for certain perishable foods where an anaerobic
environment may permit growth and toxin production by Clostridium botulinum.

Distribution

The important CCPs in distribution are required for time and temperature control.
Refrigerated foods must be kept at 40°F or below and frozen foods at or below
0°F. It is essential for the manufacturer to adequately chill or freeze the products
before they are loaded onto trucks for distribution, since the refrigeration systems
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on trucks are designed to maintain temperatures, but cannot lower temperatures.
It is also essential that products not be exposed to higher temperatures on loading
docks for too long a period of time. The CCPs for distribution are particularly
important in the United States and Canada because of the very long supply lines,
in contrast to European countries where the supply lines are much shorter.

Retail/Foodservice/Home

Time and temperature controls are equally important during the final stages of
getting the products to the consumer and during their storage in the home.
Because of the unreliability of temperature control in many retail display cases,
several manufacturers of chilied convenience foods have purchased refrigerated
kiosks in which they themselves can control the temperature at the retail outlet.
Foodservice applications extend over a broad range of settings including super-
market delicatessens, restaurants, hotels, and institutions. In foodservice, CCPs
for temperature control also apply to the proper holding of heated foods at
elevated temperatures so that bacterial pathogens cannot multiply. This is a most
important point, since over the years, inadequate holding temperature has been
the most frequent cause of foodborne illness in foodservice operations.

In the home and in foodservice operations cross-contamination control is an
important CCP to prevent the transfer of pathogens to the cooked food from raw
foods, the utensils used to handle these foods, and the foodhandler’s hands.
Cooking procedures are also important CCPs, especially in the case of items
such as raw poultry which are frequently contaminated with bacterial pathogens.

LOW-ACID CANNED FOODS CCPs

An example of determining CCPs can be given by reviewing those important in
the production of a low-acid canned food (LACF) such as cream-style corn. It
is most appropriate to use a LACF as an example because in 1974, the FDA
incorporated the idea of HACCP and CCPs into a regulation involving the
production of food for the first time, the LACF regulation (21 CFR, part 113).

The CCPs for LACF production can be organized into four groups: growing,
processing and can filling, thermal processing, and can seam evaluation. There
are many variables involved in thermal processing, each of which needs to be
managed as a CCP. At first glance, some of the CCPs may not seem directly
important to food safety. In fact, deviations at some of them may not lead to a
health hazard. However, because thermal processing is a very complex and
integrated operation, it is important that all CCPs be managed closely to assure
food safety.
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Growing

The CCPs employed here are the same as those we discussed at the outset and
are based upon the selection of the growing field and the proper use of pesticides.

Process and can filling

The corn is removed from the cob and cut by rotating knives. One CCP would
be the use of a magnet or metal detector to detect the break up of any of the
knives.

Product viscosity is an important CCP because it has a major effect on the
rate of heat penetration in either still or agitating retorts.

The amount of headspace is crucial in cans which will be thermally processed
in an agitating retort. The initial headspace provides a bubble of air which serves
to stir the can’s contents as it rotates in the retort. If the bubble is too small,
the rate of heat penetration will be reduced.

Can codes must be used for trace and recall capability. Sanitation surveys
and bacterial spore counts on certain ingredients (e.g., sugar and starch) are
important to manage the microbial load which the product carries into the thermal
process. If the load is too high, commercial sterility might not be achieved.

Thermal processing

There are many CCPs involved in the actual delivery of the thermal process.
Most of them are related to the equipment and can be observed in Fig. 5-2,
which depicts a horizontal still retort. The CCPs at this stage are:

* Control of the initial temperature (IT) of the canned product as it enters the
retort.

* Proper venting of the retort to assure that all air is removed as it is filled
with steam.

» The thermal process must be conducted for a given time and temperature
to provide commercial sterility. In the case of LACFs, the attainment of
commercial sterility also guarantees the attainment of product safety.

* A mercury-in-glass thermometer is required to indicate the cooker temper-

ature.

Recording thermometers are required to document both time and temperature

control.

* Sanitizers must be used in the cooling water so that those cans with micro-
leaks in the seam area will not become contaminated.

* In the case of still retorts a system of crate control is an essential CCP to
guarantee that unprocessed containers cannot bypass the retort.
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Can seam evaluation

The integrity of the can seams is vital to maintain product safety and stability
during the relatively long shelf life of canned foods. Accordingly, there are many
CCPs for can seam evaluation to assure the proper functions of the can seaming
equipment. These include a visual examination for rough or sharp edges and
other obvious defects.

Additionally, precise external dimensions are recorded (Fig. 5-3). These are:
seam height, seam thickness, and countersink depth. At this point the can is cut
apart and several internal dimensions are measured and recorded: cover hook
length, body hook length, and the overlap between the two. Additional mea-
surements not depicted in Fig. 5-3 are the tightness (wrinkle) rating, the pressure
ridge rating and the juncture rating (for three-piece cans).

SUMMARY

The determinations of CCPs is a complex and demanding process covering a
very broad range of physical, chemical, and biological hazards in many different
types of operations.

Major food processing facilities can be quite large with a number of bulk
ingredient handling systems and rather long and intricate processing lines. Such
systems are essential for high speed production and for maximum flexibility in
product changeovers. In the author’s experience, the potential food safety hazards
present in a complex processing system can be pragmatically managed by the
establishment of about 15 to 20 CCPs. Specialized systems such as LACF
production have about twice as many CCPs.

This chapter was developed to give a broad idea of the representative CCPs
which may be necessary in food used in any single processing system. Con-
versely, not all possible CCPs have been presented. The determination of CCPs
for a given production system depends on a complete and accurate hazard analysis
by a team of experts who understand the product and the process by which it is
produced.
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Establishing Critical Limits for
Critical Control Points

Lloyd J. Moberg

Principle 3. Establish the critical limits which must be met at each identified
CCP.

INTRODUCTION

To achieve maximum success in food product protection, HACCP programs
should be restricted to safety. HACCP Critical Control Points (CCPs) should
only be used to control those points in a food manufacturing process where lack
of control will likely result in the development of a potential safety hazard. They
should not be used to control nonhazardous situations. Too many control points
to monitor, by inclusion of nonhazardous points, will dilute the focus on safety.
With manufacturing resources to monitor HACCP CCPs already limited in most
cases, inclusion of nonhazardous points will result in the personnel not under-
standing which are the truly critical points. The end result of such a disparate
program will be that nothing is being adequately monitored. There will then be
no assurance that the product being released meets all the safety requirements;
a potential hazard may be delivered to consumers. Nonsafety related monitoring
procedures should instead be part of a standard quality assurance program.

HACCEP Principles No. 1 and No. 2 (NACMCF 1990) have been introduced
and discussed in previous chapters. Examples of potential hazards of a chemical,
physical and biological nature have been identified and their risks assessed. Flow
diagrams have been generated for the entire production process, from raw ma-
terial growth through consumer use. Critical Control Points to control the iden-
tified hazards have themselves been identified and placed on the flow diagram.
The next part of the HACCP process focuses attention to establishing the Critical
Limits for these Critical Control Points.

The questions now become “How does one identify the Critical Limits as-
sociated with the Critical Control Points? How are the parameters for Critical
Limits established? How does one determine when a safety hazard may develop?”
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