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Preface

Effective sanitation is mandatory for the attainment of a safe food supply. The
continued interest in and consumer demand for food safety and security and
high-volume food processing and preparation operations have increased the
need for improved sanitary practices from processing to consumption. This
trend presents a challenge for the food processing and food preparation indus-
try to adopt rigid sanitation practices.

Sanitation is an applied science that involves the attainment of hygienic
conditions. Because of the emphasis on food safety, sanitation has increased
in importance to the food industry. In the past, sanitation workers, including
sanitation program managers, were inexperienced employees with limited
skills who have received little or no training and have had only limited expo-
sure to this important function. However, it is crucial that sanitation employ-
ees have knowledge about the attainment of hygienic conditions. Technical
information has been limited primarily to training manuals provided by regu-
latory agencies, industry and association manuals, and recommendations
from equipment and cleaning compound organizations. A large percentage of
this material lacks specific information about the selection of appropriate
cleaning methods, cleaning equipment, cleaning compounds, sanitizers, pest
control, and waste disposal for maintaining hygienic conditions in food pro-
cessing and preparation facilities.

The purpose of this book, as with previous editions, is to provide sanita-
tion information needed to ensure hygienic practices and a safe food supply.
Sanitation is a broad and somewhat complex subject; thus, this text addresses
principles related to contamination, cleaning compounds, sanitizers, cleaning
equipment, allergen control, and pest control, as well as specific directions
for applying these concepts to attain hygienic conditions in food processing
and food preparation operations.

The discussion of this treatise begins with the importance of sanitation
with information about regulations, including the Food Safety Modernization
Act (FSMA). Increased concerns about biosecurity necessitated the need for
an update and expansion of Chap. 2, which addresses this subject. To enable
the reader to understand more fully the fundamentals of food sanitation, an
updated Chap. 3 is devoted to microorganisms and their effects on food prod-
ucts. This chapter contains additional information about pathogenic microor-
ganisms and rapid microbial determination methods. The ubiquity of allergens
and concern of those affected suggest the need to update and expand Chap. 4.
A discussion of contamination sources and hygiene has been rewritten and
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updated (Chaps. 5 and 6), including how management can encourage
improved sanitation. Chapter 7 provides an updated discussion on Hazard
Analysis Critical Control Points (HACCP) including additional information
about hazard analysis and electronic HACCP.

Chapter 8 is about quality assurance (QA) and sanitation. The updated
information given here presents specific details on how to organize, imple-
ment, and monitor an effective sanitation program.

Chapter 9 discusses cleaning compounds and contains updated informa-
tion on this subject. It examines characteristics of soil deposits and identifies
the appropriate generic cleaning compounds for the removal of various soils.
Furthermore, it relates how cleaning compounds function, identifies their
chemical and physical properties, and offers information on their appropriate
handling. Because of the importance of sanitizing, Chap. 10 discusses updated
information about sanitizers and their characteristics. This chapter discusses
specific generic compounds for various equipment and areas, as well as
updated information on such compounds.

Chapter 11 provides rewritten and updated information on cleaning and
sanitizing equipment most effective for various applications in the food
industry. It provides detailed descriptions, including new illustrations of most
cleaning equipment found in food processing and food preparation facilities.

Chapter 12 discusses waste product handling, which remains a major chal-
lenge for the food industry. This chapter contains updated information about
the treatment and monitoring of liquid and solid wastes. Pest control is
another problem for the food industry. Chapter 13 provides an updated dis-
cussion about common pests found in the food industry; their prevention,
including chemical poisoning; integrated pest management (IPM) and bio-
logical control; and the potential advantages and limitations of each method.
Chapter 14 contains a discussion of additional hygienic design and construc-
tion information for food establishments.

Because sanitation is so important in dairy, meat and poultry, seafood,
fruit and vegetable, and beverage plants, a chapter is devoted to each of these
areas. Chapters 15, 16, 17, 18, 19, and 20, which were rewritten, present
updated information about plant construction, cleaning compounds, sanitiz-
ers, and cleaning equipment that applies to those segments of the industry.
These chapters provide the food industry with valuable guidelines for sanita-
tion operations and specific cleaning procedures.

Chapter 21 addresses existing and updated sanitation information for the
foodservice industry. It provides instructions on how to clean specific areas
and major equipment found in a foodservice operation.

Effective management practices can promote improved sanitation, a topic
addressed in Chap. 22. The intent is not to provide an extensive discussion of
management principles but to suggest how effective management practices
can improve sanitation.

This book provides an updated and concise discussion about sanitation for
low-, intermediate-, and high-moisture foods. It offers value as a text for col-
lege students and continuing education courses about sanitation. It will serve
as a reference for food processing courses, industry-sponsored courses, and
the food industry itself. The authors acknowledge and sincerely thank all of
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the companies, organizations, and agencies that have provided photos, illus-
trations, and information that has been used in this book.

The authors wish to express their appreciation to those organizations that
provided figures that gave further insight to the information discussed.
Furthermore, we acknowledge the support and patience of our families dur-
ing the preparation of this revised edition.

Blacksburg, Virginia, USA Norman G. Marriott
Mississippi, MS, USA M. Wes Schilling
Ithaca, NY, USA Robert B. Gravani
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Sanitation and the Food Industry

Abstract

Large-volume food processing, retail, and preparation operations have
increased the need for sanitary practices and hygienic conditions in the
food industry. Even in hygienically designed plants, foods can be contami-
nated with spoilage microorganisms or those causing foodborne illness if
proper sanitary practices are not properly and routinely followed.

Sanitation is the creation and maintenance of hygienic and healthful
conditions. It is an applied science that incorporates principles regarding
the design, development, implementation, and maintenance of hygienic
practices and conditions. Sanitation is also considered to be a foundation
for food safety assurance systems.

The Food, Drug, and Cosmetic Act covers food commodities except
meat and poultry products from harvest through processing and distribu-
tion channels. Meat and poultry products are under the jurisdiction of the
U.S. Department of Agriculture (USDA). Good Manufacturing Practices
(GMPs) regulations are specific requirements developed to establish mini-
mum criteria for sanitation practices. A number of statutes related to pol-
lution control of the air, water, and other resources are enforced through
the Environmental Protection Agency (EPA).

The progressive company, including food processors, food retailers,
and foodservice operators, should take responsibility for establishing and
maintaining sanitary practices. An effective sanitation program is the
foundation of a food safety assurance system that is essential in reducing
the risk of biological, chemical, and physical hazards, meeting regulatory
requirements; protecting brand, image, and product reputation; and ensur-
ing product safety and quality.
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1 Sanitation and the Food Industry

Introduction

The food system is the technical, social, and eco-
nomic structure that supplies food to the popula-
tion. It is a complex, dynamic, and international
chain of activities that begins with production
and harvesting of raw agricultural commodities
on farms, ranches and in fishing operations
and moves to value-added processed and pre-
served products and then to retail food stores and
foodservice establishments (restaurants and
institutions) where these foods are prepared,
merchandised and sold to consumers. In addi-
tion, food is also sold in a variety of places
including farm stands, farmers’ markets, conve-
nience stores, gas stations, pharmacies, and food
trucks and even delivered to homes. This system
is influenced by a myriad of public policy con-
cerns including political and economic issues,
sociocultural issues, environmental issues, trans-
portation issues, as well as food sanitation and
safety issues. To fully comprehend the role of
sanitation and food safety in the food industry, it
is important to understand the size, scope, and
uniqueness of each sector of the food system.

Production Agriculture

Agricultural production is the beginning of the
food chain and provides fruits and vegetables for
direct consumption and the raw materials for use
in further processed and preserved products.
Today, there are about 2.1 million farms in the
United States (USDA 2012) employing more
than 2.6 million workers (USDA 2017a). Today’s
farmer produces 262% more food with 2% fewer
inputs than in 1950, and average farmer produces
enough food each year to feed 168 people world-
wide (American Farm Bureau Federation 2015).
Even though the number of farms is decreasing,
increased productivity, arising from innovation
and changes in science and technology, has
resulted in a wide variety of foods being made
available to US consumers. Proportionately, less
is spent on food in the United States (9.8% of
disposable income in 2014) than by consumers in
other countries around the world (USDA 2017b).

Although the structure of production agriculture
and farming practices has changed dramatically
over the years, the results have been a larger, less
expensive, more diverse, and safer food supply.

Food Processing and Manufacturing

Food and beverage processing facilities trans-
form raw agricultural materials into intermediate
food stuffs, ingredients, and/or edible products.
In the United States, there are about 31,000 food
processing plants owned by 22,000 companies.
These plants employ 1.8 million workers with
meat and poultry plants employing the largest
percentage of workers, followed by bakeries and
fruit and vegetable processing plants (USDA
2017c). Food manufacturing accounts for 14% of
all US manufacturing employees (USDA 2017c¢).
In recent years, the food processing industry has
become more consolidated than ever before with
mergers and acquisitions. From 2010-2015,
there were 2,238 mergers and acquisitions in the
food industry (The Food Institute 2016). To con-
tinue attracting customers and increase sales,
profits, and market share, food processors are
restructuring and expanding opportunities, reduc-
ing costs, and developing new, unique, value-
added products. In 2015, there were about 17,143
new food and beverage products developed in the
United States (Mintel GNPD 2017). The major
focus of this new product development was on
nutritious, refrigerated, and fresh foods, gourmet
products, and convenient foods, and this trend
appears to continue with food manufacturers
appealing to health-conscious, environmentally
concerned, and on-the-go consumers. The sanita-
tion, safety, quality and labeling of foods con-
tinue to be an important consumer concern.

Food Retailing

In the last two decades, the US retail food indus-
try has experienced significant changes as con-
solidation and structural changes through mergers,
acquisitions, internal growth, and new competi-
tors (drugstores and nontraditional food stores)



Consumers

have occurred. In 2015, there were 76 mergers
among food retailers and 36 mergers of conve-
nience stores (The Food Institute 2016). According
to a Progressive Grocer Report (2016), there are
over 228,000 food stores in the United States with
different formats including conventional super-
markets, supercenters, warehouse club stores,
convenience stores, gas stations, and other nontra-
ditional places where food is sold. Retail food
stores employ over 3.4 million workers through-
out the United States and stock about 40,000 food
items that provides consumers with a wide variety
of products (Food Marketing Institute 2017).

To meet demands and increase customer satis-
faction, food retailers have expanded their offer-
ings of fresh prepared and convenience foods and
provided other unique food items for sale.
Expanded fresh produce and seafood depart-
ments, ethnic foods, international foods, salad
and hot bars, in-store cafes, and restaurants have
attracted health conscious consumers who have
an increased need for convenience. Consumers
select their primary food store for many reasons,
but top among them are fresh and healthy foods,
store cleanliness, convenience, and store mainte-
nance. Store cleanliness and food sanitation
clearly play a very important role in supermarket
choice.

Foodservice (Restaurants
and Institutions)

In 2017, there were more than one million restau-
rants in the United States that provide employ-
ment for approximately 14.7 million people
(about one in ten working Americans) (NRA
2017a). The restaurant industry is the nation’s
second largest private sector employer (NRA
2017b). According to the USDA, in 2014, food
purchases away from home accounted for about
50.1% of the total amount that people spent on
food (USDA 2017b). Since the 1970s, a number
of factors have caused this trend of greater eating
away from home, including more women work-
ing outside of the home, more two income-earner
households, and higher-income and smaller
households (USDA 2017d). Most eating and

drinking establishments are small businesses,
with approximately 90% of restaurants employ-
ing fewer than 50 employees, while seven in ten
are single-unit operations (NRA 2017a). In 2015,
foodservice sales worldwide grew 5.7% more
than the previous year (Statistica 2017). Prepared,
home-delivered meals, as well as meal Kkits
(meals in a box), where food and ingredients are
precisely proportioned, packaged, and delivered
to the home for preparation, are becoming
increasingly popular with young professionals.
Food trucks that often offer quick, convenient,
and unique foods are also becoming popular. The
restaurant industry will face some challenges in
the years ahead including legislative and regula-
tory pressures, increased labor costs, and cyber-
security issues. In addition, the retention and
recruitment of employees will be a top priority,
as a tighter labor market means greater competi-
tion with other industries for employees. Changes
in the workforce indicate a shift to older workers,
as the pool of young labor shrinks (NRA 2016).
All of these factors have implications for food
safety, sanitation, and employee training and
retention.

Consumers

Demographic changes have resulted in an
unprecedented shift in the size and structure of
the US population. Today, there are about 325
million people in the United States, with approx-
imately 2.2 million people added since 2016 (US
Census Bureau 2016 and 2017a). The population
is also aging. As baby boomers (those born
between 1946 and 1964) reach retirement age,
the proportion of the elderly population (65 years
old and older) is projected to more than double
from 2012 to 2050, when 21% of the population
will be 65 or older (Orman et al. 2014). The US
population is becoming more diverse with
Hispanics being the nation’s largest minority (US
Census Bureau 2017b). More women are work-
ing and postponing marriage and childbirth or
not having children at all. Today, women com-
prise approximately 47% of the total US work-
force (US Department of Labor 2010). In 2014,
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US consumers spent almost $1.5 trillion on food,
and 50.1% of this was spent on food away from
home (USDA 2017b). As mentioned previously,
Americans spent 9.8% of their 2014 disposable
income on food. This is the smallest percentage
of disposable income spent on food anywhere in
the world. With the increasing diverse population
and more adventurous eating patterns of
Americans, consumers are seeking a wider vari-
ety of high-quality ethnic and international
foods. Today, foods imported into the United
States make up about 19% of food eaten by
Americans (USDA 2016).

These dynamic and significant changes in all
sectors of the food system highlight the impor-
tance of food safety and sanitation in ensuring a
safe and wholesome food supply. Each sector
needs to work in partnership and collaboration to
assure a seamless food safety system.

As the food industry has become larger, more
concentrated and diversified, and international in
scope and as new hazards have emerged to cause
concern, food safety and sanitary practices have
taken on a new importance in protecting public
health. Many companies and organizations are
aggressively addressing food safety issues in
their facilities to prevent biological, chemical,
and physical hazards from causing illness and
injury to consumers. These issues have increased
the need for food workers to understand the criti-
cal importance of food safety and sanitary prac-
tices and how to attain and maintain hygienic
practices in all food facilities from the packing
house on the farm and in fishing boats to super-
markets, restaurants, and institutions, as well as
households. Those who truly understand the bio-
logical basis behind these practices, the reasons
why they need to be performed properly and
regularly, will be more effective in assuring the
safety of products that they grow, catch, manu-
facture, prepare, and sell.

What Is Sanitation?

The word sanitation is derived from the Latin
word sanitas, which means “health.” When
applied to the food industry, sanitation is “the

creation and maintenance of hygienic and health-
ful conditions.” It is the application of science to:

e Provide wholesome food that is stored, pro-
cessed, transported, prepared, merchandised,
and sold in a clean environment by healthy
workers.

e Prevent contamination by biological, chemi-
cal, or physical hazards that cause foodborne
illness or injury.

e Minimize the proliferation of food spoilage
microorganisms.

Effective sanitation refers to all procedures
and protocols that help accomplish these impor-
tant goals.

Sanitation: An Applied Science

Sanitation is an applied science that incorporates
the principles of design, development, implemen-
tation, maintenance, restoration, and/or improve-
ment of hygienic practices and conditions. The
application of sanitation refers to practices
designed to maintain a clean and wholesome
environment for food production, processing,
preparation, and storage. Sanitation is more than
just cleanliness and, when done properly, can
improve the aesthetic qualities and conditions of
commercial operations, public facilities, and
homes. Sanitation can also reduce waste and
improve waste disposal (Chap. 12), which results
in less pollution and improved sustainability.
When properly applied, food sanitation and gen-
eral sanitary practices have a beneficial impact on
our health, well-being, and environment.
Sanitation is considered to be an applied sci-
ence because of its importance in protecting
human health and its relationship to environmen-
tal factors that relate to health. It relates to the
control of biological, chemical, and physical haz-
ards in a food environment. Those who practice
sanitation (sanitarians) must be familiar with all
of these hazards and thoroughly understand basic
food microbiology and the bacteria, viruses, par-
asites, and molds that are most likely to affect
human health. By identifying, evaluating, and
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controlling hazards and through effective appli-
cation of sanitary practices, a safe and whole-
some food supply can be assured.

Sanitary Design and Sanitation

When building a new food facility or upgrading
or expanding an existing facility whether it is a
packing house on a farm, a food processing
plant, a retail food store, or a foodservice opera-
tion, it is important to incorporate the principles
of sanitary design into that facility and the
equipment contained in it (Stout 2003). The use
of sanitary design can prevent development of
microbial niches and harborage sites, facilitate
cleaning and sanitation, maintain or increase
product shelf life, and improve product safety by
reducing potential of foodborne illness and
injury and very costly food product recalls
(Stout 2003). Sanitation is one of the foundation
blocks that food safety management systems are
built upon and is vital to the production of safe
food.

Gravani (1997) stated that never in recent his-
tory have Americans been more concerned about
the quality and safety of the food supply than
now. Through the media, the Internet, and social
media, consumers have more information about
food (factual as well as opinion) than ever before.
In the 2016 International Food Information
Council (IFIC), Food and Health Survey of over
1,000 Americans ages 18-80, 66% of the respon-
dents indicated that they were confident in the
safety of the food supply, while one third were
not confident or not sure about the safety of the
food supply. Foodborne illness from bacteria was
the most important food safety concern of 57% of
those surveyed (International Food Information
Council 2016).

The Centers for Disease Control and
Prevention (CDC) estimates that approximately
48 million people will become ill from foodborne
illness, 328,000 will be hospitalized, and about
3,000 will die in the United States each year
(Centers for Disease Control and Prevention
2017). The national impact of these illnesses is
estimated to be $15.6 billion (in 2013 dollars)

(Hoffman et al. 2015). Gone are the days when
some food processing, retail food store, and
foodservice operators can offer excuses for poor
sanitation in their establishment(s). Yet, the
reasons for establishing and maintaining such
programs are more compelling, because they
relate to public health, to customer satisfaction,
and to the bottom line of a profit and loss state-
ment. Many consumer surveys indicate that shop-
pers and diners are interested in patronizing
establishments that are clean and sanitary. A sani-
tation program is “a planned way of practicing
sanitation” and is one of the key foundation
blocks of a food safety management system.
Food sanitation failures can result in consumer
complaints, lost customers, adverse publicity, as
well as local, state, and/or federal regulatory
actions. The old adage, “Sanitation does not cost,
it pays,” is still true today.

Most owners and operators of food facilities
want a clean and sanitary operation. However,
unsanitary operations frequently result from a
lack of understanding of the principles of sanita-
tion and the benefits that an effective sanitation
program will provide. The following brief discus-
sion of these benefits show that sanitation is not a
“dirty” word:

1. Inspection is more stringent because inspec-
tors are using the Hazard Analysis Critical
Control Points (HACCP) concept and begin-
ning to address preventive controls to estab-
lish compliance. HACCP-based inspections
focus primarily on the items critical to the
safety of foods and less on aesthetics. Thus, an
effective sanitation program is essential.

2. Foodborne illness can be controlled when
sanitation is properly implemented in all food
operations. Common problems caused by
poor sanitation are food spoilage through off-
odor and flavor. Spoiled foods are objection-
able to consumers and cause reduced sales,
increased consumer complaints, and increased
claims. Off-condition products convey the
lack of an effective sanitation program. Poor
sanitation can often lead to microbial niches,
biofilm formation, and food contaminated
with pathogenic microorganisms that can
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cause foodborne illness. When consumers
think that they have become ill from food,
they often notify regulatory authorities and
contact attorneys to seek compensation for
their illness and inconvenience.

. An effective sanitation program can improve
product quality and shelf life because the
microbial population can be reduced.
Increased labor, trim loss, packaging costs,
and reduced product value due to poor sanita-
tion can cause a decrease of 5-10% of profit
of meat operations in a supermarket. A well-
developed and maintained sanitation program
can increase the shelf life of food, providing a
product quality dividend.

. An effective sanitation program includes reg-
ular cleaning and sanitizing of all equipment
and utensils in a facility, including heating, air
conditioning, and refrigeration equipment.
Dirty, clogged coils harbor microorganisms,
and blowers and fans can spread microbial
flora throughout the facility. Clean and sani-
tized coils lower the risk of airborne contami-
nation, are more effective heat exchangers,
and can reduce energy and maintenance costs
by up to 20%. Insurance carriers may reduce
rates for clean establishments as a result of
improved working conditions as well as fewer
customer complaint claims.

. Various, less tangible benefits of an effective
sanitation program include (a) improved prod-
uct acceptability, (b) increased product shelf
life, (c) satisfied and perhaps even delighted
customers, (d) reduced public health risks, (e)
increased trust of regulatory agencies and
their inspectors, (f) decreased product waste
and removal, and (g) improved employee
morale.

Sanitation: A Foundation for Food
Safety Assurance

Proper sanitation practices provide the founda-
tion that food safety management systems are
built upon. Poor hygienic and sanitary practices
can contribute to outbreaks of foodborne ill-
nesses and cause injury. In the last several years,

there have been some major food safety incidents
that have made headlines and focused attention
on poor sanitary practices and safety controls in
all sectors of the food system. Products that
caused foodborne outbreaks and were recalled
from the market place included contaminated
cookie dough, peanut butter paste, ice cream,
flour, cantaloupes, and many other food items.
Some of these incidents are shown in Table 1.1
and explained below.

A large Salmonella enteritidis outbreak in ice
cream was caused by the cross-contamination of
pasteurized ice cream mix. The pasteurized mix
was transported from premix plants to a freezing
operation in contract tanker trucks that had previ-
ously been used to haul raw, liquid eggs. The
eggs were contaminated with Salmonella enter-
itidis. The hauler was supposed to wash and sani-
tize the trucks before the ice cream mix was
loaded, but this procedure was often bypassed.
Investigators found egg residue in one tanker
truck after cleaning and noted soiled gaskets,
inadequate records, and the lack of inspection
and documentation of cleaning and sanitization
procedures. There was a nationwide recall of
almost 140 million pounds (6.3 million kg) of ice
cream products before the incident was resolved.
It was estimated that approximately 224,000 peo-
ple became ill in this outbreak. The proper clean-
ing and sanitization of the tanker trucks could
have prevented this incident (Hennessey et.al.
1996).

Table 1.1 Major food safety incidents
Agent Food Effect

S. enteritidis Ice cream ~224,000 ill
E. coli O157:H7 | Hamburgers | 732 ill, 4 deaths

Benzene Mineral Worldwide recall of
water 160 million bottles

Listeria Hot dogs 101 ill, 21 deaths

monocytogenes

Big “8” Many foods |4-5% of US

allergens population have food

allergies. 150-200
people die each year

Glass Bottled beer | 15.4 million bottles
were recalled,
destroyed, and
replaced
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In another large outbreak, E. coli O157:H7 in
contaminated and undercooked ground beef pat-
ties caused 732 illnesses and 4 deaths in four
states (CDC 1993). Ground beef contaminated at
the meat processing plant was undercooked in the
fast food restaurant resulting in this outbreak.
Over 225,000 ground beef patties were recalled
from the chains’ restaurants. This was the largest
E. coli O157:H7 outbreak in US history and was
estimated to cost between $229 and $610 million.
The company took bold, innovative steps to
develop a state-of-the-art food safety program
and improve their reputation and brand image.
Today, this company enjoys the reputation of
being one of the most stringent food safety pro-
grams in the foodservice industry.

During the past, a popular brand of imported,
bottled water was contaminated with benzene.
The natural gas present in the spring water source
contained a number of impurities. The carbon fil-
ters that were used to remove these impurities
became clogged. A faulty warning light on the
process control panel went undetected by
employees for 6 months, allowing the filters to
become clogged. When the benzene-contaminated
water was discovered, the company recalled 160
million bottles of water from 120 countries. This
incident was estimated to cost the bottler about
$263 million.

An outbreak of Listeria monocytogenes in
frankfurters resulted in 101 cases of illness and
21 deaths in 22 states. Although the frankfurters
were processed, they were contaminated after
processing and before packaging. It was reported
that major renovations were being made in the
processing plant when the contamination
occurred. A nationwide recall of frankfurters
made in this plant was undertaken to prevent
additional cases of illness.

Today, almost 5% of the US population or
about 15 million Americans have food allergies
(including approximately 5.9 million children)
(Food Allery Research and Education [FARE]
2017), and approximately 200 people die each
year from food allergic reactions (Cianferoni and
Spergel 2009). The prevalence of food allergies
has increased in the last decade, and this trend
will continue in the years ahead. The “Big 8”

food allergens including milk, eggs, fish, crusta-
cean shellfish, peanuts, tree nuts, wheat, and soy-
bean account for about 90% of all food allergic
reaction in the United States. These proteins must
be clearly noted (in “plain English”) on the labels
of any processed food. Since trace amounts of the
offending food will trigger reactions, people with
food allergies depend on accurate labels on pro-
cessed foods, as well as knowledgeable chefs,
wait staff, and food workers in foodservice oper-
ations and retail food stores.

In the early 1990s, a European beer maker
inadvertently used defective glass to make beer
bottles. When transported or opened, glass splin-
ters could fall into the beer and cause injury. No
one was injured as a result of the glass splinters,
but the beer manufacturer recalled, destroyed,
and replaced 15.4 million bottles. At the time, the
company estimated the loss to be between $10
and $50 million.

Major food safety incidents have common
characteristics and include biological, chemical,
or physical hazards. They occur throughout the
food system and have occurred globally and often
result from one or a combination of factors
including:

e Contaminated raw materials

e Errors in transportation, processing, prepara-
tion, handling, or storage

e Packaging problems

* Food tampering/malicious contamination

e Mishandling

e Changes in formulation or processing

e Inadequate maintenance of equipment or
facilities

* Addition of incorrect ingredient(s)

These are examples of the importance of sani-
tation during food processing and preparation, as
well as proper cleaning and sanitizing of food
manufacturing and foodservice equipment and
facilities. The consequences of improper sanita-
tion are severe and include loss of sales, reduced
profits, damaged product acceptability, loss of
trust and consumer confidence, adverse publicity,
erosion of brand image, loss of market share, and,
often, legal action. Sanitary practices coupled
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with an effective food safety management system
can prevent these problems. Consumers certainly
have the right to expect and receive wholesome
and safe food products.

Foodborne illnesses are a real concern to
public health professionals, food scientists,
microbiologists, and sanitarians. Today there are
more than 200 known diseases transmitted
through foods, and many of the pathogens of
greatest concern were not recognized as causes of
foodborne illness 20 years ago. Thirty-one major
pathogens are responsible for the burden of food-
borne illness in the United States (Scallan, et al.
2011). Most cases of foodborne illness involve
gastrointestinal symptoms (nausea, vomiting,
and diarrhea) and are usually acute, self-limiting,
and of short duration and can range from mild to
severe. Deaths from acute foodborne illnesses
typically occur in the very young, the elderly, or
in persons with compromised immune systems.
The US Food and Drug Administration (FDA)
estimates that 2-3% of all acute foodborne ill-
nesses develop secondary long-term complica-
tions often referred to as chronic sequelae. These
sequelae can occur in any part of the body such as
the heart, kidney, nervous system, or joints and
can be quite debilitating and, in severe cases, can
cause death.

There are many factors associated with the
emergence of “new” foodborne pathogens and
outbreaks of foodborne illnesses. Some of these
factors include:

Demographics

There is an increase in the number of elderly and
chronically ill persons in the United States. The
population aged 65 and older was 43 million in
2012 and is expected to double by 2050 making
up 21% of the US population. Significant por-
tions of older Americans suffer from chronic
health conditions, including heart disease, can-
cer, diabetes, as well as serious intestinal disor-
ders, decreased gastric activity, and HIV/AIDS,
and that makes them more susceptible to food-
borne illness. For example, persons with AIDS or
late-stage HIV infections have a 20 times higher
possibility of developing salmonellosis than
healthy people. These individuals are also at a
200-300 times higher risk to develop listeriosis.

Some people have had transplants and are taking
immunosuppressive drugs, making them vulner-
able to foodborne illnesses. As a person ages,
their immune system function decreases, so
people have a decreased resistance to pathogens
as they get older.

Changes in Consumer Practices

US consumers have varied levels of awareness of
specific microbial hazards, risk factors for food-
borne illness, and the importance of good personal
hygiene during the preparation and serving of
foods. Consumers have a relatively poor knowl-
edge of safe food preparation practices in their
homes. Overall, some changes in behavior have
occurred, but consumer habits are still frequently
less than ideal. An observational study on hand-
washing habits sponsored by the American
Society for Microbiology revealed that 85% of
adults washed their hands in public restrooms,
compared with 77% in 2007. The 85% total was
actually the highest observed since these studies
began in 1996 (ASM 2010), but according to the
survey, Americans said that they are likely to wash
hands:

e After using the bathroom at home (89%)
* Before handling or eating foods (77%)

e After changing a diaper (82%)

e After petting an animal (42%)

e After coughing or sneezing (39%)

Clearly there are handwashing challenges that
need to be addressed, and more effective infor-
mation about the importance of handwashing is
needed.

Changes in Food Preferences
and Eating Habits

In 2014, US consumers spent a majority of their
food dollar away from home. The sheer volume
of meals prepared each day stresses the need for
knowledgeable, well-trained foodservice and
retail food store employees who understand and
practice the principles of safe food preparation
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every day. Food preferences have also changed
with many people now eating raw foods of ani-
mal origin or lightly cooked foods that can
increase the risk of foodborne illnesses.

Complexity of the Food System

As explained earlier, the food system is a complex,
concentrated, and dynamic chain of activities that
moves food from farm to table. Greater food sys-
tem complexity provides more interfaces with
food and increased chance of errors. When errors
occur, major food incidents can result. Multiple
handling of foods (or ingredients) increases the
chances for contamination and subsequent tem-
perature abuses. The key is to develop close work-
ing relationships and strong partnerships between
and among the different sectors of the system to
assure a safe and wholesome food supply.

Globalization of the Food Supply

The international sourcing of food and food
ingredients has enabled US consumers to enjoy a
consistent supply of a wide variety of products
from around the world. The main concern is that
the sanitary standards and safety assurance sys-
tems in some countries may not be as stringent as
those in the United States. Strategic partnerships
with suppliers and an enhanced ingredient trace-
ability system are key components in a compa-
ny’s food safety management plan.

Today, with increasing international travel, a
pathogenic microorganism that causes a problem
in one part of the world can be easily transported
to another country very quickly. Rapid detection,
early intervention, and vigilance are important in
preventing the spread of foodborne illness from
country to country.

Changes in Food Processing
Technologies

As the food industry strives for fresher and longer
shelf-life products, product developers must be
aware of how food composition, processing

parameters, packaging systems, and storage con-
ditions influence the microorganisms that are
present. Food safety must be built into the prod-
uct while it is being developed or reformulated
to identify, evaluate, and control food safety
hazards that may be present. New and novel
processing technologies that are used must be
validated to insure the safety of products. There
has been a greater awareness of the environmen-
tal conditions in processing plants, retail food
stores, and foodservice establishments and the
need to ensure that biofilms and microbial niches
do not develop.

Diagnostic Techniques

In the last decade, there have been significant
improvements in foodborne disease surveillance
and responses to outbreaks, improved diagnostic
techniques, and better medical interventions when
illnesses occur. More rapid microbial tests have
been developed, and electronic databases such as
FoodNet, PulseNet, and eLEXNet have been
developed to provide better surveillance of food-
borne illnesses, improved information sharing,
and more rapid responses when outbreaks occur.
A new laboratory technique called whole-genome
sequencing is being used to determine the com-
plete DNA makeup of an organism, enabling gov-
ernment agencies like the FDA to quickly identify
pathogens during a foodborne outbreak. This
powerful tool can be used to identify the source of
the contamination, focus and speed up investiga-
tions resulting in the removal of the contaminated
food or ingredient from the marketplace.

Changes in Foodborne Pathogens

There have been many changes in the microor-
ganisms that cause foodborne illnesses. Scientists
have observed more virulent strains of organ-
isms, where a few cells can cause severe illness.
An example is Salmonella enteritidis and E. coli
O157:H7. Adaptive stress responses have also
been observed where organisms have adapted to
environmental conditions to survive and grow
such as psychrotrophic pathogens that grow
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(slowly) at refrigerated temperatures. Organisms
such as Yersinia enterocolitica, Listeria monocy-
togenes, and Clostridium botulinum type E are
examples of bacteria capable of growing at
refrigerator temperatures. In recent years,
increased resistance to antibiotics has been
observed in Salmonella typhimurium DT104. A
number of outbreaks in produce and unpasteur-
ized apple cider have been caused by the proto-
zoan parasites, Cyclospora cayetanensis and
Cryptosporidium parvum.

All of these factors have played and continue
to play a role in the emergence of foodborne
pathogens and foodborne illnesses. In a discus-
sion of food safety issues, a CEO of a retail food
chain made the following comment: “Today,
we’re facing a new enemy; it is not business as
usual.” This statement clearly describes the fact
that we live in a changing world and must be pro-
active in assuring food safety.

Sanitation Laws and Regulations
and Guidelines

Since thousands of laws, regulations, and guide-
lines are currently in effect to control the produc-
tion, processing, and preparation of food in the
United States, it would be impossible to address
all of these rules in this book. Therefore, it is not
the intent of this chapter or this book to empha-
size the specific details of the regulations govern-
ing food processing or preparation. Only the
major agencies involved with food safety and
their primary responsibilities will be discussed
Curtis (2013). The reader should consult regula-
tions available from various jurisdictions to
determine specific requirements for the food
operation and area where it is located. It is inap-
propriate to discuss regulatory requirements for
cities and counties because they have designated
governmental entities with their own food safety
criteria that often differ from one area to another
and can change periodically.

Sanitation requirements developed by legisla-
tive bodies and regulatory agencies in response to
public demands are detailed in laws and regula-
tions. They are not static but change in response
to sanitation; public health; new scientific and

technical information regarding biological,
chemical, and physical hazards; and other impor-
tant issues brought to public attention.

Laws are passed by legislators and must be
signed by the chief executive. After a law has
been passed, the agency responsible for its
enforcement prepares regulations designed to
implement the intention of the law or act.
Regulations are developed to cover a wide range
of requirements and are more specific and
detailed than are laws. Regulations for food pro-
vide standards for facility design, equipment
design, commodities, tolerances for chemical or
other food additives, sanitary practices and quali-
fications, labeling requirements, and training for
positions that require certification.

Regulation development is a multistep pro-
cess. For example, in the federal process, the rel-
evant agency prepares the proposed regulation,
which is then published as a proposed rule in the
Federal Register. The Federal Register is the offi-
cial daily publication for rules, proposed rules,
and notices of federal agencies and organiza-
tions, as well as executive orders and other presi-
dential documents. Accompanying the proposal
is information related to background. Any com-
ments, suggestions, or recommendations are to
be directed to the agency, usually within 60 days
after proposal publication, although time exten-
sions are frequently provided. Regulatory agen-
cies often hold “listening sessions” with the food
industry, nongovernment organizations, consum-
ers, and consumer groups, so they can get input
and feedback on their proposed regulation. The
regulation is published in final form after all of
the comments on the proposal have been
reviewed, with another statement of how the
comments were handled and specifying effective
dates for compliance. This statement suggests
that comments on matters not previously consid-
ered in the regulations may be submitted for fur-
ther review. Amendments may be initiated by any
individual, organization, other government
office, or the agency itself. A petition is neces-
sary, with appropriate documents that justify the
request.

There are two types of regulations: substantive
and advisory. Substantive regulations are the
more important because they have the power of
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law. Advisory regulations are intended to serve as
guidelines. Sanitation regulations are substantive
because food must be made safe for the public. In
regulations, the use of the word shall means a
requirement, whereas should implies a recom-
mendation. Several regulations important to sani-
tation by various governmental agencies will
now be addressed.

Food and Drug Administration
Regulations

The Food and Drug Administration (FDA),
responsible for enforcing the Food, Drug, and
Cosmetic Act, as well as other statutes, has wide-
ranging authority. It is under the jurisdiction of
the US Department of Health and Human
Services. This agency has had a profound impact
on the food industry, especially in the control of
adulterated foods. Under the Food, Drug, and
Cosmetic Act, food is considered as adulterated if
it contains any filth or putrid and/or decomposed
material or if it is otherwise unfit as food. This act
states that food prepared, packed, or held under
unsanitary conditions that may cause contamina-
tion from filth or that is injurious to health is
adulterated. The act gives the FDA inspector
authority, after proper identification and presen-
tation of a written notice to the person in charge,
to enter and inspect any establishment where
food is processed, packaged, or held for shipment
in interstate commerce or after shipment. Also,
the inspector has the authority to enter and inspect
vehicles used to transport or hold food in inter-
state commerce. This official can check all
pertinent equipment, finished products, contain-
ers, and labeling.

Adulterated or misbranded products that are
in interstate commerce are subject to seizure.
Although the FDA initiates action through the
federal district courts, seizure is performed by the
US Marshals office.

Legal action can also be taken against an orga-
nization through an injunction. This form of legal
action is usually taken when serious violations
occur. However, the FDA can prevent interstate
shipments of adulterated or misbranded products
by requesting a court injunction or restraining

order against the involved firm or individual. This
order is effective until the FDA is assured that the
violations have been corrected. To correct fla-
grant violations, the FDA has taken legal steps
against finished products made from interstate
raw materials, even though they were never
shipped outside the state. The FDA can also seek
criminal prosecution by the Justice Department
for violations of the FD&C Act. This type of legal
action depends on a number of factors, including
the severity and scope of the public health threat
and whether the violations are part of a pattern of
criminal behavior (FDA 2017). In a 2008/2009
highly publicized foodborne illness case involv-
ing Salmonella-contaminated peanut butter that
sickened 714 people in 46 states and caused the
death of 9 people, the president of the company
was criminally prosecuted for shipping product
that he knew was contaminated with Salmonella
typhimurium. He was sentenced to 28 years in
federal prison. The contaminated peanut butter
was used in over 3, 913 other food products that
had to be recalled from the marketplace.

The FDA does not approve cleaning com-
pounds and sanitizers for food plants by their
trade names. However, the FDA regulations indi-
cate approved sanitizing compounds by their
chemical names. For example, sodium hypochlo-
rite is approved for “bleach-type” sanitizers,
sodium or potassium salts of isocyanuric acid for
“organic chlorine” sanitizers, n-alkyl dimethyl
benzyl ammonium chloride for quaternary
ammonium products, sodium dodecylbenzene-
sulfonate as an acid anionic sanitizer component,
and oxypolyethoxy-ethanol-iodine complex for
iodophor sanitizers. A statement of maximum
allowable use concentrations for these com-
pounds without a potable water rinse on product
contact surfaces after use is also provided.

Good Manufacturing Practices

On April 26, 1969, the FDA published the first
Good Manufacturing Practices (GMPs) regula-
tions, commonly referred to as the umbrella
GMPs. These regulations deal primarily with
sanitation in manufacturing, processing, packing,
or holding food.
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The sanitary operation section establishes
basic, minimum rules for sanitation in a food
establishment. General requirements are pro-
vided for the maintenance of physical facilities,
cleaning and sanitizing of equipment and uten-
sils, storage and handling of clean equipment and
utensils, pest control, and the proper use and stor-
age of cleaning compounds, sanitizers, and pesti-
cides. Minimum demands for sanitary facilities
are included through requirements for water,
plumbing design, sewage disposal, toilet and
handwashing facilities and supplies, and solid
waste disposal. There is also a short section on
education and training of employees. Specific
GMPs supplement the umbrella GMPs and
emphasize wholesomeness and safety of several
manufactured products.

Each regulation covers a specific industry or a
closely related class of foods. The critical steps in
the processing operations are addressed in spe-
cific detail, including time-and-temperature
relationships, storage conditions, use of addi-
tives, cleaning and sanitizing, testing procedures,
and specialized employee training.

According to Marriott et al. (1991), inspec-
tions are used by regulatory agencies to assure
compliance with food safety regulations.
However, this approach has limitations because
laws that are supposed to be enforced by inspec-
tors are frequently not clearly written and what
constitutes ~ compliance is  questionable.
Furthermore, it is sometimes difficult to distin-
guish between requirements critical to safety and
those related to aesthetics. In recent years, regu-
latory agencies have recognized these problems
and revised their inspection procedures and
forms. Now, many agencies have two major cat-
egories to differentiate food safety items and aes-
thetic issues. There are critical deficiencies that
address items, when left unattended, could lead
to foodborne illness and general deficiencies
related to aesthetic items.

In 1995, the FDA issued the procedures for
the Safe and Sanitary Processing and Import of
Fish and Fishery Products—Final Rule which is
the Seafood HACCP regulation. This first
HACCEP regulation in the United States requires
processors of fish and fishery products to develop

and implement HACCP for their
operations.

As a consequence of several large foodborne
outbreaks related to raw juices processed in com-
mercial facilities, the FDA published a final rule
in 2001 mandating that all juices processed for
inter- or intrastate sale be produced under a
HACCEP plan. This rule was designed to improve
the safety of fruit and vegetable juice and juice
products and is known as the Juice HACCP
regulation.

On January 4, 2011, President Obama signed
the FDA Food Safety Modernization Act (FSMA)
into law. FSMA was created to strengthen the
food safety system and is the most sweeping
reform of food safety laws in the United States in
over 70 years. The focus of FSMA is on the pre-
vention of food safety problems rather than rely-
ing on reacting to incidents once they have
occurred (FDA 2017). FSMA contains several
sections that address the following areas:

systems

Section 103: Hazard Analysis and Risk-Based
Preventive Controls (animal and human food)

Section 105: Standards for Produce Safety

Section 106: Protection Against Intentional
Adulteration (Food Defense)

Section 206: Mandatory Recall Authority

Section 111: Sanitary Transportation of Human
and Animal Food

Section 204: Enhancing Tracking and Tracing of
Human Food and Recordkeeping

Section 206: Mandatory Recall Authority

Section 301: Foreign Supplier Verification
Program

Section 302: Voluntary Qualified Importer
Program

Section 307: Accreditation of Third-Party
Auditors

Some areas of the law will go into effect
quickly, while other will require FDA to prepare
and issue regulations and guidance documents.
The scope and details of each section of FSMA
are broad and complex and beyond the scope of
this book. The reader is referred to the specific
sections of FSMA that pertain to their food
operation.
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US Department of Agriculture
Regulations

The US Department of Agriculture (USDA) has
jurisdiction over three areas of food processing,
based on the following laws: the Federal Meat
Inspection Act, the Poultry Products Inspection
Act, and the Egg Products Inspection Act. The
agency that administers the area of inspection is
the Food Safety and Inspection Service (FSIS),
established in 1981.

By design, federal jurisdiction usually
involves only interstate commerce. However, the
three statutes on meat, poultry, and eggs have
extended USDA jurisdiction to the intrastate
level if state inspection programs are unable to
provide proper enforcement as required by fed-
eral law. Products shipped from official USDA-
inspected plants into distribution channels and
subsequently identified as adulterated or mis-
branded come under the jurisdiction of the Food,
Drug, and Cosmetic Act. The FDA can take legal
steps to remove this product from the market.
Normally, the product is referred back to the
USDA for disposition.

In 1994, the FSIS began an evaluation, review,
and revision of existing food safety regulations
for meat and poultry. This review led to the 1996
publication of the Pathogen Reduction/Hazard
Analysis and Critical Control Points (PR/
HACCP) Final Rule (USDA-FSIS 1996). The
objective of this regulation was to reduce food-
borne illnesses associated with meat and poultry
products. The meat and poultry HACCP regula-
tion requires all meat and poultry slaughter and
processing establishments to design and imple-
ment a HACCP system for their operations.

Environmental Regulations

The Environmental Protection Agency (EPA)
enforces provisions for numerous statutes related
to the environment, many of which affect food
establishments. Environmental regulations that
affect sanitation of the food facility include
the Federal Water Pollution Control Act; Clean

Air Act; Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA); and the Resource
Conservation and Recovery Act.

The EPA is involved in the registration of san-
itizers by both their trade and chemical names.
Sanitizing compounds are recognized through
federal regulators as pesticides; thus, their uses
are derived from the FIFRA. The EPA requires
environmental impact, antimicrobial -efficacy,
and toxicological profiles. Furthermore, specific
label information and technical literature that
detail recommended use of applications and spe-
cific directions for use are required. Disinfectants
must be identified by the phrase “It is a violation
of federal law to use this product in a manner
inconsistent with its labeling.”

Federal Water Pollution Control Act

This act is important to the food industry because
it provides for an administrative permit proce-
dure for controlling water pollution. The National
Pollutant  Discharge  Elimination  System
(NPDES), which is under this permit system,
requires that industrial, municipal, and other
point source dischargers obtain permits that
establish specific limitations on the discharge of
pollutants into navigable waters. The purpose of
this permit is to effect the gradual reduction of
pollutants discharged into streams and lakes.
Effluent guidelines and standards have been
developed specific to industry groups or product
groups. Regulations for meat products and
selected seafood products, grain and cereal prod-
ucts, dairy products, selected fruit and vegetable
products, and beet and cane sugar refining are
published by the EPA.

Clean Air Act

This act, devised to reduce air pollution, gives the
EPA direct control over polluting sources in the
industry, such as emission controls on automo-
biles. Generally, state and local agencies set pol-
lution standards based on EPA recommendations
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and are responsible for their enforcement. This
statute is of concern to food operations that may
discharge air pollutants through odors, smoke-
stacks, incineration, or other methods.

Federal Insecticide, Fungicide,
and Rodenticide Act

The Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) authorized EPA con-
trol of the manufacture, composition, labeling,
classification, and application of pesticides.
Through the registration provisions of the act, the
EPA must classify each pesticide either for
restricted use or for common use, with periodic
reclassification and registration as necessary. A
pesticide classified for restricted use must be
applied only by or under the direct supervision
and guidance of a certified applicator. Those who
are certified, either by the EPA or by a state, to
use or supervise the use of restricted pesticides
must meet certain standards, demonstrated
through written examination and/or performance
testing. Commercial applicators are required to
have certain standards of competence in the spe-
cific category in which they are certified.

Current EPA regulations permit the use of cer-
tain residual insecticides for crack and crevice
treatment in food areas of food establishments.
The EPA lists residual pesticides that are permit-
ted in crack and crevice treatment during an
interim period of 6 months, while registrants
apply for label modification.

Resource Conservation and Recovery
Act

Through the Resource Conservation and
Recovery Act, a national program was designed
to control solid waste disposal. The act autho-
rizes the EPA to recommend guidelines in coop-
eration with federal, state, and local agencies for
solid waste management. It also authorizes funds
for research, construction, disposal, and utiliza-
tion projects in solid waste management at all
regulatory levels.

Hazard Analysis Critical Control
Points (HACCP) Concept

Although other voluntary programs have been
developed in the United States and throughout
the world, the Hazard Analysis Critical Control
Points (HACCP) concept is the approach that is
being emphasized. After this concept was devel-
oped jointly by the Pillsbury Company, the
National Aeronautics and Space Administration
(NASA) and the US Army Natick Laboratories in
the late 1960s, HACCP was adopted for use in
the space program. Recognizing its application in
other areas, the HACCP concept was shared with
the food industry at the 1970 Conference for
Food Protection. Since then it has been adopted
as a voluntary or mandatory program to assure
food safety through the identification, evaluation,
and control of biological, chemical, and physical
hazards in a food facility. A large number of these
hazards are clearly affected by the effectiveness
of sanitary measures adopted. Although HACCP
was initially voluntary, several regulations that
have been previously mentioned were developed
by the FDA and USDA that require HACCP plan
development, implementation, and maintenance
in specific sectors of the food industry and have
changed the status of this program from volun-
tary to mandatory (seafood and fishery products,
juice, and meat and poultry). With the passage of
FSMA, the Hazard Analysis and Risk-Based
Preventive Controls not only focuses on the tradi-
tional risk-based HACCP approach that includes
process-related hazards and critical control points
(CCPs) but also controls for hazards related to
food allergens, sanitation, suppliers, and others
requiring preventive controls (FSPCA 2015).

Because of the importance of HACCP and
Hazard Analysis and Risk-Based Preventive
Controls, this subject will be discussed in detail
in Chap. 7.

Establishment of Sanitary Practices

Sanitation, good manufacturing practices, and
other environmental and operating conditions
necessary for the production of safe, wholesome
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food are known as prerequisite programs. These
prerequisite programs provide the foundation for
HACCP and are a vital component in a company
food safety assurance system. So, the design and
development of this entire system in a food facil-
ity begins with the establishment of basic sani-
tary practices.

The employer is responsible for establishing
and maintaining sanitary practices to protect the
public health and maintain a positive image. The
problem of establishing, implementing, and
maintaining sanitary practices within the food
industry is certainly a challenge! The person in
charge of this important area must assure that the
sanitary practices keep low-risk, potential haz-
ards from becoming serious hazards that could
cause illness or injury. The sanitarian is both the
guardian of public health and the counselor to
company management on quality and safety
issues which are influenced by sanitary practices.

A large food processing company should have
a separate food safety department on the same
organizational level, as production or research,
that is responsible for food safety at all operating
plants. A sanitation department or team should
exist in a plant on a level with other departments.
In a large organization, sanitation should be sepa-
rated from production and mechanical mainte-
nance, an arrangement that will enable the
sanitation department team to exercise company-
wide surveillance of sanitary practices and main-
tain a high level of activity. Production practices,
quality control, and sanitary practices are not
always compatible when administered by a single
department or individual; but all of these func-
tions are complementary and are best performed
when properly coordinated and synchronized.

Ideally, an organization should have a full-
time sanitarian with assistants, but this is not
always practical. Instead, a trained individual
who was originally employed as a quality control
technician, a production foreman, a superinten-
dent, or some other individual experienced in
production can be charged with the responsibility
of the sanitation operation. This situation is com-
mon and usually effective. However, unless the
sanitarian has an assistant to take care of some of
the routine tasks and is given sufficient time for

proper attention to sanitary details, the program
may not succeed.

A one-person safety assurance department
with a full schedule of control work will be gen-
erally inadequate to assume the tasks of a sanitar-
ian. However, with proper assistance, quality
assurance and sanitation supervision can be suc-
cessfully conducted through a qualified individ-
val that can divide his or her effort between
sanitation and quality assurance. It is beneficial
for this person to have the advice and service of
an outside agency, such as a university, trade
association, or private consultant, to avoid
becoming submerged in the conflicting interests
of different departments. The extra expense can
be a worthwhile investment.

A planned sanitation maintenance program is
essential to meet legal requirements and protect
brand and product reputation, product safety,
quality, and freedom from contamination. All
phases of food production and plant sanitation
should be included in the program to supplement
the cleaning and sanitizing procedures for equip-
ment in the facility. A safety assurance program
should start with compliance inspection and audit
of the entire facility.

The inspection and audit should be compre-
hensive and critical. As each item is considered,
the ideal solution should be noted, irrespective of
cost. When the audit is completed, all items
should be reevaluated and more practical and/or
economic solutions determined. All items that
need attention should be prioritized, and an action
plan for completion should be established.
Attention should be clearly focused on critical
deficiencies throughout the facility. Aesthetic
sanitary practices should not be adopted without
clear evidence of their ability to pay dividends in
increased sales or because they are necessary to
meet competitive sales pressure.

Study Questions

1. What is sanitation?

2. Whatis a law?

3. What is a regulation?

4. What is an advisory regulation?
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5. What is a substantive regulation?

6. What is the significance of HACCP?

7. What are examples of how microorganisms
can mutate?

8. Which acts affect environmental regulations
in the food industry?

9. What are prerequisite programs?

10. What US agency administers the Clean Air

Act?
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The Relationship of Biosecurity
to Sanitation

Abstract

Knowledge of the threat of bioterrorism in food processing and prepara-
tion is essential to the maintenance of a safe food supply. The US
Department of Agriculture (USDA) has provided some beneficial guide-
lines for the processing, storage, and protection against bioterrorism, and
the Food and Drug Administration (FDA) has implemented guidelines for
enforcement of the Bioterrorism Act. The development of a functional
food defense plan that is developed, implemented, tested, reviewed, and
maintained is the cornerstone of a food defense program.

Since pest management is an integral part of food security, the training
of pest management personnel is a viable method to improve food safety
through monitoring the premises for indications of bioterrorism.
Biosecurity and pest management personnel should collaborate to create a
set of common goals and training opportunities. The FDA and USDA have
websites for the food industry that includes an extensive amount of infor-
mation about biosecurity including food defense plans, risk mitigation
tools, and a food defense plan builder.
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Cybersecurity best practices should include a

Introduction

The food industry is susceptible to cybersecurity
threats, like all other industries. Therefore, a com-
prehensive cybersecurity plan that complies with
company objectives and federal and state govern-
ment regulations is essential for protection.
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security assessment to establish security gaps and
determine potential risks to deal with business
operations (Straka 2014). Security gaps may
include weak security configurations, outdated
firewalls, insecure remote access, operating sys-
tem flaws, lack of staff training, flawed security
policies, and negligence. Some basic practices to
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address cybersecurity are establishing a plan to
eliminate significant vulnerabilities, developing
systems to identify and prevent potential attacks,
updating of authorized application software, and
creating an incident response plan prior to the
occurrence of any incidents.

Agroterrorism, the intentional contamination
of the food supply with a goal of terrorizing the
population and causing harm, is an increasing
risk. The food industry has become aware of the
importance of addressing threats to food safety
from foodborne disease outbreaks and inadvertent
contaminations to isolated occurrences of product
extortion and tampering. However, the food indus-
try must now guard against the intentional, wide-
spread contamination of the food supply. Food
biosecurity is no longer addressed in hypothetical
terms as the potential for the food supply being a
target or tool of terrorism. Furthermore, optimism
and complacency are no longer a viable option.

Food biosecurity training and a food defense
plan are essential components for a food plant to
help maintain a safe food supply. Food sanitari-
ans and other employees involved with sanitation
must be knowledgeable about food contaminants
including microorganisms, allergens, physical
hazards, pests, and contamination through bioter-
rorism. The food industry is vulnerable to threats
and possible damage to food, which makes it
important for food plants to have a functional
food defense plan that includes sanitation.

In 2003, the US Homeland Security Secretary
indicated the possibility that terrorists may select
popular food products to deliver chemical or bio-
logical warfare. Thus, it is essential to protect
consumers from bioterrorism in addition to acci-
dental infestations or contamination from inade-
quate sanitation. Now, it is necessary for the food
industry to protect against intentional interfer-
ence and the possibility that food products could
be used as weapons of destruction.

The food industry has previously faced bios-
ecurity challenges. During the 1980s, a major
security challenge increased emphasis on main-
taining a drug-free workplace. In the last decade
of the twentieth century, there was an increased
emphasis on preventing workplace violence.
During this time, the threat of biological and

chemical weapons was intensified. After the ter-
rorism events of 2001 in the United States, bio-
terrorism became a key security issue and
necessitated that the food industry take this issue
very seriously. Since 2003, food plants have
been encouraged by the USDA and the Food and
Drug Administration to implement food defense
plans in order to minimize the potential risks of
foodborne bioterrorism. The FDA and USDA
have provided resources to make this feasible for
food production and processing facilities. In
2016, a final rule was instituted under the Food
Safety Modernization Act (FSMA) that requires
all food plants registered with FDA to develop a
food defense plan.

Potential Risks of Foodborne
Bioterrorism

After terrorist attacks in the United States during
2001, a scenario pondered by individuals was
reminiscent of the anthrax letters scare during
2001 and the Tylenol-laced cyanide of the early
1980s. DeSorbo (2004) reported that less than a
month after being hired, four employees mysteri-
ously disappeared from a dairy plant in California
and became wanted in connection with an
Al-Qaeda-backed attack and subsequent botu-
lism outbreak that killed 800 and caused more
than 16,000 to become ill. The scenario was con-
tinued 3 weeks after the attack. Recalls of dairy
products manufactured by the California firm
reduced the impact of the botulism outbreak with
subsequent dairy shortages being reported
throughout Southern California. Other possible
threat agents are hemorrhagic fever viruses, ricin
toxin, and botulinum toxin.

According to Applebaum (2004), the food
industry has focused on three areas that are
referred to as the “three Ps” of protection:

Personnel: Food companies have increased
employee screening and supervision.

Product: Food companies have established addi-
tional controls for ingredients and products
during receiving, production, and distribution,
to ensure a high level of food safety.
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Property: Food companies have established addi-
tional controls to ensure that they have the
highest barriers in place to guard against pos-
sible intruders.

Applebaum (2004) further stated that the cri-
teria for accurate risk assessment are to evaluate
a firm’s assets and determine the type of potential
threat that exists and the establishment’s vulner-
abilities. This author further stated that where a
company’s assets and vulnerabilities overlap
with potential threats, the risk of bioterrorism is
increased. Although risk cannot be eliminated
totally, it is essential to apply risk management to
ensure deterrence and prevention and to apply the
“prevent to protect” policy. Since food compa-
nies cannot completely prevent bioterrorism
before it occurs, they must have the knowledge
and tools to detect and mitigate any possible
biosecurity breaches. Thus, the goal is to detect
problems before it is necessary to mitigate their
potential impact.

Bioterrorism Protection Measures

The US food industry has the responsibility of
ensuring that approximately 400,000 domestic and
foreign facilities that manufacture, process, pack-
age, or store food for human or animal consump-
tion are properly registered with the FDA and that
all companies that export food products or ingredi-
ents to the United States are meeting the prior
notice requirements established by the Bioterrorism
Act. The Bioterrorism Act directed the FDA to
implement regulations for the registration of food
facilities; prior notice of imported food shipments;
the establishment, maintenance, and availability of
records; and the administrative detention of food
for human or animal consumption.

The food industry has been especially active
in the review of existing food security programs
and the implementation of preventive measures
and effective controls—especially after the US
terrorist attacks of 2001. Progressive companies
in the United States and other countries have
increased their commitment and vigilance to
ensure that preventive measures are in place to

minimize and, if possible, eliminate the threat of
international contamination of the food supply.
To ensure successful security efforts, food
companies should establish a “security mental-
ity” through increased knowledge of security,
security needs, and the establishment of security
priorities. They should review their current secu-
rity practices and procedures, crisis management,
and security program (if such programs exist) to
determine what revisions or additions are needed.
Applebaum (2004) has suggested that “food
security” and “food safety” are not the same.
Food safety addresses accidents such as cross-
contamination and process failure during produc-
tion, whereas food security is a broader issue
which can include intentional manipulating of the
food supply to damage it or make it too hazardous
for consumption. Thus, food security addresses
hazards are induced deliberately and intention-
ally and food safety addresses hazards that may
occur unplanned and accidentally. Both of these
activities have a common goal, which is to pre-
vent problems that could undermine the safety of
food products. Although the food industry must
accept the responsibility of providing consumers
a secure food supply, biosecurity should not
impede food production, distribution, and con-
sumption. Thus, changes either to food industry
security activities or to the regulations governing
food security should be realistic and workable.

Radio-Frequency Identification

An important component of compliance with
industry regulations such as the FSMA is data
collection to access and utilize information to
trace products throughout the food supply
chain. Radio-frequency identification (RFID) is
a technology that provides an opportunity to get
as close as possible to real-time traceability in
the food supply chain. A large retailer has man-
dated that the larger vendors provide products
tagged with RFID for products at the case and
pallet levels. The utility of this technique is that
RFID recordkeeping builds long-term data
records that benchmark supply deficiencies and
provide traceability.
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RFID provides records for supply chain devia-
tion and necessary corrective actions. Through
low-power radio waves, information is transmit-
ted instantly from specialty RFID tags to the
reader. Passive, ultrahigh-frequency tags are the
most commonly utilized (O’Boyle 2016). These
tags are capable of tracking large volumes such as
bins or pallets with a continuous flow. Active or
Wi-Fi-based tags draw from their own internal
power supply to transmit signals to standard wire-
less access points. This concept provides real-
time location information for tracking high-value,
mobile assets. Active tags are more expensive
than passive tags but have a greater read range of
up to 90 m (300 ft). Bluetooth low-energy tags are
less expensive than active tags and are easier to
deploy since all they require is a connection to a
Bluetooth-enabled device such as a smartphone
or mobile computer. This device permits the man-
ufacturer to obtain the same real-time location
information as with a Wi-Fi/active tag, but with-
out the need for new infrastructure or multiple
access points. Hybrid RFID systems that combine
active and passive technology offer the potential
for food manufacturers to track both high-volume
and low-cost assets. According to O’Boyle (2016),
new hybrid systems provide a unified visibility
solution for tracking all types of assets and offer
more flexibility and affordability.

Traceability

Traceability is the ability to verify the identity,
history, or location of an item through docu-
mented information as it moves through the sup-
ply chain. A traceability study conducted by the
US Department of Health and Human Services
revealed that only 5 of 40 food items purchased
for the investigation could actually have all of
their individual ingredients traced back through
the supply chain to their origin.

Fernandez (2015) suggested that the food
industry needs improved collaboration and a
more holistic (or “whole-chain”) approach to the
food supply chain to better track and trace food.
Whole-chain traceability is achieved when a
firm’s internal data and processes used within its

own operations are integrated into a larger sys-
tem of external data exchange and business pro-
cesses that occur between trading partners.
Enabling whole-chain traceability involves link-
ing internal proprietary traceability systems with
external systems through the use of one global
language of business—the GS1 system of stan-
dards—across the entire supply chain. GS1 stan-
dards enable trading partners in the supply chain
to communicate with each other through the
identification encoded in the various bar codes.

According to Fernandez (2015), whole-chain
traceability can have the following positive
impacts on the food supply chain:

1. Precise location of potentially harmful prod-
ucts through supply chain visibility—the most
critical piece of traceability.

2. Ensuring trustworthy product information and
data quality—by the involvement of industry
leaders to identify challenges and develop
potential solutions for more efficiencies and
enhanced risk management.

3. Reduced food waste-adopting standard-based
traceability procedures will enhance more
precise inventory planning.

4. Operational efficiency enhancement—better
collaboration with external trading partners
and improved internal gains.

Traceability is an essential component of a
proactive retrieval of lots implicated in a poten-
tial or confirmed pathogen detection event.
Tracking lot-associated data over time can also
lead to the identification of patterns that affect
quality, profitability, and safety. Data-rich inter-
nal traceability can capture the specific timing of
key transfers and movements from production
through shipment.

The FDA traceback methods have become
more refined (Karas 2014). The agency has
offered training for its staff and members of state
and local agencies to provide more insight on the
techniques and methods that have been devel-
oped and standardized. Interim final rules for the
registration of food facilities and prior notice of
imported food shipments were issued by the FDA
and became effective on December 12, 2003.
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One of the purposes of FSMA’s development
was to improve food product tracing. The identi-
fication of a common food as the vehicle for a
foodborne illness can prevent the specific food or
ingredient from entering the food supply. Thus,
traceback can be used to identify the sources of
ingredients as the contamination source.

There are links in the food supply chain that
differ in requirements for data capture, record-
ing, and retrieval. An example is core transac-
tional business (CTE) processes that include
receipt of bulk materials, ingredients, and
packaging. Technology systems are available
that include enterprise resource planning (ERP)
software. However, not every available ERP
includes an industry-specific functionality.
Angus-Lee (2014-2015) suggested that to
reduce the cost, risk, and time involved in
implementation, companies should seek the
best-in-breed software that can effectively meet
the requirements of the user.

Suppliers should assign a batch-lot number
for case-level traceability. A serial number can be
included in addition to the batch-lot number as a
more specific product identifier within the batch-
lot. The serial number will indicate what is in the
container and other containers that receive its
own dedicated serial number.

Suslow (2009) suggested the following key
ingredients to successful quality-based traceability:

1. Integrate quality and traceability data—an inte-
grated quality-based traceability system mar-
ries lot- and batch-level traceability information
with all required quality documentation.

2. Involve suppliers with an on-line system—
this access to current specifications, test pro-
cedures, non-conformances, and audits, as
well as transaction-based electronic certifi-
cates of analysis (e-COA), provides the con-
trol needed for a complete system.

3. Automate COA validation—suppliers can
provide shipment and e-COA data electroni-
cally where test data is immediately validated
prior to shipment.

4. Eliminate manual entry of data—data can be
collected from suppliers and multiple internal

systems electronically without the need for
manual data entry, leading to a more com-
plete, accurate, and real-time data needed for
effective traceability and root cause analysis

5. Involve multiple tiers of suppliers—this level
of visibility for key ingredients is essential in
the global marketplace.

Biosecurity Through Simulation

Although the food industry must accept the
responsibility for the maintenance of biosecurity,
the ability to test the effectiveness of preventive
and reactive procedures to an act of bioterrorism
remains a challenge. Role-playing and simula-
tion can assist with the assessment of the value of
biosecurity programs. Simulation has been devel-
oped by academia for such an assessment
(Reckowsky 2004). The intent of this technique
has been to provide companies an opportunity to
test their security plans on a realistic scenario in
conjunction with the pressures of time, publicity,
and finances. Most decisions involved with simu-
lation were based on information received from
multiple inputs such as government releases,
media relations, and communications between
each other. Effective communication enhanced
the traceback of contaminated products and
ingredients. Participants have been optimistic
about role-playing and simulation and consider
this approach to be vital to the increase of indus-
try awareness and readiness for a bioterrorism
attack. It appears that simulation can be utilized
to advance preparedness and strengthen decision-
making abilities related to biosecurity threats.
One tool that can be used to help companies use
simulation to evaluate the effectiveness of their
food defense plan is the Food Defense and Recall
Preparedness: A Scenario-Based Exercise Tool
that is provided by the USDA (2016).

Biosecurity Guidelines

Guidelines for Biosecurity and food defense
plans are provided by the US Department of
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Agriculture, Food Safety Inspection Service, and
the US Food and Drug Administration (USDA
2016 and FDA 2016) and are listed below:

1. Organize a food defense team.

2. Develop a comprehensive transportation and
storage security plan.

3. Assess and identify viable locations for con-
tamination throughout the production and dis-
tribution process by the use of a flow diagram.

4. Identify and implement controls to prevent
product adulteration or contamination during
processing, storage, and transportation.

5. Provide a method to identify and track food
products during storage and distribution
including the use of tamper-resistant seals.

6. Verify that contract transporters and storage
facilities have a security program in effect.

According to the US Department of
Agriculture, security measures for purchasing
and distribution include:

1. Procedures for the immediate recall of unsafe
products
2. Procedures for handling biosecurity or other
threats and an evacuation plan
3. Appropriate handling, separation, and dis-
posal of unsafe products
4. Documentation method for the handling of
both safe and unsafe products
5. Documented instructions for the rejection of
unsafe material
6. Procedures for the handling of off-hour
deliveries
7. Current list of contacts for local, state, fed-
eral, Homeland Security, and public health
officials
8. Procedures for the notification of appropriate
authorities if the need materializes
9. Notification of all entry and exit points avail-
able during an emergency
10. Strategy for communication of beneficial
information to the news media
11. Appropriate training of biosecurity team
members
12. Periodic conduct of practice drills and review
of security measures

The following screening and educating mea-
sures should be considered:

1. Appropriate background and criminal checks
should be conducted.

2. References should be verified for all potential
employers.

3. Personnel without background checks should
be under constant supervision, and their
access to sensitive areas of the facility should
be restricted.

4. Employees should be trained on food produc-
tion practices and vigilance, specifically how
to prevent, detect, and respond to threats of
terrorist actions.

5. Ongoing promotion of security consciousness
and the importance of security procedures
should be practiced.

6. Appropriate personnel should be trained in
security procedures for incoming mail, sup-
plies, raw materials, and other deliveries.

7. Employees should be encouraged to report
any suspicious activities, such as signs of pos-
sible product tampering or breaks in the food
security system.

8. Ensure that employs know emergency proce-
dures and contact information.

The following security measures are appropriate:

1. A positive ID system should be required for
all employees.

2. Visitors should be escorted at all times
throughout the facility.

3. When a staff member is no longer employed,
company-issued IDs and keys should be col-
lected and lock combinations changed.

4. Restricted access to facilities, transportation
vehicles, locker rooms, and all storage areas
is essential.

5. Specific entry and exit points for people and
vehicles should be designated.

6. All access and exit doors, vent openings,
windows, outside refrigeration and storage
units, trailer bodies, and bulk storage tanks
should be secured.

7. Access to the water supply and airflow sys-
tems should be secured and restricted.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Adequate light should be provided in the
perimeter areas.

Incoming mail should be handled in an area
of the facility separate from food handling.
Employees should be monitored for unusual
behavior (e.g., staying unusually late, arriv-
ing unusually early, taking pictures of the
establishment, or moving company docu-
ments from the facility).

All food ingredients, products, and packag-
ing materials should be purchased only from
known, reputable suppliers with accompany-
ing letters of guaranty.

Advance notification from suppliers for all
incoming deliveries, including shipment
details, driver’s name, and seal numbers,
should be required.

Locked or sealed vehicles for delivery should
be required.

Products known or suspected of being adul-
terated should be rejected.

Unscheduled deliveries should be retained
outside of the premises pending verification
of the shipper and cargo.

A supervisor or other agent should be
required to break seals and sign off in the
trucker’s logbook, noting on the bill of lad-
ing any problems with product condition.
The broker, seal numbers, and truck or trailer
number should be documented.

A plan should exist to ensure product integ-
rity when a seal has to be broken prior to
delivery due to multiple deliveries or for
inspection by government officials.
Unloading of incoming products should be
supervised.

Inbound deliveries should be verified for seal
integrity, seal number, and shipping location.
Incoming products and their containers
should be examined for evidence of tamper-
ing all or a corporation.

Foods should be checked for unusual color
or appearance.

A procedural checklist for incoming and out-
going shipments should be developed.

All outgoing shipments should be sealed
with tamper-evident numbered seals with
notation on the shipping documents.

25.

26.

217.

28.

Employees should be aware of and report any
suspicious activity to appropriate authorities.

Forward-shippers and backward-retailers,
wholesalers, carriers, and others should be
traced anterior should have systems in place
for quickly and effectively locating products
that had been distributed.

Threats or reports of suspicious activity
should be investigated promptly.

If a food security emergency occurs, the local
law enforcement agency should be contacted.

The US Department of Agriculture suggests

the following precautions to address biosecurity
on the outside of food plants:

1.

10.

11.

Plant boundaries should be secured to pre-
vent unauthorized entry.

“No trespassing” signs should be posted.
Integrity of the plant perimeter should be
monitored for signs of suspicious activity or
an unauthorized entry.

Outside lighting should be sufficient to per-
mit detection of unusual activities.
Establishment entrances should be secured
through guards, alarms, cameras, or other
security hardware consistent with national
and local fire and safety codes.

Emergency exits should be alarmed and have
the self-locking doors that can be opened
only from the inside.

Doors, windows, roof openings, vent open-
ings, trader bodies, railcars, and bulk storage
tanks should be secured at all times.

Outside storage tanks for hazardous materi-
als and potable water supply should be pro-
tected from, and monitored for, unauthorized
access.

A current list of plant personnel with open or
restricted access to the establishment should
be maintained at the security office.
Establishment entry should be controlled
through required positive identification (e.g.,
picture IDs, sign-in and sign-out at security
or reception, etc.).

Incoming or outgoing vehicles (both private
and commercial) should be inspected for
unusual cargo or activity.
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12. Parking areas for visitors and guests should
be identified and located at a safe distance
from the main facility.

13. Deliveries should be verified against a sched-
uled roster.

14. Unscheduled deliveries should be retained
outside the plant premises, if possible,
pending  verification of shipper and
cargo.

15. Outside access to wells, potable water
tanks, and ice-making equipment and stor-
age should be secured from unauthorized
entry.

16. Potable and non-potable water lines into pro-
cessing areas should be inspected periodi-
cally for possible hampering.

17. The establishment should arrange for imme-
diate notification of local health officials in
the event the potability of the public water
supply is compromised.

18. The establishment should determine and
enforce a policy on which personal items
may and may not be permitted inside the
plant and within production areas.

The recommended biosecurity precautions
provided by the US Department of Agriculture
for the inside of food establishments include:

1. Restricted areas inside the plant should be
clearly marked and secured.

2. Access to central controls for airflow, water
systems, electricity, and gas should be
restricted and controlled.

3. Current flat layout schematics should be avail-
able at strategic and secured locations within
the plant.

4. Airflow systems should include a provision
for immediate isolation of contaminated areas
Or rooms.

5. Emergency alert equipment should be fully
operational, and the location of controls
should be clearly marked.

6. Access to in-plant laboratories should be
controlled.

7. Computer data processing should be protected
using passwords, network firewalls, and effec-
tive and current virus detection systems.

The Food Safety Modernization Act

The FDA Food Safety Modernization Act was
signed into law by President Obama on January
4, 2011, with the objective of ensuring that the
US food supply is safe by shifting the focus of
federal regulators from responding to contamina-
tion to preventing contamination.

FSMA specifies a final rule “Focused
Mitigation Strategies to Protect Food Against
Intentional Adulteration” (Agres 2014; FDA
2016). This foundational rule specifies that all
domestic and foreign facilities that are registered
under Section 415 of Code of Federal Regulations
under the Federal Food, Drug, and Cosmetic Act
will be required to review the four activities that
are the most vulnerable to intentional adultera-
tion. These four activities include (1) bulk liquid
receiving and unloading, (2) liquid storage, and
holding, (3) mixing and combining food ingredi-
ents together, and (4) ingredient handling. This
adoption is very similar to using Hazard Analysis
and Critical Control Points (HACCP) to prevent
food safety issues in the meat and poultry indus-
tries including, biological, chemical, and physi-
cal contamination. FSMA states that companies
must prepare a food defense plan, conduct train-
ing, take and monitor corrective actions, and
maintain records of documentation.

(1) Bulk liquid receiving and loading activi-
ties include process steps where a liquid ingredi-
ent is being received and unloaded at a facility or
loaded into an outbound transport vehicle. This
activity type incorporates the actions of opening
the transport vehicle, attaching any pumping
equipment or hoses, and opening any venting
hatches. (2) Bulk liquid storage and non-bulk
liquid holding and surge tanks often involve
agitation and may be located in isolated areas
of the facility allowing access and dispersion of
a contaminant. Access hatches may not be
locked or alarmed. With regard to surge tanks in
the production area, there may not be lids present
or locking hatches to limit accessibility to the liq-
uid ingredient or product. (3) Coating, mixing,
grinding, and rework activities may allow for
even distribution of a contaminant. The effect
of any of these processes is that an agent added to
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the process could be evenly mixed throughout the
product batch, contaminating the total servings
produced from the contaminated batch, and
includes but is not limited to mixers, blenders,
homogenizers, cascade breeders, millers, grind-
ers, pulverizers, etc. (4) Ingredient staging,
preparation, and addition activities are open
process steps that may provide a point of
access to introduce a contaminant into the
product stream.

The six other foundational rules implemented
under FSMA include (1) Current Good
Manufacturing Practice and Hazard Analysis and
Risk-Based Preventive Controls for Human
Food; (2) Standards for the Growing, Harvesting,
Packing, and Holding of Produce for Human
Consumption; (3) Current Good Manufacturing
Practice and Hazard Analysis and Risk-Based
Preventive Controls for Food for Animals; (4)
Foreign Supplier Verification Programs (FSVP)
for Importers of Food for Humans and Animals;
(5) Accreditation of Third-Party Auditors/
Certification Bodies to Conduct Food Safety
Audits and to Issue Certifications; and (6)
Sanitary Transport of Human and Animal Food
(FDA 2016).

Food Defense Plan

A food defense plan is required for all food com-
panies that are registered under Section 415 of
the Code of Federal Regulations (CFR) under the
Federal Food, Drug, and Cosmetic Act. The FDA
has a food defense plan builder (FDA 2016) that
can help plants develop their food defense plan.
Many of the items listed in the Biosecurity
Guidelines sections can be included in a food
defense plan. A food defense plan is a written
plan used to record and document the practices
implemented at a facility to control/minimize the
potential for intentional contamination.

The basic elements of a food defense plan
include (1) assessment of the broad mitigation
strategies currently implemented at the facility,
(2) action items resulting from the broad mitiga-
tion assessment, (3) vulnerability assessment and
the critical process steps identified, and (4)
focused mitigation strategies selected to be

implemented at the facility. Broad mitigation
strategies include procedures implemented to
secure the facility, storage areas, shipping and
receiving areas, utilities, and personnel. Focused
mitigation strategies provide an additional level
of security to those vulnerable areas within food
processing or production steps that are inherently
open to direct human contact. Food defense plans
and food safety plans may overlap and can even
be combined into a single plan. In some cases,
food defense measures may overlap with prac-
tices in a firm’s sanitation standard operating pro-
cedures (SSOPs) and HACCP. In these cases,
there is no need to recreate something that is
already in place when developing a food defense
plan. Food defense plans will differ from facility
to facility according to the food defense training
101 at FDA (2016), but all plans should include
certain elements including:

1. Company information.

2. Broad mitigation strategies and action plans.

3. Vulnerability assessments and focused miti-
gation strategies.

4. Plan reassessment procedures.

Contact information for response plan.

6. Process steps that have been identified in the
vulnerability assessment as critical process
steps should be identified in the food defense
plan. Those process steps that are determined
as critical and pose a threat to intentional con-
tamination should be identified, similar to
how HACCEP plans identify the critical control
points for unintentional contamination in the
food process.

7. Focused mitigation strategies employed at the
facility to minimize or eliminate vulnerabili-
ties at the critical process steps of the food
facility should be documented in the food
defense plan.

e

Food Defense Team

According to FDA (2016), the roles and the
responsibilities of a food defense team are:

1. Conduct evaluations of the broad mitigation
strategies established at the facility.
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2. Develop action items to address gaps identified
in the broad mitigation strategy assessment.

3. Conduct vulnerability assessments for each
food (or food group) process and identify the
critical steps of each process

4. Implement mitigation strategies to minimize
the vulnerabilities identified at the critical pro-
cess steps.

5. Document the assessments, vulnerabilities,
and mitigation strategies and any food defense
policies or procedures.

6. Prepare a response plan and identify emer-
gency contacts.

7. Determine practical guidelines for managing
the plan, such as testing of the plan proce-
dures, and reassessment of the plan.

The food defense coordinator leads the food
defense team and manages the development,
implementation, and maintenance of the food
defense plan. The food defense coordinator
should have knowledge of the overall operations
of the facility as well as a background and train-
ing in food defense and may be a Quality
Assurance/Quality Control manager or a facility
manager. Members of a food defense team may
be from facility management, human resources,
production, quality control, and security.

Vulnerability Assessment As individual steps
of a facility’s food processes are assessed for
accessibility and vulnerability, those with the
highest overall vulnerability to intentional con-
tamination should be considered “critical” pro-
cess steps. Vulnerability assessments are similar
to conducting a hazard analysis and identifying
critical control points in food safety. According
to FDA (2016), one way to rate the risk of a pro-
cess step is to use a scoring system, accessibility
and vulnerability are each assigned a score of 1
(low vulnerability/accessibility) to 10 (high vul-
nerability/accessibility), and the two scores are
summed for an overall vulnerability rating. The
steps for conducting vulnerability assessment
includes (1) identify all food products, (2) create
a flowchart for each food product, (3) identify the
process steps of each food product, (4) evaluate
the risk of each process step, and (5) rank process
steps by overall vulnerabilities.

Employee Responsibilities Employees should
be aware of and trained in food defense proce-
dures. Supervisors need to provide leadership to
frontline employees to help them implement mit-
igation strategies and food defense procedures. In
addition, employees should receive training on
food defense and their responsibilities in the food
defense plan. All employees need to know (1)
suspicious activities that should be reported, (2)
the appropriate person(s) to report suspicious
activities, (3) procedure for contacting authori-
ties, and (4) their specific responsibilities pertain-
ing to the defense plan.

Food Defense Resources

FDA provides multiple guidance documents and
tools for industry in food defense planning on
their website (FDA 2016). These resources
include:

1. Preventive Measures Guidance (including
self-assessment).

2. Vulnerability Assessment Software Tool: A
prioritization tool that can be used to assess
the vulnerabilities within a system or infra-
structure in the food industry.

3. Food Defense Mitigation Strategies
Database: This database provides a range of
preventive measures that a firm may choose to
implement to better protect their facility, per-
sonnel, products, and operations.

4. Food Defense Plan Builder: A comprehen-
sive tool that walks the user through all the
steps of developing a food defense plan.

After completing the steps in the tool, it will
automatically generate a food defense plan. Other
resources provided by FDA include FREE-B
(the Food-Related Emergency Exercise Bundle),
which includes scenarios based on both inten-
tional and unintentional food contamination
events, and Employees FIRST, an FDA initia-
tive that food companies can use to train employ-
ees on food defense.

USDA-FSIS also contains the following infor-
mation to help companies develop, utilize, and
update a food safety plan:
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1. CARVER + Shock Primer: This tool can be
used to assess the vulnerabilities within a sys-
tem or infrastructure to an intentional attack.

2. Developing a Food Defense Plan for Meat
and Poultry Slaughter and Processing
Plants: This guide provides an easy, practical,
and achievable three-step method for creating
a food defense plan.

3. Elements of a Functional Food Defense
Plan.

4. Food Defense Risk Mitigation Tool.

The Role of Pest Management
in Biosecurity

Since pest management is an integral part of food
security, the training of pest management person-
nel is a viable method to improve food safety
through monitoring the premises for indications of
bioterrorism. This is a logical approach since pest
management technicians have the responsibility of
investigating conditions that do not contribute to
wholesome foods. A link exists between pest
exclusion and food safety and security (Anon
2004) since pest management technicians monitor
the interior and exterior of food facilities for abnor-
mal conditions that may jeopardize food safety.

Biosecurity and pest management personnel
should collaborate to create a set of common
goals and training opportunities. The security
team can mentor pest management technicians
on what to observe when they conduct their daily
inspections, such as unusual footprints near the
perimeter or abandoned packages in the plant,
and indicate the necessary actions. Pest manage-
ment personnel can teach security about monitor-
ing potential water contamination sites such as
drains and sewers, identifying signs of contami-
nation of raw materials, and choosing security
solutions that minimize pest problems, such as
opting for sodium vapor lights instead of mercury
vapor lights, which attract pests (Anon 2004).

If a contract test management company is uti-
lized, it should be a reputable firm with techni-
cians that are specifically trained in food pest
management. These technicians should they
cleared with a security background check and
possess knowledge about bioterrorism prevention

strategies. These experienced technicians know
how to advise the food company on the latest
techniques for pest management and food secu-
rity. Normally, in-house technicians did not have
the access to the expertise and ongoing training
that pest management vendors possess, and they
cannot store chemicals off-site. This limitation
creates sanitation and bioterrorism hazards within
a facility. If pest management chemicals are
stored on the premises, accidental contamination
risk increases, and it is more convenient for dis-
gruntled workers or terrorists to intentionally poi-
son products and destroy a firm’s reputation.

Additional Bioterrorism
Information

Food Detention

This portion of the Act authorizes Health and
Human Services (HHS), through the FDA, to
order the retention of food if an officer or quali-
fied employee has credible evidence or even
information which suggests that a foodstuff pres-
ents a threat of serious adverse health conse-
quences or death to humans or animals. The
HHS, through the FDA, is required to issue final
regulations to expedite enforcement actions on
perishable foods.

Registration of Food and Animal Feed
Facilities

The Bioterrorism Act requires the owner, opera-
tor, or agent in charge of a domestic or foreign
facility to register with FDA by December 12,
2003. A facility is considered to be any factory,
warehouse, or establishment, including importers
that manufacture, process, pack, or store food for
human or animal consumption in the United
States. Exemptions include farms, restaurants,
retail food establishments, nonprofit establish-
ments that prepare or serve food, and fishing ves-
sels not engaged in processing. Foreign facilities
are also exempt if the food from the establishment
is designated for other processing or packaging
by another facility before it is exported to the
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United States or if the establishment performs a
minimal activity such as labeling. Such a registra-
tion roster will enable the FDA to rapidly identify
and locate affected food processors and other
establishments if deliberate or accidental contam-
ination of food occurs.

Establishment and Maintenance
of Records

The Secretary of Health and Human Services is
required to establish requirements for the cre-
ation and maintenance of records needed to
determine the immediate previous sources and
the subsequent recipients of food. Such records
permit the FDA to address credible threats of
serious adverse health consequences or death to
humans or animals. Entities that are subject to
these provisions are those that manufacture, pro-
cess, pack, transport, distribute, receive, store, or
import food. Farms and restaurants are exempt
from these requirements.

Prior Notice of Imported Food
Shipments

The Bioterrorism Act requires that prior notice of
imported food shipments be given to the
FDA. The notice must include a description of
the article, manufacturer, shipper, grower (if
known), country of origin, country from which
the article is shipped, and the anticipated port of
entry. This regulation mandates that importers of
food must give the FDA prior notice of every
shipment of food before it can enter into the
United States. Issued jointly with the US Bureau
of Customs and Border Protection, the advance
notification of what shipments contained in when
they will arrive at US ports of entry is designated
to assist these federal agencies to better target
painting art inspections of imported foods.
Currently, the FDA requires that companies pro-
vide prior notice and receive FDA confirmation
no more than 5 days before anticipated arrival at
a US port of entry and no fewer than 2 h before
arrival by land via road, 4 h before arrival by air
or by land via rail, or 8 h before arrival by water.

Study Questions

1. Why is biosecurity a major concern to the
food industry?

2. What are the “three Ps” of protection against
bioterrorism?

3. Whatis the significance of the Bioterrorism Act?

4. How does biosecurity and pest management
interface?

5. How can biosecurity and pest management
personnel complement each other?

6. What has the US Department of Agriculture
done to promote food biosecurity?

7. What has the Food and Drug Administration
done to enhance food biosecurity?

8. How have attacks by terrorists in the United
States in 200laffected biosecurity among
food processors?

9. What are the components of a food defense
plan?

10. Which employees of a company should be
involved in a food defense plan?

11. What are the responsibilities of a food
defense team?

12. What is RFID?

13. What is e-COA?

14. What is agroterrorism?

15. What is traceability?
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The Relationship
of Microorganisms to Sanitation

Abstract

Microorganisms cause food spoilage through degradation of appearance
and flavor, and foodborne illness occurs through the ingestion of food con-
taining microorganisms or toxins of public health concern. Control of
microbial load from equipment, establishments, and foods is part of a sani-
tation program.

Microorganisms have a growth pattern similar to the shape of a bell
curve and tend to proliferate and die at a logarithmic rate. Extrinsic factors
that have the most effect on microbial growth kinetics are temperature,
oxygen availability, and relative humidity. Intrinsic factors that affect
growth rate most are water activity (A,,) and pH levels, oxidation-reduction
potential, nutrient requirements, and presence of inhibitory substances.
Chemical changes from microbial degradation occur primarily through
enzymes, produced by microorganisms, which degrade proteins, lipids,
carbohydrates, and other complex molecules into simpler compounds.

The most common methods of microbial destruction are heat, chemi-
cals, and irradiation, whereas the most common methods for inhibiting
microbial growth are refrigeration, dehydration, and fermentation.
Microbial load and taxonomy are measurements of the effectiveness of a
sanitation program by various tests and diagnoses.
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Introduction

Microorganisms (also called microbes and micro-
bial flora) exist throughout the natural environ-
ment. Effective sanitation combats their
proliferation and activity.

How Microorganisms Relate
to Food Sanitation

Microbiology is the science of microscopic forms
of life known as microorganisms. Knowledge of
microorganisms is important to the sanitation
specialist because their control is part of a sanita-
tion program.

What Are Microorganisms?

A microorganism is a microscopic form of life
found on all non-sterilized matter that can be
decomposed. The word is of Greek origin and
means “small” and “living beings.” These organ-
isms metabolize in a manner similar to humans
through nourishment intake, discharge of waste
products, and reproduction. Most foods are
highly perishable because they contain nutrients
required for microbial growth. Microbial prolif-
eration control is essential to reduce food spoil-
age and eliminate foodborne illness. Improper
sanitation practices during food processing, prep-
aration, and serving increase the rate and extent
of deteriorative changes that lead to spoilage.
Three types of microorganisms occur in foods.
They may be beneficial and pathogenic or cause
spoilage. Beneficial microorganisms include
those that may produce new foods or food ingre-
dients through fermentation(s) (e.g., yeasts and
lactic acid bacteria) or probiotics. Spoilage micro-
organisms, through their growth and ultimately
enzymatic action, alter the taste of foods through
flavor, texture, or color degradation. Pathogenic
microorganisms can cause human illness. Two
types of pathogenic microorganisms found in
foods are those that cause (1) intoxication and
(2) infection. Intoxication results from microor-
ganisms growing and producing toxin (which

causes the illness) in a food. An infection is an
illness that results from ingestion of a disease-
causing microorganism. Infectious microorgan-
isms may cause illness by the production of
enterotoxins in the gastrointestinal tract or
adhesion to and/or invasion of the tissues.

Microorganisms Common to Food

A major challenge for the sanitarian is to protect
the production area and other involved locations
against microbes that can reduce the wholesome-
ness of food. Microorganisms can contaminate
and affect food, with dangerous consequences to
consumers. The microorganisms most common
to food are bacteria and fungi. The fungi, which
are less common than bacteria, consist of two
major microorganisms: molds (which are multi-
cellular) and yeasts (which are usually unicellu-
lar). Bacteria, which usually grow at the expense
of fungi, are unicellular. Viruses, although trans-
mitted more from person to person through poor
employee hygiene than via food, should also be
mentioned because they may contaminate food.

Molds

Molds are multicellular ~ microorganisms
(eukaryotic cells) with mycelial (filamentous)
morphology. They consist of tubular cells, rang-
ing from 30-100 pm in diameter, called hyphae,
which form a macroscopic mass called a myce-
lium. Molds display a variety of colors with a
mildewy or fuzzy, cotton-like appearance. They
can develop numerous tiny spores found in the
air and spread by air currents. These can produce
new mold growth if they are in a location that
has conditions conducive to germination. Molds
generally withstand greater variations in pH than
do bacteria and yeasts and frequently tolerate
greater temperature variations. Although molds
thrive best at or near a pH of 7.0, they tolerate a
range from 2.0-8.0, although an acid-to-neutral
pH is preferred. Molds are thriftier at ambient
temperature than in a colder environment, even
though growth can occur below 0 °C (32 °F).
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Although they prefer an A, of approximately
0.90, growth of a few osmiophilic molds can and
does occur at a level as low as 0.60. At an A,, of
0.90 or higher, bacteria and yeasts grow more
effectively and normally utilize available nutri-
ents for growth at the expense of molds. When
the A,, goes below 0.90, molds are more likely to
grow. Foods such as pastries, cheeses, and nuts
that are low in moisture content are more likely
to spoil from mold growth.

Molds have been considered beneficial and
troublesome, ubiquitous microorganisms. They
often work in combination with yeasts and bacte-
ria to produce numerous indigenous fermented
foods and are involved in industrial processes to
produce organic acids and enzymes. Molds are a
major contributor to food product recalls. Most
do not cause health hazards, but some produce
mycotoxins that are toxic, carcinogenic, muta-
genic, or teratogenic to humans and animals.

Because they may be airborne, molds spread
easily. These fungi cause various degrees of visi-
ble deterioration and decomposition of foods.
Their growth is identifiable through rot spots,
scabs, slime, cottony mycelium, or colored spor-
ulating mold. Molds may produce abnormal fla-
vors and odors due to fermentative, lipolytic, and
proteolytic changes caused by enzymatic reac-
tions with carbohydrates, fats, and proteins in
foods.

Mold growth has an absolute requirement for
oxygen and will not occur with high levels of car-
bon dioxide (5-8%). Their diversity is evident
through the ability to function as oxygen scaven-
gers and to grow at very low levels of oxygen and
even in vacuum packages. Some halophilic molds
can tolerate a salt concentration of over 20%.

Yeasts

Yeasts are generally unicellular. They differ from
bacteria in their larger cell sizes and morphology
and because they produce buds during the pro-
cess of reproduction by fission. The generation
time of yeasts is slower than that of bacteria, with
a typical time of 2-3 h in foods, leading from an
original contamination of one yeast/g of food to

spoilage in approximately 40-60 h. Like molds,
yeasts spread through the air or by other means
and can alight on the surface of foodstuffs. Yeast
colonies are generally moist or slimy in appear-
ance and creamy white. Yeasts prefer an A,, of
0.90-0.94, but can grow below 0.90. In fact,
some osmiophilic yeasts can grow at an A,, as low
as 0.60. These microorganisms grow best in the
intermediate acid range, a pH from 4.0-4.5.
Yeasts are more likely to grow on foods with
lower pH and on those that are vacuum packaged.
Food that is highly contaminated with yeasts will
frequently have a slightly fruity odor.

Bacteria

Bacteria are unicellular microorganisms (pro-
karyotic cells) that are approximately 1 pm in
diameter, with morphology variation from short
and elongated rods (bacilli) to spherical (cocci)
or ovoid forms. Individual bacteria closely com-
bine in various forms, according to genera. Some
sphere-shaped bacteria occur in clusters similar
to a bunch of grapes (e.g., staphylococci). Other
bacteria (rod-shaped or sphere-shaped) are linked
together to form chains (e.g., streptococci).
Certain genera of sphere-shaped bacteria are
formed together in pairs (diploid formation),
such as pneumococci. Microorganisms, such as
Sarcina spp., form as a group of four (tetrad for-
mation). Other genera appear as an individual
bacterium. Some bacteria possess flagella and are
motile.

Bacteria produce pigments ranging from vari-
ations of yellow to dark shades, such as brown or
black. Certain bacteria have pigmentation of
intermediate colors—red, pink, orange, blue,
green, or purple. These bacteria cause food dis-
coloration, especially among foods with unstable
color pigments, such as meat. Some bacteria also
cause discoloration by slime formation.

Some species of bacteria produce spores,
which may be resistant to heat, chemicals, and
other environmental conditions. Some of these
spore-forming bacteria are thermophilic microor-
ganisms that produce a toxin that can cause food-
borne illness.
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Viruses

Viruses, a leading cause of foodborne illness in the
United States, account for approximately 50% of
foodborne diseases, and according to the Centers
for Disease Control and Prevention (CDC), noro-
viruses affect approximately 20 million people
each year. Norovirus and hepatitis A are the two
main viruses of concern for the food industry for
imported products. The norovirus is an extremely
contagious virus. Thus, food contamination is
likely to occur before harvest through irrigation
water contaminated with feces or by infected food
workers.

Viruses are infective microorganisms with
dimensions that range from 20-300 nm or about
1/100-1/10 the size of a bacterium. Most viruses
are visible only with an electron microscope. A
virus particle consists of a single molecule of
DNA or RNA, surrounded by a coat made from
protein. Viruses are typically present in foods in
low numbers, making their detection in tradi-
tional cell cultures difficult. However, diagnostic
advances such as real-time reverse transcription-
polymerase chain reaction have advanced the
detection of foodborne viruses. Viruses cannot
reproduce outside of another organism and are
obligate parasites of all living organisms, such as
bacteria, fungi, algae, protozoa, higher plants,
and invertebrate and vertebrate animals. When a
protein cell attaches to the surface of the appro-
priate host cell, either the host cell engulfs the
virus particle or the nucleic acid enters from the
virus particle into the host cell, as with bacterio-
phages active against bacteria.

In animals, some infected host cells die, but
others survive infection with the virus and resume
their normal function. It is not necessary for the
host cells to die for the host organism—in the
case of humans—to become ill (Shapton and
Shapton 1991). Employees may serve as carriers
and transmit viruses to food. An infected food
handler can excrete the organism through the
feces and respiratory tract infection. Transmission
occurs through coughing, sneezing, touching a
runny nose, and from not washing the hands after
using the toilet. The inability of host cells to per-
form their normal function causes illness. After
the normal function is reestablished, recovery

from illness occurs. The inability of viruses to
reproduce themselves outside the host and their
small size complicates their isolation from foods
suspected of being the cause of illness in humans.
There is no evidence of the human immunodefi-
ciency virus (HIV) (acquired immune deficiency
syndrome [AIDS]) being transmitted by foods.
Sanitizers such as the iodophors can destroy
viruses (see Chap. 10), but they may not be inac-
tivated by a pH as low as 3.0. A 70% ethanol and
10 mg/L free residual chlorine inactivates viruses
(Caul 2000).

Foodborne viruses cause diseases through
viral gastroenteritis or viral hepatitis. A virus
that has caused a major increase in outbreaks in
restaurants during the past 10 years is hepatitis
A. Intravenous drug use is one factor that
accounts for some of this rise. Infectious hepa-
titis A occurs in food not handled in a sanitary
manner. The onset is 1-7 weeks with an average
length of 30 days. Symptoms include nausea,
cramps, vomiting, diarrhea, and, sometimes,
jaundice, which can last from a week to several
months. A major source of hepatitis is raw
shellfish from polluted waters. The most likely
foods to transmit viral illnesses are those han-
dled frequently and those that receive no heat-
ing after handling, such as sandwiches, salads,
and desserts. Because this disease is highly con-
tagious, it is mandatory that employees han-
dling food practice thorough handwashing.
Viruses also cause diseases such as influenza
and the common cold.

Microbial Growth Kinetics

With minor exceptions, multiplication of micro-
bial cells by binary fission occurs in a growth pat-
tern of various phases, according to the typical
microbial growth curve illustrated in Fig. 3.1.

Lag Phase

After contamination occurs, the period of adjust-
ment (or adaptation) to the environment, with a
slight decrease in microbial load due to stress
(Fig. 3.1), followed by limited growth in the
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Fig.3.1 A typical growth curve for bacteria
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Fig.3.2 Effect of initial contamination and lag phase on
the growth curve of microorganisms: (@) high initial con-
tamination and poor temperature control (short lag phase),
(D) low initial contamination and ineffective temperature

number of microbes, is called the lag phase of
microbial growth. Less microbial proliferation
through reduced temperature or other preserva-
tion techniques extends the lag phase. This
increases the “generation interval” of microor-
ganisms. Decreasing the number of microbes
that contaminate food, equipment, or buildings

control (short lag phase), (c), low initial contamination
and rigid temperature control (long lag phase), and (d)
typical growth curve

retards microbial proliferation. Lower initial
counts of microbes through improved sanitation
and hygienic practices extend the lag phase and
entry into the next growth phase deferred.
Figure 3.2 illustrates how differences in tempera-
ture and initial contamination load can affect
microbial proliferation.
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Logarithmic Growth Phase

Bacteria multiply by binary fission, characterized
by the duplication of components within each
cell, followed by prompt separation to form two
daughter cells. During this phase, the number of
microorganisms increases to the point that, when
cells divide, the increase in number of microbes
occurs at an exponential rate until some environ-
mental factor becomes limiting. The length of
this phase may vary from two to several hours.
The number of microorganisms and environmen-
tal factors, such as nutrient availability and tem-
perature, affect the logarithmic growth rate of the
number of microorganisms. Effective sanitation
to reduce the microbial load can limit the number
of microbes that can contribute to microbial pro-
liferation during this growth phase.

Stationary Growth Phase

When environmental factors such as nutrient
availability, temperature, and competition from
another microbial population become limiting,
the growth rate slows and reaches an equilibrium
point. Growth becomes relatively constant,
resulting in the stationary phase. During this
phase, the number of microorganisms is fre-
quently large enough that their metabolic by-
products and competition for space and
nourishment reduce proliferation to a slight or no
decrease in the microbial proliferation. The
length of this phase usually ranges from 24 h to
more than 30 days but depends on both the avail-
ability of energy sources for the maintenance of
cell viability and the degree of pollution in (hos-
tility of) the environment.

Accelerated Death Phase

Lack of nutrients, metabolic waste products, and
competition from other microbial populations
contribute to the death of microbial cells at an
exponential rate. Accelerated death rate is similar
to logarithmic growth rate and ranges from 24 h
to 30 days but depends on temperature, nutrient

supply, microbial genus and species, age of the
microorganisms, application of sanitation tech-
niques and sanitizers, and competition from other
microbes.

Reduced Death Phase

This phase is nearly the opposite of the lag phase
and is attributable to a sustained accelerated death
phase with a decreased microbial population
number to the extent that the death rate deceler-
ates. After this phase, the organism has been
degraded, sterilization has occurred, or another
microbial population continues decomposition.

What Causes Microorganisms
to Grow

Factors that affect microbial proliferation rate are
extrinsic and intrinsic.

Extrinsic Factors

Extrinsic factors relate to the environmental fac-
tors that affect the growth rate of microorganisms.

Temperature

Microbes have an optimum, minimum, and maxi-
mum temperature for growth. Therefore, the
environmental temperature determines the prolif-
eration rate and the genera of microorganisms
that will thrive and the extent of microbial activ-
ity that occurs. For example, a change of only a
few degrees in temperature may favor the growth
of entirely different organisms and result in a dif-
ferent type of food spoilage and foodborne ill-
ness. These characteristics have been responsible
for the use of temperature as a method of control-
ling microbial activity.

The optimal temperature for the proliferation
of most microorganisms is from 14—40 °C (57—
104 °F). However, some microbes will grow
below 0 °C (32 °F), and other genera will thrive
at temperatures up to and exceeding 100 °C
(212 °F).
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Microbes classified according to temperature
of optimal growth include:

1. Thermophiles (high-temperature-loving micro-
organisms), with growth optima at tempera-
tures above 45 °C (113 °F). Examples are
Bacillus stearothermophilus, Bacillus coagu-
lans, and Lactobacillus thermophilus.

2. Mesophiles (medium-temperature-loving
microorganisms), with growth optima between
20 °C (68 °F) and 45 °C (113 °F). Examples
are most lactobacilli and staphylococci.

3. Psychrotrophs (cold-temperature-tolerant
microorganisms), which tolerate and thrive at
temperatures below 20 °C (68 °F). Examples
are Pseudomonas and Moraxella-Acineto-
bacter).

Bacteria, molds, and yeasts each have some
genera that thrive in the range characteristic of
thermophiles, mesophiles, and psychrotrophs.
Molds and yeasts tend to be less thermophilic
than do bacteria. As the temperature approaches
0 °C (32 °F), fewer microorganisms thrive, and
their proliferation is slower. Below approxi-
mately 5 °C (40 °F), proliferation of spoilage
microorganisms is retarded, and growth of most
pathogens ceases.

Oxygen Availability

As with temperature, availability of oxygen
determines which microorganisms will be active.
Some microorganisms have an absolute require-
ment for oxygen. Others grow in the total absence
of oxygen, and others grow either with or without
available oxygen. Microorganisms that require
free oxygen are aerobic microorganisms
(Pseudomonas species is an example). Those that
thrive in the absence of oxygen are anaerobic
microorganisms (i.e., Clostridium species).
Microorganisms that grow with or without the
presence of free oxygen are facultative microor-
ganisms (e.g., Lactobacillus species).

Relative Humidity

Microorganisms have high requirements for
water to support their growth and activity. A high
relative humidity can cause moisture condensa-

tion on food, equipment, walls, and ceilings.
Condensation causes moist surfaces, which are
conducive to microbial growth and spoilage.
Furthermore, a low relative humidity inhibits
microbial growth.

Bacteria require a higher humidity than do
yeasts and molds. Optimal relative humidity for
bacteria is 92% or higher, whereas yeasts prefer
90% or higher. Molds thrive more if the relative
humidity is 85-90%.

Intrinsic Factors

Intrinsic factors that affect the rate or prolifera-
tion relate more to the characteristics of the sub-
strates (foodstuff or debris) that support or affect
growth of microorganisms.

Water Activity

A reduction of water availability will reduce
microbial proliferation. The available water for
metabolic activity instead of total moisture con-
tent determines the extent of microbial growth.
The unit of measurement for water requirement
of microorganisms is usually expressed as water
activity (A,,), defined as the vapor pressure of the
subject solution divided by the vapor pressure of
the pure solvent: A, = p+py, where p is the vapor
pressure of the solution and p, is the vapor pres-
sure of pure water. The approximate optimal A,
for the growth of many microorganisms is 0.99,
and most microbes require an A, higher than
0.91 for growth. The approximate relationship
between fractional equilibrium relative humidity
(RH) and A,, is RH = A,, x 100. Therefore, an A,
of 0.95 is approximately equivalent to an RH of
95% in the atmosphere above the solution. Most
natural food products have an A, of approxi-
mately 0.99. Generally, bacteria have the highest
water activity requirements of the microorgan-
isms. Molds normally have the lowest A,, require-
ment, and yeasts are intermediate. Most spoilage
bacteria do not grow at an A, below 0.91, but
molds and yeasts can grow at an A,, of 0.80 or
lower. Molds and yeasts can grow on partially
dehydrated surfaces (including food), whereas
bacterial growth is retarded.
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pH

pH is a measurement of log,, of the reciprocal of
the hydrogen ion concentration (g/L) and is rep-
resented as pH = log,,[H*]. The pH for optimal
growth of most microorganisms is near neutrality
(7.0). Yeasts can grow in an acid environment and
thrive best in an intermediate acid (4.0-4.5)
range. Molds tolerate a wider range (2.0-8.0),
although their growth is generally greater with an
acid pH. They thrive in a medium that is too acid
for either bacteria or yeasts. Bacterial growth is
optimal by near-neutral pH values. However, aci-
dophilic (acid-loving) bacteria grow on food or
debris down to a pH of approximately 5.2. Below
5.2, microbial growth is below that in the normal
pH range.

Oxidation-Reduction Potential

The oxidation-reduction potential is an indication
of the oxidizing and reducing power of the sub-
strate. To attain optimal growth, some microor-
ganisms require reduced conditions; others need
oxidized conditions. Thus, the importance of the
oxidation-reduction potential is apparent. All sap-
rophytic microorganisms that are able to transfer
hydrogen as H* and E~ (electrons) to molecular
oxygen are aerobes. Aerobic microorganisms
grow more rapidly under a high oxidation-
reduction potential (oxidizing reactivity). A low
potential (reducing reactivity) favors the growth
of anaerobes. Facultative microorganisms are
capable of growth under either condition.
Microorganisms can alter the oxidation-reduction
potential of food to the extent that the activity of
other microorganisms is restricted. For example,
anaerobes can decrease the oxidation-reduction
potential to such a low level that the growth of
aerobes is inhibited.

Nutrient Requirements

In addition to water and oxygen (except for
anaerobes), microorganisms have other nutrient
requirements. Most microbes need external
sources of nitrogen, energy (carbohydrates, pro-
teins, or lipids), minerals, and vitamins to support
their growth. Amino acids and nonprotein nitro-
gen sources provide nitrogen. However, some

microorganisms utilize peptides and proteins.
Molds are the most effective in the utilization of
proteins, complex carbohydrates, and lipids
because they contain enzymes capable of hydro-
lyzing these molecules into less complex compo-
nents. Many bacteria have a similar capability,
but most yeasts require the simple forms of these
compounds. All microorganisms need minerals,
but requirements for vitamins vary. Molds and
some bacteria can synthesize enough B vitamins
for their needs, whereas other microorganisms
require a ready-made supply.

Inhibitory Substances

Inhibitory substances affect microbial prolifera-
tion. Bacteriostats are substances or agents that
inhibit microbial activity, whereas bactericides
destroy microorganisms. Bacterial substances
such as nitrites retard bacterial proliferation
when incorporated during food processing.
Most bactericides decontaminate foodstuffs or
serve as a sanitizer for cleaned equipment, uten-
sils, and rooms. (Sanitizers are discussed in
detail in Chap. 10.)

Interaction Between Growth Factors

The effects that factors such as temperature, oxy-
gen, pH, and A, have on microbial activity may
be dependent on each other. Microorganisms
generally become more sensitive to oxygen avail-
ability, pH, and A,, at temperatures near growth
minima or maxima. For example, bacteria may
require a higher pH, A,,, and minimum tempera-
ture for growth under anaerobic conditions than
when aerobic conditions prevail. Microorganisms
that grow at lower temperatures are usually aero-
bic and generally have a high A,, requirement.
Lowering A,, by adding salt or excluding oxygen
from foods (such as meat) held at a refrigerated
temperature dramatically reduces the rate of
microbial spoilage. Normally, some microbial
growth occurs when any one of the factors that
controls the growth rate is at a limiting level.
Microbial growth is curtailed or stopped if more
than one factor becomes limiting.
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Role of Biofilms

Biofilms are microcolonies of bacteria closely
associated with an inert surface attached by a
matrix of complex polysaccharide-like material
with other trapped debris, including nutrients and
microorganisms. A biofilm is a unique environ-
ment that microorganisms generate for them-
selves, enabling the establishment of a “beachhead”
on a surface resistant to intense assaults by sanitiz-
ing agents. When a microorganism lands on a sur-
face, it attaches itself with the aid of filaments or
tendrils. The organism produces a polysaccharide-
like material, a sticky substance that will cement in
a matter of hours the bacteria’s position on the sur-
face and act as a glue to which nutrient material
will adhere with other bacteria and, sometimes,
viruses. The bacteria become entrenched on the
surface, clinging to it with the aid of numerous
appendages. Bacteria within a biofilm are up to
1,000 times more resistant to some sanitizers when
compared to those dispersed freely in a solution.

A biofilm builds upon itself, adding several lay-
ers of the polysaccharide material populated with
microorganisms, such as Salmonella, Listeria,
Pseudomonas, and others common to the specific
environment. Increased time of organism contact
with the surface contributes to the size of the micro-
colonies formed, amount of attachment, and diffi-
culty of removal. The biofilm will eventually
become a tough plastic normally removed only by
scraping. A firmly established biofilm has layers of
organisms protected from the sanitizer. Biofilm
buildup can be responsible for portions sheared off
by the action of food or liquid passing over the sur-
face. Because the shear force is greater than the
adherence force in the topmost layers of the bio-
film, chunks of the polysaccharide cement, with the
accompanying microbial population transferred to
the product with subsequent contamination.

There is an interest in biofilms because
Listeria monocytogenes will adhere to stainless
steel and form a biofilm. Biofilms form in two
stages. First, an electrostatic attraction occurs
between the surface and the microbe. The process
is reversible at this state. The next phase occurs
when the microorganism exudes an extracellular

polysaccharide, which firmly attaches the cell to
the surface. The cells continue to grow, forming
microcolonies and, ultimately, the biofilm.

These films are very difficult to remove during
the cleaning operation. Microorganisms that
appear to be more of a problem to remove because
of biofilm protection are Pseudomonas and L.
monocytogenes. Heat application appears to be
more effective than that of chemical sanitizers,
and Teflon appears to be easier to clear of biofilm
than stainless steel.

At this writing, it appears that cold plasma
may offer potential as a nonthermal intervention
to protect against biofilms. Cold plasma is a form
of ionized gas that can be utilized near room tem-
perature. Cold plasmas are very reactive and are
made by energizing pure gases or gas mixtures
with high-voltage electricity. According to
Niemira (2017), the electric charge strips mole-
cules apart, creating ions, free electrons, oxygen
singlet atoms, reactive radical species, and other
gas plasma products. The antimicrobial modes of
action arise from chemical reactions of plasma-
reactive particles and molecules with bacterial
cell structures and from additional ultraviolet
(UV) damage to DNA and other cellular compo-
nents caused by a UV light component of the
cold plasma. Cold plasma has received attention
from the medical field where biofilms present a
challenge such as dental and oral treatments.

Biofilms protect against the penetration of
water-soluble chemicals such as caustics,
bleaches, iodophors, phenols, and quaternary
ammonium sanitizers without microbial destruc-
tion. A biocide may require use at 10—100x nor-
mal strength to achieve inactivation.

In tests of sanitizers, including hot water at
82 °C (180 °F); chlorine at 20, 50, and 200 parts
per million (PPM); and iodine at 25 PPM, bacte-
ria on stainless steel chips survived after 5 min
immersion in the sanitizer. Baker and Riche
(2015) evaluated the attachment of cells to plastic
materials analyzed with a scanning electron
microscope (SEM) to study particles (biological
or synthetic). This principle involves a beam of
electrons emitted onto a surface or sample and
capturing secondary electrons by detectors inside
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the SEM, which ultimately transmits the signal
into an image viewed on a computer. Baker and
Riche (2015) found that sanitizers used to sani-
tize plastic materials are not sufficient in remov-
ing attached cells visible by SEM. Thus, the
removal of biofilms from a surface is very diffi-
cult and not well understood.

Microbial Growth

As temperature decreases, the generation inter-
val (time required for one bacterial cell to become
two cells) is increased. This is especially true
when the temperature goes below 4° C (40 °F).
Figure 3.2 illustrates the effect of temperature on
microbial proliferation. For example, freshly
ground beef may contain 1 million bacteria/g.
When the number of this microbial population
reaches approximately 300 million/g, abnormal
odor and some slime development, with resultant
spoilage, can occur. This trend does not apply to
all genera and species of bacteria. However, these
data reveal that initial contamination and storage
temperature dramatically affect the shelf life of
food. The storage life of ground beef that con-
tains 1 million bacteria/g is approximately 28 h at
15.5 °C (60 °F). At normal refrigerated storage
temperature of approximately—1 °C to 3 °C (34—
38 °F), the storage life exceeds 96 h.

Effects of Microorganisms
on Spoilage

When it becomes undesirable for human con-
sumption, food is spoiled. Microorganisms cause
spoilage through decomposition and putrefac-
tion. Spoilage is an undesirable change in the fla-
vor, odor, texture, or color of food caused by
growth of microorganisms and ultimately the
action of their enzymes.

Physical Changes
The physical changes caused by microorganisms

usually are more apparent than the chemical
changes. Microbial spoilage usually results in an

obvious change in physical characteristics such as
color, body, thickening, odor, and flavor degrada-
tion. Food spoilage is either aerobic or anaerobic,
depending on the spoilage conditions, including
whether the principal microorganisms causing the
spoilage were bacteria, molds, or yeasts.

Aerobic spoilage of foods from molds is nor-
mally limited to the food surface, where oxygen
is available. When molded surfaces of foods such
as meats and cheeses are trimmed, the remainder
is generally acceptable for consumption. This is
especially true for aged meats and cheeses. When
these surface molds are trimmed, surfaces under-
neath usually have limited microbial growth. If
extensive bacterial growth occurs on the surface,
penetration inside the food surface usually fol-
lows, and toxins may be present.

Anaerobic spoilage occurs within the interior
of food products or in sealed containers, where
oxygen is either absent or present in limited
quantities. Facultative and anaerobic bacteria
cause spoilage and is expressed through souring,
putrefaction, or taint. Souring occurs from the
accumulation of organic acids during the bacte-
rial enzymatic degradation of complex mole-
cules. Proteolysis without putrefaction may
contribute to souring. Souring causes the produc-
tion of various gases. Examples of souring are
milk and round sour or ham sour in meat. Meat
sours, or taints, are caused by anaerobic bacteria
that have been originally present in lymph nodes
or bone joints or that might have gained entrance
along the bones during storage and processing.

Chemical Changes

Through the activity of endogenous hydrolytic
enzymes present in foodstuffs (and the action of
enzymes that microorganisms produce), pro-
teins, lipids, carbohydrates, and other complex
molecules are degraded into smaller and simpler
compounds. Initially, the endogenous enzymes
are responsible for the degradation of complex
molecules. As microbial load and activity
increase, degradation subsequently occurs. These
enzymes hydrolyze the complex molecules into
simpler compounds, subsequently utilized as
nutrient sources for supporting microbial growth
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and activity. The effects of microbial action
depend upon oxygen availability. Availability of
oxygen permits hydrolysis of proteins into prod-
ucts such as simple peptides and amino acids.
Under anaerobic conditions, protein degradation
yields a variety of sulfur-containing compounds,
which are odorous and generally obnoxious. The
nonprotein nitrogenous compounds usually
include ammonia.

Other chemical changes include action of
lipases secreted by microorganisms that hydro-
lyze triglycerides and phospholipids into glycerol
and fatty acids and phospholipids into nitroge-
nous bases and phosphorus. Extensive lipolysis
accelerates lipid oxidation.

Most microorganisms prefer carbohydrates to
other compounds as an energy source because of
their readily utilization of energy. Utilization of
carbohydrates by microorganisms results in a
variety of products, such as alcohols and organic
acids. In many foods, such as sausage products
and cultured dairy products, microbial fermenta-
tion of sugar that has been added yields organic
acids (such as lactic acid), which contribute to
their distinct and unique flavors.

Effects of Microorganisms
on Foodborne llIness

The United States has the safest food supply of
all nations. However, the CDC estimates that
there are 76 million foodborne illnesses per year
in the United States with approximately 325,000
annual hospitalizations and 5,000 deaths attribut-
able to this illness. However, the actual number
of confirmed cases documented by the CDC is
much lower.

The development of gastrointestinal distur-
bances following the ingestion of food can result
from any one of several plausible causes.
Although the sanitarian is most interested in
those related to microbial origin, other causes are
chemical contaminants, toxic plants, animal par-
asites, allergies, and overeating. Although each
of these conditions is a potential source of illness
in humans, subsequent discussions will address
those illnesses caused by microorganisms.

Foodborne Disease

A foodborne disease is any illness associated
with or in which the causative agent is through
the ingestion of food. A foodborne disease out-
break is “two or more persons experiencing a
similar illness, usually gastrointestinal, after eat-
ing a common food, if analysis identifies the food
as the source of illness.” Bacterial pathogens
cause approximately 66% of all foodborne illness
outbreaks. Of 200 foodborne outbreaks reported
each year, approximately 60% are of undeter-
mined etiology. Unidentified causes may be from
the Salmonella and Campylobacter species,
Staphylococcus aureus, Clostridium perfringens,
Clostridium botulinum, Listeria monocytogenes,
Escherichia coli O157, Shigella, Vibrio, and
Yersinia enterocolitica, which are transmitted
through foods. A wide variety of home-cooked
and commercially prepared foods are implicated
in outbreaks, but they are most frequently related
to foods of animal origin, such as poultry, eggs,
red meat, seafood, and dairy products.

Foodborne lllnesses

Food poisoning is an illness caused by the con-
sumption of food containing microbial toxins or
chemical poisons. Food poisoning caused by bac-
terial toxins is called food intoxication, whereas
that caused by chemicals that have gotten into
food is referred to as chemical poisoning.
Illnesses caused by microorganisms exceed those
of chemical origin. Illnesses that are not caused
by bacterial by-products, such as toxins, but
through ingestion of infectious microorganisms,
such as bacteria, rickettsia, viruses, or parasites,
are food infections. Foodborne illnesses caused
from a combination of food intoxication and food
infection are food toxicoinfections. In this food-
borne disease, pathogenic bacteria grow in the
food. Large numbers are ingested with food by
the host, and, when in the gut, pathogen prolif-
eration continues, with resultant toxin produc-
tion, which causes illness symptoms. Illness
caused by the mind, due to one witnessing
another human sick or to the sight of a foreign
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object, such as an insect or rodent, in a food prod-
uct, is termed psychosomatic food illness.

To provide protection against foodborne ill-
ness, it is necessary to have up-to-date knowl-
edge of production, harvesting, and storage
techniques for accurate evaluation of the quality
and safety of raw materials. Thorough knowledge
of design, construction, and operation of food
equipment is essential to exercise control over
processing, preservation, preparation, and pack-
aging of food products. An understanding of the
vulnerability of food products to contamination
will help establish safeguards against food
poisoning.

Aeromonas hydrophila Foodborne lliness

Evisceration and cold storage of chickens at 3 °C
(38 °F) may permit an increase in Aeromonas
hydrophila. Chill waters and the evisceration
process itself appear to be probable sources of
contamination in the typical broiler processing
operation and may contribute to the high effi-
ciency of occurrence of this microorganism at
the retail level. This microorganism has been
isolated from raw milk, cheese, ice cream, meat,
fresh vegetables, finfish, oysters, and other sea-
food. It is a motile, facultative anaerobic, gram-
negative rod with polar flagellum. The
temperature range for growth is 443 °C (40-
115 °F) with an optimum of 28 °C (82 °F). The
pH range is 4.5-9.0, and the maximum concen-
tration of salt for growth is 4.0%. A. hydrophila
can cause gastroenteritis in humans and infec-
tions in patients immunocompromised by treat-
ment for cancer.

Bacillus cereus Foodborne lliness

Bacillus cereus is a gram-positive, rod-shaped,
spore-forming obligate aerobe that is widely dis-
tributed. Although some strains of this microbe
are psychrotrophic and able to grow at 4-6 °C
(40-42 °F), most proliferate at 15-55 °C (58—
130 °F) with an optimal temperature of 30 °C
(85 °F). The normal habitat for B. cereus is dust,

water, and soil. It is in many foods and food
ingredients. Because this microorganism is a
spore-former, it is heat resistant. Most of the
spores have moderate resistance, but some have
high heat resistance. The pH range for the prolif-
eration of this bacterium is 5.0-8.8 with a mini-
mum A,, of 0.93.

This microorganism produces two types of
gastroenteritis: emetic and diarrheal. The diar-
rhetic type has relatively mild symptoms, such as
diarrhea and abdominal pain that occur 8-16 h
after infection and may last for approximately
624 h. In the emetic form of B. cereus illness,
the symptom is primarily vomiting (which occurs
within 1-6 h after infection and endures for 24 h
or less), although diarrhea may occur also. The B.
cereus emetic toxin is in the food and is heat sta-
ble like S. faecalis. The production of an entero-
toxin within the gut causes the emetic form,
which is more severe than the diarrhetic type.
Consumption of rice or fried rice served in res-
taurants or warmed-over mashed potatoes is
associated with foodborne outbreaks. Other
foods associated with this foodborne illness
include cereal dishes, vegetables, minced meat,
meat loaf, milk products, soups, and puddings.
The number of cells required for an outbreak is
5-8 log colony-forming units (CFU) per gram of
food. Effective sanitation in restaurants including
holding starchy cooked foods above 50 °C
(122 °F) or refrigerating at below 4 °C (40 °F)
within 2 h after cooking retards growth and toxin
production.

Botulism

Botulism is a foodborne illness that results
from the ingestion of a toxin produced by
Clostridium botulinum during its growth in
food. This microbe is an anaerobic, gram-posi-
tive, rod-shaped, spore-forming, gas-forming
bacterium found primarily in the soil. The opti-
mal growth temperature is 30-40 °C (85—
104 °F). Temperature growth ranges are
normally 10-50 °C (50-122 °F) except for type
E, which thrives at 3.3-45 °C (36-116 °F).
There are eight different botulinum toxins rec-
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Table 3.1 Type of botulinum toxin

Type | Characteristics

A Toxin is poisonous to humans; the most
common cause of botulism

B Toxin is poisonous to humans; found more
often than type A in most soils

C, Toxin is poisonous to waterfowl, turkeys, and
several mammals, but not to humans

C, Toxin is poisonous to waterfowl, turkeys, and
several mammals, but not to humans

D Toxin is responsible for forage poisoning of
cattle, but rarely poisonous to humans

E Toxin is poisonous to humans; usually
associated with fish and fish products

F Toxin is poisonous to humans; only recently
isolated and extremely rare

G Toxin is poisonous but rarely found

H Poisonous toxin isolated from infant botulism
patient that produced neurotoxin type B

ognized and serologically classified and another
identified, but at this writing not acknowledged
by the Food and Drug Administration in their
documentation (see Table 3.1). The extremely
potent toxin (the second most powerful biologi-
cal poison known to humans) produced by this
microorganism affects the peripheral nervous
system of the victim. The ingestion of 10—100
spores that germinate in the intestinal tract and
produce a toxin affects infants. Death occurs in
approximately 60% of the cases from respira-
tory failure. The characteristics, including
symptoms, incubation time, involved food, and
preventive measures, of botulism and other
common food poisonings are in Table 3.2.

Because C. botulinum may occur in the soil, it
is also present in water. Therefore, seafood is a
more viable source of botulism than are other
muscle foods. However, the largest potential
sources of botulism are home-canned vegetables
and fruits with a low to medium acid content.
Because this bacterium is anaerobic, canned and
vacuum-packaged foods are also viable sources
for botulism. Canned foods with a swell are
unsuitable for consumption because the swelling
results from the gas produced by the organism. It
is essential to heat smoked fish to at least 83 °C
(180 °F) for 30 min during processing to provide
additional protection.

To prevent botulism, effective sanitation,
proper refrigeration, and thorough cooking are
essential. This toxin is relatively heat-labile, but
the bacterial spores are very heat-resistant, and
severe heat treatment is required to destroy them.
Thermal processing at 85 °C (185 °F) for 15 min
inactivates the toxin. The combinations of tem-
peratures and times given in Table 3.3 are
required for complete spore destruction.

Campylobacteriosis

Campylobacter has become a major concern
because of transmission by food, especially inad-
equately cooked foods and through cross-
contamination. The temperature for growth
ranges from 30-45.5 °C (86-110 °F) with an
optimum of 37-42 °C (98.5-108 °F). It survives
to a maximum sodium chloride level of 3.5%.
Campylobacter exists as commensals of the gas-
trointestinal tract of wild and domesticated ani-
mals. This fastidious, facultative (microaerophilic
requiring 5% O, and 10% CO,), gram-negative,
non-spore-forming, spiral curve-shaped rod,
which is motile by means of flagella, is now the
most common cause of foodborne illness in the
United States. It is the causative agent of veteri-
nary diseases in poultry, cattle, and sheep and is
quite common on raw poultry. Improvement of
the detection and isolation of this microorganism
has incriminated it in foodborne disease out-
breaks. This microbe is one of the most frequent
causes of bacterial diarrhea and other illnesses,
and there is a mounting body of evidence that it
causesulcers. Theinfective dose of Campylobacter
is normally 400-500 bacteria, depending on indi-
vidual resistance. The pathogenic mechanisms of
this pathogen allow it to produce a heat-liable
toxin that may cause diarrhea.
Campylobacteriosis can occur at least twice as
frequently as salmonellosis. The symptoms of
foodborne illness from Campylobacter vary.
Humans with a mild case may reflect no visible
signs of illness but excrete this microorganism in
their feces. Symptoms of those with a severe case
may include muscle pain, dizziness, headache,
vomiting, cramping, abdominal pain, diarrhea,
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Table 3.3 Temperatures and times required
to destroy completely Clostridium botulinum

spores
Temperature
(°C) (°F) Time (min)
100 212 360
105 220 120
110 230 36
115 240 12
120 248 4

fever, prostration, and delirium. Diarrhea usually
occurs at the beginning of the illness or after
fever is apparent. Blood is frequently present in
the stool after 1-3 days of diarrhea. The length of
illness normally varies from 2—7 days. Although
death is rare, it can occur. Complications and
sequelae of campylobacteriosis include relapse
(5-10%), bacteremia, meningitis, acute appendi-
citis, urinary tract infections, endocarditis, peri-
tonitis, Reiter’s syndrome, and Guillain-Barre
syndrome (Davidson 2003). This pathogen is not
tolerant to environmental stresses. Most cases of
campylobacteriosis are sporadic and not associ-
ated with an outbreak. Sanitary handling and
proper cooking of foods from animal origin is the
most effective technique for the control of
Campylobacter.

Campylobacter is in the intestinal tract of cattle,
sheep, swine, chickens, ducks, and turkeys.
Because this microorganism is in fecal material,
contamination of muscle foods occurs during the
harvesting (slaughtering) process without effective
sanitation. Campylobacter jejuni is in milk, eggs,
and water that have been in contact with animal
feces. Limited studies have shown that the inci-
dence of C. jejuni on retail cuts of red meat is lower
than on retail poultry cuts. Symptoms and signs of
C. jejuni infection lack special features not differ-
entiated from illnesses caused by other enteric
pathogens. Isolation of this pathogen is difficult
because it is usually present in low numbers.

Normal levels of oxygen in the air will inhibit
the growth of this microorganism. The strain of
C. jejuni, initial contamination load, and environ-
mental conditions especially storage temperature
determines the survival in raw foods. Destruction
is accomplished through heating contaminated

foods to 60 °C (140 °F) internal temperature and
holding at this temperature for several minutes
for beef and approximately 10 min for poultry.
Infection reduction of this pathogen is achieved
thorough handwashing with soap and hot running
water for at least 18 s before food preparation and
between handling of raw and prepared foods.

Campylobacter outbreaks occur most fre-
quently in children over 10 years old and in
young adults, although all age groups are affected.
This infection causes both the large and small
intestines to produce a diarrheal illness. Although
symptoms may occur between 1 and 7 days after
eating contaminated food, illness usually devel-
ops 3-5 days after ingestion of this microbe.

A garlic-derived compound, diallyl sulfide is
more effective than most antibiotics in retarding
the proliferation of Campylobacter, especially if
protected by a slimy biofilm. This compound
can penetrate the biofilm and destroy bacterial
cells by combining with a sulfur-containing
enzyme, subsequently changing the enzyme’s
function and ceasing cell metabolism. The total
elimination of this pathogen is unlikely. The
web of causation (see Chap. 5) of campylobacte-
riosis is so diverse that complete elimination of
Campylobacter species from domestic animals
is not currently feasible.

Clostridium perfringens Foodborne lliness

Clostridium perfringens is an anaerobic, gram-
positive, rod-shaped spore-former that produces
a variety of toxins as well as gas during growth.
This microbe will proliferate at a temperature
range of 15-50 °C (58-122 °F) with an optimal
temperature of 43-46 °C (110-114 °F). The opti-
mal pH range is 6.0-7.0, but growth can occur
from pH 5.0-9.0. The minimum A,, for growth is
0.95-0.97. This microorganism has a sodium
chloride maximum of 7.0-8.0% and with inhibi-
tion at 5.0%. Clostridium perfringens and their
spores have been isolated in many foods—espe-
cially among red meats, poultry, and seafood.
Numbers of these microbes tend to be higher
among meat items that have been cooked, allowed
to cool slowly, and subsequently held for an
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extended period before serving. As with
Salmonella microorganisms, ingestion of large
numbers of active bacteria causes this type of
foodborne illness to occur.

The spores from various strains of this micro-
organism have differing resistances to heat. Some
spore destruction occurs within a few minutes at
100 °C (212 °F), whereas others require from
1-4 h at this temperature for complete destruc-
tion. Control of Clostridium perfringens is most
effect by rapid cooling of cooked and heat pro-
cessed foods. Frozen storage at —15 °C (4 °F) for
35 days provides greater than 99.9% kill of this
microorganism. An outbreak of foodborne illness
by C. perfringens can usually be prevented
through proper sanitation as well as appropriate
holding (>60 °C) (—=76 °F) and storage (<2 °C)
(26 °F) temperatures of foods at all times, espe-
cially of leftovers. Heating leftover foods (65 °C,
150 °F) destroys vegetative microorganisms.

Escherichia coli 0157:H7 Foodborne
lliness

Outbreaks of hemorrhagic colitis and hemolytic
uremic syndrome caused by Escherichia coli
O157:H7, a facultative anaerobic, gram-negative,
rod-shaped bacterium, have elevated this pathogen
to a high echelon of concern. It is uncertain how
this microorganism mutated from E. coli, but some
scientists speculate that it picked up genes from
Shigella, which causes similar symptoms. This
microorganism is in the feces of cattle and can
contaminate meat during processing. It is impor-
tant to establish intervention procedures during
slaughter and meat processing operations. Cooking
beef to 70 °C (158 °F) ensures sufficient heat treat-
ment to control and destroy this pathogen. A rigid
sanitation program is essential to reduce food-
borne illness outbreaks from this microorganism.
In 1982, the identification of E.coli O157:H7
(designated by its somatic (O) and flagellar (H)
antigens) as a human pathogen followed two
hemorrhagic colitis outbreaks. Six classes of
diarrheagenic E. coli are recognized. They are
enterohemorrhagic, enterotoxigenic, enteroinva-
sive, enteroaggregative, enteropathogenic, and

diffusely adherent. All enterohemorrhagic strains
produce Shiga toxin 1 and/or Shiga toxin 2, also
referred to as verotoxin 1 and verotoxin 2. The
ability to produce Shiga toxin came from a bacte-
riophage, presumably directly or indirectly from
Shigella. The infectious dose associated with
foodborne illness outbreaks from this pathogen
has been low (2000 cells or less), due to the
organism’s acid tolerance.

The initial symptoms of hemorrhagic colitis
generally occur 12-60 h after eating contami-
nated food, with periods of 3-5 days reported.
This bacterium attaches itself to the walls of the
intestine, producing a toxin that attacks the intes-
tinal lining. Symptoms start with mild, non-
bloody diarrhea followed by abdominal pain and
short-lived fever. During the next 24-48 h, the
diarrhea increases in intensity to a 4-10-day
phase of overtly bloody diarrhea, severe abdomi-
nal pain, and moderate dehydration.

A life-threatening complication that may
occur in hemorrhagic colitis patients is hemolytic
uremic syndrome, which may occur a week after
the onset of gastrointestinal symptoms.
Characteristics of this condition include edema
and acute renal failure. It occurs most frequently
in children less than 10 years old. Approximately
50% of these patients require dialysis, and the
mortality rate is 3-5%. Other associated compli-
cations may include seizures, coma, stroke,
hypertension, pancreatitis, and hypertension.
Approximately 15% of these cases lead to early
development of chronic kidney failure and/or
insulin-dependent diabetes, and a small number
of cases may recur.

Thrombotic thrombocytopenic purpurea is
another illness associated with E. coli O157:H7.
It resembles hemolytic uremic syndrome, except
that it normally causes renal damage, has signifi-
cant neurologic involvement (i.e., seizures,
strokes, and central nervous system deteriora-
tion), and is restricted primarily to adults.

Ground beef has been the food most often
associated with outbreaks in the United States.
Dry-cured salami has been associated with an
outbreak revealing that low levels of this patho-
gen can survive in acidic fermented meats and
cause illness. Other foods associated with this
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pathogen are unpasteurized apple juice, apple
cider, and radish and alfalfa sprouts. An outbreak
in the United States involved alfalfa sprouts.
Drinking water and recreational waters have been
vehicles of several E. coli O157:H7 outbreaks.

Research has revealed that 3.2% of dairy
calves and 1.6% of feedlot cattle tested were pos-
itive for E. coli O157:H7. Deer are a source for
this pathogen, and the transmission of this micro-
organism may occur between deer and cattle.
Fecal shedding of this pathogen is transient and
seasonal. The prevalence of E. coli O157:H7 in
feces peaks in the summer and during spring
through fall on the hide.

E. coli O157:H7 can grow at 8 °C (46 °F) to
44.5 °C (112 °F) with an optimal temperature of
30-42 °C (86—108 °F). Growth rates are similar
at pH values between 5.5 and 7.5 but decline rap-
idly under more acidic conditions even though
this pathogen survives a low pH well. The mini-
mum pH for E. coli O157:H7 is 4.0-4.5. Several
outbreaks have been associated with low levels of
this pathogen surviving in acidic foods, such as
fermented sausages, apple cider, and apple juice.
Research results reveal that this pathogen will sur-
vive for several weeks in a variety of acidic foods,
such as mayonnaise, sausages, and apple cider.

Cooking ground beef to 72 °C (161 °F) or
higher or incorporating a procedure that kills this
pathogen in the manufacture of fermented sau-
sages or the pasteurization of apple cider destroys
this pathogen. The HACCP system appears to be
the most effective means for systematically
developing food safety protocols that can reduce
infection from this pathogen. The low incidence
of this pathogen limits the utility of direct micro-
bial testing as a means of verifying the effective-
ness of HACCP.

Listeriosis

Listeria monocytogenes is an especially danger-
ous pathogen because it can survive at refrigerated
temperatures. Previously, listeriosis was rare in
humans. However, foodborne outbreaks since the
1980s have increased public health concern over
this pathogen. In the United States, this pathogen

causes approximately 1600 illnesses every year
and accounts for nearly 19% of annual foodborne-
related deaths (Chaves and Brashears 2016-17).
Individuals in certain high-risk groups are more
likely to acquire listeriosis. Pregnant women are
approximately 20 times more susceptible than
other healthy adults (Duxbury 2004). Listeria
monocytogenes is an opportunistic pathogen, as it
normally does not cause severe disease in healthy
individuals with strong immune systems.

This microorganism is a facultative gram-
positive, rod-shaped, non-spore-forming microaero-
philic (5-10% CO,) bacterium. L. monocytogenes,
aubiquitous pathogen, occurs in human carriers (ca.
10% of the population) and is found in the intestinal
tracts of over 50 domestic and wild species of birds
and animals, including sheep, cattle, chickens, and
swine, as well as in soil and decaying vegetation.
Other potential sources of this microorganism are
stream water, sewage, mud, trout, crustaceans,
houseflies, ticks, and the intestinal tracts of symp-
tomatic human carriers. This pathogen is in most
foods, from chocolate and garlic bread to dairy
products and meat and poultry. Elimination of
Listeria is impractical and may be impossible. The
critical issue is how to control its survival and
proliferation.

The optimal temperature range for the prolif-
eration of this microbe is 30-37 °C (86-98 °F);
however, growth can occur at a temperature range
of 0—45 °C (32-112 °F). This microorganism is a
psychrotrophic pathogen, which grows well in
damp environments. L. monocytogenes is very
tolerant of environmental stresses compared to
other vegetative cells and has a high vegetative
cell heat resistance. It grows in over 10% salt and
survives in saturated salt solutions. This pathogen
will grow twice as fast at 10 °C (50 °F) as at 4 °C
(40 °F) and survives freezing temperatures.
Destruction of this pathogen occurs at processing
temperatures above 61.5 °C (143 °F). Although
L. monocytogenes is frequently in milk, cheese,
and other dairy products, it can be present in veg-
etables fertilized with the manure of infected ani-
mals. This microorganism thrives in substrates of
neutral to alkaline pH but not in highly acidic
environments. Growth can occur in a pH range
from 5.0-9.6, depending on the substrate and
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temperature. L. monocytogenes operates through
intracellular growth in mononuclear phagocytes.
Once the bacterium enters the host’s monocytes,
macrophages, or polymorphonuclear leukocytes,
it can evade host defenses and grow.

Human listeriosis may be caused by any of 13
serotypes of L. monocytogenes, but those most
likely to cause illness are 1/2a, 1/2b, and 4b (Farber
and Peterkin 2000). Most cases of listeriosis are
sporadic. This illness primarily affects pregnant
women and infants, people over 50 year old, those
debilitated by a disease, and other individuals who
are in an immunocompromised state of health.
Meningitis or meningoencephalitis is the most
common manifestations of this disease in adults.
This disease may occur as a mild illness with
influenza-like symptoms, septicemia, endocardi-
tis, abscesses, osteomyelitis, encephalitis, local
lesions, or minigranulomas (in the spleen, gall
bladder, skin, and lymph nodes) and fever. Fetuses
of pregnant women with this disease may also be
infected. These women might suffer an interrupted
pregnancy or give birth to a stillborn child. Infants
who survive birth may be born with septicemia or
develop meningitis in the neonatal period. The
fatality rate is approximately 30% in newborn
infants and nearly 50% when the infection occurs
in the first 4 days after birth.

Listeriosis is a dangerous infection for per-
sons with AIDS. Because AIDS severely dam-
ages the immune system, those with the disease
are more susceptible to a foodborne illness such
as listeriosis. Those with AIDS can be more than
300 times as susceptible. The infectious dose for
L. monocytogenes is unknown because of the
presence of unidentified factors in persons with
normal immune systems that make them less sus-
ceptible to the bacteria than immunocompro-
mised persons. The infectious dose depends on
both the strains of Listeria and on the individual.
However, thousands or even millions of cells may
be required to infect healthy animals, whereas
1-100 cells may infect those who are immuno-
compromised. The severe form of human listerio-
sis usually does not occur in the absence of a
predisposing infection, although L. monocyto-
genes can cause gastroenteritis in previously
healthy individuals.

Listeria monocytogenes can adhere to food
contact surfaces by producing attachment fibrils,
with the subsequent formation of a biofilm, which
impedes removal during cleaning. The attach-
ment of Listeria to solid surfaces involves two
phases. They are primary attraction of the cells to
the surface and firm attachment following an
incubation period. A primary acidic polysaccha-
ride is responsible for initial bacterial adhesion.
This microbe adheres by producing a mass of
tangled polysaccharide fibers that extend from
the bacterial surface to form a “glycocalyx,”
which surrounds the cell of the colony and func-
tions to channel nutrients into the cell and to
release enzymes and toxins. These microbes are
also potential contaminants of raw materials uti-
lized in plants, which contribute to constant
reintroduction of this organism into the plant
environment. Utilization of Hazard Analysis and
Critical Control Points (HACCP) and other pro-
cess control practices is the most effective method
of controlling this pathogen in the processing
environment. The HACCP approach has helped
to identify critical points and to evaluate the
effectiveness of control systems through verifica-
tion procedures.

Transmission of this pathogen occurs through
the consumption of contaminated food, but it can
also occur from person-to-person contact or by
inhalation of this microorganism. For example, a
person who has had direct contact with infected
materials, such as animals, soil, or feces, may
develop lesions on the hands and arms. This
pathogen may occur in home refrigerators, sug-
gesting the need for regular cleaning and sanitiz-
ing of this equipment.

The most effective prevention against listerio-
sis is to avoid the consumption of raw milk, raw
meat, and foods made from contaminated ingre-
dients. It is important for pregnant women,
especially, to avoid contact with infected animals.
Fail-safe procedures for the production of
Listeria-free products do not exist. Thus, food
processors must rely on a rigid environmental
sanitation program and HACCP principles to
establish a controlled process. The most critical
areas for the prevention of contamination are
plant design and functional layout, equipment
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design, process control operational practices,
sanitation practices, and verification of L. mono-
cytogenes control.

Various studies have demonstrated that L.
monocytogenes is resistant to the effects of some
sanitizers. This pathogen has resistance to the
effects of trisodium phosphate (TSP), and expo-
sure to a high (8%) level of TSP for 10 min at
room temperature is required to reduce bacterial
numbers by one log after a colony has grown on
the surface and a biofilm has formed. Furthermore,
washing skin with 0.5% sodium hydroxide has a
minimal effect on the proliferation of L. monocy-
togenes. This microorganism is more resistant to
the cooking process than are other pathogens,
and cooking may not be a definitive means of
eliminating the organism from foods. Although
L. monocytogenes is susceptible to irradiation, it
is not the final solution with regard to eliminating
this pathogen from fresh meat and poultry.

Although a minimal number of listeriosis
cases exist in the United States each year, a sig-
nificant number of those affected die from the
disease. This microorganism is a “super bacte-
rium” that can survive environmental extremes
that will eliminate other pathogenic bacteria.
Thus, food processors and foodservice operators
should focus on reducing the presence of this
microorganism in products, even though it is
nearly impossible to eliminate this pathogen
from the food supply.

Salmonellosis

The reported incidence of Salmonella illnesses is
approximately 14 cases per each 100,000 per-
sons. Salmonellosis is a food infection because it
results from the ingestion of any one of numerous
strains of living Salmonella organisms. The
infectious dose can be as low as one to ten cells.
These microbes grow in a 547 °C (40-116 °F)
(37 °C or 98 °F optimal temperature) environ-
ment and produce an endotoxin (a toxin retained
within the bacterial cell) that causes the illness.
The usual symptoms of salmonellosis are nausea,
vomiting, and diarrhea, which appear to result
from the irritation of the intestinal wall by the

endotoxins. The ingestion of approximately 1
million of these microorganisms causes an infec-
tion to occur. The time lapse between ingestion
and appearance of symptoms of salmonellosis is
generally longer than that of staphylococcal food
poisoning symptoms. Mortality from salmonel-
losis is generally low. Most deaths that occur are
among infants, the aged, or those already debili-
tated from other illnesses. Salmonellosis may be
especially harmful to persons with AIDS since
these patients are susceptible to this foodborne
illness.

Salmonella is a complicated microorganism
with more than 2400 species in circulation. This
pathogen is a facultative anaerobic, gram-
negative non-spore-forming, oval-shaped bacte-
rium that primarily originates from the intestinal
tract. Salmonella generally grows at an optimum
A, of 0.86 in a pH range of 3.6-9.5 with an opti-
mum range of 6.5-7.5. A salt concentration of
over 2% will retard growth, but this microbe is
very tolerant of freezing and drying. These bacte-
ria may be present in the intestinal tract and other
tissues of poultry and red meat animals without
producing any apparent symptoms of infection in
the animal. This microorganism is an enduring
problem for fresh poultry and exists among 70%
broiler carcasses.

Although Salmonella can be present in skele-
tal tissues, the major source of the infection
results from the contamination of food by the
handlers during processing, through recontami-
nation or cross-contamination. Salmonella trans-
ferred by the fingertips are capable of surviving
for several hours and still contaminating food.
Thermal processing conditions for the destruc-
tion of S. aureus will destroy most species of
Salmonella. Because of the origin of these
bacteria and their sensitivity to cold temperature,
poor sanitation and temperature abuse contribute
to salmonellosis.

Shigellosis
Shigella gastroenteritis (called shigellosis or bac-

illary dysentery) is an infection with an onset
time of 1-7 days that endures 5-6 days. Primary
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symptoms vary with severe cases that may result
in bloody diarrhea, mucus secretion, dehydra-
tion, fever, and chills. Death may occur among
immunocompromised individuals, but the mor-
tality rate is usually low among others. Foods
most associated with shigellosis are those sub-
jected to a large amount of handling or those con-
taminated with waterborne Shigella. Foods
infected with this microorganism are potato,
chicken, shrimp, tuna salads, and seafood/shell-
fish. Most outbreaks occur in foodservice estab-
lishments such as hospital cafeterias and
restaurants and are frequently attributable to inef-
fective handwashing after defecation.

Shigella are gram-negative, non-spore-forming
rods that are weakly motile and lactose negative
with low heat resistance. Shigella are generally not
hearty and lack resistance to environmental
stresses. These facultative anaerobes grow from
6 °C—48 °C with an optimum temperature of 37 °C
(98 °F). This microorganism is primarily of human
origin and spreads to food by carriers and contam-
inated water. The pH range for Shigella is 4.9-9.3.
It requires a minimum A,, of 0.94 with a maximum
salt content of 4.0-5.0%. Shigella is a highly
infectious microorganism since the ingestion of
less than 100 of these bacteria can cause illness.
Shigella spp. elaborate a toxin that has entero-
toxic, neurotoxic, and psychotoxic activities
responsible for inflammatory intestinal responses.

Staphylococcal Foodborne lliness

Staphylococcus aureus, a facultative, sphere-
shaped, gram-positive non-spore-forming micro-
organism, produces an enterotoxin that causes an
inflammation of the stomach and intestines,
known as gastroenteritis. Although mortality sel-
dom occurs from staphylococcal food poisoning,
the central nervous system is affected. Death is
usually due to added stress among people with
other illnesses. The bacteria causing staphylococ-
cal food poisoning are widely distributed and can
be present among healthy individuals. The pH
range for S. aureus is 4.0-9.8 with 6.0-7.0 being
optimum. It tolerates a water activity as low as
0.86 in the presence of ca. 20% salt.

Handling of improperly refrigerated food by
infected individuals is one of the greatest sources
of contamination. The most common foods that
may cause staphylococcal food poisoning are
potato salad, custard-filled pastries, dairy prod-
ucts (including cream), poultry, cooked ham, and
tongue. With ideal temperature and high contam-
ination levels, staphylococci can multiply enough
to cause foodborne illness without noticeable
changes in color, flavor, or odor. Heating
Staphylococcus aureus organisms to 66 °C
(151 °F) for 12 min destroys them, but the toxin
requires heating for 30 min at 131 °C (268 °F).
Therefore, the normal cooking time and tempera-
ture for most foods will not destroy the
enterotoxin.

Trichinosis

Humans transmit this illness by Trichinella spi-
ralis, which can infect the flesh of pork and wild
game such as bear and cougar. Most humans
infected by this organism are asymptomatic.
Symptomatic illness includes gastroenteritis
symptoms including fever, nausea, vomiting, and
diarrhea. Onset time is approximately 72 h with
an infection time of up to 2 weeks. Initial symp-
toms are followed by edema, muscle weakness,
and pain when the larvae migrate encysting the
muscles. Furthermore, respiratory and neurologi-
cal manifestations may occur. Death may result
without treatment. Prevention is possible through
protection from contamination and cooking to
40 °C (104 °F) with conventional cookery (i.e.,
gas and electric heat) or 71 °C (160 °F) with
microwave heating. Other destruction methods
include irradiation or frozen storage of meat less
than 15 cm (6”) thick for 6 days at —29 °C
(=20 °F) or 20 days at —15 °C (5 °F).

Yersiniosis

Yersinia enterocolitica, a psychrotrophic patho-
gen, is in the intestinal tracts and feces of wild
and domestic animals. Other sources are raw
foods of animal origin and non-chlorinated
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water from wells, streams, lakes, and rivers.
Transmission of this microorganism occurs from
person to person. Fortunately, most strains iso-
lated from food and animals are avirulent.

Y. enterocolitica will multiply at refrigerated
temperatures, but at a slower rate than at room
temperature. This facultative anaerobic, gram-
negative, non-spore-forming rod is heat sensitive
and is destroyed at temperatures over
60 °C. However, the growth range of this patho-
gen is —2—45 °C (26-112 °F) with an optimal
temperature of 28-29 °C (82-84 °F). This patho-
gen grows at a pH range of 4.2-9.6 and tolerates
a high pH effectively. The presence of this
microbe in processed foods suggests post-heat
treatment contamination. Y. enterocolitica has
been isolated from raw or rare red meats; the ton-
sils of swine and poultry; dairy products such as
milk, ice cream, cream, eggnog, and cheese curd,;
most seafoods; and fresh vegetables.

Not all types of Y. enterocolitica cause illness
in humans. Yersiniosis can occur in adults but
most frequently appears in children and teenag-
ers. The symptoms, which normally occur from
1-3 days after ingesting the contaminated food,
include fever, abdominal pain, and diarrhea.
Vomiting and skin rashes can also occur.
Abdominal pain associated with yersiniosis
closely resembles appendicitis. In food-related
outbreaks in the past, some children have had
appendectomies because of an incorrect
diagnosis.

The illness from yersiniosis normally lasts
2-3 days, although mild diarrhea and abdominal
pain may persist 1-2 weeks. Death is rare but can
occur due to complications. The most effective
prevention measure against yersiniosis is proper
sanitation in food processing, handling, storage,
and preparation.

Foodborne lliness from Arcobacter
butzleri

This microorganism, which is in beef, poultry,
pork, and non-chlorinated drinking water, occurs
in up to 81% of poultry carcasses. It is more
resistant to irradiation and more tolerant of

oxygen than C. jejuni and grows at refrigerated
temperatures in atmospheric oxygen.

Cryptosporidiosis

Cryptosporidium parvum causes cryptosporidio-
sis through transmission via fecal contamination
of water or food. Onset time is 1-2 weeks and the
duration is 2 days—4 weeks. This bacterium forms
oocysts that persist for long periods in the
environment and are resistant to chlorine. Oocysts
are susceptible to high temperatures, freezing,
dehydration, and sanitizers such as ozone, hydro-
gen peroxide, and chlorine dioxide. Filtration
removes them from water by filtration. Symptoms
of cryptosporidiosis include watery diarrhea,
abdominal pain, and anorexia.

Foodborne lliness from Helicobacter
pylori

Research results suggest that this pathogen, related
to Campylobacter, may cause gastroenteritis and
is a causative agent for gastritis, stomach and
intestine ulcers, and stomach cancer in humans. It
is suspected that this microorganism, which is the
most common chronic bacterial infection in
humans, can swim and resist muscle contractions
that empty the stomach during contraction. This
bacterium is in the digestive tract of animals, espe-
cially pigs. It is present in 95% of duodenal and in
up to 80% of human gastric ulcer cases, in addition
to clinically healthy individuals, including family
members of patients. Sewage-contaminated water
is a source of transmission of this microorganism.

Legionellosis

Legionella pneumophila is a vibrant bacterium
that causes Legionnaires’ disease. This faculta-
tive gram-negative microbe is in contaminated
waters in most of the environment and is becom-
ing a widespread concern. This bacterium is
able to multiply intracellularly within a variety of
cells. The dominant extracellular enzyme
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produced by L. pneumophila is a zinc metallo-
protease, also called a tissue-destructive prote-
ase, cytolysin, or major secretory protein. This
protease is toxic to different types of cells and
causes tissue destruction and pulmonary damage,
which suggests its involvement in the pathogen-
esis of Legionnaires’ disease.

This microorganism causes 1-5% of community-
acquired pneumonia in adults, with most cases
occurring sporadically. The Center for Disease
Control and Prevention receives 1,000-3,000
reports of cases of Legionnaires’ disease each year.
Aerosol-producing devices, such as cooling towers,
evaporating condensers, whirlpool spas, humidifi-
ers, decorative fountains, and tap water faucets,
cause most of the outbreaks.

Water is the major reservoir for Legionella
organisms; however, this microorganism is in
other sources, such as potting soil. Amoebae and
biofilms, which are ubiquitous within plumbing
systems, have a critical role in the amplification
process of supporting the bacterial growth.

The inhalation of Legionella organisms as an
aerosolized liquid to respirable size (1-5 pm)
transmits legionellosis. Occasional transmission
occurs through other routes, such as inoculation
of surgical wounds with contaminated water dur-
ing the placement of surgical dressings.

Vibrio spp.
Several species of Vibrio, such as Vibrio para-
haemolyticus, V. cholerae, and V. vulnificus, are

pathogens. This microbe is a gram-negative,
non-spore-forming, straight-curved facultatively

Table 3.4 Mycotoxins of significance to the food industry

anaerobic rod. Vibrio parahaemolyticus grows at
13-45 °C (56-113 °F) with an optimum range of
22-43 °C (72-110 °F). It grows at pH 4.8-11.0
with an optimum range of 7.8-8.6, while the
range and optimum for V. cholerae are 5.0-9.6
and 7.6 and for V. vulnificus are 5.0-10.0 and 7.8.
The minimal A, is 0.94, 0.96, and 0.97 for V.
parahaemolyticus, V. vulnificus, and V. cholerae,
respectively. The optimal amount of salt is 0.5,
2.5, and 3.0 for V. cholerae, V. parahaemolyticus,
and V. vulnificus, respectively. The primary habi-
tat for Vibrio is seawater.

The onset time for V. parahaemolyticus gas-
troenteritis is 8—72 h with an average of 18 h.
Symptoms include diarrhea and abdominal
cramps accompanied by nausea, vomiting, and
mild fever. Illness duration is 48—72 h with a low
mortality rate. The number of cells required to
cause illness is 5-7 logs.

Mycotoxins

Mycotoxins are compounds or metabolites pro-
duced by molds that are toxic or have other
adverse biological effects on humans and animals
(Table 3.4). They originate from a wide range of
fungi. The acute diseases caused by mycotoxins
are mycotoxicoses. Mycotoxicoses are not com-
mon in humans. However, epidemiologic evi-
dence suggests an association between primary
liver cancer and aflatoxin, one type of mycotoxin,
in the diet. In large doses, aflatoxins are acutely
toxic, causing gross liver damage with intestinal
and peritoneal hemorrhaging, resulting in death.
Mycotoxins may enter the food supply by direct

Mycotoxin Major* producing microorganism Potential foods involved

Aflatoxin Aspergillus flavus Cereal, grains, flour, bread, corn
Aspergillus parasiticus meal, popcorn, peanut butter

Patulin Penicillium cyclopium, Penicillium expansum Appeals and apple products

Penicillic acid Aspergillus species

Moldy supermarket foods

Ochratoxin

Aspergillus ochraceus, Penicillium viridicatum

Cereal grains, green coffee beans

Sterigmatocystin Aspergillus versicolor

Cereal grains, cheese, dried meats,
refrigerated, and frozen pastries

*Other genera and species may produce these mycotoxins
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contamination, resulting from mold growth on
the food. Entry can occur by indirect contamina-
tion through contaminated ingredients in pro-
cessed foods or from the consumption of foods
containing mycotoxin residues.

Molds that are capable of producing myco-
toxins are frequent contaminants of food com-
modities. Those that are important in the food
industry because of potential mycotoxin produc-
tion include members of the genera Aspergillus,
Penicillium, Fusarium, Cladosporium, Alternaria,
Trichothecium, Byssochlamys, and Sclerotinia.
Most foods are susceptible to invasion by these or
other fungi during some stage of production, pro-
cessing, distribution, storage, or merchandising.
Mold growth produces mycotoxins. The existence
of mold in a food product, however, does not nec-
essarily signify the presence of mycotoxins.
Furthermore, the absence of mold growth on a
commodity does not indicate that it is free of
mycotoxins, because a toxin can exist after the
mold has disappeared.

Of the mycotoxins, aflatoxin poses the great-
est potential hazard to human health. Aspergillus
Sflavus and Aspergillus parasiticus produce afla-
toxins, which are nearly ubiquitous with spores
that are widely disseminated by air currents.
These molds occur among cereal grains, almonds,
pecans, walnuts, peanuts, cottonseed, and sor-
ghum. The microorganisms will normally not
proliferate unless these commodities are insect
damaged, not dried quickly, and not stored in a
dry environment. Growth can occur by the inva-
sion of the kernels with mold mycelium and sub-
sequent aflatoxin production on the surface and/
or between cotyledons.

The clinical signs of acute aflatoxicosis
include lack of appetite, listlessness, weight loss,
neurological abnormalities, jaundice of mucous
membranes, and convulsions. Death may occur.
Other evidence of this condition is gross liver
damage through pale color, other discoloration,
necrosis, and fat accumulation. Edema in the
body cavity and hemorrhaging of the kidneys and
intestinal tract may also occur.

Control of mycotoxin production is complex
and difficult. Insufficient information exists
regarding toxicity, carcinogenicity, and teratoge-

nicity to humans, stability of mycotoxins in
foods, and extent of contamination. Such knowl-
edge is required to establish guidelines and toler-
ances. The best approach to eliminating
mycotoxins from foods is to prevent mold growth
at all levels of production, harvesting, transport-
ing, processing, storage, and marketing.
Prevention of insect damage and mechanical
damage throughout the entire process—from
production to consumption—as well as moisture
control, is essential. An A,, level above 0.83, or
approximately 8—12% kernel moisture, depend-
ing on the type of grain, produces mycotoxins.
Therefore, rapid and thorough drying and storage
in a dry environment is necessary. The peanut
industry incorporates photoelectric eyes that
examine and pneumatically remove discolored
kernels that may contain aflatoxins to aid in con-
trol and to avoid the difficult, tedious, and costly
process of hand sorting.

Other Bacterial Infections

Other bacterial infections that occur cause ill-
nesses with symptoms similar to food poisoning.
The most common of these infections is
Streptococcus  faecalis. Infections caused by
enterotoxigenic E. coli are the most common
cause of “traveler’s diarrhea,” an illness fre-
quently acquired by individuals from developed
countries during visits to developing nations
where hygienic practices may be substandard.

Microbial Destruction

Microorganisms are dead when they cannot mul-
tiply, even after being in a suitable growth
medium under favorable environmental condi-
tions. Death differs from dormancy, especially
among Dbacterial spores, because dormant
microbes have not lost the ability to reproduce, as
evidenced by eventual multiplication after pro-
longed incubation, transfer to a different growth
medium, or some form of activation.

Regardless of the cause of death, microorgan-
isms follow a logarithmic rate of death, as in the
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accelerated death phase of Fig. 3.1. This pattern
suggests that the population of microbial cells is
dying at a relatively constant rate. Deviations
from this death rate can occur due to accelerated
effects from a lethal agent, effects due to a popu-
lation mixture of sensitive and resistant cells, or
with chain- or clump-forming microbial flora
with uniform resistance to the environment.

Heat

Historically, application of heat has been the
most widely used method of killing spoilage and
pathogenic bacteria in foods. Heat processing is a
way to cook food products and destroy spoilage
and pathogenic microorganisms. Therefore,
extensive studies have determined optimal heat
treatment to destroy microorganisms. A measure-
ment of time required to sterilize completely a
suspension of bacterial cells or spores at a given
temperature is the thermal death time (TDT). The
value of TDT will depend on the nature of the
microorganisms, its number of cells, and factors
related to the nature of the growth medium.

Another measurement of microbial destruc-
tion is decimal reduction time (D value). This
value is the time in minutes required to destroy
90% of the cells at a given temperature. The value
depends on the nature of the microorganism,
characteristics of the medium, and the calculation
method for determining the D value. This calcu-
lated value is for a period of exponential death of
microbial cells (following the logarithmic order
of death). The D value can be determined through
an experimental survivor curve.

Increased concern about pathogens of fecal
origin (such as E. coli O157:H7) has been respon-
sible for the investigation and implementation of
hot-water spray washing of beef carcasses imme-
diately after slaughter and dressing as a method
of cleaning and decontamination. Smith (1994)
identified the best combination (and sequence) of
interventions reducing microbial load to be use of
74 °C (165 °F) water in the first wash and 20 kg/
cm? (110 1bs/in?) pressure and spray wash with
hydrogen peroxide or ozone in the second wash
(especially if 74 °C (165 °F) water temperature is

not incorporated in the first wash). The passage
of ready-to-eat meats through a tunnel of heated
coils prior to packaging and post-package pas-
teurization is also an effective tool for controlling
L. monocytogenes surface contamination.

Chemicals

Many chemical compounds that destroy microor-
ganisms are not appropriate for killing bacteria in
or on a foodstuff. Acceptable applied sanitizing
agents protect equipment and utensils that can con-
taminate food. As the cost of energy for thermal
sanitizing has increased, the use of chemical sani-
tizers has grown. Chlorine disinfection may result
from slow penetration into the cell or the necessity
of inactivating multiple sites within the cell before
death results. (Additional discussion related to this
subject is in Chap. 10.) Chlorine, acids, and phos-
phates are potential decontaminants for microbial
load on red meat and poultry carcasses.

Radiation

When microorganisms in foods are irradiated
with high-speed electrons (beta rays) or with
X-rays (or gamma rays), the log of the number
of survivors is directly proportional to the radia-
tion dose. The relative sensitivity of a specific
strain of microorganisms subjected to specific
conditions is the slope of the survivor curve.
The thermal D value results from plotting the
log,, of survivors from radiation against the
radiation dosage and the radiation D or D,
value, which is comparable with the thermal D
value. The D,, value is defined as the amount of
radiation in rods (ergs of energy per 100 g
(3.5 0z.) of material) to reduce the microbial
population by 1-log (90%).

The destructive mechanism of radiation is
unclear. It appears that death occurs by inactiva-
tion of cellular components through energy
absorbed within the cell. A cell inactivated by
radiation cannot divide and produce visible out-
growth. (Additional information related to radia-
tion as a sanitizer is in Chap. 10.)
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Electronic Pasteurization

Pasteurization is an act or process, usually involv-
ing heat, which reduces the number of bacteria in
a food product without changing the chemistry or
property of the food. Electron-beam accelerators
provide electron pasteurization of food products
through bombarding the products directly with
electrons or optimizing the conversion of elec-
tron energy to X-rays and treating the product
with these X-rays. For electron treatment, 10 mil-
lion electron volts (meV) kinetic energy is the
maximum allowed by international agreement.

Accelerators provide X-rays or electrons for
treatment of food. An accelerator provides
energy to electrons by providing an electric field
(potential energy) to accelerate the electrons.
Electrons are atomic particles, rather than elec-
tromagnetic waves, and their depth of penetra-
tion in the product is smaller. Therefore, the
direct use of electrons is limited to packages less
than 10 cm (4”) thick.

Pulsed Light

A potential method of microbial reduction on
both packaging and food surfaces is the utiliza-
tion of intense pulses of light. Pulsed light is
energy released as short, high-intensity pulses of
broad-spectrum “white” light that can sterilize
packaging materials and decrease microbial pop-
ulations on food surfaces. Reductions of more
than 8 logs of vegetative cells and 6 logs of spores
on packaging materials, and in beverages, and
1-3 logs on complex or rough surfaces, such as
meat, may be achieved.

Compressing electrical energy into short
pulses and using these pulses to energize an inert
gas lamp create pulsed-light flashes. The lamp
emits an intense flash of light for a few hundred
microseconds. Only a few flashes are required to
produce a high level of microbial kill because of
multiple lamp flashing times per second. Thus, an
online procedure for food processing can be very
rapid.

The advantage of pulsed light is that it pene-
trates deeper than continuous UV light and it is

faster. Depending on the characteristics of the
pulsed-light device, high inactivation levels occur
in seconds. Koutchma (2016) indicated that
pulsed-light treatment at 8400 mJ/cm? did not
affect the sensory quality of cooked ham, while
treatments above 2100 mJ/cm? negatively influ-
enced the sensory properties of bologna.

Pruett and Dunn (1994) reported that the
incorporation of an acetic acid spray before
pulsed-light treatment led to higher levels of
pathogen kill. A potential multi-hurdle concept is
the use of a hot-water spray in combination with
pulsed light. Past investigations have revealed no
nutritional or sensory changes attributable to
pulsed light.

Microbial Growth Control

Most methods used to kill microorganisms are a
milder treatment to inhibit microbial growth.
Sublethal heating, irradiation, or treatment with
toxic chemicals frequently causes injury to
microorganisms and impaired growth without
death. An increased lag phase, less resistance to
environmental conditions, and greater sensitivity
to other inhibitory conditions indicate injury.
Synergistic combinations of inhibitory agents,
such as irradiation plus heat and heat plus
chemicals, can increase microbial sensitivity to
inhibitory conditions. Injured cells appear to
require synthesis of some essential cell materials
(i.e., ribonucleic acid or enzymes) before recov-
ery is accomplished. Inhibition of microbial
growth is through maintenance of hygienic con-
ditions to reduce debris available to support bac-
terial proliferation.

Refrigeration

Previous discussion addressed the effect of tem-
perature on microbial proliferation. Freezing and
subsequent thawing will kill some of the
microbes. Those that survive freezing will not
proliferate during frozen storage. Yet, this method
of reducing the microbial load is not practical.
Microorganisms that survive frozen storage will
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grow on thawed foods at a rate similar to those
that are unfrozen. Refrigerated storage comple-
ments other methods of inhibition-preservatives,
heat, and irradiation.

Chemicals

Chemicals that increase osmotic pressure with
reduced A,, below the level that permits growth of
most bacteria function as bacteriostats. Examples
include salt and sugar.

Dehydration

Reduction of microbial growth by dehydration is
another method of reducing the A, to a level that
prevents microbial proliferation. Some dehydra-
tion techniques restrict the types of microorgan-
isms that may multiply and cause spoilage.
Dehydration is most effective when combined
with other methods of controlling microbial
growth, such as salting and refrigeration.

Fermentation

In addition to producing desirable flavors, fer-
mentation can control microbial growth. It func-
tions through anaerobic metabolism of sugars by
acid-producing bacteria that lower the pH of the
substrate, the foodstuff. A pH below 5.0 restricts
growth of spoilage microorganisms. Acid prod-
ucts that result from fermentation contribute to a
lower pH and reduced action of microorganisms.
Acidified and heated foods packed in hermeti-
cally sealed containers prevent spoilage by aero-
bic growth of yeasts and molds.

Biopreservation

Biopreservation encompasses food preservation
techniques that range from ancient fermentation
methods to modern technologies such as bacte-
riocins and bacteriophages. This concept incor-
porates the use of nonpathogenic microorganisms

that antagonize or inhibit the growth of undesir-
able spoilage and/or pathogenic microbes through
their metabolic activity or capacity to compete
for nutrients or attachment niches.

Bacteriophages (also called phages) are a
group of viruses that affect only bacteria and
exist where bacteria are present. Bacteriophages
are proven and vicious attackers of bacteria and
utilize them as their hosts. Lytic cycle phages
break open and destroy cells to replicate the
phage virus, which then hunts down new hosts.
Phages are generally stable but less active at
refrigerated temperatures.

Approved phage products are for use in food
processing to combat Listeria, Salmonella, and
E. coli O157:H7. Various processing steps,
including finished products, incorporate some of
the phage products. Fuhrman (2014) indicated
that phage specificity is a benefit but also a chal-
lenge as a specific phage needed to infect most of
the pathogen strains needing to be controlled.
Because bacteriophages are specific for their host
bacteria, they are most suited for the control
of pathogenic bacteria that fall into a relatively
narrow spectrum of bacterial species. These
organisms do not possess their own metabolism
and therefore are sensitive to many of the same
intrinsic and extrinsic factors that affect bacteria.
Since more emphasis is on the reduction of antibi-
otic use in animal production, phages offer poten-
tial in the supplementation or replacement of
antibiotics that control disease or promote growth.
Furthermore, phages have a potential application
in preharvest interventions through processing.

According to the World Health Organization,
probiotics are live microorganisms administered
in appropriate amounts that confer a health ben-
efit on the host. Two of the well-known probiotic
bacteria are Lactobacillus and Bifidobacterium.
These probiotics are inhibitory by competing for
nutrients or producing a metabolic product that
is antimicrobial (e.g., lactic acid). Reilly (2016)
suggested that probiotics act by mechanisms
that follow:

1. Blanketing. Populating the food contact sur-
face with a probiotic film and prevention of
pathogen binding by occupying available
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space and possible excretion of anti-adhesion
molecules that change the molecular charge or
the hydrophobicity of the surface preventing
pathogen binding.

2. Biosurfactant production. Secretion of a bio-
surfactant that breaks down the existing bio-
film through a change in surface tension to
permit the surface to become wet and facili-
tate biofilm dispersion or prevention of patho-
gen adherence. Probiotics may compete by
the development of their own biofilm, but a
biosurfactant removes pathogenic biofilms
that may exist in hidden niches on equipment.
These biosurfactants possess a lower biode-
gradability than conventional synthetic sur-
factants discussed in Chap. 9.

3. Exopolysaccharide (EPS) production. This
mechanism involves a matrix released from
the cell that dampens a pathogen’s ability to
remain viable. EPS may modulate the expres-
sion of pathogen genes that produce biofilms
or surface adhesions.

Microbial Load Determination

Various methods are available for determining
microbial growth and activity in foods. The
choice of method depends on the information
required, tested food product, and the characteris-
tics of the microbe(s). One of the most important
factors in obtaining accurate and precise results is
the collection of representative samples. Because
of the large numbers and variability of microor-
ganisms present, microbial analyses are less
accurate and precise and, therefore, more subjec-
tive than are chemical methods of analysis.
Different test methodologies offer advantages,
limitations, and disadvantages. Speed, accuracy,
test breadth or robustness, and costs determine
the overall desirability. A Fourier transform using
infrared spectrometry accelerates the time to
results to approximately 20-24 h, although this
method can only test for a limited number of
microorganisms. An excellent information source
for rapid test kits is the AOAC Research Institute
that has certified a large number of test Kits.
Technical knowledge and experience related to

microbiology and food products are essential for
selection of the most appropriate method and the
ultimate application of results.

Among the most advanced rapid microbial test-
ing platforms utilized are fluorescent DNA markers
to identify species power. Some culture-
independent platforms utilize in situ hybridization,
fluorescent microagglutination, and flow cytome-
try to identify pathogens rapidly (McCright 2016).

During the past, many of the microbial deter-
mination methods were culture based, with
microorganisms grown on agar plates. These
methods have been slow, labor intensive, and
tedious to perform. Now, the food industry uti-
lizes several rapid microbial test kits and auto-
mated systems to enable firms to detect, identify,
and correct potential microbial hazards in their
products before release from the plant. These
technologies (usually DNA based) include immu-
nological methods (i.e., ELISA), automated bio-
chemical identification and optical systems (i.e.,
biosensors), and molecular methods (i.e., PCR
and microarrays). Immunocapture techniques
incorporate antibodies attached to plastic beads
to facilitate recovery of pathogens from a food
matrix.

Although microbial analysis may not provide
precise results, it can indicate the degree of
hygiene reflected through equipment, utensils,
other portions of the environment, and food prod-
ucts. In addition to reflecting sanitary conditions,
product contamination, and potential spoilage
problems, microbial analysis can indicate antici-
pated shelf life. Because several new and
improved methods are now available, it is difficult
to indicate which will be the most viable in the
future. Therefore, we will look at some potential
methods of assessment of microbial load here.
Readers interested in more information should
review current technical microbiology journals.

Aerobic Plate Count Technique

This technique is among the most reproducible
methods used to determine the population of
microorganisms present on equipment or food
products. It assesses the amount of contamination
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from the air, water, equipment surfaces, facilities,
and food products. This technique includes swab-
bing of equipment, walls, and/or food products
with the subsequent transfer to peptone water or
a phosphate buffer according to the anticipated
amount of contamination. The sample goes to a
growth medium containing agar in a sterile, cov-
ered plate (Petri dish) with the diluted material
transferred to a culture medium (such as standard
methods agar) that nonselectively supports
microbial growth.

The number of colonies that grow on the
growth medium in the sterile, covered plate dur-
ing an incubation period of 2-20 days (depending
on incubation temperature and potential microor-
ganisms) at an incubation temperature consistent
with the environment of the product being tested
reflects the number of microorganisms contained
by the sample. This technique provides limited
information related to the specific genera and
species of the sample, although physical charac-
teristics of the colonies can provide a clue. Special
methods that permit the selective growth of spe-
cific microorganisms are available to determine
their presence and quantity.

This method is reliable, but it is slow and labo-
rious. The need for a faster response to a high-
volume production environment has encouraged
the investigation of more rapid methods.
Slowness of “end-product” testing can retard pro-
duction and does not provide an actual total
count. Its use continues because of reliability and
wide acceptance. Test kits such as TEMPO AC
can shorten the time required to conduct this
technique.

Surface Contact Technique

This method of assessment, called the contact
plate technique, is similar to the plate count tech-
nique except for swabbing. A covered dish or
rehydrated Petrifilm is opened with the growth
medium (agar) pressed against the area to be
sampled. The incubation process is the same as
for the total plate count method. This method is
easy to conduct, and less chance for error (includ-
ing contamination) exists. The greatest limitation

of this technique is that it is only for lightly con-
taminated surfaces because dilution is not possi-
ble. Press plates monitor the effectiveness of a
sanitation program. The amount of growth on the
media suggests the amount of contamination.

Indicator and Dye Reduction Tests

Various microorganisms secrete enzymes as a
normal metabolic function of their growth, which
are capable of inducing reduction reactions.
Some indicator substances (such as dyes) are the
basis of these tests. The rate of their reduction,
indicated by a color change, is proportional to the
number of microorganisms present. The time
required for the complete reduction of a standard
amount of the indicator is a measure of the micro-
bial load. A modification of these methods
involves a dye-impregnated filter paper applied
directly onto a food sample or piece of equip-
ment. The time required for the filter paper to
change color determines the microbial load.

This method lacks utility because (1) biofilms
and not all microorganisms are detected and (2)
material cost. This technique does not quantify
the extent of contamination. However, it is
quicker and easier to conduct than the plate count
technique and has become and acceptable tool for
evaluation of a sanitation program effectiveness.

Direct Microscopic Count

A known volume is dried and fixed to a micro-
scope slide, stained with a number of fields (fre-
quently 50) counted. Although most staining
techniques do not distinguish between viable and
nonviable bacteria, this method estimates the
number of microorganisms. Sophisticated digital
cameras attached to microscopes capture images
using image analysis software. These images
analyze different bacteria based on size and enu-
merate organisms/field, thus eliminating human
error. Although this method provides morpho-
logic or specific staining information, it receives
limited use because analyst fatigue can produce
errors and only the limited quantity examined.
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Most Probable Number

This estimate of bacterial populations involves
placing various dilutions of a sample in replicate
tubes containing a liquid medium. The number of
tubes in each replicate set of tubes in which
growth occurred (as evidenced by turbidity) com-
pared to the number in a standard most probable
number (MPN) table determines the number of
microorganisms. This method measures only
viable bacteria and it permits further testing of
the cultures for purposes of identification.

Petrifilm Plates

Petrifilm plates contain a dehydrated nutrient
medium on a film. This self-contained, sample-
ready approach is an alternative method to the
standard aerobic plate count (SPC) and coliform
counts, as determined by violet red bile (VRB)
pour plates. The most commonly used methodol-
ogy for enumerating E. coli from broiler chicken
carcasses and ground beef are rapid detection
methods such as Petrifilm (3 M Co.) and SimPlate
(Neogen). These methods, which are available as
commercial test kits, depend on the detection of
the production of an enzyme (glucuronidase)
through E. coli.

Cell Mass

The quantifying of cell mass estimates microbial
populations in certain research applications, but
not normally in routine analysis since it can be
more time-consuming and less practical than
other methods. The measured and centrifuged
fluid packs the cells, with subsequent decanting
and discarding of the supernatant, or filtered
through a bored asbestos or cellulose membrane
and weighed.

Turbidity

Turbidity is an arbitrary determinant of the num-
ber of microorganisms in a liquid. This rarely

used technique lacks utility because the food par-
ticles in suspension contribute to turbidity and
inaccurate results.

Radiometric Method

With this technique, a sample goes into a medium
containing a *C-labeled substrate, such as glu-
cose. The measured amount of “CO, produced
relates to microbial load. Because some microor-
ganisms will not metabolize glucose, “C-glutamate
and 'C-formate media are incorporated. This
technique is limited to applications where data
acquisition is required within 8 h and/or need for
technician labor reduction. Utilization of this
method has been limited.

Impedance Measurement

Impedance measurements determine the micro-
bial load of a sample by monitoring microbial
metabolism rather than biomass. Impedance is
the total electrical resistance to the flow of an
alternating current passed through a given
medium. Microbial colonies on media produce
changes in impedance that measured by the con-
tinuous passage of a small electrical current in as
soon as 1 h. This technique offers potential as a
rapid method of determining microbial load.
Previous research has revealed a correlation of
0.96 between impedance-detecting time and bac-
terial counts. Impedance enumerates aerobic
plate count (APC) coliforms, E. coli, psychro-
trophs, and Salmonella organisms to predict shelf
life and to do sterility testing.

Endotoxin Detection

The limulus amoebocyte lysate (LAL) assay is
for the detection of endotoxins produced by
gram-negative bacteria (including psychrotrophs
and coliforms). Amoebocyte lysate from the
blood of the horseshoe crab forms a gel in the
presence of minute amounts of endotoxin. Due to
heat stability, the detection of both viable and
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nonviable bacteria makes this test useful in trac-
ing the history of the food supply. The LAL assay
involves placing a sample into a prepared tube of
lysate reagent, incubating 1 h at 37 °C (98 °F),
and evaluating the degree of gelation.

Bioluminescence

This biochemical method, simplified for easy
use, measures the presence of adenosine tri-
phosphate (ATP) by its reaction with the
luciferin-luciferase complex. It estimates the
microbial load of a food sample. The biolumi-
nescent reaction requires ATP, luciferin, and
firefly luciferase—an enzyme that produces
light in the tail of the firefly. During the reac-
tion, the oxidized luciferin emits light. A lumi-
nometer measures the light produced, which is
proportional to the amount of ATP present in the
sample. The ATP content of the sample corre-
lates with the number of microorganisms pres-
ent because all microbial cells have a specific
amount of ATP. An automated, palm-sized

luminometer can detect the presence of yeast,
mold, or bacterial cells in liquid samples in as
few as 5 s (Figs. 3.3 and 3.4). A computer-inter-
faced luminometer, which employs customized

Fig. 3.3 Swab for a rapid hygiene test (Courtesy of
Ecolab Inc., St. Paul, Minnesota)
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Fig.3.4 Device for the rapid determination of hygienic conditions (Courtesy of Ecolab Inc., St. Paul, Minnesota)
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software, a printer, and an automatic sampler,
can analyze samples with a sensitivity of one
microorganism per 200 mL (0.21 quarts).
Furthermore, the detection unit illustrated in
Fig. 3.4 features enhanced onboard data analy-
sis tools including the ability to search histori-
cal results and add corrective action results with
the generation of graphs for rapid analysis of
pass/fail for key areas in food establishments.
Use of this method has increased because of the
need for more rapid results from product test-
ing. It requires approximately 12 days for prod-
ucts to flow from microbial testing to the
distribution center and out to retailers. Use of a
rapid method, such as bioluminescence, accel-
erates product release to less than 24 h. A sur-
face contamination test that requires 2 or 3 days
using agar-based testing methods can be reduced
to less than 1 min. The incorporation of new,
highly sensitive biochemical reagents that emit
light when in contact with ATP molecules has
permitted rapid microbial screening to detect
extremely low levels of microorganisms.

Benefits of rapid methods testing and the
reduced risk of contamination have enhanced the
evolution of bioluminescence technology as a
reliable rapid test for microbial contamination.
Although agar plate-based technology may
appear to be less expensive than biolumines-
cence, a cost-analysis study demonstrated that
rapid microbial testing offers a savings of
approximately 40% over traditional testing meth-
ods. A limitation to this test is that cleaning com-
pound residues can quench the light reaction to
prevent proper response from the assay system.
Many commercial bioluminescence detection
kits contain neutralizers to combat the effect of
detergents/sanitizers. ATP bioluminescence is
ineffective in powder plants when milk powder
or flour residues exist. Furthermore, naturally
luminescent organisms exist in seafood plants.
This increases the incidence of false-positive
results on the surfaces tested. Furthermore,
yeasts have up to 20 times as much ATP as
bacteria, to complicate enumeration. A major
advantage of this test is the detection of ATP
from tissue exudates, whereas other tests do not
offer this feature. Furthermore, this test identifies
dirty equipment.

Previous research has involved increasing the
sensitivity of bioluminescence reactions through
identification of the adenylate kinase enzyme
that produces ATP. This approach permits the
counting of lower numbers of microorganisms
present.

A colored hygiene test strip detects residues
on surfaces by measurement of nicotinamide
adenine dinucleotide. This technique provides an
easy and rapid monitoring of cleaning measures.

A bioluminescent enzyme immunoassay
(BEIA), using salmonella-specific monoclonal
antibody M183 for capture and biotinylated
monoclonal antibody M 183 for detection, offers
another alternative for the detection of salmo-
nella. This immunoassay offers an advantage of
providing a 24-h test for detecting salmonella in
chicken carcass rinses.

MicroSnap is a modification of the ATP biolu-
minescence reaction. This novel rapid test system
is capable of detecting bacteria at low levels in a
variety of sample types in 6—8 h with a multi-
function luminometer.

Catalase

This enzyme is in foods and aerobic bacteria.
Because catalase activity increases with the bac-
terial population, its measurement can estimate
bacterial load. A Catalasemeter utilizes the disc
flotation principle to measure catalase activity in
foods and can detect 10,000 bacteria/mL
(0.0021 pint) within minutes. This unit, which
incorporates the biochemical method of detec-
tion and enumeration, is an online monitoring
device to detect contamination problems in raw
materials and finished products, to control vege-
table blanching and milk quality, and to detect
subclinical mastitis in cows. The catalase test is
applicable to fluid products.

Spiral Assay System

This equipment deposits a liquid sample in a spi-
ral pattern onto a rotating agar plate and can cre-
ate a 3-log dilution effect. The merits of this
system include reduced or elimination of serial
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dilutions, less materials (pipettes, plates, media,
and other supplies), less time and labor, and sim-
plified plate counting. The disadvantages of this
system include investment cost and required spe-
cialized equipment (i.e., plating machine and
counting machine).

Direct Epifluorescence Filter
Technique (DEFT)

This biophysical technique is a rapid, direct
method for counting microorganisms in a sam-
ple. This method monitors milk samples and has
been applied to other foods, even though it is not
used routinely in the food industry. This tech-
nique incorporates both membrane filtration and
epifluorescence microscopy. A sample on a poly-
carbonate membrane captures microorganisms.
The cells, stained with acridine orange, cause the
viable bacteria to fluoresce orange and the dead
bacteria to fluoresce green under the blue portion
of the ultraviolet spectrum. An epifluorescence
microscope, which illuminates the sample with
incident light, counts the fluorescing bacteria.
This technique evaluates dairy and muscle
foods, beverages, water, and wastewater. A
prediction of the keeping quality of pasteur-
ized milk stored at 5 °C (40 °F) and 11 °C
(52 °F) within 24 h occurs by sample preincu-
bation and counting bacteria by DEFT. The
enumeration of L. monocytogenes in ready-to-
eat packaged salads and other fresh vegetables
and in the detection of E. coli O157:H7 in
ground beef, apple juice, and milk occurs by
incorporating the antibody-direct epifluores-
cent filter technique (Ab-DEFT). In addition
to membrane filtration of food to collect and
concentrate microbial cells on the membrane
surface, fluorescent antibody staining of the
filter surface and epifluorescence microscopy
are involved. Examination under a microscope
follows placement of the added fluorescent
antibody on a slide. This quantifying method
for L. monocytogenes has demonstrated the
potential of Ab-DEFT as a rapid alternative for
the quantitation of Listeria in food. However,
nonspecific reactivity of the fluorescent anti-
bodies to indigenous microbial populations

has resulted in false-positive reactions using
Ab-DEFT.

Remote Inspection Biological
Sensor

Biosensors provide an instantaneous indication
of the presence of specific pathogens in a food
sample without need for enrichment and can
detect generic E. coli and Salmonella. They may
provide continual feedback of pathogen loads in
fluids within a plant. The remote inspection bio-
logical sensor (RIBS) uses a laser spectrographic
technique with the laser beam directed onto the
surface of a carcass. Based on the characteristics
of the reflected light, this equipment can make a
specific identification of pathogenic bacteria and
give a general indication of the number of organ-
isms present. It has a sensitivity of up to five
colony-forming units (CFUs) per square centi-
meter (0.4”) and effectively discriminates target
organisms from the background.

Microcalorimetry

Heat production measurement from a biological
reaction, such as the catabolic processes occurring
in growing microorganisms cultured from contam-
inated samples, is by a sensitive calorimeter called
a microcalorimeter. This biophysical technique
enumerates microorganisms in food. The proce-
dure correlates a thermogram (a heat-generation
pattern during microbial growth) with the number
of microbial cells. The establishment of a reference
thermogram permits a comparison of the reference
to others obtained from contaminated samples.

Radiometry and Infrared
Spectrophotometry

An inverse relationship exists between the num-
ber of microorganisms in a sample and the time
required for the detection of certain levels of
radioactivity by this biophysical technique. This
method employs sterility testing of aseptically
packaged products. Results are available in
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4-5 days, compared with 10 days with conven-
tional methods. The enumeration of microorgan-
isms in food samples requires less than 24 h.

Hydrophobic Grid Membrane Filter
System

This culturing method detects and enumerates E.
coli in foods. An ISO-GRID hydrophobic grid
membrane filter (HGMF) system is available to
detect and enumerate E. coli. Filtering a sample
through a membrane without use of an enrich-
ment step and a complex medium (SD-39) detects
the target organism. The test involves 48 h,
including biochemical and serological confirma-
tion of presumptive colonies.

Other Screening Devices
The RapidChek lateral flow device offers another

screening technique. Beyond detection, whole-
genome sequencing is incorporated.

Diagnostic Tests
Enzyme-Linked Immunoassay Tests

A high level of technical skill is required to perform
these tests. Because of the time and skill required,
several rapid methods for detecting Salmonella
have been developed such as enzyme-linked immu-
nosorbent assays (ELISAs), immunodiffusion
methods, immunomagnetic bead ELISAs, nucleic
acid hybridization methods, and polymerase chain
reaction methods. Furthermore, there are auto-
mated immunodiagnostic assays. The VIDAS-
SLM automated method is a rapid screening
technique and a potential alternative to the time-
and labor-intensive culture method. Goodridge
et al. (2003) developed a rapid MPN-ELISA for
the detection and enumeration of Salmonella
typhimurium in poultry processing wastewater.
Two other developments in rapid immunoas-
say and molecular methods areas are the magneto
immunochromatography test (MICT) and loop-

mediated isothermal amplification (LAMP).
MICT consists of antibody-coated superpara-
magnetic nanoparticles in a lateral flow immuno-
assay format. This test utilizes ELISA technology
for pathogen detection, achieving capture of the
target through antigen-/antibody-binding affinity,
but utilizes magnetic nanoparticles in the detec-
tion phase versus an optical conjugate/substrate
enzyme reaction to color change or fluorescence.
LAMP represents a process innovation in DNA-
based testing methodologies, specifically in the
area of polymerase chain reaction. To achieve
exponential DNA amplification and enable rapid,
accurate detection of the target analyte, PCR-
based methods utilize thermocycling. Temperature
cycling and DNA amplification enabled by poly-
merase chain reaction (PCR) are conducted
within a thermocycler.

Antigens are the specific constituents of a cell
or toxin that induce an immune response and
interact with a specific antibody, whereas anti-
bodies are immunoglobulins that bind specifi-
cally to antigens. Immuno-based assays incorporate
either monoclonal or polyclonal antibodies.
Monoclonals are a single type of antibody with a
high affinity for a specific target antigen epitope.
A polyclonal antibody is a set of different anti-
bodies specific for an antigen but able to recog-
nize different epitopes of the antigen. The
advantages of these assays are rapid results,
increased sensitivity and specificity, and
decreased costs. Enzyme-linked immunoassays
have been effective in detecting pathogens and
are easy to conduct. Similar competing organ-
isms in food producing similar antigens resulting
in a cross-reaction complicate this detection
method.

Formatted systems described previously con-
sist of antibodies attached to a solid support, such
as the walls of a microtiter plate or a plastic dip-
stick. An added enrichment culture to the solid
support permits antibodies to bind target antigens
in the sample. An added sandwich format in
which a second added enzyme-labeled antibody
to the sample, followed by a reactive substrate,
produces a positive color reaction. If the target
antigens are not present, the labeled antibody
will not attach and no color reaction occurs.
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An efficient and sensitive method of analyzing
samples for pathogens is immunoblotting. The
common procedure involves an enrichment cul-
ture that is spotted onto a solid support (i.e.,
nitrocellulose paper), with the remaining protein-
binding areas of the paper blocked by dipping in
a protein solution such as bovine serum albumin
or reconstituted dry milk. An enzyme-labeled
antibody solution specific for the target pathogen
is applied, and a substrate for the added enzyme
after washing removes the unbound antibody. If
the labeled antibody is present, due to attachment
to the target antigen, a color reaction will indicate
a positive sample. This modified procedure is for
use in conjunction with other methods, such as
the HGMF system.

Another technique for pathogen detection is
the use of superparamagnetic microspheres
coated with an antibody specific to a target anti-
gen. The selectively enriched sample transferred
to a test tube includes a small amount (approxi-
mately 10 mL or 0.021 pints) of the enrichment
culture. The antibody-coated beads are added and
gently and briefly shaken. A magnetic particle
concentrator separates the beads from the sample
homogenate. After reconstitution in a buffer, the
beads are spread-plated onto a selective agar to
observe growth of the target pathogen.
Confirmation of presumptive colonies occurs if
present in the original sample. These beads detect
E. coli O157:H7 in foods.

A latex agglutination test provides quick
results with an acceptable degree of specificity
for E. coli O157 but not for H7 confirmation.
An available assay uses a polyclonal O157
antibody coated onto polystyrene latex parti-
cles and an incorporated slide agglutination
format to transfer a suspect culture to a paper
card, followed by the addition of the antibody
reagent. Agglutination indicates presence of
the O157 antigen.

A lateral flow immunoprecipitate assay serves
as a screen test for E. coli O157:H7. This assay,
approved by the Association of Official
Analytical Chemists (AOAC), requires an enrich-
ment broth and incubation for 20 h at 36 °C
(97 °F). Subsequently, deposition of a 0.1 mL
(0.0021 pint) sample of the enrichment broth in a

test window in a self-contained, single-use test
device that contains proprietary reagents occurs.
As lateral flow occurs across the reagent zone,
the target antigen, if present, reacts with the
reagents to form an antigen-antibody-chromogen
complex. After approximately 10 min of incuba-
tion at room temperature, a line will form in the
test window, indicating the possible presence of
E. coli O157:H7. If no line appears, a confirmed
negative test results. As flow continues through
the test verification zone, all samples will react
with reagents, and a line will appear, indicating
proper completion of the test. A positive test
does not ensure that an E. coli O157:H7 strain
exists. A tested suspect sample further confirms
the presence of the pathogen. This test, which is
easy to conduct, incorporates an assay system
into a single test unit.

A key difference between ELISA and PCR
tests is detection limits. The detection limit dif-
ference is a longer required enrichment time for
an ELISA method. To combat overgrowth of
competing nontarget bacteria in a food sample, a
secondary selective enrichment is typically
required in an ELISA method to permit the target
bacteria an opportunity to grow. The following
web address provides a listing of Salmonella
detection and determination methods: https:/
www.researchgate.net/publication/264275306.

RAPID ONE System

This test for Enterobacteriaceae relies on pre-
formed enzymes. This one-step inoculation is
easy to use. It provides results in 4 h, but a com-
petent microbiologist is required for correct
interpretation.

Crystal™ Identification Systems

This system relies on preformed enzymes. The
one-step inoculation is easy to use with the inoc-
ulum suspended in lysing buffer. A 3-h computer-
assisted ID match yields results; however, a
competent technician is required for consistent
interpretation.


https://www.researchgate.net/publication/264275306
https://www.researchgate.net/publication/264275306

68

3 The Relationship of Microorganisms to Sanitation

Salmonella 1-2 Test

This rapid screening test for Salmonella is con-
ducted in a single-use, plastic device that con-
tains a nonselective motility medium and a
selective enrichment broth. It yields a positive
test by an immobilization precipitation band that
forms in the motility medium from the reaction
of motile Salmonella with flagellar antibodies.

This test incorporates a clear plastic device
with two chambers. The smaller chamber con-
tains a peptone-based, nonselective motility
medium. This procedure involves the addition of
the sample to the tetrathionate-brilliant green-
serine broth contained in the inoculation cham-
ber of the 1-2 test unit. After approximately 4 h
of incubation, motile Salmonella move from the
selective motility medium. As these organisms
progress through the motility medium, they
encounter flagellar antibodies diffused into this
medium. The reaction of the motile Salmonella
with the flagellar antibodies results in an immo-
bilized precipitation band 8-14 h after an
inoculation.

DNA-Based Microarray Assays

The emergence of new DNA-based microarray
assays permits a look at DNA sequences of
microorganisms, including strains within an
organism, for very precise identification. DNA
microarrays are a revolutionary concept in the
evolution of food microbiology tests because in a
single or small number of assays one can screen
for a large number of microorganisms. Following
the standard PCR protocol that amplifies the
DNA for detection of a microbe, an analyst can
use a single DNA chip to identify 40—100 species
or strains of microorganisms in a single test.
DNA chip technology also changes the way to
approach an unknown organism in a food matrix.
With conventional tests, one can only detect one
pathogen per single test. Knowledge of what
organisms may be in the food matrix is essential
before choosing an appropriate test. DNA micro-
arrays permit one to identify what microbe is in
the food matrix.

IDEXX Bind

The IDEXX Bind for Salmonella incorporates
genetically engineered bacteriophages. The mod-
ified bacteriophages attach to Salmonella recep-
tors and insert DNA into the bacterial cells.
During incubation, the modified DNA causes
Salmonella to produce ice nucleation proteins. At
a specified temperature, the ice nucleation pro-
teins promote the formation of ice crystals.
Positive samples will freeze and turn orange at
this temperature, whereas negative samples will
not freeze.

Random Amplified Polymorphic
DNA

The random amplified polymorphic DNA
(RAPD) method has achieved promising
results, especially to trace L. monocytogenes
infections in humans. Advantages are the low
cost of the multiple DNA primers, discriminat-
ing nature of the test, and the ability to trace
small amounts of L. monocytogenes. Since this
assay is time-consuming, it has more utility as
a research tool than as a diagnostic test for
industry use.

Immunomagnetic Separation
and Flow Cytometry

This technique detects less than 10 E. coli
O157:H7 cells/g of ground beef after enrichment
for 6 h. The immunomagnetic beads concentrate
cells, making it easier to detect, using flow
cytometry. The presence of other microorgan-
isms does not influence the detection limit. This
method is more of a research tool than as a diag-
nostic tool in the food industry.

Diagnostic Identification Kits
These kits are for human clinical medicine but

can aid in the identification of various microor-
ganisms. Most of these tests are for use with
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isolated colonies, which require 1-3 days to
obtain. A Petrifilm Salmonella Express System is
available as an all-in-one test and biochemical
confirmation used for the detection of this micro-
organism in enriched foods and food process
environmental samples.

CAMP Test

This test involves a suspected isolate of L. mono-
cytogenes streaked adjacent to or across a streak of
a second, known bacterium on a blood agar plate.
At the juncture of the two streaks, the metabolic
by-products of the two bacteria diffuse and result
in an augmented hemolytic reaction. Hemolysis of
blood cells is an important characteristic of patho-
genic bacteria such as L. monocytogenes because
it appears to be closely associated with virulence.
Through this method, the virulence of L. monocy-
togenes may be determined.

Fraser Enrichment Broth/Modified
Oxford Agar

This method is for Listeria detection using Fraser
enrichment broth combined with modified Oxford
agar for motility enrichment. The Listeria organ-
isms are enriched in Fraser broth and held at
30 °C (85 °F) for 24 h, and 1 mL (0.0021 pint) of
the enrichment broth is placed in the Fraser broth
in the left arm of a U-shaped tube. The Fraser
broth selectively isolates and promotes Listeria
growth and precludes the growth of nonmotile
microorganisms. The microbes migrate through
the modified Oxford agar and arrive as a pure cul-
ture in the second branch of the Fraser broth. This
becomes the second enrichment necessary for the
identification of Listeria. An easier indication that
Listeria organisms are present is the formation of
a black precipitate as the bacteria move through
the modified Oxford agar. When turbidity devel-
ops, the sample for DNA probe analysis confirms
the presence of Listeria. The second enrichment
step requires 12-24 h. The US Food and Drug
Administration also lists a number of alternative
screening tests for Listeria.

Crystal Violet Test

The retention of crystal violet by Y. enterocolitica
correlates with virulence. Most Y. enterocolitica
strains isolated from meat and poultry are aviru-
lent. Thus, this rapid test allows the identification
and rapid discarding of samples with virulent
strains.

Methyl Umbelliferyl Glucuronide Test

The enzyme, glucuronidase, produced by most E.
coli and other microbes such as Salmonella, splits
methyl umbelliferyl glucuronide (MUG). When
split, MUG becomes fluorescent under ultravio-
let illumination of a specific wavelength and per-
mits rapid identification in tubed media or on
spread plates for enumeration.

Assay for E. coli

Several techniques exist for the rapid identifica-
tion of microorganisms. Many techniques have
not been available long enough to establish their
efficacy or to achieve AOAC approval. Although
several methods are available, most require
24-48 h for incubation of the microorganisms
and may need additional testing to confirm the pres-
ence of E. coli. Many commercial assays for the
detection of E. coli incorporate membrane filtration
technology, and others employ a reagent/sample
mixture incubated for 2448 h to obtain a presence/
absence result of total E. coli contamination.

An assay for a rapid, inexpensive determina-
tion of E. coli concentrations in aqueous environ-
ments is the IME. Test™-EC KOUNT Assayer.
This assayer uses a reagent mixture containing an
indicator compound that provides a colorimetric
(bright blue) indication of E. coli concentration
in a water-based sample, predicated on cleavage
by the beta-galactosidase enzyme specific to E.
coli. This assay provides a simple method for
quantifying the concentration of viable E. coli in
an aqueous sample in 2—10 h.

The procedure involves filling a snapping cup
with a sample and introducing it to a vacuum-
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sealed test ampoule by snapping off the sealed tip
in one of the holes in the bottom of the cup. The
ampoule automatically fills with the aqueous
sample. The sample, incubated at 35 °C (95 °F)
and monitored for the production of a blue fluo-
rescence, results in enzymatic cleavage of the
indicator molecule, MUG. The time for the pro-
duction of a bright blue color, visualized under
long-wave ultraviolet light optically or via
instrument, is proportional to the total E. coli/mL
(0.0021 pint) in the sample. Based on time to
positive, a comparison chart provides the corre-
sponding E. coli count for the sample.
Concentration and detection times are:

E. coli concentration Detection time (h)
9.9 x 10° CFU/mL (0.0021 pint) 2
100 CFU/mL (0.0021 pint) 10

Further incubation of samples that are nega-
tive at 12 h provides a presence/absence determi-
nation after 24 h. This technique permits sampling
at a remote site and return to a laboratory for
analysis. The major limitation appears to be that
not all of the E. coli bacteria react in the presence
of MUG.

Micro ID and Minitek

Micro ID is a self-contained identification unit
containing reagent-impregnated paper discs for
biochemical testing for the differentiation of
Enterobacteriaceae in approximately 4 h. This
technique has provided reliable results. The
Minitek system is another miniaturized test kit
for the identification of Enterobacteriaceae. This
kit also utilizes reagent-impregnated paper discs
requiring 24 h of incubation. It is accurate and
versatile. The Analytab Products, Inc. (API) strip
is the most commonly used identification unit.

DNA Hybridization and Colorimetric
Detection

This assay methodology combines DNA hybrid-
ization technology with nonradioactive labeling

and colorimetric detection. With the appropriate
specific DNA probes, enrichment, and sample
preparation procedures for a particular organism,
this basic assay is for the analysis of a wide vari-
ety of microbes. The assay requires approxi-
mately 2.5-3 h after 2 days of broth culture
enrichment of the sample.

An application of this principle is a colorimet-
ric assay, which employs synthetic oligonucle-
otide DNA probes against ribosomal RNA
(rRNA) of the target organism. This approach
offers increased sensitivity because rRNA, as an
integral part of the bacterial ribosome, is present
in multiple copies (1000-10,000) per cell. The
number of ribosomes present per cell is depen-
dent on the growth state of the bacterial culture.

Polymerase Chain Reaction

This technique detects low levels of pathogens
found in food products. Polymerase chain reac-
tion (PCR) amplifies very low DNA levels (as
low as one molecule) or detectable levels of tar-
get DNA (approximately 10°) through a series of
DNA hybridization reactions and thermocycling.
Various methods, such as gel electrophoreses and
colorimetric or chemiluminescent assays, detect
PCR products. In real-time PCR, specificity
increases by the use of probes and primers
designed to target conserved regions of the target
genome (Lauer 2012). Selective enrichment is
not required for the PCR method because of the
selectivity of the probes and primers used in the
assay.

Even though PCR tests are the most common
alternative to traditional culturing, they rely on
this step. PCR tests exist for the major foodborne
bacteria, but generally require 1-5 days for
results. Advanced PCR tests include quantitative
tests and real-time tests.

A real-time PCR kit permits rapid control and
reaction times. A liquid-handling platform speeds
food pathogen testing by automating the DNA
extraction and PCR plate setup for real-time PCR
kits. Using gene-specific probes and primers
enhances reproducibility while increasing sensi-
tivity and specificity, and PCR internal controls
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ensure accurate results (Anon 2008). Ready-
made reagents permit simple extraction, amplifi-
cation, and detection. A genetic-based listeria
assay that involves reverse transcriptase is avail-
able that delivers results in 8 h or less.

An application of genomics is molecular sero-
type determination from a colony isolate in 72 h.
This assay utilizes targeted amplicon PCR com-
bined with sequencing to develop a genetic
profile for the colony isolate with a comparison
of sequence results with the known genetic
makeup of the reference database to determine
the specific Salmonella serotype present. LAMP
PCR systems also merit consideration for
diagnostics.

Surface-Enhanced Raman Scattering

This technique involves the placement of a speci-
men on a rough surface and subsequent scanning
with the Raman spectrometer’s laser beam. The
scattered light forms a distinct pattern known as a
“Raman spectral signature.” This test can differ-
entiate between live and dead cells and antibod-
ies and a biomarker is not required. It offers the
potential of accelerating the process of pathogen
testing, from sampling to results, by 2 h or less.
Possible applications are evaluation of the effi-
cacy of processing methods such as high-pressure
processing, irradiation, and thermal processing.

Ribotyping

This approach utilizes restriction enzymes to
digest the DNA in bacteria, creating hybridized
and digitized fragments analyzed by comparison
with reference organisms in a database to deter-
mine the species present. These tests are for a
wide range of bacteria and require approximately
8 h for results.

Biosensors

Biosensors similar to pregnancy test kits are being
developed and evaluated for rapid, reliable, and

inexpensive identification and quantification of
pathogenic microorganisms as well as for biosafety
and biosecurity. The bioanalytical microsystem,
fabricated using nanotechnology, contains a micro-
fluidic biosensor with the desired characteristics of
the black box type of pathogen sensor. Furthermore,
lateral flow assays that detect pathogens based on
antibodies that detect pathogens with a 10-20 min
assay. Baeumner (2004) developed a lateral flow
universal biosensor made specifically for any
pathogen within a few minutes with no special
equipment and skills. It detects pathogenic micro-
organisms based on their nucleic acid sequences.
The lateral flow assay appears to need more devel-
opment for the bioanalytical microsystem.

Rapid Method Selection

A laboratory should evaluate the needs and deter-
mine the current level of knowledge, instrumen-
tation, and potential application. With a large
number of samples evaluated consistently, the
speed and costs of supplies and labor may justify
an investment in automated instrumentation.

An extensive amount of effort and money has
been devoted to the development of instanta-
neous or real-time pathogen detection techniques.
It is possible to reveal plant sanitation levels
quickly and to incorporate these measurements to
set high standards for the involved plant.
However, a pathogen-free status necessitates
additional technology. Even though improved
technology may not provide a pathogen-free
environment, complementary strategies will con-
tribute to improved hygiene.

Microbial Surveillance
PulseNet

This surveillance system, utilized by public health
authorities for tracking down pathogens after they
have left the production facility, relies on several
tests. It materialized in 1996 in collaboration with
the Association of Public Health Laboratories. In
the United States, this system which includes
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state and local public health laboratories and fed-
eral food regulatory agency laboratories tracks
pathogens and their subtypes. The PulseNet labo-
ratories break down pathogens” DNA and enter it
into a database. The laboratories analyze the DNA
using pulsed-field gel electrophoresis, a common
technique that sends an electrical pulse from vary-
ing directions through a gel that contains DNA
that has been isolated from the bacteria. PulseNet
utilizes “DNA fingerprinting” (Keefe 2011).

Study Questions

1. What is the difference between a microor-
ganism and a bacterium?

2. What is a virus?

How does contamination affect the lag phase

of the microbial growth curve?

What is a psychrotroph?

What is A,,?

What is a biofilm?

What is generation interval?

What is an anaerobic microorganism?

What is psychosomatic food illness?

10. What microorganism is most likely to cause
influenza-like symptoms?

11. What is a mycotoxin?

12. What is cross-contamination?

13. What is a Petrifilm plate?

14. What is the difference between a foodborne
disease and food poisoning?

15. What is the role of bacteriophages in the
food industry?
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The Relationship of Allergens

to Sanitation

Abstract

Allergens are substances that cause the immune system to trigger an act
against itself. Normally, this condition occurs when foreign bodies enter
the human body. Those involved with sanitation should be aware of how to
protect foods against allergens. Allergen infestation frequently occurs
through product cross-contamination of an allergen-containing product
during manufacture.

An effective method for the control of allergens is the organization and
implementation of an allergen control plan. Such a plan avoids inadvertent
allergen cross-contamination with resultant recalls and potentially adverse
and a potentially fatal reaction. Allergen contamination can be most effec-
tively reduced through effective education, sanitation, and monitoring.
Additional information about sanitary practices for the control of allergens
is provided in Chapters that follow.

Keywords
Allergen(s)  Allergen control plan ® Cleaning ® Contamination ® Labeling
* Mast cell * Monitoring

Introduction

Allergens in foods have become one of the most
visible and urgent issues facing the food industry.
More than 170 foods can cause allergenic reac-
tions. The Food and Drug Administration (FDA)
indicated that 69 of the 229 (30.1%) food safety
entries were for undeclared allergens. Allergens
are protein based, smaller than bacteria, and not
destroyed with thermal treatment. Currently, there
is no known cure for food allergies. Thus, strict
avoidance is the only way for consumers to avoid
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an allergenic reaction. It is essential that the food
industry ensure that derivatives of common food
allergens are included on labels and that manufac-
turing facilities and equipment do not contribute
to contamination of these substances.

Knowledge of undeclared allergens that can
occur in food processing and preparation is
essential to the effective sanitation and the main-
tenance of a safe food supply. Those involved
with sanitation must be knowledgeable about
how to protect foods against allergens that can be
devastating and even fatal to a segment of the
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population. It is essential that the food industry
keep these chemical organisms out of the
food supply.

Approximately 30,000 emergency room Visits
and 200 deaths each year are attributable to food
allergens. According to the US Centers for
Disease Control and Prevention (CDC), 1 in 25
adults and 1 in 17 children under the age of 3 in
the United States are affected by food allergies
with the prevalence that appears to be increasing.
Most infants diagnosed with food allergies out-
grow them within a few months, but some food
allergies (e.g., peanuts and shellfish) are more
persistent, often enduring for a lifetime. The
impact of allergens is increasing dramatically as
evidenced by no recalls for undeclared food aller-
gens before 1990, but a large number now.
Allergen-related recalls rose from approximately
9.7% in 1999 to over 25%. There has been
increased regulatory attention given to food aller-
gens by both state and federal regulators. The
FDA has declared that the control of food aller-
gens is a top priority.

Most allergies originate in foodservice. Over
170 foods cause allergic reactions. The “Big 8~
foods that are most likely to contain allergens
include (1) peanuts; (2) tree nuts such as
almonds, cashews, Brazil nuts, and pistachios;
(3) dairy products; (4) eggs; (5) soybeans; (6)
crustacea; (7) fish; strawberries; and (8) cereals.
These eight most common allergen sources
account for approximately 90% of all allergenic
reactions. Other potential foods that may contain
allergens are cottonseed, sesame seed, poppy
seed, mollusks, and other legumes. Natural com-
mon airborne allergens include grass pollen, tree
pollen, mold spores, and animal dander.
Allergenic substances and products include
yeasts, mannitol, sorbitol, polysorbates, rice
maltodextrins, citrus, bioflavonoids, lactose,
artificial preservatives, artificial colors, citrus
pectin, talc, soy lecithin, corn flour, gluten, soy
flour, rice flour, alfalfa, potato starch, and acacia
gum. Any food protein can be an allergen. The
human immune system may not recognize it
properly and identifies it as a foreign body (e.g.,
bacteria) that may attack and become an allergy.

Typical symptoms of allergenic reactions to food
include nausea, vomiting, abdominal pain, diar-
rhea, anaphylactic shock, atopic dermatitis, rhi-
nitis, and asthma.

An increase in food product recalls has
occurred because of undeclared allergens and
ingredients of public health concern (FSIS 2015).
The major causes of undeclared allergen recalls
are packaging, product formulation changes, new
suppliers, and misprinted labels.

What Are Allergens?

Allergens are substances that cause the immune
system to trigger and act against itself. Normally,
this condition happens when foreign bodies such
as bacteria enter the human body. However, inno-
cent and harmless bodies (proteins) such as pol-
len, peanuts, milk, penicillin, etc. may not be
recognized by the immune system and continue
to function as a harmful foreign body. Yet, wasps
and other insects produce allergens as a defense
mechanism.

Food allergies can occur when the human
immune system reacts to proteins consumed. In
an attempt to protect the body, the immune sys-
tem produces antibodies to that food. Those anti-
bodies cause mast cells (allergy cells in the body)
to release chemicals, such as histamine, into the
bloodstream. Histamine acts on the eyes, nose,
throat, skin, lungs, or gastrointestinal tract caus-
ing symptoms of the allergic reaction.

A food allergy occurs when a natural sub-
stance is mistaken for a hostile invader causing
immune systems to mobilize to repel the invader.
IgE antibodies to proteins—a characteristic
shared with other allergens such as hay fever (an
acute allergic nasal condition) and wasp sting
reactions—mediate food allergies. The severity
of food allergy symptoms varies from life-
threatening reactions, when exposed to food pro-
teins that are allergens, sensitized, to less severe
reactions such as skin irritation and breathing dif-
ficulty. Since no cure is available for food aller-
gies, avoidance is the only preventive measure
available to allergic consumers.
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Allergenic Reaction(s)

An allergenic reaction is a reaction between an
antigen and an antibody. Allergenic reactions are
due to an inappropriate immunological response
to an otherwise harmless food. In a sensitizing
step, the first time a body is exposed to a foreign
substance, it produces antibodies. This reaction
requires 5—15 days with a small amount of anti-
bodies produced. Through memory, the second
exposure to the same antigen elicits antibiotic
production more rapidly than the first exposure.
The incorporation of vaccines in the sensitizing
step and the memory of the immune system are
responsible for vaccine efficiency. With the
exposure to the same antigen after vaccination or
initial exposure, the body’s immune system
mounts a rapid and vigorous attack. Furthermore,
each time with body exposure to the same anti-
gen, the immune response induces aggressive
attacks.

Specific defenses involve the production of
antibodies in response to a foreign substance. A
specifically produced antibody attacks a specific
antigen and binds it to remove the antigen.

When an allergenic reaction occurs, the body
incorrectly views an ingested protein of a food as
an antigen, and the immune system hosts an
immune reaction by the production of IgE anti-
bodies that bind to the antigen and a mast cell,
forming a complex. An immediate hypersensitiv-
ity reaction by IgE-antigen-mast cell complex for-
mation causes a systemic or localized attack
(Baldus et al. 2009). Either reaction may occur
between minutes and a few hours after initial sen-
sitization and subsequent ingestion of the offend-
ing food(s). Systemic reactions are abdominal
cramps, vomiting, diarrhea, respiratory distress,
and, in severe cases, anaphylactic shock. Localized
reactions center on the skin and cause rashes,
hives, eczema, and itching.

Common sites for allergenic reactions are
those areas where mast cells are concentrated.
Examples are swelling of the lips or tongue,
breathing restrictions, asthma, rhinitis, nausea,
vomiting, diarrhea, hives, rash, and itching.

Causes of Allergen Contamination

Possible processing errors that result in allergen-
containing product contamination include:

e Cross-contamination  through inadequate
cleaning of equipment used for the manufac-
ture of non-allergen-containing products pro-
duced after allergen-containing foods

e Changing of ingredients without an allergen
assessment of the new materials

e Use of reworks

e Formulation errors

e Incorrect labeling

The cause of a true food allergy is the protein
in a food item, typically the primary protein.
These proteins are heat stable and not eliminated
by cooking or thermal processing. When an aller-
genic individual contacts this protein, the body
has an immune-mediated response because of the
necessity for elimination of the identified foreign
substance. A release of histamine can cause
symptoms that may range from itchy skin or eyes
to nausea or difficulty breathing and potentially
fatal anaphylaxis.

Allergen Control

Preventive control rules in the Food Safety
Modernization Act specify that plants must have
an allergen control program, making allergen
control a fundamental prerequisite for safe food
processing. Identification of allergen control
practices is essential in a written set of allergen
control program standard operating procedures
and in the documentation of execution available
for review. An essential label development proce-
dure should include a checklist completed during
label development. Proof of labels and label
receiving into plants require thorough review for
accuracy.

Sanitation is the first line of defense for pre-
venting allergen cross contact in a food plant.
Ineffective sanitation fails to remove potential
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allergen residues and cross contact. Thus, food
plants need documented standard operating
procedures (SOPs) and sanitation standard oper-
ating procedures (SSOPs), as discussed in Chap.
7, to provide direction for employees to perform
their tasks correctly. An effective sanitation pro-
gram involves thorough training about allergen
awareness and control for all workers, including
seasonal and/or temporary employees.

An effective technique for allergen control is
the organization and implementation of an aller-
gen control plan (ACP). Such a plan can avoid
inadvertent allergen cross-contamination with
resultant recalls and potentially adverse or possi-
bly fatal physiological reactions from consumers.
ACP is a systematic method in a food processing
facility that identifies and controls allergens from
the incoming ingredients to the final packaged
product. Corporate managers, plant managers,
and management employees involved in quality
assurance, quality control, production, sanitation,
and purchasing should all accept the responsibil-
ity for the development, implementation, and
maintenance of an ACP.

An allergen control plan is an ancillary pro-
gram to a manufacturing plant’s Hazard Analysis
and Critical Control Points (HACCP) plan. The
two major components of an ACP are:

1. Allergen assessment as part of the hazard
analysis (a chemical hazard).

2. After allergen identification, as a raw ingredi-
ent or contained within a roll ingredient, con-
trol steps should be established if the product
is not run on a separate line or a complete wet
cleaning is performed between allergen- and
non-allergen-containing products.

Some states have initiated independently, or in
cooperation with the FDA, allergen inspections
and analysis of products selected randomly from
grocery stores with a resultant increase in prod-
uct recalls. An allergen control program should
address:

Employee Education Education of employees
includes instruction about the handling of materi-
als that may contain allergens. Training includes

the incorporation of good manufacturing prac-
tices instruction and documentation through
employee signature, date, and materials covered.

Supplier Monitoring Product or ingredient for-
mulations, specification sheets, and certificates of
analysis from suppliers of raw materials are nec-
essary. Testing to verify the quantity of an aller-
gen present can determine essential precautions
necessary during production. Verification that
suppliers have an ACP is essential as well as let-
ters of guarantee that allergens are not present.

Cleaning The allocation of adequate sanitation
time, including inspection, promotes effective
cleaning. Allergen control through the reduction of
cross-contamination in a manufacturing plant
involves the production of allergen-containing
foods as the last product on the production line fol-
lowed by a wet cleaning program. Since the pro-
tein component within a food is responsible for the
immunological symptoms of an allergenic reac-
tion in humans, complete removal of these pro-
teins is important. An allotment of 24 h between
regular and gluten-free food preparation permits
flour particles to settle and then be removed.

Special cleaning attention adopted from Kochak
(2016—17) involves:

1. Food surfaces with an allergen

2. Containers that transport allergens

3. Cleaning utensils that clean production equip-
ment in contact with allergens such as brushes,
scrubbers, rags, and dust collectors

4. Push-through products for cleanout prior to
running a product containing an allergen

5. Reworks if not from a like product

6. Sampling devices that draw samples from a
run containing an allergenic ingredient

7. Final clean-in-place rinse

The allergen, product, and processing equip-
ment dictate the appropriate cleaning method and
protocols. The potential cleaning methods are wet
cleaning, dry cleaning, and/or use of sanitizing
agents. Opting for the wet cleaning method neces-
sitates assessing the food items processed with
shared equipment. Each product may contain a
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different allergen, requiring the implementation
of scheduling or cleaning procedures. Cleaning
operations not performed between allergen- and
non-allergen-containing products, a parts-per-
million analysis, establish the safety of products
that do not list allergens on the label. A label dec-
laration may be sufficient for allergen control if
all products contain the same allergen.

Product Changeover Cross contact occurs during
product changeover when manufacturing transitions
from one product to another. During this stage, ade-
quate time allocation ensures effective cleaning,
label monitoring, and verification and documenta-
tion of all changeovers as they occur. If possible, it is
important that the same equipment manufacture
products with similar allergens. When production
lines are in close proximity, physical barriers sepa-
rate allergenic and non-allergenic materials and
mitigate the risk of allergen cross contact. If person-
nel on non-allergenic production lines do not work
on allergenic areas, they are less likely to carry aller-
genic residues on their clothing or hands.

Scheduling Processing Segregation of allergenic
and non-allergenic products minimizes allergen
cross contact. Cleaning immediately after the
production of foods containing allergenic ingre-
dients reduces allergen contamination.

Raw Material Storage All raw materials and
foods that contain allergens should be stored in
an area secluded or removed from non-aller-
genic materials. Incoming palletized materials
should be shrink-wrapped to prevent cross-
contamination from potential leakage. Partially
used bags or other containers of allergen-con-
taining materials should be sealed and stored in
segregated areas. Label all materials that contain
allergens accordingly with a color-coded tag.
For easy identification by plant personnel, place
color-coding charts in the production area, espe-
cially above wall-mounted equipment and near
storage areas. Allergen-containing materials
should be stored on the bottom of racks or near-
est to the floor to prevent spillage on other items.
Dedicated scoops and storage containers for

specific materials maintain

allergens.

separation of

Plant Layout Product flow may determine if
allergen-containing materials contact other foods
with resultant contamination. A potential exam-
ple is exposure through overhead conveyors that
cross one another or over exposed products pro-
vide separate food preparation zones and storage
areas. Incorporate controlled airflow that mini-
mizes the deposition of airborne particles on pre-
pared or processed foods.

Color-Coding of Utensils Color-coding pro-
vides an easier method to keep different materi-
als, utensils, and equipment separate.

Incorporation of Reworks Add only like foods
to reworked products. Label reworked products
to indicate which products contain allergens.
Reworked products containing allergenic ingre-
dients must be stored in areas separate from those
that do not contain such products. Color-code
containers with allergen-containing products that
do not contact non-allergen-containing products.
If feasible, incorporate reworked products into
the same production run.

Label Review Develop a system for maintaining
labels placed on foods containing allergens in
easy-to-identify areas. Conduct a thorough review
and matching of the current formulations. Provide
documentation for all material specifications, for-
mulations, and finished product labels. When a
raw material ingredient statement changes, pro-
vide a cross-reference with the finished product
labels to comprehend affected products and labels
by the change.

The word “Contains” followed by the name of
the food allergen or a parenthetical statement
within the list of adjuncts is a labeling option for
allergenic ingredients. When an allergen is in the
food contained within an allergenic group such as
“tree nuts” or “seafood,” list the specific nutmeat
or seafood. This practice is necessary because
some people may be allergic to one tree nut or
seafood but not all within the grouping.
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Documentation Review of Activities
Documentation proves the specific activity.
Production schedule and sanitation check-off
sheets should be filled out and reviewed by a
supervisor (signed and dated) to complete the
records for allergen control.

Evaluation of Program Effectiveness Changes in
customers, suppliers, and raw materials necessi-
tate the need for continuous reevaluation of the
effectiveness of an allergy control program. A
key component in the continuous verification and
success of an ACP is the incorporation of routine
auditing practices for suppliers and in-plant oper-
ations. Allergen plans should be reviewed as
determined appropriate and especially during an
annual HACCP plan validation. Review internal
audits placed on the agenda and review during
monthly HACCP meetings should be conducted.
During internal audits, review documentation to
ensure that all practices written within the aller-
gen policy are performed.

The following sources suggested by Bush
(2015) provide information and/or assistance
with the control of allergens:

1. The International Food Information Council
(IFIC) Foundation

2. AllergyHome.org

. SnackSafety.com

4. Food Allergy & Anaphylaxis Connection
Team (FAACT)

W

Food Allergen Tests

Accurate and affordable testing for allergens is
essential. Initially, tests ensure that processing
equipment was free of allergens. However,
expanded testing examines all aspects of the
manufacturing process.

The food industry has relied on two methods
for allergy testing. They are the ELISA and poly-
merase chain reaction (PCR). PCR is a fast and
inexpensive method to identify DNA. According
to Cowan-Lincoln (2013), this method amplifies,
or copies, small segments of DNA until a large

enough grown sample determines if an allergen is
present. Although this technique can identify the
DNA of milk, soy, peanuts, hazelnuts, walnuts,
fish, and crustaceans, it can fail to find all aller-
gens because it detects the presence of DNA but
not proteins. Cowan-Lincoln (2013) indicated
that egg whites and milk, which are significant
allergens, contain little or no DNA, but a large
quantity of protein. Consequently, this method is
unreliable for these foods.

The enzyme-linked immunosorbent assay
(ELISA) method can detect antibodies in a sam-
ple that indicate the presence of allergens.
However, this technique requires a separate kit
for each allergen, which is an expensive approach.
With utilization of the ELISA method, most firms
do not test products for the presence of all possi-
ble allergens, but incorporate a cost-effectiveness
analysis and select the top 1-3 allergens most
likely to be present. ELISA tests are widely
incorporated that give food processors quick,
simple, and accurate tools to check for traces of
certain allergenic foods on manufacturing equip-
ment or in food processed on shared equipment.
However, this test method does not work prop-
erly with heat-treated products, hydrolyzed pro-
teins, and fermented products (Cook 2011). The
basis for the immunoassay is protein binding to
specific enzyme-labeled antibodies to permit
detection and quantification by comparison to
standard curves. These are primarily laboratory
tests. Available low-cost kits utilized in a manu-
facturing plant by workers require approximately
30 min.

Strip tests incorporate the formation of com-
plexes between anti-allergen antibody-coated
colored beads with allergenic proteins in the sam-
ple and anti-allergen antibodies on the test strip.
These complexes give rise to a colored test line
on the strip, indicating a positive (allergen-
containing) sample. A formed colored control
band confirms correct conduct of the test. This
test is easy to conduct, inexpensive, and rapid (a
few min to conduct) and can be utilized in the
field since instrumentation is not required. Only
analyzed single samples detect single allergens at
one time when strip tests are incorporated.
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According to Schag (2009), allergen test kits
detect milk, soy, and egg residue in addition to
foodborne bacteria and parasites, within 2}, h.
These differently sized commercial kits include
lower-volume applications and larger-volume lab-
oratories that may utilize some degree of automa-
tion. Commercial kits are available for the
detection and quantification of gluten at very low
concentrations in cooked and uncooked foods and
in environmental samples. An assay incorporates
extracted and diluted food samples with a spe-
cially formulated buffer. Furthermore, a developed
and validated test incorporates the DNA screening
to detect most nuts.

Another technology for allergen detection is
mass spectrometry (MS). This process identifies
proteins and peptides with a high level of accu-
racy. MS directly detects allergens by breaking
them down into peptides or short strings of amino
acids that link together to form larger proteins.
Enhanced reliability occurs by the detection of
peptides instead of entire protein structures
because processing degrades proteins and recog-
nition failure of an altered structure when an
assay is looking for an allergen. Shorter peptides
are more likely to remain intact after processing
and may be detectable by MS. Since MS detects
more than one peptide per allergen, if one is
degraded, detection of the other occurs through at
least one of the peptides (Cowan-Lincoln 2013).
Increased mass spectrometer accuracy occurs
through the direct detection of allergen compo-
nents instead of indirect detection through DNA
or antibodies as with ELISA or PCR. Mass spec-
trometers can multiplex, detecting all of the eight
main allergens in one test making this approach
easier, faster, and less expensive, when testing for
multiple allergens, than incorporating a series of
ELISA assays. A limitation of MS is the equip-
ment cost. Most testing laboratories own mass
spectrometers, which makes this detection tech-
nique available to those that cannot justify pur-
chasing this equipment.

Biosensors such as surface plasma resonance
(SPR)-based biosensors have become increas-
ingly accepted tools for allergen detection
(Bremer 2009). This detection method relies on
changes in the refractive index at the surface of a

sensor chip, caused by the binding of an analyte
to an immobilized ligand. Immobilized specific
antibodies are on the chip surface since allergens
are  high molecular weight compounds.
Monitoring of the binding of allergens in samples
occurs in real time. The calculated sample con-
centration from a calibration curve occurs from a
signal change. This automated technique pro-
vides results in only minutes. Yet, this approach
is expensive due to equipment costs. Furthermore,
testing of only a single sample at one time occurs,
and trained laboratory personnel are required.

Assays based on flow cytometry detection
utilize sets of differently colored micron-size
beads. Coupled antibodies against different col-
ored allergenic compounds occur to each color-
coded set of beads. Specific, fluorescently
labeled, second antibodies visualize the binding
of allergens to the beads. For analysis, simulta-
neously added different bead sets to a sample in
a microtiter will detect different allergens. The
beads drawn into a fluidic tube causes the micro-
spheres to line up in a single file before passing
through the detection chamber. In the chamber,
one laser identifies each bead and categorizes it
into the appropriate bead set (based on which
detected allergen), while another laser checks
the beads for the quantity of fluorescently labeled
antibodies per bead and determines the concen-
tration of the detected allergen. The detection of
multiple allergens occurs simultaneously in a
sample. These assays provide simultaneous
detection of multiple allergens from small-vol-
ume samples in seconds, and the equipment
costs are low-priced when compared to biosen-
sors. However, labor requirements are similar to
ELISAs.

When testing, it is important to incorporate an
official testing method recognized by a standard
organization or government agency and internal
validation of the methodology. If the utilization
of an external third-party laboratory occurs, it is
necessary to confirm that the testing methodol-
ogy is recognized by a standard organization or
government agency and that the method has been
validated in that laboratory. Furthermore, the
results of the selected method must permit the
level of detection needed.
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Allergen Labeling

To protect consumers against the eight major
allergens listed by the FDA, congress passed the
Food Allergen Labeling and Consumer Protection
Act in 2004, which contains several requirements
for food manufacturers. Primary provisions of
the act are the requirement of easy-to-understand
labeling of the eight major allergen ingredients
(which together cause 90% of allergenic reac-
tions to food in the United States) on food pack-
ages; declaration of allergens present in flavoring,
coloring, or incidental additives; and a report to
congress by the Secretary of Health and Human
Services detailing:

e Analysis of how foods are unintentionally con-
taminated with allergens during manufacturing

* Advice on industry best practices that can be
employed to prevent cross-contamination

e Description of advisory labeling (such as “may
contain”) incorporated by food manufacturers

e Statement of the number of food facilities
inspected in the past two years with a descrip-
tion of the agents handling a number of non-
conforming facilities, the nature of the
violations, and the number of voluntary recalls
or assurances of proper labeling

e Proposal of rules to define and permit the use
of the term “gluten-free” on labeling

* Improved collection and presentation of data
on the prevalence of food allergies, clinical
significance or serious adverse events, and
modes of treatment for food allergies

e Recommendations on research activities related
to food allergies

e Pursuance of Food Code revisions to provide
guidance for the preparation of allergen-free
foods

* Provisions for technical assistance to state and
local emergency medical services for the
treatment and prevention of food allergy
responses

This act provides a change in the way that
foods are labeled, increased inspection by gov-
ernment agencies, and the likelihood of more

regulations involving handling and production of
foods in environments that handle allergenic
agents. It is essential that the food industry will
need to develop the discipline to implement an
effective allergen control and labeling manage-
ment strategy.

Allergen Management

The primary responsibility to provide safe
foods free from allergen cross-contamination
belongs to food manufacturers. Because of
variations in plant layout, ingredients, and
products, it may be necessary to incorporate
different allergen management strategies.
Incorporation of the following into food man-
ufacturing and foodservice operations protects
against allergens:

e Adopt a “zero tolerance” protection program
against allergen cross-contamination.

e All personnel should be trained in allergen
management strategy.

e Ensure that incoming ingredients are clearly
labeled, and the labels are reviewed periodi-
cally to confirm that suppliers have not
changed ingredients without notice.

e Develop an allergen storage policy including a
procedure for the cleanup of spills.

e Control airflow to minimize airborne particles
from landing on gluten-free food.

e Permit at least 24 h between regular and
gluten-free food preparation to allow flour
particles to settle and be subsequently cleaned
away.

e Utilize equipment to facilitate cleaning and
the prevention of allergen harborage niches.

* Manufacture different shaped gluten-free
products to avoid mixing with other foods.

e Conduct an allergen risk assessment as part of
or in addition to the HACCP program.

e Adopt a comprehensive rework policy, includ-
ing clear identification of work-in-process
materials and reworks.

* Reject in-process materials or finished prod-
ucts suspected of cross-contamination.
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e Review labels prior to use and confirm that
the correct labels are incorporated in the
process.

e Conduct internal audits or use a third-party
auditor to assess the allergen management
strategy.

In foodservice, arrange dishes to prevent spill-
age and splattering of foods onto those that are
gluten-free, and ensure that these foods differ in
shape and other appearances served with plates,
bowls, and napkins of differing colors.

Evaluate and track consumer complaints
involving allergen issues, and designate a trained
person to respond to consumer inquiries regard-
ing allergens.

Study Questions

1. What is an allergen?

2. Why is allergen contamination a major prob-
lem for food manufacturing firms?

3. What are the two major components of an
allergen control plan?

4. What are the three most important components
for the control of allergen contamination?

5. How can a plant layout affect allergen
contamination?

6. What precautions are essential for allergen
control with the incorporated reworks in prod-
uct manufacture?

7. What are three tests available for allergen
detection in foods?

8. What are the advantages and disadvantages of
available allergen tests?

9. What are the “Big 8" food allergens?
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Food Contamination Sources

Abstract

Food products are rich in nutrients required by microorganisms and may
become contaminated. Major contamination sources are water, air, dust,
equipment, sewage, insects, rodents, and employees.

Contamination of raw materials can also occur from soil, sewage, live animals,
external surfaces, and the internal organs of meat animals. Additional contami-
nation of animal foods originates from diseased animals, although advances in
health care have nearly eliminated this source. Contamination from chemical
sources can occur through accidental mixing of chemical supplies with foods.
Ingredients can contribute to additional microbial or chemical contamination.
Contamination can be reduced through effective housekeeping and sanitation,
protection of food during storage, proper disposal of garbage and litter, and
protection against contact with toxic substances.

Keywords
Contamination * Contamination sources ¢ Cross-contamination ¢ Foods ¢

Infection

Introduction

Most foods provide an ideal nutrition source for
microorganisms and generally have a pH value
and water activity in ranges needed to contribute
to growth and proliferation. During growing, har-
vesting, transporting, processing, distribution,
and preparation, food is contaminated with soil,
air, and waterborne microorganisms. Extremely
high numbers of microorganisms are found in
meat animals’ intestinal tracts, and some of these

© Springer International Publishing AG, part of Springer Nature 2018

find their way to the carcass surfaces during
harvesting. Some apparently healthy animals
may harbor various microorganisms in the liver,
kidneys, lymph nodes, and spleen. These micro-
organisms and those from contamination through
the slaughter process can migrate to the skeletal
muscles via the circulatory system. When car-
casses and cuts are subsequently handled through
food distribution channels, where they are
reduced to retail cuts, they are subjected to an
increasing number of microorganisms from the
cut surfaces. The fate of these microorganisms

83

N.G. Marriott et al., Principles of Food Sanitation, Food Science Text Series,

https://doi.org/10.1007/978-3-319-67166-6_5

5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-67166-6_5&domain=pdf

84

5 Food Contamination Sources

and those from other foods depends on several
important environmental factors, such as the abil-
ity of the organisms to utilize fresh food as a sub-
strate atlow temperatures. In addition, oxygenated
conditions and high water activity will segregate
those microorganisms most capable of rapid and
progressive growth under these conditions.

Refrigeration, one of the most viable methods
for reducing the effects of contamination, is
widely applied to foods in commercial food pro-
cessing, food retailing, foodservice, and food dis-
tribution. Its use has prevented outbreaks of
foodborne illness by effectively controlling
microbial growth. When the correct techniques
for cooling food and cold storage of these prod-
ucts are not followed, organisms that are present
will grow. The growth rate of microorganisms
may sustain a large increase in an environment
slightly above the minimal temperature required
for growth. Generally, foods cool slowly in air,
and the cooling rate decreases with increased con-
tainer size, so it is very difficult to properly cool
large volumes of food. Many Clostridium perfrin-
gens foodborne illness outbreaks have been
caused when large containers of food or broth
were allowed to cool slowly.

Identification of contamination sources in a
food production facility impacts directly the ulti-
mate effectiveness of an establishment’s sanita-
tion control strategies. Both direct and indirect
food contact surfaces, water, air, and personnel are
primary areas of concern as contamination sources
in a food facility. Food products may transmit cer-
tain microorganisms, causing foodborne illness in
several ways, including through infections, intoxi-
cations, or toxicoinfections (toxin-mediated infec-
tion) as indicated by Knechtges (2012):

1. Aninfection is caused when a pathogenic bacte-
rium present in a food is ingested and then mul-
tiplies, as is true for Salmonella, Campylobacter,
Listeria,and some enteropathogenic Escherichia
coli. Most foodborne illnesses are infections
caused by bacteria, viruses, and parasites.

2. An intoxication is caused when certain toxin-
producing microorganisms present in foods,
multiply, sporulate, or lyse, releasing the toxin
in the food. The food is then ingested, causing
illness. Examples of such infections are caused

Agent

Host Environment

Fig.5.1 The epidemiologic triangle (CDC 2011)

by S. aureus, C. botulinum, and Bacillus
cereus (emetic or vomiting syndrome).

3. A toxicoinfection (toxin-mediated infection)
is caused when some pathogenic organisms,
capable of producing a toxin in the body, are
ingested. Organisms causing toxicoinfections
include C. perfringens, Bacillus cereus (diar-
rheal syndrome), and Shiga toxin-producing
E. coli (Knechtges 2012).

Transfer of Contamination

When describing how a foodborne illness (or any
infectious disease) is caused, a simple model called
the epidemiologic triangle or triad is often used to
illustrate the concept (CDC 2011) (Fig. 5.1).

The triangle consists of an external agent (a
pathogenic microorganism that must be present),
a susceptible host (a human who can get the ill-
ness), and an environment that brings the agent
and host together. The environment consists of
the external factors, such as physical, biological,
and socioeconomic factors, that affect the agent
and the opportunity for exposure (CDC 2011).
The goal is to break at least one side of the trian-
gle to disrupt the connection between these
components and prevent a disease from occur-
ring. From the epidemiologic triangle, specific
transmission of an agent occurs through sequence
of events called the chain of infection (CDC
2011) that will be described below.

The Chain of Infection

A chain of infection is a series of related events
or factors that must exist or materialize and be
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Fig.5.2 The chain of infection

linked together before an infection will occur.
These links can be identified as the reservoir, the
portal of exit (CDC 2011), the mode of transmis-
sion, the portal of entry, host, and the infectious
disease and are illustrated in Fig. 5.2 (CDC
2011).

The essential links in the chain of infection are
all necessary for the transmission of an infectious
disease and include the following:

1. Reservoir. This is the location where the patho-
genic microorganism usually lives, grows, and
multiplies. Examples of reservoirs include ani-
mals and raw foods of animal origin, other
foods, plants, soil, water, a biofilm or microbial
niche, and the human body (in fecal material,
respiratory secretions, etc.).

2. Portal of Exit. This is where the microorganism
leaves the reservoir and includes places like the
nose, mouth, in respiratory secretions, the
intestinal tract, a biofilm, or microbial niche.

3. Mode of Transmission. This is the mechanism
where an agent may be transmitted from its
reservoir to a susceptible host by either direct
transmission (from reservoir to a susceptible
host) or by indirect transmission (through the
air), through vehicles like food and water and
by inanimate objects (contaminated surfaces
of equipment, utensils, etc.) or through vec-
tors such as insects.

4. Portal of Entry. This is the way that pathogens
enter the susceptible host. For foodborne ill-
nesses, the primary portal of entry is the inges-
tion of pathogen-contaminated food (often via
the “fecal-oral” route), and for non-foodborne
infections primary portals of entry include the
respiratory tract, mucous membranes, and blood.

5. Susceptible Host. This is a person who is at
risk for developing an infection. There are
several factors that make a person more sus-
ceptible to disease including age (the very

young and the elderly), chronic diseases, spe-
cific immunity, medical conditions that
weaken the immune system, certain types of
medications, malnutrition, and alcoholism.

6. Infectious Disease. An example is, a microor-
ganism that is capable of causing illness, includ-
ing bacteria, viruses, and parasites. Organisms
can cause an infection based on their virulence
(ability to multiply and grow), invasiveness
(ability to enter tissues), and pathogenicity
(ability to cause disease) (CDC 2011).

More specifically, the causative factors that
are necessary for the transmission of a bacterial
foodborne disease have been described by Bryan
(1979) and are listed below:

1. The causative agent must be in the environ-
ment in which the food is produced, pro-
cessed, or prepared.

2. A source (or reservoir) of the agent.

3. Transmission of the agent from the source to a
food.

4. The food must support the growth of the
microorganism.

5. The food must be kept in a temperature range
for a sufficient time to permit growth to a level
capable of causing infection or intoxication.

6. The susceptible host consumes the contami-
nated food.

Conditions such as required nutrients, water
activity, pH, oxidation-reduction potential, lack
of competitive microorganisms, and lack of
inhibitors must also exist for bacterial patho-
gens to survive and grow.

Foodborne illnesses caused by viruses, para-
sites, and chemicals require only factors 1, 2, 3,
and 6. Illnesses caused by plant toxicants or toxic
animals require only factors 1, 2, and 6 (Bryan
1979).
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Fig.5.3 Hygienic
zoning in food
processing facilities for
environmental
monitoring sampling
and sanitation (Courtesy
of the Food Safety
Preventive Controls
Alliance (FSPCA 2015))

Environmental Monitoring Sampling Zones

Zone 4 - Non-food-contact surfaces, outside of the
processing area from which environmental pathogens
can be introduced into the processing environment

Zone 3 — More remote non-food-contact surfaces that
are in the process area and could lead to contamination
of Zones 1 and 2

Zone 2 — Non-food-contact surfaces that are in close
proximity to food and food-contact surfaces

Zone 1 — Food-contact surface

Sample Zones 2, 3 and 4 to prevent contamination in Zone 1. F§ PCA

The chain of infection emphasizes the multi-
ple causation of foodborne diseases. The pres-
ence of the disease agent is indispensable, but all
of the steps are essential in the designated
sequence before a foodborne disease can result.
For an illness to develop, each link of the chain
must be connected, but when any link of the
chain is broken, the transmission is stopped
(CDC 2011).

Contamination of Foods

A viable way for the identification of contamina-
tion sources in food facilities is to incorporate the
concept of “hygienic zoning” to environmental
monitoring (ICMSF 2002) that has been advanced
by the former Kraft Foods Company, adopted by
many other food companies (Slade 2002) and
noted in the Food Safety Modernization Act
(FSMA) training program on Preventive Controls
for Human Food (FSPCA 2015).

This concept is an effective way to identify
areas in a food processing environment that have
different levels of risk and can be used to select
sites for a plant environmental sampling program.
It can also be used to maintain effective sanitation
control strategies through targeting specific areas
of concern in the facility. Hygienic zoning is used
to identify areas of the highest risk (Zone 1) to the
lowest risk (Zone 4) and differentiate sanitation
requirements in different areas of the facility to
minimize product contamination (Fig. 5.3).

The hygienic zoning approach is designed as a
target with the center circle (or bull’s eye) desig-
nated as Zone 1 representing the zone of highest
risk and most critical areas for environmental
monitoring and cleaning and sanitizing. Zone 1
represents direct food contact surfaces that
include, but are not limited to, production equip-
ment, utensils, and container conveyors, tables,
racks, pumps, valves, slicers, filling and packag-
ing machines, etc. (ICMSF 2002; FSPCA 2015).
The second circle (Zone 2) of the target includes
the areas adjacent to food contact surfaces. These
are considered indirect food contact surfaces and
include the exterior of equipment, equipment
panels, bearings, aprons, or other surfaces that
are in close proximity to the product flow in Zone
1 and could indirectly lead to product contamina-
tion (ICMSF 2002; FSPCA 2015). Zone 3
includes all other items in the food processing
area of the facility such as floors, walls, ceilings,
drains, and other equipment. Zone 4 includes the
non-production areas of a facility such as hall-
ways, employee locker rooms, cafeteria, mainte-
nance shops and equipment, and areas further
away from the production area (ICMSF 2002;
FSPCA 2015).

One of the most viable contamination sources
is the food product itself. Waste products that are
not handled in a sanitary way become contami-
nated and support microbial growth. ATP biolu-
minescence and protein test kits are nonmicrobial
tests that can be used to rapidly detect soil and
organic material that are left on a surface and
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Fig.5.4 Potential contamination of food by humans

cannot be seen by the naked eye. ATP biolumi-
nescence test kits detect any cells that contain
ATP and are often used as a validation of the
effectiveness of the cleaning and sanitizing pro-
cess (Powitz 2007). Protein tests are also used to
detect surface contamination and identify protein
in soils, which is an indicator of contamination
such as fecal material. Figure 5.4 illustrates
potential contamination by humans.

Dairy Products

Equipment with extensively designed sanitary
features to improve the hygiene of milk
production and to eliminate disease problems in
dairy cows has contributed to more wholesome
dairy products, although contamination can
occur from the udders of cows and milking
equipment. The subsequent pasteurization in pro-
cessing plants has further reduced milk-borne
disease microorganisms. Nevertheless, dairy
products are vulnerable to cross-contamination
from items that have not been pasteurized.
Because not all dairy products are pasteurized,
the presence of pathogens (including Listeria
monocytogenes) in this industry has increased.

(Additional discussion related to contamination
of dairy products is presented in Chap. 16.)

Red Meat Products

The muscle tissues of healthy living animals are
nearly free of microorganisms. Contamination of
meat occurs from the external surface, such as
hair, skin, and the gastrointestinal and respiratory
tracts. The animal’s white blood cells and the
antibodies developed throughout their lives effec-
tively control infectious agents in the living body.
These internal defense mechanisms are destroyed
when blood is removed during slaughter.

Initial microbial inoculation of meat results
from the introduction of microorganisms into the
vascular system when contaminated knives are
used for exsanguination. The vascular system
rapidly disseminates these microorganisms
throughout the body. Contamination subse-
quently occurs by the introduction of microor-
ganisms on the meat surfaces in operations
performed during the slaughter process, hide
removal, cutting, processing, storage, and distri-
bution of meat. Other contamination can occur
by contact of the carcass with the hide, feet,
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manure, dirt, and visceral contents from punc-
tured digestive organs.

Poultry Products

Poultry is vulnerable to contamination by bacte-
ria such as Salmonella and Campylobacter dur-
ing processing. The processing of poultry,
especially defeathering, evisceration, and chill-
ing, permits an opportunity for the distribution
of  microorganisms among
Contaminated hands and gloves and other tools
of processing plant workers also contribute to
the transmission of salmonellae. A more detailed
discussion of meat and poultry plant sanitation is
in Chap. 17.

carcasses.

Seafood Products

Seafoods are excellent substrates for microbial
growth and are vulnerable to contamination
during harvesting, transportation, processing,
distribution, and marketing. They are excellent
sources of proteins and amino acids, B vitamins,
and a number of minerals required for bacterial
nutrition. Seafoods are handled extensively from
harvesting to consumption, and since they are
sometimes stored without proper refrigeration,
contamination and growth of spoilage microor-
ganisms and microbes of public health concern
can occur. (Chap. 18 provides additional discus-
sion related to seafood contamination.)

Ingredients

Ingredients (especially spices) are potential vehi-
cles of harmful or potentially harmful microor-
ganisms and toxins. The amounts and types of
these agents vary with the origin of the spices and
harvest method, type of food ingredient, process-
ing technique, and handling. The food plant man-
agement team should be aware of the hazards
connected with individual incoming ingredients.
Only supplies and materials from approved
sources, which meet company specifications and

are produced (or processed) in accordance with
recognized good practices, should be used. This
requirement also applies to control of testing of
critical materials, either by the manufacturing
firm, receiving establishment, or both.

Other Contamination Sources
Equipment

Contamination of equipment occurs during pro-
duction, as well as when the equipment is idle.
Even with sanitary design features, equipment
can collect microorganisms and other debris from
the air, as well as from employees and materials.
Product contamination of equipment is reduced
through improved sanitary design and more
effective cleaning and sanitizing according to
master sanitation schedule.

Employees

Of all the viable means of exposing microorgan-
isms to food, employees are the largest contami-
nation source. Employees who do not follow
sanitary practices contaminate food that they
touch with spoilage and pathogenic microorgan-
isms that they come in contact with through work
and other parts of the environment. The hands,
hair, nose, and mouth harbor microorganisms
that can be transferred to food during processing,
packaging, preparation, and service by touching,
breathing, coughing, or sneezing. Because the
human body is warm, microorganisms proliferate
rapidly, especially in the absence of good per-
sonal hygiene and sanitary practices.

After the chain of infection is broken, the
spread of bacteria from one location to another can
be prevented. Generally, the mishandling of food
by people perpetuates the chain of infection until
someone becomes ill or dies before corrective
actions were taken to prevent additional outbreaks
(Chao 2003). If every person that works with food
could achieve appropriate personal hygiene and
perform sanitary practices regularly and routinely,
food contamination could be minimized. Every
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employee who works with food can play a vital
role in preventing food contamination.

Air and Water

Water is used in production and preparation of
fresh fruits and vegetables, is an ingredient
added in the formulation of various processed
foods, and serves as a key component of the
cleaning and sanitizing operation. It can also
serve as a source of contamination. If excessive
contamination exists, another water source
should be obtained, or the existing source should
be treated with chemicals after other methods to
assure its safety.

Contamination can result from airborne micro-
organisms in food processing, packaging, stor-
age, and preparation areas. This contamination
can result from unclean air surrounding the food
plant or from contamination through improper
sanitary practices. The most effective methods of
reducing air contamination are through sanitary
practices, filtering of air entering the food pro-
cessing and preparation areas, and protection
from air by appropriate packaging techniques and
materials.

Sewage

Raw, untreated sewage can contain pathogens
that have been eliminated from humans and ani-
mals, as well as other materials of the environ-
ment. Microorganisms present in raw sewage can
cause typhoid and paratyphoid fevers, dysentery,
and infectious hepatitis. Sewage has contami-
nated food and equipment through faulty plumb-
ing in food facilities.

If raw sewage drains or flows into potable
water lines, wells, irrigation ponds, rivers, lakes,
and ocean bays, the water and living organisms
such as seafood are contaminated. To prevent this
contamination, large animal production opera-
tions, privies, and septic tanks should be suffi-
ciently separated from wells, streams, and other
bodies of water. Raw sewage should not be
applied to fields where fruits and vegetables are

grown. (Additional discussion related to sewage
treatment is presented in Chap. 12.)

Insects and Rodents

Flies and cockroaches are associated with homes,
eating establishments, food processing facilities,
and food warehouses, as well as with toilets, gar-
bage, and other filth. These pests transfer filth
from contaminated areas to food through their
waste products; mouth, feet, and other body
parts; and with flies, during regurgitation of filth
onto clean food and equipment. To stop contami-
nation from these pests, food processing, prepa-
ration, and serving areas should be protected
against their entry, and if they do find entry, then
eradication is necessary. In addition, other stored
product pests can also contaminate foods result-
ing in infestation, contamination, and spoilage.

Rats and mice transmit filth and disease through
their feet, fur, and intestinal tract. Like flies and
cockroaches, they transfer filth from garbage
dumps, sewers, and the environment where they
live to food and food facilities. (Discussion about
the control of rodents, insects, and other pests is
provided in Chap. 13.)

Protection Against Contamination
The Environment

Ready-to-eat foods should not be touched with
bare hands when consumed raw or after cooking,
and food workers should also minimize bare
hand contact with foods that are not in a ready to
eat form. Contact with hands can be reduced by
the use of clean, intact disposable plastic gloves,
utensils, or deli paper during food processing,
preparation, and service. A processed or prepared
food, either in storage or ready for serving or
holding, should be covered with a close-fitting
clean cover that will not collect loose dust, lint,
or other debris. If the nature of the food does not
permit this method of protection, it should be
placed in an enclosed, dust-free cabinet at the
appropriate temperature. Foods in small modular
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wrappers or containers, such as milk and juice,
should be dispensed directly from those pack-
ages. If foods are served from a buffet, they
should be presented on a steam table (or other
warming unit) or ice tray (or refrigerated unit),
depending on temperature requirements, and
should be protected during display by a transpar-
ent shield over and in front of the food. The shield
will protect the food against contamination from
the serving area (including ambient air), from
handling by those being served, and from sneezes,
coughs, or other employee- and customer-
originated contamination. Any food that has
touched any unclean surface should be cleaned
thoroughly or discarded. Equipment and utensils
for food processing, packaging, preparation, and
service should be cleaned and sanitized between
uses. Foodservice workers should be instructed
to handle dishes and eating utensils in such a way
that their hands do not touch any surface that will
be in contact with food or the consumer’s mouth.

Storage

Storage facilities should provide adequate space
with appropriate control and protection against
dust, insects, rodents, and other extraneous mat-
ter. Organized storage layouts with appropriate
stock rotation can frequently reduce contamina-
tion and facilitate cleaning and can contribute to
a tidier operation. In addition, storage area floors
should be swept or scrubbed and shelves and/or
racks cleaned with appropriate cleaning com-
pounds and subsequent sanitizing. (Chaps. 9 and
10 discuss appropriate cleaning compounds and
sanitizers.) Trash and garbage should not be per-
mitted to accumulate in a food storage area.

Litter and Garbage

The food industry generates a large volume of
wastes including used packaging materials,
containers, and waste products. To reduce
contamination, refuse should be placed in appro-
priate containers for removal from the food area.

The preferred disposal method (required by some
regulatory agencies) is to use containers for gar-
bage that are separated from those for disposal of
litter and rubbish. Clean, disinfected receptacles
should be located in work areas to accommodate
waste food particles and packaging materials.
These receptacles should be seamless, with close-
fitting lids that should be kept closed except when
the receptacles are being filled and emptied.
Plastic liners are inexpensive, provide added pro-
tection, and can be removed quickly. All recep-
tacles should be washed and disinfected regularly
and frequently, usually daily. Containers in food
processing and food preparation areas should not
be used for garbage or litter, other than that pro-
duced in those areas.

Toxic Substances

Poisons and toxic chemicals should not be stored
near food products. In fact, only chemicals
required for cleaning and sanitizing should be
stored in the same premises. Cleaning com-
pounds should be clearly labeled and, when pos-
sible, be stored in their original containers. Only
cleaning and sanitizing compounds, supplies,
utensils, and equipment approved by regulatory
or other agencies should be used in food han-
dling, processing, and preparation.

Study Questions

1. What is the chain of infection?

2. What is the major contamination source of
food?

3. Which microorganism is most likely to cause
foodborne illness if large quantities of food
have been stored in slowly cooling containers?

4. Which pathogenic microorganism may be
found in unpasteurized dairy products that
have become cross-contaminated?

5. What is the best way to reduce contamination
from food equipment?

6. How can sewage-contaminated water, if con-
sumed, affect humans?
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Personal Hygiene

Abstract

Food workers are potential sources of microorganisms that cause illness
and food spoilage. Hygiene is a word used to describe sanitary principles
for the preservation of health. Personal hygiene refers to the cleanliness of
a person’s body. Parts of the body that contribute to the contamination of
food include the skin, hands, hair, eyes, mouth, nose, nasopharynx, respi-
ratory tract, and excretory organs. These parts are contamination sources
as carriers, through direct or indirect transmission, of detrimental
microorganisms.

Management must select clean and healthy employees and ensure that
they practice good personal hygiene. Employees must be held responsible
for personal hygiene so that the food that they work with remains safe and

wholesome.

Keywords

Bacteria® Contamination ® Disease transmission * Employees e Handwashing

* Hygiene ¢ Skin

Introduction

Humans are a major source of food contamina-
tion, and those who work with food can transmit
a variety of pathogens to food that can cause ill-
ness. Their hands, breath, hair, and perspiration,
as well as their unguarded coughs and sneezes,
can contaminate food and cause illness. Transfer
of human and animal excreta by workers is also a
potential source of pathogenic microorganisms
that can also invade the food supply.

© Springer International Publishing AG, part of Springer Nature 2018

The food industry and regulatory agencies are
focusing more on employee education and train-
ing and emphasizing that supervisors and work-
ers be familiar with the principles of food
protection. In multiunit chain operations, the
negative effects of public opinion often spiral
outward to uninvolved units. This recently
occurred when a highly publicized series of food-
borne outbreaks occurred in multiple locations
across the country in the same restaurant chain
that severely affected their brand image, reputa-
tion, and business.
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In an analysis of 816 reported outbreaks from
1997 to 2006 associated with infected food work-
ers, it was found that over 61% of these outbreaks
came from foodservice facilities and catered
events and another 11% of them were attributed
to schools, day care centers, and health-care
institutions. The two most frequently reported
risk factors associated with these implicated food
workers were bare hand contact with food and
failure to properly wash hands (Greig et al. 2009).
Researchers at the Centers for Disease Control
and Prevention (CDC) (Green et al. 2007) found
that handwashing was more likely to occur in res-
taurants whose food workers received food safety
training, had more than one handwashing sink,
and had a handwashing sink in the observed
worker’s sight. This research suggests that
improving food worker hand hygiene requires
not only food safety education, but appropriate
facilities as well.

Personal Hygiene

The word hygiene is used to describe an applica-
tion of sanitary principles for the preservation of
health, while personal hygiene refers to the cleanli-
ness of a person’s body. The health and hygiene of
workers both play a vital role in food sanitation and
the safety of foods. People are potential sources of
microorganisms including pathogenic bacteria,
viruses, and parasites that can contaminate the
foods that they work with and cause illness.
Workers who are ill should not come in contact
with food or equipment and utensils used in the
processing, preparation, and serving of food.
Human illnesses that may be transmitted through
food include those associated with intestinal disor-
ders, dysentery, typhoid fever, infectious hepatitis
(hepatitis A), and norovirus. In many illnesses, the
disease-causing microorganisms may remain with
the person after recovery. A person with this con-
dition is known as a carrier, and the role of carri-
ers will be discussed later in this chapter. Food
workers should report to their supervisor or person
in charge of the operation information about their
health and activities that relate to diseases or infec-

tions transmissible through food (US FDA 2013).
For example, food workers with symptoms of nau-
sea, vomiting, jaundice, and sore throat with fever
or who have a lesion containing pus (such as a boil
or infected wound) that is open and draining
should report these to their supervisor and not
work with food. In addition, if a worker has an ill-
ness that has been diagnosed by a health practitio-
ner due to Norovirus, hepatitis A virus, Shigella
species, Shiga toxin-producing E. coli, Salmonella
typhi, or nontyphoidal Salmonella, they should
also be excluded from working with food (US
FDA 2013).

When food workers become ill, their poten-
tial as a source of contamination increases.
Staphylococci are normally found in and
around infected cuts and burns, acne, boils,
carbuncles, and eyes and ears. A sinus infec-
tion, sore throat, nagging cough, and other
symptoms of the common cold are further signs
that microorganisms are increasing in number.
The same principle applies to gastrointestinal
ailments, such as nausea, vomiting, diarrhea, or
an upset stomach. Even when evidence of ill-
ness passes, some of the causative microorgan-
isms may remain as a source of recontamination.
For example, salmonellae may persist for sev-
eral months after a worker has recovered from a
Salmonella infection. The virus responsible for
hepatitis A has been found in the intestinal tract
over 5 years after the disease symptoms have
disappeared. To explain the importance of
employee hygienic practices, it is beneficial to
look at different parts of the human body in
terms of their potential sources of bacterial
contamination.

Skin

This living organ provides four major functions:
protection (against abrasion, invasion of microor-
ganisms, dehydration, and ultraviolet radiation),
sensation (pain, heat, cold, and pressure), regula-
tion (raises or lowers body temperature as neces-
sary), and secretion (perspiration and oils).
Protection is an important function in terms of
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personal hygiene. There are three layers of skin
including the epidermis (outermost layer) that
provide a waterproof barrier; the dermis (beneath
the epidermis) that contains tough connective
tissue, hair follicles, and sweat glands; and the
subcutaneous layer (also called the subcutis or
hypodermis) that consists of fat and connective
tissue (Page 2017; Grice and Serge 2011; Brodell
and Rosenthal 2008). The two outer layers are
tough, pliable, elastic layers that provide resis-
tance to damage from the environment. The epi-
dermis is less subject to damage than other parts
of the body because it does not contain nervous
tissue or blood vessels. The outermost layer of
the epidermis is called the stratum corneum that
consists of 25-30 rows of cells. They tend to be
flatter and softer than most other cells and func-
tion through the formation of a layer that is
impermeable to microorganisms. This layer is
important to the distribution of transient and resi-
dent microbial flora. These tissues are replaced
with newly created cells from the underlying lay-
ers every 4-5 days as they wear away. These dead
cells are 30 x 0.6 pm in diameter and are easily
dislodged in clothing or disseminated into the air.
The dermis, an underlying layer of the skin, is
composed of connective tissue, elastic fibers,
blood and lymph vessels, nervous cells and fibers,
muscle tissue, sweat glands, hair roots, and ducts.
The glands of the dermis secrete perspiration and
oil. The skin functions as a working organ
through constant deposition of perspiration, oil,
and dead cells on the outer surface. When these
materials mix with environmental substances
such as dust, dirt, and grease, they form an ideal
environment for bacterial growth. Thus, the skin
becomes a potential source of bacterial contami-
nation. The normal flora of the skin is character-
ized by a wide diversity of microorganisms with
over 200 species identified (Brodell and
Rosentahl 2008), with most of them being harm-
less and suppressing the growth of pathogens
(Brodell and Rosenthal 2008; Grice and Segre
2011). As the secretions build up and the bacteria
continue to grow, the skin may become irritated.
Food workers may rub and scratch the area,
thereby transferring bacteria to food. Improper
handwashing and infrequent bathing increase the

amount of microorganisms dispersed with the
dead cell fragments. Contamination results in
shortening the product’s shelf life if they are
spoilage organisms or in foodborne illness if they
are pathogens.

Foodborne illness may occur if a food worker
is a carrier of Staphylococcus aureus, a bacterial
species normally present on the skin. These organ-
isms are present in the hair follicles and in the
ducts of sweat glands. They are capable of caus-
ing abscesses, boils, and wound infections follow-
ing surgical operations. As secretions occur,
perspiration from the eccrine gland and sebum (a
fatty material secreted by the sebaceous gland)
contain bacteria that are deposited to the skin sur-
face, with subsequent reinfection.

Certain genera of bacteria do not grow on the
skin because the skin acts as a physical barrier
and also secretes chemicals that can destroy some
of the microorganisms that are foreign to it. This
self-disinfectant characteristic is most effective
when the skin is clean.

The epidermis contains cracks, crevices, and
hollows that can provide a favorable environment
for microorganisms. Bacteria can also grow in
hair follicles and in the sweat and sebaceous
glands. Because hands are very tactile, the oppor-
tunity for cuts, calluses, and contact with a wide
variety of microorganisms is evident. Hands are
in association with so much of the environment
that contact with contaminating bacteria is
unavoidable.

Bacteria on the skin, particularly the hands,
can be classified into two categories, the resident
and the transient flora. Resident bacteria of the
skin, which occur naturally, live in microcolonies
that are usually buried deep in the pores of the
skin and protected by fatty secretions of the seba-
ceous glands. They can also be found on the sur-
face of the skin (CDC 2002; WHO 2009). The
microorganisms in the resident group include S.
epidermidis (the most dominant species), propi-
onibacteria, corynebacteria, dermobacteria, and
micrococci (WHO 2009). The resident flora does
not normally cause disease but may enhance
infection in sterile body cavities, the eyes, or on
non-intact skin (WHO 2009). The transient
microbiota colonize the superficial layers of the
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skin and are picked up by the hands of food work-
ers from a variety of contaminated sources and
are transient in that they reside on the hands only
temporarily (e.g., S. aureus, Escherichia coli,
etc.). These transient microorganisms can be
removed by routine handwashing. Poor care of
the skin and skin disorders, aside from detrimen-
tal appearance, may cause bacterial infections,
such as boils and impetigo. Boils are severe local
infections that result when microorganisms pen-
etrate the hair follicles and skin glands after the
epidermis has been broken. This damage can
occur from excess irritation of clothing. Swelling
and soreness result as microorganisms such as
staphylococci multiply and produce an exotoxin
that kills the surrounding cells. The body reacts
to this exotoxin by accumulating lymph, blood,
and tissue cells in the infected area to counteract
the invaders. A restraining barrier is formed that
isolates the infection. A boil should never be
squeezed. If it is squeezed, the infection may
spread to adjoining areas and cause additional
boils. Such a cluster is called a carbuncle. If
staphylococci gain entrance to the bloodstream,
they may be carried to other parts of the body,
causing meningitis, bone infection, or other
undesirable conditions. Employees with boils
should exercise caution if they must handle food
because the boil is a prime source of pathogenic
staphylococci. An employee who touches a boil
or a pimple should thoroughly wash hands and
use an alcohol-based hand sanitizer for disinfec-
tion. Cleanliness of the skin and wearing apparel
is important in the prevention of boils.

Impetigo is an infectious disease of the skin
that is caused by members of the staphylococci
group. This condition appears more readily in
young people who fail to keep their skin clean.
The infection spreads easily to other parts of the
body and may be transmitted by contact. Keeping
the skin clean also helps to prevent impetigo.

Fingers and Hands
Bacteria may be picked up when the hands touch

raw animal products, dirty equipment, garbage,
contaminated food, clothing, or other areas of the

body. When this occurs, the employees should
wash their hands thoroughly and use a hand-dip
sanitizer to reduce transfer of contamination.
Clean, intact, disposable plastic gloves may be a
solution (although their use has been considered
controversial by some sanitation experts who
maintain that their use may allow contamination).
They help prevent the transfer of pathogenic bac-
teria from the fingers and hands to food and have
a favorable psychological effect on those observ-
ing the food being handled in this way.

The use of gloves offers both benefits and
liabilities. A clean contact surface may be
attained initially, and bacteria that are seques-
tered on and in the skin are not permitted to enter
foods as long as the gloves are not torn or punc-
tured. However, the skin beneath the gloves is
occluded, and heavily contaminated perspiration
builds up rapidly between the internal surface of
the glove and skin. Furthermore, gloves tend to
promote complacency that is not conducive to
good hygiene. Gloves must be changed fre-
quently, especially when moving between raw
and ready-to-eat foods and changing tasks while
preparing foods. The hands should always be
thoroughly washed and dried before clean gloves
are worn.

Fingernails

One of the easiest ways to spread bacteria is
through dirt under the fingernails, and employees
with dirty fingernails should never handle any
food. Fingernails should be trimmed and cleaned
regularly to prevent dirt buildup and contamina-
tion. Frequent washing with soap and water is
effective in reducing the microbiota on the hands.

Jewelry

To promote both food safety and personal safety,
jewelry should not be worn in food facilities. The
FDA Food Code (US FDA 2013) allows for a
plain ring such as a wedding band while prepar-
ing food, but it should be remembered that food
debris and bacteria can accumulate in, around,
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Fig.6.1 High-speed
photograph of a human
sneeze (Courtesy of the
CDC Public Health Image
Library 2017)

and under jewelry providing a source of food
contamination. Decorative jewelry can also break
and fall into food causing a physical hazard. In
addition, jewelry can also be a personal safety
hazard if worn around equipment and machinery
in food operations.

Hair

Microorganisms (especially staphylococci) are
found on hair. Employees should wash their hair
regularly and use an effective hair restraint to
reduce the risk of hair falling into food.
Employees should minimize contact with their
hair while working with food and wash their
hands thoroughly if they do so. The necessity for
wearing hair coverings in food processing and
preparation areas should be considered a condi-
tion of employment for all new employees and
should be made known at the time that they are
hired. Disposable hair covers should also be worn
beneath hard hats in food processing environ-
ments. Facial hair should also be covered with
disposable beard nets and/or mustache snouts.

Eyes
The eyes are normally free of bacteria but mild bac-

terial infections may develop. Bacteria can then be
found on the eyelashes and at the indentation
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between the nose and eye. By rubbing the eyes, the
hands are contaminated and can, in turn, contami-
nate foods that are being processed or prepared.

Mouth

Many bacteria are found in the mouth and on the
lips. Various disease-causing bacteria, as well as
viruses, can be found in the mouth, especially if
an employee is ill. These microorganisms can be
transmitted to other individuals, as well as to food
products, when one sneezes. During a sneeze,
microorganisms are propelled at high speed into
the air and can contaminate exposed foods that
are in the area. Figure 6.1 is a high speed photo-
graph of a human sneeze that illustrates this con-
cept. Eating and drinking in a food environment
is also discouraged, since organisms from the lips
and mouth can easily be transferred to food if this
practice occurs. The Food Code (US FDA 2013)
allows food workers to drink from a closed bever-
age container if it is properly handled to prevent
contamination. In addition, smoking should be
prohibited while working with food, so compa-
nies should provide designated smoking areas for
those workers who do smoke.

Regular oral hygiene including brushing the
teeth prevents the buildup of bacterial plaque on
the teeth and reduces the degree of contamination
that might be transmitted to a food product if an
employee gets saliva on the hands or sneezes.
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Nose, Nasopharynx, and Respiratory
Tract

The nose and throat have a more limited microbial
population than does the mouth. This is because of
the body’s effective filtering system. Particles
larger than 7 pm in diameter that are inhaled are
retained in the upper respiratory tract. This is
accomplished through the highly viscid mucus
that constitutes a continuous membrane overlying
the surfaces within the nose, sinuses, pharynx, and
esophagus. Approximately half of the particles
that are 3 pm or larger in diameter are removed in
the remaining tract, and the rest penetrate the
lungs. Those particles that do penetrate and lodge
themselves in the bronchi and bronchioles are
destroyed by the body’s defenses. Viruses are con-
trolled through virus-inactivating agents found in
the normal serous fluid of the nose.

Occasionally, microorganisms do penetrate the
mucous membranes and establish themselves in
the throat and respiratory tract. Staphylococci,
streptococci, and diphtheroids (nonpathogenic
corynebacteria) are frequently found in these
areas. Other microorganisms occasionally inhabit
the tonsils. The common cold is one of the most
prevalent of all infectious diseases and is fre-
quently caused by rhinoviruses and caronaviruses.
The initial viral attack is generally followed by the
onset of a secondary infection because the initial
disease lowers the resistance of the mucous mem-
branes in the upper respiratory tract. The second-
ary infection may be caused by a variety of agents,
including bacteria. Bacteria, especially from
employees with a cold, can be easily transmitted
from the nose to hands to food.

Sinus infection results from the infection of
the membrane of the nasal sinuses. The mucous
membranes become swollen and inflamed, and
secretions accumulate in the blocked cavities.
Pain, dizziness, and a runny nose result from the
pressure buildup in the cavities. Precautions
should be taken if employees with nasal dis-
charges must handle food products. An infectious
agent is present in the mucous discharge, and
other organisms, such as S. aureus, could be pres-
ent. For this reason, employees should wash and
disinfect their hands after blowing their noses,
and all sneezes should be blocked.

A sore throat is sometimes caused by a spe-
cies of streptococci. The primary source of patho-
genic streptococci is the human being, who
carries this microbe in the upper respiratory tract.
“Strep throat,” laryngitis, and bronchitis are
spread by the mucous discharge of carriers.
Streptococci are also responsible for scarlet fever,
rheumatic fever, and tonsillitis. These conditions
may be spread through employees with poor
hygienic practices.

Influenza, commonly referred to as flu, is an
acute infectious respiratory disease caused by a
virus that occurs in small to widespread epidemic
outbreaks. It gains entrance to the body through
the respiratory tract. Death may result from
secondary bacterial infections by staphylococci,
streptococci, or pneumococci.

Most of these ailments are highly contagious,
so employees infected with any of them should
not be permitted to work with food. They endan-
ger the products that they handle, fellow employ-
ees, and consumers of the food. All coughs and
sneezes contain atomized droplets of mucous con-
taining the infectious agents and should be blocked
by the elbow or shoulder and the hands should be
washed. The hands should be kept as clean as pos-
sible by thorough and frequent washing and
through the use of alcohol-based hand sanitizers to
prevent contamination of the infectious microor-
ganism. As mentioned earlier, food workers who
are experiencing persistent sneezing, coughing, or
a runny nose that causes discharges from the eyes,
nose, or mouth should not work with exposed
food, clean equipment, utensils, and linens or
unwrapped single-service articles (US FDA
2013). After coughing, sneezing, or nose blowing,
food workers must wash hands thoroughly, other-
wise bacteria can be transferred to the food being
prepared or processed. The Food Code provisions
on employee health are aimed at removing highly
infectious food employees from the work place.

Excretory Organs

Intestinal discharges are a prime source of bacte-
rial contamination. It is estimated that thousands of
species of bacteria and 100 trillion microorgan-
isms are present in the adult human intestine
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(Round and Mazmanian 2009). Enterococcus fae-
calis and staphylococci are generally the only bac-
teria found in the upper part of the small intestine;
however, the species and individual organisms
become more numerous in the large intestine.
Particles of feces collect on the hairs in the anal
region and are spread to clothing. When employees
go to the washroom, they may pick up some of the
intestinal bacteria, and if their hands are not washed
properly, these organisms will be spread to food
products. A lack of good personal hygiene is
responsible for this type of fecal-oral contamina-
tion. For this reason, employees should thoroughly
wash their hands with soap before leaving the
washroom and should use a hand-dip sanitizer or
sanitizer gel before working with food. According
to the Food Code, after using certain types of hand
sanitizers, the hands must be rinsed in clean water
before hand contact with food or by the use of
gloves (US FDA 2013).

Both viruses and pathogenic bacteria can be
spread through fecal contamination to food prod-
ucts. Unlike bacterial contaminants, viruses such
as Norovirus and hepatitis A (infectious hepati-
tis) cannot multiply in food. In this case, the food
serves as a vehicle or carrier of the virus from one
human host to another where the virus replicates
and causes illness.

The intestinal tracts of humans and animals
carry the most common forms of bacteria, which,
when multiplied sufficiently, can cause illness.
The infections range from slight to severe and
may even result in death. Salmonella, Shigella,
and enterococci bacteria that cause different types
of intestinal disorders are the most common.

Personal Contamination of Food
Products

The intrinsic factors that affect microbial con-
tamination by people are as follows:

1. Body location. The composition of the normal
microbial flora varies depending on the body
area. The face, neck, hands, and hair contain a
higher proportion of transient microorganisms
and a higher bacterial density. The exposed

areas of the body are more vulnerable to con-
tamination from environmental sources. When
environmental conditions change, the micro-
bial flora adapts to the new environment.

2. Age. The microbial population changes as a
person matures. This trend is especially true
for adolescents entering puberty. They pro-
duce large quantities of lipids known as
sebum, which promotes the formation of acne
caused by Propionibacterium acnes.

3. Hair. Because of the density and oil produc-
tion, the hair on the scalp enhances the growth
of microbes such as S. aureus and Pityrosporum.

4. pH. The pH of the skin is affected through the
secretion of lactic acid from the sweat glands,
bacterial production of fatty acids, and diffu-
sion of carbon dioxide through the skin. The
approximate pH value for the skin (5.0) is
more selective against transient microorgan-
isms than it is against the resident flora. Factors
that change the pH of the skin (soap, creams,
lotions, etc.) alter the normal microbial flora.

5. Nutrients. Perspiration contains water-soluble
nutrients (i.e., inorganic ions and some acids),
whereas sebum contains lipid (oil)-soluble
materials such as triglycerides, esters, and
cholesterol. The role of perspiration and
sebum in the growth of microorganisms con-
tinues to be investigated.

Humans are the most common contamination
source of food, and people transmit diseases as
carriers. A carrier is a person who harbors and
discharges pathogens but does not exhibit the
symptoms of the disease. There are several types
of carriers including:

1. Convalescent carriers are those who have
recovered from an illness, continue to harbor
the causative organism for a variable length of
time, and are capable of transmitting it to
others.

2. Chronic carriers are those who continue to
harbor the infectious organism indefinitely,
although they do not show symptoms of the
disease.

3. Contact carriers are those who acquire and
harbor a pathogen through close contact with
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an infected person but do not acquire the
disease.

People harbor a number of organisms,
including:

e Streptococci. These organisms, commonly
harbored in the human throat and intestines,
are responsible for a wider variety of diseases
than other bacteria. They are also frequently
responsible for the development of secondary
infections.

e Staphylococci. The most important single res-
ervoir of staphylococci infection of humans is
the nasal cavity. Equally important to the food
industry are those who possess the pathogenic
varieties of the organism as part of their natu-
ral skin flora. These people are a constant
threat to consumer safety if they are allowed
to handle food products.

e Intestinal microorganisms. This group of
organisms includes Salmonella, Shigella, Shiga
toxin-producing Escherichia coli, hepatitis A
(infectious hepatitis), Norovirus, infectious
intestinal amoebas, and parasites. These micro-
organisms are of public health concern because
they can contribute to serious illness.

Handwashing

The first line of defense against disease is frequent
and effective handwashing by those who work with
food (Taylor 2000). A large percentage of food-
borne disease outbreaks are spread by contami-
nated hands. Appropriate handwashing practices
can reduce the risk of foodborne illness, and studies
have shown that handwashing can reduce the risk
of respiratory infections by 16% (Rabie and Curtis
2006). The most effective method to ensure effec-
tive handwashing is through proper education and
training, as well as motivation, reinforcement,
incentives, and modeling by supervisors and man-
agers who practice a proper handwashing tech-
nique. Handwashing is conducted to break the
transmission route of the microorganisms from the
hands to another source and to reduce transient bac-

teria. It has been shown that microorganisms such
as Pseudomonas aeruginosa, Klebsiella pneu-
moniae, Serratia marcescens, E. coli, and S. aureus
can survive for up to 90 min when artificially inoc-
ulated on the fingertips (Filho et al. 1985). Figure
6.2 illustrates bacteria on the hands, in fingernail
scrapings, on the nose, lips and hair, and the effects
of handwashing.

Handwashing for 20 s with soap and water,
which act as emulsifying agents to solubilize
grease and oils on the hands, will remove transient
bacteria. Increased friction through rubbing the
hands together can reduce the number of bacteria
more than quick handwashing. There are a num-
ber of viable ways of drying the hands and other
skin surfaces. Paper roll and sheet towels are
acceptable and should be deposited in a waste
container after use. Electric blow dryers should
be used only in restrooms to avoid temperature
rise in other areas. The location of this equipment
in processing areas is unacceptable since dust and
microorganisms can be spread to food contact
surfaces. The proper procedure for handwashing
is detailed below and illustrated in Fig. 6.3:

1. Wet hands under running water

2. Apply soap

3. Lather by rubbing hands together, with fric-
tion, for at least 20 s, paying special attention
to the palms, fingertips, areas between the fin-
gertips, areas between the fingers, and under
the fingernails, as well as exposed areas of the
forearms

4. Rinse hands under running water

5. Dry hands and arms with a single-use paper
towel

6. If using a single sink, turn water off using a
paper towel and also use a paper towel to open
the restroom door

7. Discard the paper towel in a waste container

Alcohol-based hand sanitizers used after hand-
washing provide an additional 10- 100-fold reduc-
tion (Anon 2002). Instant hand sanitizers should
be considered when washing is not possible, but
they do not have a lasting effect (Taylor 2000).
The key elements of improved handwashing are
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Wet your hands
with hot, running
water (at least
100°F/38°C).

Mdjese las manos
con agua corriente
caliente (al menos,
a100°F/38 °C).

=
e,b-

Rinse thoroughly
under running
water.

Enjudguese

las manos
completamente
con el agua
corriente.

Apply soap. Scrub hands and arms.
Aol Clean under fingernails
pligese and between fingers.

el jabon.
Lavese las manos y los
brazos. Lavese debajo
de las ufias y entre los
dedos.

Dry hands and = Turn off faucet using

arms with a paper towel.

single-use Ci if .

paper towel. ierre el grifo con la to
alla de papel.

Séquese las

manos y los _

antebrazos con

una toalla de a
papel descartable.

Fig. 6.3 Recommended handwashing procedure (Courtesy of Ecolab, Inc., St. Paul, Minnesota)

motivation, effective training techniques, proper
equipment that is fully stocked with soap and
disposable towels, and positive reinforcement.
Although a certain amount of education is essen-
tial, a multidisciplinary framework should target
institutional or organizational change so a culture
of food safety and sanitation is achieved. Training
should be risk based with the consequences of
improper handwashing clearly expressed and pos-
itive reinforcement provided when food workers
consistently perform this task properly and
regularly.

Because proper handwashing is essential to
attain a sanitary operation, automated handwash-
ing units are being used (Fig. 6.4) in some food
facilities. A typical unit is located in the process-
ing area, so when workers enter the area, they
must use the washing unit. This equipment is
responsible for increased handwashing frequency
by 300%. The user inserts the hands into two
wash cylinders, passing a photo-optic sensor,
which activates the cleansing action. High-
pressure jet sprays within each cylinder spray a
mixture of antimicrobial cleansing solution and
water on the hands, followed by a potable water
rinse. The 12-second wash-sanitize-rinse, mas-
sage-like cycle has been clinically proven to be
60% more effective at removing pathogenic bac-
teria from the hands than the manual handwash-
ing (Anon 1997) and reduced water costs.
Independent testing has shown that the 12-s cycle

is equivalent to a full minute wash. The high-
pressure, low-volume spray uses approximately
2 L (2.1 quarts) of water per wash cycle, one-third
of the amount spent in most manual handwashing
methods. Up to a 300% increase in washing fre-
quency is accomplished because this equipment
provides an easy-to-use, massaging effect on the
hands and is nonirritating. Also, this process can
remove contamination from gloves and can
accomplish hand- or glove washing with approxi-
mately 2 L (2.1 quarts) of water or only one-third
of the amount used in most manual handwashing
methods.

Antimicrobial soaps and lotions have been
used for many years in the food industry and
also by consumers and were thought to be effec-
tive in reducing the bacterial load on the hands,
decreasing the possibility of cross-contamina-
tion. In September, 2016, the US Food and
Drug Administration (FDA) issued a final rule
establishing that over-the-counter (OTC) con-
sumer antiseptic wash products containing cer-
tain active ingredients can no longer be
marketed (US FDA 2016). Information from
research studies have suggested that long-term
exposure to certain active ingredients used in
antibacterial products such as triclosan (liquid
soaps) and triclocarban (bar soaps) could pose
health risks, such as bacterial resistance or hor-
monal effects. This final rule applies to con-
sumer antiseptic wash products containing one
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Fig. 6.4 Automated handwashing system (Courtesy of
Meritech Handwashing Systems, Golden, Colorado)

or more of 19 specific active ingredients, such
as the most commonly used ingredients includ-
ing triclosan and triclocarban (US FDA 2016).
These products are intended for use with water
and are rinsed off after use. Companies will no
longer be able to market antibacterial washes
with these ingredients because manufacturers
did not demonstrate that the ingredients are
both safe for long-term daily use and more
effective than plain soap and water in prevent-
ing illness and the spread of certain infections.
Some manufacturers have already started
removing these ingredients from their products.
This rule does not apply to consumer hand sani-
tizers, hand wipes, or antibacterial products
used in health-care settings, such as hospitals
and nursing homes (US FDA 2016).

Alcohol hand rub, gel, or rinse sanitizers that
contain at least 60% alcohol have been incorpo-
rated as a disinfection step after washing hands
with soap and water. The alcohol present evapo-
rates in approximately 15-20 s. This is an effec-
tive sanitizer that improves personal hygiene and
does not contribute to the emergence of microbial
resistance. Use of this hand sanitizer before han-
dling food is generally considered to be a safe
practice. Figure 6.5 shows a wall-mounted hand
sanitizer that can be used to reduce the contami-
nation of workers after handwashing. Ethanol is
more effective at destroying viruses than isopro-

panol; however, both alcohols are effective for
the destruction of bacteria, fungi, and some
viruses (CDC 2016). The CDC recommends that
alcohol-based sanitizers can be used “in addi-
tion” to handwashing, never as a substitute. Hand
sanitizers can reduce the spread of some viruses,
like the flu, but they are largely ineffective against
norovirus, so it is best to thoroughly wash hands
with soap and water.

To provide a barrier between bare hands and
ready-to-eat foods, clean, intact gloves should be
put on after the hands are washed and thoroughly
dried. If the hands are not dry, residual moisture
forms an incubation environment for bacteria
under the gloves. Although clean, intact gloves
provide a barrier between hands and ready-to-eat
foods, there are some important facts to con-
sider. Gloves may tear, get punctured, or leak,
and natural rubber latex gloves may cause aller-
genic reactions in sensitized people. Non-latex
gloves should be considered when working with
ready-to-eat foods. Workers should be reminded
that soil on gloves is not as easy to feel as on the
bare hands, so changing gloves frequently, espe-
cially when they become soiled, tear, or are used
for different tasks (between raw and RTE foods),
is very important to prevent contamination of
foods.

Foodborne Outbreaks Caused
by Poor Personal Hygiene

The following examples provide evidence of how
poor handwashing and poor personal hygiene
have caused major foodborne illness outbreaks.

On a 4-day Caribbean cruise, 72 passengers
and 12 crew members had diarrhea, and 13 peo-
ple had to be hospitalized. Stool samples of 19 of
the passengers and two of the crew contained
Shigella flexneri bacteria. The illness was traced
to German potato salad prepared by a crew mem-
ber that carried these bacteria. The disease spread
easily because the toilet facilities for the galley
crew were limited (Lew et al. 1991).

Over 3,000 women who attended a 5-day
outdoor music festival in Michigan became ill
with gastroenteritis caused by Shigella sonnei.
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ECOLAB

Fig. 6.5 Illustration of a wall-mounted hand sanitizer to
reduce microbial contamination of workers (Courtesy of
Ecolab, Inc., St. Paul, Minnesota)

The illness began 2 days after the festival ended,
and patients were spread all over the United
States before the outbreak was recognized. An
uncooked tofu salad served on the last day caused
the outbreak. Over 2,000 volunteer food handlers
prepared the communal meals served during the
festival. Before the festival, the staff had a smaller
outbreak of shigellosis. Sanitation at the festival
was mostly acceptable, but access to soap and
running water for handwashing was limited.
Good handwashing facilities could have pre-
vented this explosive outbreak of foodborne ill-
ness (Lee et al. 1991).

Shigella sonnei caused an outbreak of food-
borne illness in 240 airline passengers on 219
flights to 24 states, the District of Columbia, and
four countries. The outbreak was identified only
because it involved 21 of 65 professional football
team players and coaches. Football players and
coaches, airline passengers, and flight attendants
with the illness all had the same strain of S. son-
nei. The illness was caused by cold sandwiches
served on the flights that had been prepared by
hand at the airline flight kitchen. The flight
kitchen should have minimized hand contact
when preparing cold foods or eliminated them
from the menu (Hedberg et al. 1992).

Methods of Disease Transmission

Direct Transmission

Many diseases are transmitted through direct
transfer of the microorganisms to another person
through close contact. Examples are diphtheria,
scarlet fever, influenza, pneumonia, smallpox,
tuberculosis, typhoid fever, dysentery, norovirus,
and venereal diseases. Respiratory diseases may
be transferred via atomized particles expelled
from the nose and mouth when a person talks,
sneezes, or coughs. When these particles become
attached to dust, they may remain suspended in
the air for an indefinite length of time. Other
people may then become infected upon inhaling
these particles.

Indirect Transmission

The host of an infectious disease may transfer
organisms to vehicles such as water, food, and soil.
Lifeless objects (fomites), other than food, capable
of transmitting infections are doorknobs, handles,
switches, elevator buttons, telephones, pencils,
books, washroom fittings, clothing, money, knives,
and many other commonly handled or touched
objects. Intestinal and respiratory diseases such as
salmonellosis, norovirus, dysentery, and diphthe-
ria may be spread by indirect transmission. To
reduce the transfer of microorganisms by indirect
transmission, sinks should have foot-operated con-
trols instead of hand-operated faucets, and doors
should be self-closing.

Requirements for Hygienic Practices

Management must establish a protocol to ensure
hygienic practices by employees. Supervisors
and managers should set an example for employ-
ees by their own high levels of hygiene and good
health while conveying the importance of these
practices to the employees. When applicable,
they should provide proper laundry facilities or
services for maintenance of cleanliness of
uniforms through clean dressing rooms, services,
and welfare facilities. All employees who work
with food should regularly report signs of illness,
infection, and other unhealthy conditions.
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These practices should be conducted to ensure
personal hygiene:

1. Physical health should be maintained and pro-
tected through practice of proper nutrition and
physical cleanliness.

2. Illness should be reported to the employer
before working with food so that work adjust-
ments can be made to protect food from the
employee’s illness or disease.

3. Hygienic work habits should be developed to
eliminate potential food contamination.

4. During the work shift, the hands should be
washed after using the toilet; handling garbage
or other soiled materials; handling uncooked
muscle foods, egg products, or dairy products;
handling money; and smoking, coughing, or
sneezing.

5. Personal cleanliness should be maintained by
daily bathing and use of deodorants, washing
hair frequently, trimming and cleaning finger-
nails regularly, using a hat or hair restraint
while working with food, and wearing clean
underclothing and uniforms.

6. Employee hands should not touch ready-to-
eat foods, service equipment, and utensils
with bare hands. Clean intact, and frequently
changed disposable gloves should be used
when contact is necessary.

7. Rules such as “no smoking” should be fol-
lowed, and other precautions related to poten-
tial contamination should be taken.

Employers should emphasize hygienic prac-
tices of employees as follows:

1. Employees should be adequately trained in
personal hygiene and the principles of safe
food preparation.

2. A regular inspection and observation of
employees and their work habits should be
conducted. Deficiencies should be immedi-
ately corrected.

3. Incentives for superior hygiene and sanitary
practices should be provided.

Food workers should be responsible for their
own health and personal cleanliness. Employers
should be responsible for making certain that the

public is protected from unsanitary practices that
could cause public illness. Personal hygiene is a
basic step that should be taken to ensure the pro-
duction of wholesome food.

Sanitary Food Handling
Role of Employees

Food processing and foodservice firms should
protect their employees and consumers from
workers with diseases or other microorganisms
of public health concern that can affect the
wholesomeness or sanitary quality of food. This
precaution is important to maintain a good image
and sound operating practices consistent with
regulatory organizations. In most communities,
local health codes prohibit employees having
communicable diseases or those who are carriers
of such diseases from handling foods or partici-
pating in activities that may result in the contami-
nation of food or food contact surfaces.
Responsible employers should exercise caution
in selecting employees by screening unhealthy
individuals. Selection of employees should be
predicated upon these facts:

1. Absence of reportable illnesses.

2. Applicants should not exhibit evidence of a
sanitary hazard, such as open sores or pres-
ence of excessive skin infections or acne.

3. Applicants who display evidence of respira-
tory problems should not be hired to handle
food or to work in food processing or food
preparation areas.

4. Applicants should be clean and neatly
groomed and should wear clothing free of
unpleasant odor.

5. Applicants should successfully complete a
sanitation course such as those provided by a
number of local regulatory agencies and
organizations.

Required Personal Hygiene

Food organizations should establish personal
hygiene rules that are clearly defined and uniformly
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and rigidly enforced. These rules should be docu-
mented, posted, and/or clearly spelled out in all
training programs. Policy should address personal
cleanliness, working attire, acceptable food-han-
dling practices, and the use of tobacco and other
prohibited practices.

Facilities

Hygienic food handling requires appropriate
equipment and supplies. Food-handling and
food processing equipment should be con-
structed according to regulations of the appro-
priate regulatory agency. Restroom and locker
facilities should be clean, neat, well lighted, and
conveniently located away from production
areas. Restrooms should have self-closing
doors. It is also preferred that handwashing sta-
tions have motion sensor and foot- or knee-
operated faucets that supply water at 100 °F
(38 °C) (US FDA 2013). Remotely operated liq-
uid soap dispensers are recommended, and dis-
posable towels are best for drying hands. The
consumption of snacks, beverages, and other
foods, as well as smoking, should be confined to
specific areas, which should be clean and free of
insects.

Employee Supervision

Employees who handle food should be subjected
to the same health standards used in screening
prospective employees. Supervisors should
observe employees daily for infected cuts, boils,
respiratory complications, and other evidence of
infection. Many local health authorities require
foodservice and food processing firms to report
an employee who is suspected to have a conta-
gious disease or to be a carrier.

Employee Responsibilities

Although the employer is responsible for the con-
duct and practices of employees, responsibilities
should be assigned to employees at the time
employment begins.

Employees should maintain a healthy condi-
tion to reduce respiratory or gastrointestinal
disorders and other physical ailments.
Injuries, including cuts, burns, boils, and skin
eruptions, should be reported to the employer.
Abnormal conditions, such as respiratory sys-
tem complications (e.g., head cold, sinus
infection, and bronchial and lung disorder),
and intestinal disorders, such as diarrhea,
should be reported to the employer.

Personal cleanliness that should be practiced
includes daily bathing, regular hair washing at
least twice a week, daily changing of undergar-
ments, and maintenance of clean fingernails.
Employees should tell a supervisor if items
such as soap or towels in washrooms should
be replenished.

Habits such as scratching the head or other
body parts should be avoided.

The mouth and nose should be covered during
coughing or sneezing, and the hands should be
washed afterward .

The hands should be washed after visiting the
toilet, using a handkerchief, smoking, and
handling soiled articles, garbage, or money.
The hands should be kept out of food. Food
should not be tasted from the hand, nor should
it be consumed in food production areas.
Food should be handled in utensils that are not
touched with the mouth.

Rules related to use of tobacco should be
enforced.

Study Questions

@

10.

What is hygiene?

What is a chronic carrier?

What is the difference between direct and
indirect transmission of diseases?

What is a contact carrier?

What are resident bacteria?

Which microorganisms cause the common
cold?

What are transient bacteria?

What are the four major functions of the skin?
What are the two most predominant bacterial
species normally present on the skin?

What is a carbuncle?
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Abstract
Hazard Analysis and Critical Control Points (HACCP), a preventive
approach to safe food production, applies the principles of prevention and
documentation. The essential components for HACCP development are
HACCP team assembly, description of the food and its intended use, iden-
tification of the consumers of the food, development and verification of a
process flow diagram, hazard analysis, identification of critical control
points (CCPs), establishment of critical limits, monitoring, corrective
actions for deviations, procedures for verification, and record keeping.
Good manufacturing practices (GMPs) are essential building blocks of
HACCEP, and Sanitation Standard Operating Procedures (SSOPs) are the
cornerstones for the plan. Documentation needed for an effective plan
includes descriptions of HACCP team-assigned responsibilities, product
description and intended use, flow diagram with identified critical control
points (CCPs), details of significant hazards with information concerning
preventive measures, critical limits, monitoring to be conducted, correc-
tive action plans in place for deviations from critical limits, procedures for
verification of the plan, and record-keeping procedures. Periodic auditing
is necessary for validation and evaluation of the program. Although paral-
lels exist between HACCP and the Preventive Controls Rule for Hazard
Analysis and Risk-Based Preventive Controls (HARPC), a challenge is
likely as to how it will interface with HACCP.
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Introduction

Development of an effective HACCP program is
crucial to enhancing safety within food manufac-
turing and distribution. HACCP is a preventive
approach to promote consistently safe food pro-
duction. This program consists of two important
concepts of safe food production-prevention and
documentation. The major thrusts of HACCP are
to determine how and where food safety hazards
may exist and how to prevent their occurrence.
The important documentation concept is essen-
tial to verify that potential hazards are controlled.
HACCP has been recommended and/or required
for use throughout the food industry and is the
basis for federal food inspection in the United
States.

This proactive, prevention-oriented program
incorporates sound science. HACCP focuses on
the prevention or control of food safety hazards
that fall in the three main categories of biological,
chemical, and physical hazards. The program
focuses on safety and not quality and should be
considered separate from or a supplement to
quality assurance. The objective of HACCP is to
ensure that effective sanitation and hygiene and
other operational considerations be conducted to
produce safe products and to provide proof that
safety practices have been followed.

What Is HACCP?

The HACCP concept originated in the 1950s
through the National Aeronautics and Space
Administration (NASA) and Natick Laboratories
for use in aerospace manufacturing under the
name “failure mode and effect analysis.” The
Pillsbury Company, NASA, and the US Army
Natick Laboratories developed jointly this ratio-
nal approach to process control in 1971 to apply
a zero-defect program to the food processing
industry. HACCP ensured that food consumed in
the US space program would be 100% free of
bacterial pathogens. This concept provides a sim-
ple but very specific method to identify hazards
with the implementation of appropriate controls
to prevent potential hazards. The US Department

of Agriculture (USDA) Food Safety and
Inspection Service (FSIS) identified HACCP as a
tool to prevent food safety hazards during meat
and poultry production. Several scientific groups
embrace and recommend the HACCP concept.
These include the National Academy of Sciences
(NAS) Committee on the Scientific Basis of the
Nation’s Meat and Poultry Inspection Program
and the NAS Subcommittee on Microbiological
Criteria of the Committee on Food Protection.
These two committees recognized HACCP as a
rational and improved approach to food produc-
tion control that can determine those areas where
control is most critical to the manufacturing of
safe and wholesome food.

This technique, which assesses the flow of
food through the process, provides a mechanism
to monitor these operations frequently and to
determine the points that are critical for the con-
trol of foodborne disease hazards. A hazard is the
potential to cause harm to the consumer. A criti-
cal control point is an operation or step by which
preventive or control measures can be exercised
that will eliminate, prevent, or minimize a hazard
(hazards) that has (have) occurred prior to this
point. The HACCP concept is a valuable program
for process control is a harbinger of the trend
toward more sophistication in food sanitation and
inspection. Governmental regulators legitimized
HACCEP, and progressive food companies have
adopted this prevention program.

The HACCP concept has two parts: (1) hazard
analysis and (2) determination of CCPs. Hazard
analysis requires a thorough knowledge of food
microbiology, which microorganisms may be
present, and the factors that affect their growth
and survival.

The HACCP evaluation process describes the
product and its intended use and identifies any
potentially hazardous food items subject to
microbial contamination and proliferation during
food processing or preparation with subsequent
process observation. Hazard analysis is a proce-
dure for conducting risk analysis for products
and ingredients by diagramming the process to
reflect the manufacturing and distribution
sequence, microbial contamination, survival,
and proliferation capable of causing foodborne
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illness. Critical control points are determined
from a flow chart with the correction of deficien-
cies. Established monitoring steps evaluate effec-
tiveness. The HACCP program, implemented by
the food industry and monitored by regulatory
agencies, provides the industry with tools and
monitoring points and protects the consuming
public effectively and efficiently.

The HACCP concept provides a more rational
approach to the control of microbial hazards in
foods. Although HACCP originated over 60 years
ago, this concept did not catch on with other
products until 1985, when the NAS recom-
mended HACCP for food processing operations.
Later NAS studies supported HACCP for the
inspection of meat and poultry products and sea-
food inspection. HACCP continues to evolve
especially the verification and validation con-
cepts. Although HACCP is the current trend in
the food industry, this concept may evolve to a
portion of a more complete program for total
quality management in the future.

HACCEP relates to a quality assurance (QA)
function and is a systematic approach to hazard
identification, risk assessment, and hazard con-
trol in a food processing and/or foodservice facil-
ity and distribution channel to ensure a hygienic
operation. Potential product abuse can occur at
each stage of the process and examined as an
entity and in relationship to other stages. The
analysis should include the production environ-
ment as it contributes to microbial and foreign
material contamination.

HACCEP offers benefits to the regulator, pro-
cessor, and consumer. The regulator and proces-
sor receive a history of the operations and can
concentrate on components related to controlling
hazards. Through monitoring of CCPs, both can
evaluate the effectiveness of the control methods.
Furthermore, the processor can control the opera-
tion on a continuous basis and prevent hazards,
instead of reacting to what has already happened.
Ultimately, the consumer benefits through access
to a product manufactured under conditions with
identified and controlled hazards.

Monitoring must encompass systematic
observation, measurement, and recording of the

significant factors for the prevention or control of
hazards. Follow-up is essential to correct any out-
of-control processes or to bring the product back
into acceptable limits before startup or during
the operation. The procedures should define the
acceptable performance of a process and describe
the handling of process deviations. Bauman
(1987) suggested that because specifications for
producing a product will contain points critical to
safety and some critical to quality, it is important
that these not be blended together so that plant
people will not confuse them.

The food industry implemented HACCP, but
regulatory agencies monitor this program. The
Food and Drug Administration (FDA) has
adopted the HACCP philosophy because this sys-
tems approach allows it to utilize its resources
more efficiently. This program provides manage-
ment with tools to protect the consumer’s health.

A major target of HACCP is Listeria monocy-
togenes. HACCP can help prevent the growth of
L. monocytogenes because it requires steps to
confirm the effectiveness of this concept. Samples
taken from the food facility environment and
product lots confirm that the control measures are
effective. L. monocytogenes appears to provide
the greatest hazard through environmental con-
tamination. Therefore, most sampling is from
environmental sources. Environmental samples
should include those from ceilings, floors, floor
drains, water hoses, equipment surfaces, and other
areas on a random basis. Essential routine testing
includes floor drains, which can carry microor-
ganisms from a large area, using a rapid microbial
method such as immunoassay technology.

HACCP Development

Common prerequisite programs may include, but
are not limited to:

1. Facilities. The facilities should be located,
constructed, and maintained according to
sanitary design principles.

2. Supplier control. Continuing supplier guaranty
and supplier HACCP system verification.
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10.

11.

. Specifications. Written specifications for

all ingredients, products, and packaging
materials.

Production equipment. Constructed and
installed according to sanitary design princi-
ples with preventive maintenance and cali-
bration schedules that are established and
documented.

Cleaning and sanitation. Conforming to writ-
ten procedures.

. Personal hygiene. All personnel entering the

manufacturing area should follow the
requirements for personal hygiene.

Training. All employees should receive train-
ing in personal hygiene, GMPs, cleaning and
sanitation procedures, personal safety, and
their role in the HACCP program.

Chemical control. Adopt documented proce-
dures to ensure the segregation and proper
use of nonfood chemicals (i.e., cleaning
compounds, fumigants, pesticides, and
rodenticides) in the plant.

Receiving, storage, and shipping. Raw mate-
rials and products should be stored under
sanitary conditions.

Traceability and recall. Raw materials and
products should be lot coded and a recall
system developed to facilitate rapid and
complete traces if recalls are necessary.

Pest control. Implementation of an effective
past control system.

Essential steps for the development of a

HACCEP plan are:

1.

Assembly of a HACCP team, including the
person responsible for the plan. Selections
should include employees with expertise in
sanitation, quality assurance, and plant oper-
ations. It is desirable to have expertise in
marketing, personnel management, and
communications. HACCP should be a part of
a firm’s quality assurance program.

. Description of the food and its distribution.

The name and other descriptors including
storage and distribution requirements are
essential in addition to the listing of all raw
materials and adjuncts.

10.

11.

12.

Identification of the intended use and con-
sumers of the food. It is especially important
to identify intended consumers if infants and
other immunocompromised people are the
targeted customers.

Development of a flow diagram (discussed
later under this topic).

. Verification of the flow diagram. The

HACCP team should inspect the operation to

verify the accuracy and completeness of the

flow diagram. Modifications are appropriate

as necessary.

Conduction of a hazard analysis:

(a) Identify steps in the process where the
hazards of potential significance occur.

(b) List all identified hazards associated
with each step.

(c) List preventive measures to control
hazards.

Identification and documentation of the

CCPs in the process.

. Establishment of critical limits for preven-

tive measures associated with each identified
CCP.

Establishment of CCP-monitoring require-
ments, including monitoring frequency and
person(s) responsible for the specific moni-
toring activities.

Establishment of corrective action taken
when monitoring reveals that a deviation
from an established critical limit exists. The
action should include the safe disposition of
affected food and the correction of proce-
dures or conditions that caused the out-of-
control situation.

Establishment of procedures for verification
that the HACCP system is working correctly.
Responsible company personnel should con-
duct verification of compliance with the
HACCEP plan on a scheduled basis.
Establishment of effective record-keeping
procedures that document the HACCP sys-
tem and update the HACCP plan when a
change of products, manufacturing condi-
tions, or evidence of new hazards occurs.

Steps 6 through 12 are the seven HACCP prin-

ciples to be discussed later.
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A food and its raw materials are the categories
that follow:

e Step 1. Risk assessment as accomplished
through examination of the food for possible
hazards

e Step 2. Assignment of hazard categories
through identification of general food hazard
characteristics

Determination of CCPs is also part of the
development process. Not all steps in a process
are critical, and it is important to separate critical
from noncritical points. A practical approach to
determining CCPs consists of utilizing a HACCP
worksheet with the following headings:

1. Description of the food product and its
intended use
2. Flow diagram with the following components:
* Raw material handling
e In-process preparation, processing, and
fabrication steps
¢ Finished product packaging and handling
steps
» Storage and distribution
* Point-of-sale handling

It is easy to identify CCPs from the flow dia-
gram. A CCP can be a location, practice, proce-
dure, or process, and, if controlled, it can
prevent or minimize contamination. Monitoring
of CCPs ensures that the steps are under con-
trol. Monitoring may include observation,
physical measurements (temperature, pH, Ay),
or microbial analysis and most often encom-
passes visual and physiochemical measure-
ments because microbial testing is often too
time-consuming. Possible exceptions are
microbial analysis of the raw materials.
Microbial testing may be the only acceptable
monitoring procedure when the microbial sta-
tus of the raw material is a CCP. Microbial test-
ing determines directly the presence of hazards
during processing and in the finished product.
They can indirectly monitor effectiveness of
control points for cleaning and employee
hygiene. Yet, this use of microbiology is a check
and does not have to be an ongoing process.

Critical limits are essential for each monitoring
procedure.

Monitoring verified by laboratory analysis
ensures that the process is working. The HACCP
concept has been effective because:

1. Cooperation existed between the government
and industry to develop monitoring proce-
dures for CCPs.

2. Education of processors is required.

3. Government agencies foster HACCP.

The following is important for HACCP to
function effectively:

1. Food processors and regulators must be edu-
cated about HACCP.

2. Technical sophistication applied by plant per-
sonnel is essential.

3. Avoid overuse of HACCP items that are not
hazardous.

A sequence of events must occur in the imple-
mentation of HACCP strategy that analyzes poten-
tial error and provides an approach forimplementing
effective risk mitigation strategies (Anon 2014). A
viable tool for developing a HACCP plan is the
failure mode and effect analysis (FMEA), which
provides a weighted metric to apply to a
HACCP. FMEA is a method that identifies and
quantifies method constraints and steps with poten-
tial process variation to quantify risk in each test
method. It is a calculation of the total number of
steps in a process, the total times the sample is in
contact with the operator, and the weighing of the
risk associated with the failure mode. Weighing
includes factors such as severity of the risk to the
overall outcome of the result, frequency at which
the error may occur, as well as the likelihood of an
operator detecting the error or defect and interven-
ing. These determine a risk priority, where a lower
number indicates a lower risk related to that par-
ticular method. The application of a scale for risk
impact is viable. Such a scale enables a manufac-
turer to make an informed choice as to which meth-
ods best meet the criteria for its facility. Through
combining an effective HACCP plan with FMEA
and monitoring program effectiveness, a superior
product is achievable with lower risk (Anon 2014).



14

HACCP Program Implementation

A sequence of events must occur in the imple-
mentation of HACCP as will discussed briefly.

HACCP Team Assembly

Initial program development involves the desig-
nation of a HACCP team, consisting of mem-
bers with specific knowledge and expertise
appropriate to the product and process. Selection
criteria should emphasize production and qual-
ity assurance knowledge; however, marketing
and communication expertise may be appropri-
ate if these employees have an appreciation and
understanding of the product and process. The
team should include employees who are involved
in daily manufacturing as they are more familiar
with the variability and limitations of the opera-
tion. Furthermore, those involved with the pro-
cess should be involved to foster a sense of
ownership among those who must implement
the plan.

Involvement from experts outside of the orga-
nization may be beneficial to provide additional
expertise, but they must have the support of pro-
duction employees. Experts who are knowledge-
able about the product and process may serve
more effectively in verification of the complete-
ness of the hazard analysis and the HACCP plan.
These individuals should have the knowledge and
experience to correctly (1) identify potential haz-
ards, (2) assign levels of severity and risk, (3)
provide direction for monitoring verification and
corrective actions when deviations occur, and (4)
assess the success of the HACCP plan.

Food Description and Distribution
Method

A separate HACCP plan is essential for each food
product manufactured in the plant. Product
description should include the name, formula-
tion, method of distribution, and storage
requirements.

7 The Role of HACCP in Sanitation

Intended Use and Anticipated
Consumers

If the food is for a specific segment of the popula-
tion, such as infants, immunocompromised peo-
ple, or those in other categories, identification of
the intended group is necessary.

Flow Diagram Development
Describing the Process

A simple description of the operation for each
step that occurs is important. This diagram is
essential for hazard analysis and assessment of
CCPs. The diagram serves as a record of the
operation and a future guide for employees, regu-
lators, and customers who must understand the
process for verification. The flow diagram should
include steps that take place before and after the
process that occurs in the plant and should con-
tain words rather than engineering drawings.

Flow Diagram Verification

The HACCP team should check the operation to
verify the accuracy and comprehensiveness of
the flow diagram. Modifications are appropriate
if and when necessary. Verification of the effec-
tiveness of sanitizing has received additional
attention during the past decade because of
pathogens that cause foodborne illness. Thus,
additional emphasis is being placed on ensuring
that cleaning with cleaning compounds is fol-
lowed by sanitizing, a lethal step to eradicate
remaining invisible microorganisms or debris on
surfaces and equipment.

CGMPs: The Building Blocks
for HACCP

The Current Good Manufacturing Practice
(CGMP) regulations provide criteria for comply-
ing with provisions of the Federal Food, Drug,
and Cosmetic Act, which mandates that all
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human foods be free from adulteration. This
requirement includes the prevention of product
contamination from direct and indirect sources.

Good manufacturing practices are the mini-
mum sanitary and processing requirements nec-
essary to ensure the production of wholesome
food. They are broad and general in nature and
can explain tasks that are part of many jobs. Good
Manufacturing Practices apply to each of the fol-
lowing areas:

1. Personnel. These practices include direction
for disease control, cleanliness, education and
training, and supervision.

2. Buildings and facilities. The building sur-
rounding grounds, plant construction design,
and sanitary operations are included.

3. Equipment and utensils. The hygienic design
of all plant equipment and utensils facilitates
adequate cleaning and maintenance.

4. Production and process control. Sanitation
practices for production-related functions,
i.e., inspection, storage, and cleaning of raw
material ingredients, and procedures for pro-
cessing operations.

5. Records and reports. Records should include
filing and maintaining for suppliers, process-
ing/ production, and distribution.

6. Defect action levels. These levels are defect
limits at which the FDA will take action. The
levels are set to avoid health hazards.

7. Miscellaneous. These include other guide-
lines such as visitor rules.

Sanitation regulations promulgated by the
USDA contain identical or similar requirements.
Included is a summary of responsibilities for
plant management regarding plant personnel.
Criteria for disease control, cleanliness (personal
hygiene and dress requirements), education, and
training are also included. These requirements
prevent the spread of disease among workers in
the food processing area and from workers to the
food itself. A competent supervisor should ensure
compliance by all personnel.

Good manufacturing practices are a prelude
to HACCP implementation. The application of
CGMPs is essential to an effective HACCP pro-

gram. Furthermore, CGMPs are the foundation
for the development of sanitation standard oper-
ating procedures (SSOPs). Compliance with spe-
cific CGMPs should be included as part of a
HACCP program for meat and poultry plants, as
CGMP regulations and the USDA sanitation reg-
ulations address some biological, chemical, and
physical hazards associated with food produc-
tion. A CGMP compliance program should con-
tain documented plans and procedures.

Good manufacturing practices and SSOPs are
interrelated and an important part of process con-
trol. CGMPs are the minimum sanitary and pro-
cessing requirements necessary to ensure the
production of wholesome food. The areas
addressed through CGMPs are personnel hygiene
and other practices, buildings and facilities,
equipment and utensils, and production and pro-
cess controls. CGMPs should be broad in nature.

Sanitation Standard Operating
Procedures: The Cornerstones
of HACCP

Although SSOPs are interrelated with CGMPs,
they detail a specific sequence of events neces-
sary to perform a task to ensure sanitary condi-
tions. SOPs are either SSOPs or manufacturing
SOPs. CGMPs should guide the development of
SSOPs. SSOPs contain a description of the pro-
cedures that an establishment will follow to
address the elements of preoperational and oper-
ational sanitation relating to the prevention of
direct product contamination.

Federally and state-inspected meat and poul-
try plants are required to develop, maintain, and
adhere to written SSOPs. This requirement was
because the USDA FSIS concluded that SSOPs
were necessary in the definition of each estab-
lishment’s responsibility to follow effective sani-
tation procedures and to minimize the risk of
direct product contamination or adulteration.

In meat and poultry plants, SSOPs cover daily
preoperational and operational sanitation proce-
dures that establishments implement to prevent
direct product contamination or adulteration.
Establishments must identify the officials who
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monitor daily sanitation activities, evaluate
whether the SSOPs are effective, and take appro-
priate corrective action when needed. Daily
records that reflect completion of the procedures
in the SSOPs are required. Deviations and cor-
rective actions taken must be documented and
maintained for a minimum of six months and
must be made available for verification and moni-
toring. Corrective actions (1) include procedures
to ensure appropriate disposition of contaminated
products, (2) restore sanitary conditions, and (3)
prevent the recurrence of direct contamination or
product adulteration, including the appropriate
reevaluation and modification of the SSOPs and
the procedures specified therein.

Written SSOPs contain a description of all
cleaning procedures necessary to prevent direct
contamination or adulteration of products. The
frequency with which each procedure in the
SSOPs is included along with a designation of
the employee(s) responsibility for the implemen-
tation and maintenance through actual perfor-
mance of such activities or that of the person
responsible for ensuring that the sanitation proce-
dures are executed.

SSOPs implementation in meat and poultry
plants is ensured by the signature and dating by
one with overall authority on site or by a higher-
level official of the establishment. Furthermore, a
signature is required for initiation or any modifi-
cation. The establishment must evaluate and
modify SSOPs, as necessary, to reflect changes in
the establishment facilities, personnel, or opera-
tions to ensure that they remain effective in the
prevention of direct product contamination and
adulteration.

HACCP Interface with GMPs
and SSOPs

Sanitation SOPs are a prelude to HACCP. The
intent of a HACCP plan is to ensure safety at spe-
cific CCPs within specific processes. Sanitation
SOPs transcend specific processes. Sanitation
SOPs are the cornerstones for a HACCP plan and
can serve as a preventive approach to direct prod-
uct contamination and/or adulteration.

HACC