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Preface

 

Food manufacturing companies have both legal and ethical responsibilities
to provide the consuming public with foods that are safe and wholesome.
Production of foods that are safe for consumption and meet consumer expec-
tations for quality and palatability also makes good business sense as it will
encourage consumers to patronize those products repeatedly over time. As
food safety and quality professionals, we have a responsibility to provide
leadership to our respective companies in the area of food sanitation and
demonstrate how it relates to meeting all food safety, quality, and produc-
tivity goals. We also have a duty to share our knowledge of sanitation and
safe practices with others in the industry. It is for this reason that this book
has been written — so that others may benefit from improved business and
increased consumer satisfaction and confidence.

This book is also intended to provide practical advice on all aspects of
food plant sanitation and sanitation-related food safety issues. It is intended
to provide the reader with the tools to establish a food safety system to aid
in control of microbiological, physical, and chemical hazards. The basic
understanding that sanitation is integral to food safety is the foundation of
an effective food safety system. As such, this book provides some of the key
components of that system — a description of the recent challenges faced
by the industry because of pathogens such as 

 

Listeria monocytogenes

 

, biofilms,
and allergens; proven industry best practices for sanitation in clear and
simple terms; as well as current sanitary regulatory requirements of both the
FDA and USDA.

This writer has thoroughly enjoyed working in the food industry for over
28 years and has learned from some of the leaders and experts in the
industry, academia, and regulatory agencies. He has also learned from his
mistakes and has attempted to provide a practical perspective on imple-
mentation of proven food plant sanitation and safety processes. Where
possible, he has also included examples of procedures, forms, and docu-
ments that can aid the novice food safety and quality professional with the
development of a food safety system. If the use of the material in this book
prevents one food-related illness or injury, allows a company to avoid reg-
ulatory control action or recall, or provides the user with the tools to improve
product performance, then writing this book has been more than a labor of
love, it has been worthwhile.
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The Author
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.
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,
dealing with biosecurity, sanitation and sanitary design, and allergens. He

 

4197_C000.fm  Page vii  Wednesday, May 17, 2006  11:27 AM

Copyright © 2006 Taylor & Francis Group, LLC



 

has been a regular presenter at the annual National Meat Association con-
ference and the Food Safety Summit.

Mr. Cramer acknowledges the following influences, starting with his par-
ents, who have shown him tremendous love and support; his sisters and
brothers-in-law, who have been his role models and whose great careers and
family achievements are sources of inspiration; and his nephews, who
remind him that life is to be embraced and enjoyed. There have been many
great influences in his life and career, including teachers such as Ed Vozella,
whom he credits with influencing him to write, industry leaders such as
Bruce Tompkin, who has forgotten more about microbiology and food safety
than Mr. Cramer will ever know, and Rosemary Mucklow, who has been a
positive influence on the food industry. He would also like to credit his many
friends who have provided support and encouragement and who have
taught him more than they ever know; they include Larry, Gina, and all the
folks at Food Safety Net Services, Julz, Carne and Kuker, Charlie and his
alter ego Chuck, Tawna, and Savage.

Mr. Cramer lives in southern California, where he enjoys skiing, hiking,
camping, biking, fine wine, food, and travel. He looks forward to returning
to vacation on the auld sod one day.

 

4197_C000.fm  Page viii  Wednesday, May 17, 2006  11:27 AM

Copyright © 2006 Taylor & Francis Group, LLC



 

Contents

 

1

 

Sanitation Regulatory Requirements ........................................... 1

 

Food and Drug Administration (FDA)......................................................2
Food and Drugs: General Provisions ...............................................2

Current Good Manufacturing Practices — 110.5..................2
Personnel — 110.10....................................................................3
Plant and Grounds — 110.20 ...................................................4
Sanitary Operations — 110.35..................................................6
Sanitary Facilities and Controls — 110.37 .............................7
Equipment and Utensils — 110.40 ..........................................9
Process and Controls — 110.80..............................................10
Warehousing and Distribution — 110.93 .............................15

United States Department of Agriculture (USDA)................................15
Sanitation Standard Operating Procedures (SSOPs) .............................16

General Rules — 416.11 ..........................................................16
Development of Sanitation SOPs — 416.12.........................16
Implementation of SOPs — 416.13 .......................................17
Maintenance of Sanitation SOPs — 416.14..........................17
Corrective Actions — 416.15 ..................................................17
Record-Keeping Requirements — 416.16.............................18
Agency Verification — 416.17 ................................................18

Sanitation Performance Standards (SPSs) .....................................22
Grounds and Pest Control — 416.2(a)..................................23
Construction — 416.2(b) .........................................................23
Lighting — 416.2(c)..................................................................23
Ventilation — 416.2(d).............................................................25
Plumbing and Sewage — 416.2(e) and 416.2(f) ..................25
Water Supply and Reuse — 416.2(g) ....................................26
Dressing Room/Lavatory — 416.2(h) ..................................27
Equipment and Utensils — 416.3..........................................27
Sanitary Operations — 416.4..................................................27
Employee Hygiene — 416.5 ...................................................28
Tagging Insanitary Equipment, Utensils, Rooms, 

or Compartments — 416.6 ...................................................28
References .....................................................................................................29

 

2

 

Regulatory Inspection and Control Action................................ 31

 

Inspection .....................................................................................................31
Regulatory Control Action.........................................................................34

 

4197_bookTOC.fm  Page ix  Wednesday, May 17, 2006  11:35 AM

Copyright © 2006 Taylor & Francis Group, LLC



 

Recall .............................................................................................................37
Recall Policy .......................................................................................37
Recall Procedure ................................................................................39
Practice Recovery...............................................................................44

References .....................................................................................................51

 

3

 

Microorganisms of Concern for Food Manufacturing ............. 53

 

Microorganisms ...........................................................................................53
Bacterial Requirements...............................................................................55

Moisture ..............................................................................................55
Temperature........................................................................................55
Oxygen ................................................................................................56
Differentiation ....................................................................................56

Bacteria Shapes.........................................................................56
Gram Staining...........................................................................56
Spore Formation.......................................................................57
Nutrient Metabolism ...............................................................57

Nonpathogenic Microorganisms.....................................................57
Spoilage Organisms...........................................................................59
Pathogens............................................................................................60

 

Listeria monocytogenes...............................................................60
Salmonella ...................................................................................62
Escherichia coli 

 

O157:H7...........................................................62

 

Staphylococcus aureus ................................................................63
Campylobacter.............................................................................64
Bacillus cereus ............................................................................64
Yersinia enterocolitica .................................................................64
Clostridium .................................................................................64

 

Viruses........................................................................................65
Parasites .....................................................................................65

Food-Borne Illness.......................................................................................66
Microbiological Control Methods.............................................................66

Incoming Ingredients ........................................................................67
Sanitary Design and Materials ........................................................71
Sanitation ............................................................................................72
Microbiological Testing and Validation .........................................72
Good Manufacturing Practices........................................................72
Pest Control ........................................................................................73
Employee Education .........................................................................73

References .....................................................................................................73

 

4

 

Control of 

 

Listeria

 

 in Food Manufacturing............................... 75

 

Listeria

 

............................................................................................................75
Requirements ...............................................................................................76

 

4197_bookTOC.fm  Page x  Wednesday, May 17, 2006  11:35 AM

Copyright © 2006 Taylor & Francis Group, LLC



 

Listeriosis ......................................................................................................77
Listerial Harborage and Contamination........................................78

Methods of Listerial Management and Control ....................................78
Ingredients ..........................................................................................84

Sanitary Design and Materials..................................................................85
Sanitation ............................................................................................87
Product ................................................................................................88
Microbiological Testing and Validation .........................................89
Personnel.............................................................................................89
Pest Control ........................................................................................91
Construction .......................................................................................91
Employee Education .........................................................................91

References .....................................................................................................92

 

5

 

Biofilms .......................................................................................... 95

 

Biofilm Formation .......................................................................................95
Evidence of Biofilm.....................................................................................97
Biofilm Removal ..........................................................................................98
Current Research .......................................................................................100
References ...................................................................................................101

 

6

 

Sanitary Facility Design............................................................. 103

 

The AMI 11 Principles of Sanitary Facility Design....................105
Principle 1: Distinct Hygienic Zones Established in 

the Facility ............................................................................105
Principle 2: Personnel and Material Flows Controlled

to Reduce Hazards ..............................................................105
Principle 3: Water Accumulation Controlled in the

Facility ...................................................................................107
Principle 4: Room Temperature and Humidity 

Controlled .............................................................................107
Principle 5: Room Airflow and Room Air Quality

Controlled .............................................................................108
Principle 6: Site Elements Facilitate Sanitary 

Conditions.............................................................................109
Principle 7: Building Envelope Facilitates Sanitary 

Conditions............................................................................. 110
Principle 8: Interior Spatial Design Promotes 

Sanitation .............................................................................. 111
Principle 9: Building Components and Construction 

Facilitate Sanitary Conditions ........................................... 111
Principle 10: Utility Systems Designed to Prevent 

Contamination...................................................................... 113
Principle 11: Sanitation Integrated into Facility

Design.................................................................................... 114

 

4197_bookTOC.fm  Page xi  Wednesday, May 17, 2006  11:35 AM

Copyright © 2006 Taylor & Francis Group, LLC



 

Other Facility Considerations for Facility Sanitary 
Design ............................................................................................. 115

The Ten Principles of Sanitary Design......................................... 116
Principle 1: Contact and Noncontact Surfaces 

Cleanable to a Microbiological Level ............................... 117
Principle 2: Use of Compatible Materials .......................... 117
Principle 3: Accessible for Inspection, Maintenance, 

Cleaning, and Sanitation .................................................... 118
Principle 4: Self-Draining — No Product or Liquid 

Collection .............................................................................. 118
Principle 5: Hollow Areas Hermetically Sealed

(No Penetration of Hollow Areas) .................................... 118
Principle 6: No Niches — Pits, Cracks, Recesses, 

Poor Welds, and Corrosion................................................ 119
Principle 7: Sanitary Operational Performance 

(No Contribution to Insanitary Conditions during 
Operations) ........................................................................... 119

Principle 8: Hygienic Design of Maintenance 
Enclosures (Junction Boxes, etc.) .......................................120

Principle 9: Hygienically Compatible with Other
Plant Systems (Electrical, Air, and Water).......................120

Principle 10: Validation of Cleaning and Sanitary
Protocols (Encourage Equipment Designers to 
Demonstrate Effective Cleaning of the 
Equipment) ...........................................................................121

Other Considerations for Sanitary Equipment Design .............121
Repairs...............................................................................................121

References ...................................................................................................123

 

7

 

Sanitation Best Practices ............................................................ 125

 

Who Is Responsible for Sanitation? .......................................................126
Sanitarians.........................................................................................127

Written Cleaning Procedures ...............................................130
Considerations for Effective Cleaning................................131

The Cleaning Process................................................................................136
Specialized Cleaning Procedures and Equipment .....................141

Baking Equipment .................................................................143
Deep Cleaning ........................................................................144
Floors and Floor Drain Cleaning ........................................144

Sanitizing...........................................................................................146
Ozone .......................................................................................150
Operational Sanitation ..........................................................151

References ...................................................................................................153

 

4197_bookTOC.fm  Page xii  Wednesday, May 17, 2006  11:35 AM

Copyright © 2006 Taylor & Francis Group, LLC



 

8

 

Verification of Sanitation ........................................................... 155

 

Verification..................................................................................................155
Organoleptic Verification................................................................156
ATP Bioluminescense......................................................................158
Microbiological Testing...................................................................161

Why Test? ................................................................................161
What Tests? .............................................................................161
What Locations? .....................................................................165
How Are Data Collected and Used? ..................................166

Validation ..........................................................................................166
Environmental Monitoring

 

 

 

of

 

 Listeria....................................................166

 

Alternatives.......................................................................................169
Prerequisite Monitoring Program.................................................171
Identification of Swab Sites............................................................172
Commando Swabs...........................................................................172
Swab Frequency and Selection of Sites........................................173
Collection of Swabs.........................................................................174
Analysis .............................................................................................177
Pathogen Testing: In-Plant or Outsource?...................................177
Data Tracking ...................................................................................178
Corrective Actions ...........................................................................179
Test and Hold...................................................................................182
Special Event Sampling ..................................................................182
FSIS Testing.......................................................................................183
Product Testing for 

 

L. monocytogenes............................................184

 

References ...................................................................................................186

 

9

 

Employee Good Manufacturing Practices................................ 189

 

Rationale for Good Manufacturing Practices (GMPs) ........................189
Basic Good Manufacturing Practices .....................................................190

Hand Washing..................................................................................190
Employee Welfare Rooms ..............................................................197
Locker Storage and Sanitation ......................................................199
Gloves ................................................................................................200
Hair and Beard Covers ...................................................................201
Clothing and Footwear...................................................................202
Jewelry...............................................................................................204
Disease Control ................................................................................205
Food and Tobacco............................................................................205
Raw and Cooked Separation .........................................................205
Visitors and Contractors.................................................................206
Maintenance GMPs .........................................................................209
Training and Implementation........................................................ 211

 

4197_bookTOC.fm  Page xiii  Wednesday, May 17, 2006  11:35 AM

Copyright © 2006 Taylor & Francis Group, LLC



 

Monitoring and Enforcement ........................................................ 211
Operational Sanitation ....................................................................213

References ...................................................................................................215

 

10

 

Pest Control and Sanitation ...................................................... 217

 

Pests of Concern to Food Plants.............................................................218
Insects ................................................................................................218
Rodents..............................................................................................221
Birds ...................................................................................................222

Pest Control Measures..............................................................................223
Pest Control Program......................................................................223

Management Commitment and Responsibility ................223
Definition of Pests..................................................................223
Inspection and Reports .........................................................223
Map of All Devices ................................................................224
Treatment Materials ...............................................................224
Habitat Elimination ...............................................................225
Exclusion .................................................................................229
Sanitation.................................................................................232
Extermination .........................................................................233
Chemical Interventions .........................................................238

Conclusion..................................................................................................241
References ...................................................................................................242

 

11

 

Chemical and Physical Hazard Control ................................... 243

 

Chemical Hazards .....................................................................................243
True Food Allergy............................................................................243
Food Intolerance ..............................................................................245
Regulatory Requirements...............................................................246
Allergen Management ....................................................................248

Ingredients...............................................................................251
Production ...............................................................................253
Packaging and Labeling........................................................256
Sanitation and Allergen Control..........................................257
Consumer Feedback ..............................................................257

Disposition/Liability.......................................................................258
Physical Hazards.......................................................................................259

The Role of Sanitation in Physical Hazard Prevention.............262
References ...................................................................................................263

  

4197_bookTOC.fm  Page xiv  Wednesday, May 17, 2006  11:35 AM

Copyright © 2006 Taylor & Francis Group, LLC



 

1

 

1

 

Sanitation Regulatory Requirements

 

… All of the old smells of a generation would be drawn out by this heat
— for there was never any washing of the walls and rafters and pillars,
and they were caked with the filth of a lifetime.

 

 — 

 

The Jungle

 

 by Upton Sinclair [1]

 

Upton Sinclair’s book 

 

The Jungle

 

 was considered by many to be a general
reflection of insanitary and unsafe working conditions in the meat packing
houses of the early 20th century. It is believed that this story ultimately led
President Theodore Roosevelt to push for many of the federal regulations,
including the Meat Inspection Act of 1906 and the Pure Food Act, which apply
to the food manufacturing industry today. The intent of food laws is to protect
the public, because consumers cannot detect contamination in food simply
by sight, smell, taste, or touch. Consumers must rely on food manufacturers
and other parties including the government to ensure they are provided with
safe food products [2]; consequently, Congress has assumed responsibility for
food protection and has framed the regulations that apply to food manufac-
turing with the intention of protecting the consuming public and plant work-
ers, even though the industry has changed significantly for the better on its
own. Much of 

 

The Jungle

 

 centers around sanitary working conditions in food
manufacturing, and manufacturers now recognize that sanitary operations
are not only required by law but make for good business practices. As result
of the implementation of these laws and through the efforts of the food
industry, the U.S. is recognized as having the safest food supply in the world.

Food plants may operate under federal regulations or various state and
local codes. All are designed to prevent production of food ingredients or
products that may lead to contamination with filth, hazardous substances,
or adulteration. Whether operating under the Food and Drug Administra-
tion (FDA) or U.S. Department of Agriculture (USDA), food plants are
governed by federal regulations. The intent of this chapter is to present in
simple terms the basics of federal regulations covering sanitation and san-
itary operations. In addition to the FDA and USDA, other agencies and acts
concerned with sanitation are the Environmental Protection Agency (EPA),
responsible for implementation of FIFRA (Federal Insecticide, Fungicide,
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Food Plant Sanitation

 

and Rodenticide Act), RCRA (Resource Conservation and Recovery Act),
Clean Air Act, and Federal Water Pollution Control Act, OSHA (Occupa-
tional Safety and Health Administration)

 

 

 

for worker safety, and state and
local public health agencies [3].

 

Food and Drug Administration (FDA)

 

In 1938 Congress passed the Pure Food, Drug, and Cosmetic Act, which
covers all commodities, except meat and poultry products which the USDA
has responsibility for, in interstate commerce from harvest through process-
ing and distribution. It is the principal statute covering production and
distribution of foods in the U.S. [2]. The act establishes tolerance for unavoid-
able toxic substances, authorizes factory inspections, and declares that food
is adulterated if it has been prepared, packed, or stored under conditions in
which it might have been contaminated. In 1969 the first good manufacturing
practices (GMPs) were published as Part 128 of the Code of Federal Regu-
lations (CFR) [4]. The CFR is divided into approximately 50 titles, and Title
21 deals with food and drugs. The GMPs were recodified in 1977 as Part 110
of the CFR and revised and updated in 1986, when a reference to hazard
analysis critical control points (HACCP) was included and a need to control
“undesirable microorganisms” stipulated [5]. They explain GMP require-
ments that cover all aspects of food manufacturing from employee require-
ments through facility and equipment design and cleaning. Implementation
of GMPs in a food operation will be covered in greater detail in Chapter 7
of this book. The relevant sections of Part 110, Subpart A in Chapter 1 of
Title 21 are reprinted in the following text [6].

 

Food and Drugs: General Provisions

 

Current Good Manufacturing Practices — 110.5

 

a. The criteria and definitions in this part shall apply in determining
whether a food is adulterated (1) within the meaning of section
402(a)(3) of the act in that the food has been manufactured under
such conditions that it is unfit for food; or (2) within the meaning
of section 402(a)(4) of the act in that the food has been prepared,
packed, or held under insanitary conditions whereby it may have
become contaminated with filth, or whereby it may have been ren-
dered injurious to health. The criteria and definitions in this part
also apply in determining whether a food is in violation of section
361 of the Public Health Service Act (42 U.S.C. 264).

b. Food covered by specific current good manufacturing practice reg-
ulations also is subject to the requirements of those regulations.
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Personnel — 110.10

 

The plant management shall take all reasonable measures and precautions
to ensure the following:

a. Disease control. Any person who, by medical examination or super-
visory observation, is shown to have, or appears to have, an illness,
open lesion, including boils, sores, or infected wounds, or any other
abnormal source of microbial contamination by which there is a
reasonable possibility of food, food-contact surfaces, or food-pack-
aging materials becoming contaminated, shall be excluded from any
operations which may be expected to result in such contamination
until the condition is corrected. Personnel shall be instructed to
report such health conditions to their supervisors.

b. Cleanliness. All persons working in direct contact with food, food-
contact surfaces, and food-packaging materials shall conform to
hygienic practices while on duty to the extent necessary to protect
against contamination of food. The methods for maintaining clean-
liness include, but are not limited to:
1. Wearing outer garments suitable to the operation in a manner

that protects against the contamination of food, food-contact sur-
faces, or food-packaging materials.

2. Maintaining adequate personal cleanliness.
3. Washing hands thoroughly (and sanitizing if necessary to protect

against contamination with undesirable microorganisms) in an
adequate hand-washing facility before starting work, after each
absence from the work station, and at any other time when the
hands may have become soiled or contaminated.

4. Removing all unsecured jewelry and other objects that might fall
into food, equipment, or containers, and removing hand jewelry
that cannot be adequately sanitized during periods in which food
is manipulated by hand. If such hand jewelry cannot be removed,
it may be covered by material which can be maintained in an
intact, clean, and sanitary condition and which effectively pro-
tects against the contamination by these objects of the food, food-
contact surfaces, or food-packaging materials.

5. Maintaining gloves, if they are used in food handling, in an intact,
clean, and sanitary condition. The gloves should be of an imper-
meable material.

6. Wearing, where appropriate, in an effective manner, hairnets,
headbands, caps, beard covers, or other effective hair restraints.

7. Storing clothing or other personal belongings in areas other than
where food is exposed or where equipment or utensils are
washed.
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8. Confining the following to areas other than where food may be
exposed or where equipment or utensils are washed: eating food,
chewing gum, drinking beverages, or using tobacco.

9. Taking any other necessary precautions to protect against con-
tamination of food, food-contact surfaces, or food-packaging ma-
terials with microorganisms or foreign substances including, but
not limited to, perspiration, hair, cosmetics, tobacco, chemicals,
and medicines applied to the skin.

c. Education and training. Personnel responsible for identifying sani-
tation failures or food contamination should have a background of
education or experience, or a combination thereof, to provide a level
of competency necessary for production of clean and safe food. Food
handlers and supervisors should receive appropriate training in
proper food handling techniques and food-protection principles and
should be informed of the danger of poor personal hygiene and
insanitary practices.

d. Supervision. Responsibility for assuring compliance by all personnel
with all requirements of this part shall be clearly assigned to com-
petent supervisory personnel.

 

Plant and Grounds — 110.20

 

a. Grounds. The grounds about a food plant under the control of the
operator shall be kept in a condition that will protect against the
contamination of food. The methods for adequate maintenance of
grounds include, but are not limited to:
1. Properly storing equipment, removing litter and waste, and cut-

ting weeds or grass within the immediate vicinity of the plant
buildings or structures that may constitute an attractant, breed-
ing place, or harborage for pests.

2. Maintaining roads, yards, and parking lots so that they do not
constitute a source of contamination in areas where food is
exposed.

3. Adequately draining areas that may contribute contamination to
food by seepage, foot-borne filth, or providing a breeding place
for pests.

4. Operating systems for waste treatment and disposal in an ade-
quate manner so that they do not constitute a source of contam-
ination in areas where food is exposed.
If the plant grounds are bordered by grounds not under the

operator's control and not maintained in the manner de-
scribed in paragraph (a) (1) through (3) of this section, care
shall be exercised in the plant by inspection, extermination,
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or other means to exclude pests, dirt, and filth that may be a
source of food contamination.

b. Plant construction and design. Plant buildings and structures shall
be suitable in size, construction, and design to facilitate maintenance
and sanitary operations for food manufacturing purposes. The plant
and facilities shall:
1. Provide sufficient space for such placement of equipment and

storage of materials as is necessary for the maintenance of sani-
tary operations and the production of safe food.

2. Permit the taking of proper precautions to reduce the potential
for contamination of food, food-contact surfaces, or food-pack-
aging materials with microorganisms, chemicals, filth, or other
extraneous material. The potential for contamination may be
reduced by adequate food safety controls and operating practices
or effective design, including the separation of operations in
which contamination is likely to occur, by one or more of the
following means: location, time, partition, airflow, enclosed sys-
tems, or other effective means.

3. Permit the taking of proper precautions to protect food in out-
door bulk fermentation vessels by any effective means, including:
i. Using protective coverings.
ii. Controlling areas over and around the vessels to eliminate

harborages for pests.
iii. Checking on a regular basis for pests and pest infestation.
iv. Skimming the fermentation vessels, as necessary.

4. Be constructed in such a manner that floors, walls, and ceilings
may be adequately cleaned and kept clean and kept in good
repair; that drip or condensate from fixtures, ducts and pipes
does not contaminate food, food-contact surfaces, or food-pack-
aging materials; and that aisles or working spaces are provided
between equipment and walls and are adequately unobstructed
and of adequate width to permit employees to perform their
duties and to protect against contaminating food or food-contact
surfaces with clothing or personal contact.

5. Provide adequate lighting in hand-washing areas, dressing and
locker rooms, and toilet rooms and in all areas where food is
examined, processed, or stored and where equipment or utensils
are cleaned; and provide safety-type light bulbs, fixtures, sky-
lights, or other glass suspended over exposed food in any step
of preparation or otherwise protect against food contamination
in case of glass breakage.

6. Provide adequate ventilation or control equipment to minimize
odors and vapors (including steam and noxious fumes) in areas

 

4197_book.fm  Page 5  Tuesday, April 18, 2006  12:45 PM

Copyright © 2006 Taylor & Francis Group, LLC



 

6

 

Food Plant Sanitation

 

where they may contaminate food; and locate and operate fans
and other air-blowing equipment in a manner that minimizes the
potential for contaminating food, food-packaging materials, and
food-contact surfaces.

7. Provide, where necessary, adequate screening or other protection
against pests.

 

Sanitary Operations — 110.35

 

a. General maintenance. Buildings, fixtures, and other physical facili-
ties of the plant shall be maintained in a sanitary condition and shall
be kept in repair sufficient to prevent food from becoming adulter-
ated within the meaning of the act. Cleaning and sanitizing of uten-
sils and equipment shall be conducted in a manner that protects
against contamination of food, food-contact surfaces, or food-pack-
aging materials.

b. Substances used in cleaning and sanitizing; storage of toxic
materials.
1. Cleaning compounds and sanitizing agents used in cleaning and

sanitizing procedures shall be free from undesirable microorgan-
isms and shall be safe and adequate under the conditions of use.
Compliance with this requirement may be verified by any effec-
tive means including purchase of these substances under a sup-
plier's guarantee or certification, or examination of these sub-
stances for contamination. Only the following toxic materials may
be used or stored in a plant where food is processed or exposed:
i. Those required to maintain clean and sanitary conditions
ii. Those necessary for use in laboratory testing procedures
iii. Those necessary for plant and equipment maintenance and

operation; and
iv. Those necessary for use in the plant's operations

2. Toxic cleaning compounds, sanitizing agents, and pesticide
chemicals shall be identified, held, and stored in a manner that
protects against contamination of food, food-contact surfaces, or
food-packaging materials. All relevant regulations promulgated
by other federal, state, and local government agencies for the
application, use, or holding of these products should be followed.

c. Pest control. No pests shall be allowed in any area of a food plant.
Guard or guide dogs may be allowed in some areas of a plant if the
presence of the dogs is unlikely to result in contamination of food,
food-contact surfaces, or food-packaging materials. Effective mea-
sures shall be taken to exclude pests from the processing areas and
to protect against the contamination of food on the premises by pests.
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The use of insecticides or rodenticides is permitted only under pre-
cautions and restrictions that will protect against the contamination
of food, food-contact surfaces, and food-packaging materials.

d. Sanitation of food-contact surfaces. All food-contact surfaces, includ-
ing utensils and food-contact surfaces of equipment, shall be cleaned
as frequently as necessary to protect against contamination of food.
1. Food-contact surfaces used for manufacturing or holding low-

moisture food shall be in a dry, sanitary condition at the time of
use. When the surfaces are wet-cleaned, they shall, when neces-
sary, be sanitized and thoroughly dried before subsequent use.

2. In wet processing, when cleaning is necessary to protect against
the introduction of microorganisms into food, all food-contact
surfaces shall be cleaned and sanitized before use and after any
interruption during which the food-contact surfaces may have
become contaminated. Where equipment and utensils are used
in a continuous production operation, the utensils and food-
contact surfaces of the equipment shall be cleaned and sanitized
as necessary.

3. Non-food-contact surfaces of equipment used in the operation
of food plants should be cleaned as frequently as necessary to
protect against contamination of food.

4. Single-service articles (such as utensils intended for one-time use,
paper cups, and paper towels) should be stored in appropriate
containers and shall be handled, dispensed, used, and disposed
of in a manner that protects against contamination of food or
food-contact surfaces.

5. Sanitizing agents shall be adequate and safe under conditions
of use. Any facility, procedure, or machine is acceptable for
cleaning and sanitizing equipment and utensils if it is estab-
lished that the facility, procedure, or machine will routinely
render equipment and utensils clean and provide adequate
cleaning and sanitizing treatment.

e. Storage and handling of cleaned portable equipment and utensils.
Cleaned and sanitized portable equipment with food-contact sur-
faces and utensils should be stored in a location and manner that
protects food-contact surfaces from contamination.

 

Sanitary Facilities and Controls — 110.37

 

Each plant shall be equipped with adequate sanitary facilities and accom-
modations including, but not limited to:

a. Water supply. The water supply shall be sufficient for the opera-
tions intended and shall be derived from an adequate source. Any
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water that contacts food or food-contact surfaces shall be safe and
of adequate sanitary quality. Running water at a suitable temper-
ature, and under pressure as needed, shall be provided in all areas
where required for the processing of food, for the cleaning of equip-
ment, utensils, and food-packaging materials, or for employee san-
itary facilities.

b. Plumbing. Plumbing shall be of adequate size and design and ade-
quately installed and maintained to:
1. Carry sufficient quantities of water to required locations through-

out the plant.
2. Properly convey sewage and liquid disposable waste from the

plant.
3. Avoid constituting a source of contamination to food, water sup-

plies, equipment, or utensils or creating an unsanitary condition.
4. Provide adequate floor drainage in all areas where floors are

subject to flooding-type cleaning or where normal operations
release or discharge water or other liquid waste on the floor.

5. Provide that there is not backflow from, or cross-connection be-
tween, piping systems that discharge waste water or sewage and
piping systems that carry water for food or food manufacturing.

c. Sewage disposal. Sewage disposal shall be made into an adequate
sewerage system or disposed of through other adequate means.

d. Toilet facilities. Each plant shall provide its employees with ade-
quate, readily accessible toilet facilities. Compliance with this
requirement may be accomplished by:
1. Maintaining the facilities in a sanitary condition.
2. Keeping the facilities in good repair at all times.
3. Providing self-closing doors.
4. Providing doors that do not open into areas where food is ex-

posed to airborne contamination, except where alternate means
have been taken to protect against such contamination (such as
double doors or positive air-flow systems).

e. Hand-washing facilities. Hand-washing facilities shall be adequate
and convenient and be furnished with running water at a suitable
temperature. Compliance with this requirement may be accom-
plished by providing:
1. Hand-washing and, where appropriate, hand-sanitizing facilities

at each location in the plant where good sanitary practices require
employees to wash and/or sanitize their hands.

2. Effective hand-cleaning and sanitizing preparations.
3. Sanitary towel service or suitable drying devices.
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4. Devices or fixtures, such as water control valves, so designed and
constructed to protect against recontamination of clean, sanitized
hands.

5. Readily understandable signs directing employees handling un-
protected food, unprotected food-packaging materials, of food-
contact surfaces to wash and, where appropriate, sanitize their
hands before they start work, after each absence from post of
duty, and when their hands may have become soiled or contam-
inated. These signs may be posted in the processing room(s) and
in all other areas where employees may handle such food, ma-
terials, or surfaces.

6. Refuse receptacles that are constructed and maintained in a man-
ner that protects against contamination of food.

f. Rubbish and offal disposal. Rubbish and any offal shall be so con-
veyed, stored, and disposed of as to minimize the development of
odor, minimize the potential for the waste becoming an attractant
and harborage or breeding place for pests, and protect against con-
tamination of food, food-contact surfaces, water supplies, and
ground surfaces.

 

Equipment and Utensils — 110.40

 

a. All plant equipment and utensils shall be so designed and of such
material and workmanship as to be adequately cleanable, and shall
be properly maintained. The design, construction, and use of equip-
ment and utensils shall preclude the adulteration of food with lubri-
cants, fuel, metal fragments, contaminated water, or any other
contaminants. All equipment should be so installed and maintained
as to facilitate the cleaning of the equipment and of all adjacent
spaces. Food-contact surfaces shall be corrosion-resistant when in
contact with food. They shall be made of nontoxic materials and
designed to withstand the environment of their intended use and
the action of food, and, if applicable, cleaning compounds and san-
itizing agents. Food-contact surfaces shall be maintained to protect
food from being contaminated by any source, including unlawful
indirect food additives.

b. Seams on food-contact surfaces shall be smoothly bonded or main-
tained so as to minimize accumulation of food particles, dirt, and
organic matter and thus minimize the opportunity for growth of
microorganisms.

c. Equipment that is in the manufacturing or food-handling area and
that does not come into contact with food shall be so constructed
that it can be kept in a clean condition.
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d. Holding, conveying, and manufacturing systems, including gravi-
metric, pneumatic, closed, and automated systems, shall be of a
design and construction that enables them to be maintained in an
appropriate sanitary condition.

e. Each freezer and cold storage compartment used to store and hold
food capable of supporting growth of microorganisms shall be fitted
with an indicating thermometer, temperature-measuring device, or
temperature-recording device so installed as to show the tempera-
ture accurately within the compartment, and should be fitted with
an automatic control for regulating temperature or with an auto-
matic alarm system to indicate a significant temperature change in
a manual operation.

f. Instruments and controls used for measuring, regulating, or record-
ing temperatures, pH, acidity, water activity, or other conditions that
control or prevent the growth of undesirable microorganisms in food
shall be accurate and adequately maintained, and adequate in num-
ber for their designated uses.

g. Compressed air or other gases mechanically introduced into food or
used to clean food-contact surfaces or equipment shall be treated in
such a way that food is not contaminated with unlawful indirect
food additives.

 

Process and Controls — 110.80

 

All operations in the receiving, inspecting, transporting, segregating, pre-
paring, manufacturing, packaging, and storing of food shall be conducted
in accordance with adequate sanitation principles. Appropriate quality con-
trol operations shall be employed to ensure that food is suitable for human
consumption and that food-packaging materials are safe and suitable. Over-
all sanitation of the plant shall be under the supervision of one or more
competent individuals assigned responsibility for this function. All reason-
able precautions shall be taken to ensure that production procedures do
not contribute contamination from any source. Chemical, microbial, or
extraneous-material testing procedures shall be used where necessary to
identify sanitation failures or possible food contamination. All food that
has become contaminated to the extent that it is adulterated within the
meaning of the act shall be rejected, or if permissible, treated or processed
to eliminate the contamination.

a. Raw materials and other ingredients.
1. Raw materials and other ingredients shall be inspected and seg-

regated or otherwise handled as necessary to ascertain that they
are clean and suitable for processing into food and shall be stored
under conditions that will protect against contamination and
minimize deterioration. Raw materials shall be washed or
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cleaned as necessary to remove soil or other contamination. Wa-
ter used for washing, rinsing, or conveying food shall be safe
and of adequate sanitary quality. Water may be reused for wash-
ing, rinsing, or conveying food if it does not increase the level of
contamination of the food. Containers and carriers of raw mate-
rials should be inspected on receipt to ensure that their condition
has not contributed to the contamination or deterioration of food.

2. Raw materials and other ingredients shall either not contain lev-
els of microorganisms that may produce food poisoning or other
disease in humans, or they shall be pasteurized or otherwise
treated during manufacturing operations so that they no longer
contain levels that would cause the product to be adulterated
within the meaning of the Act. Compliance with this requirement
may be verified by any effective means, including purchasing
raw materials and other ingredients under a supplier's guarantee
or certification.

3. Raw materials and other ingredients susceptible to contamina-
tion with aflatoxin or other natural toxins shall comply with
current Food and Drug Administration regulations and action
levels for poisonous or deleterious substances before these ma-
terials or ingredients are incorporated into finished food. Com-
pliance with this requirement may be accomplished by purchas-
ing raw materials and other ingredients under a supplier's
guarantee or certification, or may be verified by analyzing these
materials and ingredients for aflatoxins and other natural toxins.

4. Raw materials, other ingredients, and rework susceptible to con-
tamination with pests, undesirable microorganisms, or extrane-
ous material shall comply with applicable Food and Drug Ad-
ministration regulations and defect action levels for natural or
unavoidable defects if a manufacturer wishes to use the materials
in manufacturing food. Compliance with this requirement may
be verified by any effective means, including purchasing the
materials under a supplier's guarantee or certification, or exam-
ination of these materials for contamination.

5. Raw materials, other ingredients, and rework shall be held in
bulk, or in containers designed and constructed so as to protect
against contamination and shall be held at such temperature and
relative humidity and in such a manner as to prevent the food
from becoming adulterated within the meaning of the Act. Ma-
terial scheduled for rework shall be identified as such.

6. Frozen raw materials and other ingredients shall be kept frozen.
If thawing is required prior to use, it shall be done in a manner
that prevents the raw materials and other ingredients from be-
coming adulterated within the meaning of the Act.
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7. Liquid or dry raw materials and other ingredients received and
stored in bulk form shall be held in a manner that protects against
contamination.

b. Manufacturing operations.
1. Equipment and utensils and finished food containers shall be

maintained in an acceptable condition through appropriate
cleaning and sanitizing, as necessary. Insofar as necessary, equip-
ment shall be taken apart for thorough cleaning.

2. All food manufacturing, including packaging and storage, shall
be conducted under such conditions and controls as are neces-
sary to minimize the potential for the growth of microorganisms,
or for the contamination of food. One way to comply with this
requirement is careful monitoring of physical factors such as
time, temperature, humidity, A

 

w

 

, pH, pressure, flow rate, and
manufacturing operations such as freezing, dehydration, heat
processing, acidification, and refrigeration to ensure that me-
chanical breakdowns, time delays, temperature fluctuations, and
other factors do not contribute to the decomposition or contam-
ination of food.

3. Food that can support the rapid growth of undesirable microor-
ganisms, particularly those of public health significance, shall be
held in a manner that prevents the food from becoming adulter-
ated within the meaning of the Act. Compliance with this require-
ment may be accomplished by any effective means, including:
i. Maintaining refrigerated foods at 45

 

°

 

F (7.2

 

°

 

C) or below as
appropriate for the particular food involved.

ii. Maintaining frozen foods in a frozen state.
iii. Maintaining hot foods at 140

 

°

 

F (60

 

°

 

C) or above.
iv. Heat treating acid or acidified foods to destroy mesophilic

microorganisms when those foods are to be held in hermeti-
cally sealed containers at ambient temperatures.

4. Measures such as sterilizing, irradiating, pasteurizing, freezing,
refrigerating, controlling pH or controlling A

 

w

 

 that are taken to
destroy or prevent the growth of undesirable microorganisms, par-
ticularly those of public health significance, shall be adequate un-
der the conditions of manufacture, handling, and distribution to
prevent food from being adulterated within the meaning of the Act.

5. Work-in-process shall be handled in a manner that protects
against contamination.

6. Effective measures shall be taken to protect finished food from
contamination by raw materials, other ingredients, or refuse.
When raw materials, other ingredients, or refuse are unprotected,
they shall not be handled simultaneously in a receiving, loading,
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or shipping area if that handling could result in contaminated
food. Food transported by conveyor shall be protected against
contamination as necessary.

7. Equipment, containers, and utensils used to convey, hold, or store
raw materials, work-in-process, rework, or food shall be con-
structed, handled, and maintained during manufacturing or stor-
age in a manner that protects against contamination.

8. Effective measures shall be taken to protect against the inclu-
sion of metal or other extraneous material in food. Compliance
with this requirement may be accomplished by using sieves,
traps, magnets, electronic metal detectors, or other suitable
effective means.

9. Food, raw materials, and other ingredients that are adulterated
within the meaning of the Act shall be disposed of in a manner
that protects against the contamination of other food. If the adul-
terated food is capable of being reconditioned, it shall be recon-
ditioned using a method that has been proven to be effective or
it shall be reexamined and found not to be adulterated within
the meaning of the Act before being incorporated into other food.

10. Mechanical manufacturing steps such as washing, peeling, trim-
ming, cutting, sorting and inspecting, mashing, dewatering, cool-
ing, shredding, extruding, drying, whipping, defatting, and
forming shall be performed so as to protect food against contam-
ination. Compliance with this requirement may be accomplished
by providing adequate physical protection of food from contam-
inants that may drip, drain, or be drawn into the food. Protection
may be provided by adequate cleaning and sanitizing of all food-
contact surfaces, and by using time and temperature controls at
and between each manufacturing step.

11. Heat blanching, when required in the preparation of food, should
be effected by heating the food to the required temperature,
holding it at this temperature for the required time, and then
either rapidly cooling the food or passing it to subsequent man-
ufacturing without delay. Thermophilic growth and contamina-
tion in blanchers should be minimized by the use of adequate
operating temperatures and by periodic cleaning. Where the
blanched food is washed prior to filling, water used shall be safe
and of adequate sanitary quality.

12. Batters, breading, sauces, gravies, dressings, and other similar
preparations shall be treated or maintained in such a manner
that they are protected against contamination. Compliance with
this requirement may be accomplished by any effective means,
including one or more of the following:
i. Using ingredients free of contamination.
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ii. Employing adequate heat processes where applicable.
iii. Using adequate time and temperature controls.
iv. Providing adequate physical protection of components from

contaminants that may drip, drain, or be drawn into them.
v. Cooling to an adequate temperature during manufacturing.
vi. Disposing of batters at appropriate intervals to protect against

the growth of microorganisms.
13. Filling, assembling, packaging, and other operations shall be

performed in such a way that the food is protected against con-
tamination. Compliance with this requirement may be accom-
plished by any effective means, including:
i. Use of a quality control operation in which the critical control

points are identified and controlled during manufacturing.
ii. Adequate cleaning and sanitizing of all food-contact surfaces

and food containers.
iii. Using materials for food containers and food-packaging ma-

terials that are safe and suitable, as defined in Sec. 130.3(d)
of this chapter.

iv. Providing physical protection from contamination, particu-
larly airborne contamination.

v. Using sanitary handling procedures.
14. Food such as, but not limited to, dry mixes, nuts, intermediate

moisture food, and dehydrated food, that relies on the control of
A

 

w

 

 for preventing the growth of undesirable microorganisms
shall be processed to and maintained at a safe moisture level.
Compliance with this requirement may be accomplished by any
effective means, including employment of one or more of the
following practices:
i. Monitoring the A

 

w

 

 of food.
ii. Controlling the soluble solids-water ratio in finished food.
iii. Protecting finished food from moisture pickup, by use of a

moisture barrier or by other means, so that the A

 

w

 

 of the food
does not increase to an unsafe level.

15. Food such as, but not limited to, acid and acidified food, that
relies principally on the control of pH for preventing the growth
of undesirable microorganisms shall be monitored and main-
tained at a pH of 4.6 or below. Compliance with this requirement
may be accomplished by any effective means, including employ-
ment of one or more of the following practices:
i. Monitoring the pH of raw materials, food in process, and

finished food.
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ii. Controlling the amount of acid or acidified food added to
low-acid food.

16. When ice is used in contact with food, it shall be made from
water that is safe and of adequate sanitary quality, and shall be
used only if it has been manufactured in accordance with current
good manufacturing practice as outlined in this part.

17. Food manufacturing areas and equipment used for manufactur-
ing human food should not be used to manufacture nonhuman
food-grade animal feed or inedible products, unless there is no
reasonable possibility for the contamination of the human food.

 

Warehousing and Distribution — 110.93

 

Storage and transportation of finished food shall be under conditions that
will protect food against physical, chemical, and microbial contamination as
well as against deterioration of the food and the container.

These sections as identified should be used by food manufacturers as a
template and guidance to design their general sanitation and food safety
systems to assure compliance, but more importantly, to prevent the produc-
tion of adulterated food and to protect the consumer.

 

United States Department of Agriculture (USDA)

 

Whereas FDA has primary oversight responsibility for food, the USDA,
specifically the Food Safety and Inspection Service (FSIS), has responsibility
for inspection, grading, and establishing standards for meat and poultry and
eggs under the Federal Meat Inspection Act (FMIA), the Poultry Products
Inspection Act (PPIA), and the Egg Products Inspection Act [7]. USDA
authority does not include animal by-products, but it does include dairy
products. The Agricultural Marketing Service (AMS) is responsible for fresh
fruits and vegetables and grading of fresh fruits and vegetables, as well as
conducting audits for animal welfare.

In the past, FSIS played a very active role in sanitation; however, it was
more of a command-and-control approach. Many plants would rely on the
FSIS inspector to conduct pre-op inspection of the plant while the “bucket
brigade,” as it was referred to, followed behind and cleaned up anything
the inspector found. The plants waited for “their inspector” to tell them what
needed recleaning or corrective action. Everything was OK if “their inspec-
tor” said it was. The food industry approach has changed considerably, and
plants now recognize that the inspector is not “theirs” but is a government
employee, and that the plant must take responsibility for sanitation. This
became more evident after January 1997.
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Sanitation Standard Operating Procedures (SSOPs)

 

In January 1997, FSIS began initial evaluation of mandatory plant-designed
sanitation standard operating procedures (SSOPs). The rationale for these
rules was the recognition of food-borne illness as a significant health problem
in the U.S. In an effort to address the statistically growing problem, the
agency employed science-based strategies to reduce the risk associated with
pathogen contamination of meat and poultry products. The emphasis is on
prevention, and each establishment will be expected to take responsibility
for sanitation, whereas agency personnel will monitor implementation and
effectiveness of the procedures. 

Part 416 of the regulations are reprinted in detail in the following text [8].
They explain the requirement for plants to prepare written SSOPs describing
development of daily sanitation procedures, implementation, maintenance,
corrective action, documentation, and agency verification. Included in the
presentation of the rules are author comments to provide industry recom-
mendations when preparing and implementing SSOPs.

 

General Rules — 416.11

 

Each official establishment shall develop, implement, and maintain written
standard operating procedures for sanitation (sanitation SOPs) in accordance
with the requirements of this section.

 

Author’s Comment:

 

 The original documents for review by regulatory per-
sonnel must be in English. Additional copies may be made for plant use in
other languages.

 

Development of Sanitation SOPs — 416.12

 

a. The sanitation SOPs shall describe all procedures an official will
conduct daily, before and during operations, sufficient to prevent
direct contamination or adulteration of product(s).

b. The sanitation SOPs shall be signed and dated by the individual
with overall on-site authority or a higher-level official of the estab-
lishment. This signature shall signify that the establishment will
implement the sanitation SOPs as specified and will maintain the
sanitation SOPs in accordance with the requirements of this part.
The sanitation SOPs shall be signed and dated upon initially imple-
menting the sanitation SOPs and upon any modification to the san-
itation SOPs.

c. Procedures in the sanitation SOPs that are to be conducted prior to
operations shall be identified as such, and shall address, at a mini-
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mum, the cleaning of food-contact surfaces of facilities, equipment,
and utensils.

d. The sanitation SOPs shall specify the frequency with which each
procedure in the sanitation SOPs is to be conducted and identify the
establishment employee(s) responsible for the implementation and
maintenance of such procedure(s).

 

Implementation of SOPs — 416.13

 

a. Each official establishment shall conduct the pre-operational proce-
dures in the sanitation SOPs before the start of operations.

 

Author’s Comment:

 

 The plant should assume release authority for plant
after pre-op. It is best to inform FSIS of the procedure for release so that it
knows when it can conduct their pre-op inspection.

b. Each official establishment shall conduct all other procedures in the
sanitation SOPs at frequencies specified.

c. Each official establishment shall monitor daily the implementation
of the procedures in the sanitation SOPs.

 

Maintenance of Sanitation SOPs — 416.14

 

Each official establishment shall routinely evaluate the effectiveness of the
sanitation SOPs and the procedures therein in preventing direct contamina-
tion or adulteration of products(s) and shall revise both as necessary to keep
them effective and current with respect to changes in facilities, equipment,
utensils, operations, or personnel.

 

Author’s Comment:

 

 It is a good idea to maintain a page with the history of
all changes made to the SSOP.

 

Corrective Actions — 416.15

 

a. Each official establishment shall take appropriate corrective action(s)
when either the establishment or FSIS determines that the establish-
ment’s sanitation SOPs or the procedures specified therein, or the
implementation or maintenance of the sanitation SOPs, may have
failed to prevent the direct contamination or adulteration of product(s).

b. Corrective actions include procedures to insure appropriate dispo-
sition of product(s) that may be contaminated, to restore sanitary
conditions and prevent recurrence of direct contamination or adul-
teration of product(s), including appropriate reevaluation and mod-
ification of the Sanitation SOP’s and the procedures specified therein. 
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Record-Keeping Requirements — 416.16

 

a. Each official establishment shall maintain daily records sufficient to
document the implementation and monitoring of the sanitation
SOPs and any corrective actions taken. The establishment
employee(s) specified in the sanitation SOPs as being responsible
for the implementation and monitoring of the procedure(s) specified
in the sanitation SOPs shall authenticate these records with his or
her initials and the date.

 

Author’s Comment:

 

 Prepare the inspection reports in “real time” during the
inspection, not after completing the inspection. Do not rely on memory to
complete the report. The report is to be prepared using a pen. If an error is
made, make one mark through the error, and write the correction in and
initial the correction. Do not use whiteout to make corrections.

b. Records required by this part may be maintained on computers
provided the establishment implements appropriate controls to
ensure the integrity of the electronic data.

c. Records required by this part shall be maintained for at least 6
months and made accessible and available to FSIS. All such records
shall be maintained at the official establishment for 48 h following
completion, after which they may be maintained off-site provided
such records can be made available to FSIS within 24 h of request.

 

Agency Verification — 416.17

 

FSIS shall verify the adequacy and effectiveness of the sanitation SOPs and
the procedures spelled out within through review of the SSOP and review
of the daily records, direct observation of implementation, and direct obser-
vation of testing.

In summary, the SSOP model must detail procedures conducted daily
before and during operation to address the cleaning of direct product-
contact surfaces to prevent direct product contamination. Surfaces such as
walls and ceilings are not viewed as direct contact surfaces by the agency
but should not contribute to insanitary conditions of direct product-contact
surfaces. The SSOP will specify the frequency with which activities are to
be conducted, identify those responsible for implementation of daily activ-
ities and will be signed by an official with overall authority (and dated) on
initiation or modification [Table 1.1]. The SSOP will include procedures
conducted at pre-op, or prior to the start of operations following cleaning.
It will identify records to be maintained to document implementation, mon-
itoring, and corrective action, and the individuals responsible for these
activities. These records will include the appropriate disposition of product
and identification of measures to assure restoration of sanitary conditions
and prevention of recurrence of contamination. The establishment must
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TABLE 1.1

 

 

 

Sanitation Standard Operating Procedure

 

Cleo’s Foods
Sanitation Standard Operating Procedure

 

Address: 6 Elliot Drive
Hannibal, U.S.

Phone: (123) 456-7890 Est. No.: 6041

Cleo’s Foods Management Structure:
Cleo Katt — President
Michael John — Quality Assurance Director
Buckey Katt — Sanitation Manager

The sanitation manager is responsible for implementation of the SSOPs. The QA manager
is responsible for the development and upkeep of the SSOPs along with the sanitation
manager. The QA manager is responsible for implementation of daily monitoring, record-
keeping, and documentation of corrective action in accordance with this protocol.

All records, documents, or checklists related to this SSOP will be maintained on file and
made available to FSIS personnel.

Sanitation SOP for Establishment 6041

Preoperational Sanitation — Equipment and Facility Cleaning:

All direct product-contact equipment will be cleaned and sanitized prior to the start of
production on a daily basis.

General Equipment Cleaning:
1. Equipment will be disassembled as needed prior to cleaning, and parts are placed in

tubs or on racks for cleaning.
2. Product debris is removed.
3. Equipment and parts are rinsed with clear water to remove remaining debris.
4. Chemical cleaner is applied to parts and equipment, and they are cleaned according to

manufacturer’s instructions.
5. Equipment and parts are rinsed with clear potable water.
6. Parts are sanitized with approved sanitizer.
7. Equipment is reassembled and resanitized.

Monitoring, Record-keeping, and Documentation:

The QA manager will designate a QA individual to conduct daily organoleptic inspection
of direct product-contact equipment following implementation of the cleaning and sanitizing
process and prior to operations. All findings will be documented on Cleo’s Foods Preoper-
ational Sanitation Inspection Report. If findings are acceptable, the relevant box will be
checked on the form. Unacceptable findings along with corrective action results will also
be recorded on the form. 

Corrective Action: 

Any unacceptable findings on product-contact equipment will result in recleaning and
resanitizing of the equipment. Reinspection will be conducted by the QA individual along
with the sanitation manager and the employee responsible for cleaning the specific piece of
equipment. Retraining will be conducted as needed. All results will be recorded on Cleo’s
Foods Preoperational Sanitation Inspection Report.

 

Continued
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routinely assess and adjust its SSOP, and the changes will be documented
and subject to FSIS review.

The procedures will provide a description of cleaning processes (i.e., dry
pick up, rinse, disassemble, clean, and rinse), inspection steps, and sanitizing
of clean equipment. They will identify the methods used by the plant for
monitoring (i.e., sensory, ATP, or micro) along with a sample of the inspection
report used at pre-op [Table 1.2]. It should be noted that use of ATP devices
or microbiological testing of product-contact surfaces is not required, and it
is up to the plant to determine if they will be included in the SSOP. Opera-
tional monitoring will include equipment and utensil cleaning during and
between shifts, employee hygiene, product handling in raw and cooked
areas, pest control, condensation or other factors that might influence pro-
duction of product that is not adulterated. A sample of the inspection report
used for operational sanitation monitoring will be included in the SSOP
[Table 1.3]. FSIS will verify compliance through tasks to SSOP’s interperta-
tion and documentation.

 

 

 

FSIS will take action from writing Noncompliance
Reports (NR’s) up to withholding inspection if findings indicate that prod-

 

Operational Sanitation:

All food manufacturing will be conducted under sanitary conditions to prevent adulteration
of food products. Employees will follow good manufacturing practices in relation to the
following:
1. Product handling 
2. Equipment 
3. Temperatures 
4. Pest control 
5. Condensation 

Monitoring, Record-keeping, and Documentation:

The QA manager will designate a QA individual along with a production lead to conduct
daily operational inspection to ensure that employee GMPs are followed and sanitary
conditions are maintained. All findings will be documented on Cleo’s Foods Operational
Sanitation Inspection Report. If findings are acceptable, the relevant box will be checked on
the form. Unacceptable findings along with corrective action results will also be recorded
on the form.

Corrective Action:

Any unacceptable findings will require immediate corrective action, including reinspection
of in-process materials or finished product to assure that no product adulteration has
occurred. Retraining of employees will be conducted as needed. All results will be recorded
on the Cleo’s Foods Operational Sanitation Inspection Report.

Signed: _________________________ Dated: __________ Page 2

Confidential Commercial Information

 

 

 

TABLE 1.1

 

 (Continued)

 

Sanitation Standard Operating Procedure
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uct-contact surfaces are not clean as defined in the act. Regulatory enforce-
ment actions include preparation of a noncompliance report (NR), tagging
of equipment, product rejection or retention, warning letter, suspension, and
withdrawal. It is recommended that plant management meet with FSIS
personnel on a weekly basis to review NR findings and discuss any changes
made to the SSOPs to improve sanitary conditions. [Regulatory control action
is covered in greater detail later in Chapter 2.]

One of the benefits or the new regulations is that they are less prescriptive
than in the past. Although there are specific requirements that plants main-
tain clean conditions, the means by which they achieve cleanliness as up to
them. 

 

Clean

 

 is defined in the guidelines as “free of any soil, tissue, debris,

 

TABLE 1.2

 

Preoperational Sanitation Inspection Report

 

Cleo’s Foods
Preoperational Sanitation Inspection Report

 

Inspector: Date

 

Area Finding: A
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Comments:

 

Grinding

Mixing

Stuffing

Cooking

Chilling

Slicing

Packaging

Packing

Confidential Commercial Information
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chemical, or other injurious substance that could contaminate a meat or
poultry food product.” The plant may also establish more specific procedures
for the cleaning of noncontact environments and equipment as well as aux-
iliary areas of the plant such as restrooms, locker rooms, or break rooms.

 

Sanitation Performance Standards (SPSs)

 

In an effort to supplement SSOP requirements, FSIS issued Directive 5000.1
(this replaced Directive 11000.1) to cover those areas not included in SSOPs,
such as indirect contact areas, pest control, water quality, etc. It provides
direction to FSIS field personnel on verification of facility compliance with

 

TABLE 1.3

 

Operational Sanitation Inspection Report

 

Cleo’s Foods
Operational Sanitation Inspection Report

 

Inspector: Date:

 

Area: Finding: A
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GMPs

Product 
handling

Equipment

Temperatures

Pest control

Condensation

Other

Confidential Commercial Information
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total plant sanitation requirements. It provides a comprehensive resource for
agency consumer safety inspectors (CSIs) who conduct daily in-plant inspec-
tion and enforcement, investigation, analysis officers (EIAOs). Both the
SSOPs and SPSs are less prescriptive than past regulations and allow plants
the flexibility for innovation and technology to ensure sanitary operating
conditions [9] yet require plants to prevent insanitary conditions that can
lead to product adulteration. Part 416.1 stipulates that “Each official estab-
lishment must be operated and maintained in a manner sufficient to prevent
the creation of insanitary conditions and to ensure that product is not adul-
terated.” Plants should develop SOPs to address each of the sections in the
SPS; an example is presented in Table 1.4. The sections of the SPSs are
identified in the following subsections [10].

 

Grounds and Pest Control — 416.2(a)

 

The grounds about an establishment must be maintained to prevent situations
that could lead to insanitary conditions or adulteration of product or could
interfere with inspection by FSIS personnel. Establishments must have in
place a pest management program to prevent the harborage and breeding of
pests on the grounds and within establishment facilities. Pest control sub-
stances used must be safe and effective under the conditions of use and not
be applied or stored in a manner that will result in the adulteration of product.

 

Construction — 416.2(b)

 

1. Establishment buildings, including their structures, rooms, and com-
partments must be of sound construction, kept in good repair, and
be of sufficient size to allow for processing, handling, and storage
of product in a manner that does not result in product adulteration
or the creation of insanitary conditions.

2. Walls, floors, and ceilings within establishments must be built of
durable materials impervious to moisture and be cleaned and sani-
tized as necessary to prevent adulteration of product.

3. Walls, floors, ceilings, doors, windows, and other outside openings
must be constructed and maintained to prevent the entrance of
vermin, such as flies, rats, and mice.

4. Rooms or compartments in which edible product is processed, han-
dled, or stored must be separate and distinct from rooms or com-
partments in which inedible product is processed, handled, or
stored, to the extent necessary to prevent product adulteration and
the creation of insanitary conditions.

 

Lighting — 416.2(c)

 

Lighting of good quality and sufficient intensity to ensure that sanitary
conditions are maintained and that product is not adulterated must be pro-
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TABLE 1.4

 

 

 

Sanitation Performance Standard Operating Procedure

 

Cleo’s Foods
Sanitation Performance Standard Operating Procedure

 

Procedure number: 1 Version: 2
Dated: 05-13-05

Replaces version: 1
Dated: 06-26-04

Procedure: Good Manufacturing Practices (GMPs) Pages: 3

1. Objective: The purpose of this procedure is to provide our employees and visitors with
clear guidelines on expectations for sanitary personal practices during operations when
food ingredients or finished products are exposed.

2. Responsibility:
a. Plant management is responsible for enforcement and implementation of this proce-

dure.
b. Plant employees and visitors are responsible for compliance with this procedure.
c. Human Resources and Quality Assurance are responsible for providing initial train-

ing to new employees and refresher training to all employees every 6 months.

3. Monitoring, documentation, and corrective action:
a. Prior to the start of daily operations and prior to the start of the second shift,

production leads and Quality Assurance will monitor employees and visitors for
conformance to GMP requirements.

b. Additionally, once per shift during daily operations Quality Assurance will monitor
employees and visitors for continued GMP conformance.

c. Findings will be documented on Cleo’s Foods GMP Monitoring Checklist.
d. Corrective actions will be taken for any nonconformance, including the following:

i. Correction of the deviation and retraining of the employee or visitor.
ii. Evaluation of the ingredients or products present for indication of adulteration.
iii. Disciplinary action up to and including termination for repeated nonconfor-

mance; removal of visitors from production areas.

4. GMP requirements:
a. Smocks:

 

 

 

Approved smocks, provided by Cleo’s Foods, will be worn in the production
and warehouse areas of the plant. Smocks must be removed before going outside,
and entering restrooms.

b. Hairnets: Approved hairnets, provided by Cleo’s Foods, will be worn in the produc-
tion and warehouse areas of the plant. All hair must be covered. Hairnets must be
removed before going outside or entering restrooms.

c. Beard nets: As needed, approved beard nets, provided by Cleo’s Foods, will be worn
in the production and warehouse areas of the plant. All facial hair must be covered.
Beard nets must be removed before going outside and entering the restrooms.

d. Food and drinks:

 

 

 

Food and drinks are not to be eaten, except in approved areas, (the
lunchroom). All refuse must be properly disposed of. Gum or candy is not permitted
in the production area.

e. Jewelry:

 

 

 

No jewelry is to be worn in the plant at any time. This includes watches,
rings, earrings or exposed piercing, bracelets, and necklaces. Medic Alert jewelry is
allowed.

f. Product contamination prevention:

 

 

 

Glass is not allowed in production areas. This
includes glass containers, meters, tools, or utensils that glass is a part of.

 

Continued
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vided in areas where food is processed, handled, stored, or examined, and
where equipment and utensils are cleaned, as well as in hand-washing areas,
dressing and locker rooms, and toilets.

 

Ventilation — 416.2(d)

 

Ventilation adequate to control odors, vapors, and condensation to the extent
necessary to prevent adulteration of product and the creation of insanitary
conditions must be provided.

 

Plumbing and Sewage — 416.2(e) and 416.2(f)

 

Plumbing systems must be installed and maintained to:

1. Carry sufficient quantities of water to required locations throughout
the establishment

2. Properly convey sewage and liquid disposable waste from the
establishment

3. Prevent adulteration of product, water supplies, equipment, or uten-
sils, and maintain sanitary conditions throughout the establishment

4. Provide adequate floor drainage in all areas where floors are subject
to flooding-type cleaning or where normal operations release or
discharge water or other liquid waste on the floor

5. Prevent backflow conditions in and cross-connection between piping
systems that discharge wastewater or sewage and piping systems
that carry water for product manufacturing; and

6. Prevent the backup of sewer gases

Sewage must be disposed of into a sewage system separate from all other
drainage lines or through other means sufficient to prevent backup of sewage
into areas where product is processed, handled, or stored. When the sewage
disposal system is a private system requiring approval by a state or local

 

g. Smoking and tobacco:

 

 

 

Smoking or the use of any tobacco product (chew, snuff) is
not allowed anywhere in the plant. Smoking is only allowed in designated areas. Do
not throw cigarette butts on the ground. The butts must be properly disposed of.

h. Spitting: Spitting is prohibited in all areas.
i. Outside doors: All outside doors must remain closed at all times and will not be

propped open by contractors.
j. Hand washing: All employees and visitors must wash and sanitize their hands after

using the restroom and before entering any production area.

Regulatory References: 9 CFR 416.5, 21 CFR 110.10
Confidential Commercial Information

 

 

 

TABLE 1.4
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health authority, the establishment must furnish FSIS with the letter of
approval from that authority upon request.

 

Water Supply and Reuse — 416.2(g)

 

1. A supply of running water that complies with the National Primary
Drinking Water Act (40 CFR Part 141), at a suitable temperature and
under pressure as needed, must be provided in all areas where
required (for processing product, for cleaning rooms and equipment,
utensils, and packaging materials, and for employee sanitary facili-
ties, etc.). If an establishment uses a municipal water supply, it must
make available to FSIS, upon request, a water report, issued under
the authority of the State or local health agency, certifying or attest-
ing to the potability of the water supply. If an establishment uses a
private well for its water supply, it must make available to FSIS,
upon request, documentation certifying the potability of the water
supply, that has been renewed at least semiannually.

2. Water, ice, and solutions (such as brine, liquid smoke, or propylene
glycol) used to chill or cook ready-to-eat product may be reused for
the same purpose, provided that they are maintained free of patho-
genic organisms and fecal coliform organisms and that other phys-
ical, chemical, and microbiological contamination has been reduced
to prevent adulteration of product.

3. Water, ice, and solutions used to chill or wash raw product may be
reused for the same purpose provided that measures are taken to
reduce physical, chemical, and microbiological contamination so as
to prevent contamination or adulteration of product. Reuse water
which has come into contact with raw product may not be used on
ready-to-eat product.

4. Reconditioned water that has never contained human waste and
that has been treated by an on-site advanced wastewater treatment
facility may be used on raw product, except in product formulation,
and throughout the facility in edible and inedible production areas,
provided that measures are taken to ensure that this water meets
the criteria prescribed in paragraph (g)(1) of this section. Product,
facilities, equipment, and utensils coming in contact with this water
must undergo a separate final rinse with non-reconditioned water
that meets the criteria prescribed in paragraph (g)(1) of this section.

5. Any water that has never contained human waste and that is free
of pathogenic organisms may be used in edible and inedible product
areas, provided it does not contact edible product. For example, such
reuse water may be used to move heavy solids, flush the bottom of
open evisceration troughs, or to wash antemortem areas, livestock
pens, trucks, poultry cages, picker aprons, picking room floors, and
similar areas within the establishment.
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6. Water that does not meet the use conditions of paragraphs (g)(1)
through (g)(5) of this section may not be used in areas where edible
product is handled or prepared or in any manner that would allow
it to adulterate edible product or create insanitary conditions.

 

Dressing Room/Lavatory — 416.2(h)

 

1. Dressing rooms, toilet rooms, and urinals must be sufficient in num-
ber, ample in size, conveniently located, and maintained in a sanitary
condition and in good repair at all times to ensure cleanliness of all
persons handling any product. They must be separate from the
rooms and compartments in which products are processed, stored,
or handled.

2. Lavatories with running hot and cold water, soap, and towels, must
be placed in or near toilet and urinal rooms and at such other places
in the establishment as necessary to ensure cleanliness of all persons
handling any product.

3. Refuse receptacles must be constructed and maintained in a manner
that protects against the creation of insanitary conditions and the
adulteration of product.

 

Equipment and Utensils — 416.3

 

a. Equipment and utensils used for processing or otherwise handling
edible product or ingredients must be of such material and construc-
tion to facilitate thorough cleaning and to ensure that their use will
not cause the adulteration of product during processing, handling,
or storage. Equipment and utensils must be maintained in sanitary
condition so as not to adulterate product.

b. Equipment and utensils must not be constructed, located, or oper-
ated in a manner that prevents FSIS personnel from inspecting the
equipment or utensils to determine whether they are in sanitary
condition.

c. Receptacles used for storing inedible material must be of such mate-
rial and construction that their use will not result in the adulteration
of any edible product or in the creation of insanitary conditions.
Such receptacles must not be used for storing any edible product
and must bear conspicuous and distinctive marking to identify per-
mitted uses.

 

Sanitary Operations — 416.4

 

a. All food-contact surfaces, including food-contact surfaces of utensils
and equipment, must be cleaned and sanitized as frequently as
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necessary to prevent the creation of insanitary conditions or the
adulteration of product.

b. Non-food-contact surfaces of facilities, equipment, and utensils used
in the operation of the establishment must be cleaned and sanitized
as frequently as necessary to prevent the creation of insanitary con-
ditions or the adulteration of product.

c. Cleaning compounds, sanitizing agents, processing aids, and other
chemicals used by an establishment must be safe and effective under
the conditions of use. Such chemicals must be used, handled, and
stored in a manner that will not adulterate product or create insan-
itary conditions. Documentation substantiating the safety of a chem-
ical's use in a food processing environment must be available to FSIS
inspection personnel for review.

d. Product must be protected from adulteration during processing,
handling, storage, loading, and unloading at and during transpor-
tation from official establishments.

 

Employee Hygiene — 416.5

 

a. Cleanliness: All persons working in contact with product, food-
contact surfaces, and product-packaging materials must adhere to
hygienic practices while on duty to prevent adulteration of product.

b. Clothing: Aprons, frocks, and other outer clothing worn by persons
who handle product must be of material that is disposable or readily
cleaned. Clean garments must be worn at the start of each working
day and garments must be changed during the day as often as
necessary to prevent contamination or adulteration of product.

c. Disease control: Any person who has or appears to have an infec-
tious disease, open lesion, including boils, sores, or infected wounds,
or any other abnormal source of microbial contamination must be
excluded from any operations which could result in product adul-
teration until the condition is corrected.

 

Tagging Insanitary Equipment, Utensils, Rooms, or Compartments — 416.6

 

When a program employee finds that any equipment, utensil, room, or com-
partment at an official establishment is insanitary or that its use could cause
the adulteration of product, he will attach to it a “U.S. Rejected” tag. Equip-
ment, utensils, rooms, or compartments so tagged cannot be used until made
acceptable. Only a program employee may remove a “U.S. Rejected” tag.

As you can see, the SPSs provide comprehensive guidelines for maintain-
ing overall plant cleanliness. In Chapter 6, the application of these standards
will be demonstrated through sanitary equipment and facility design. Again,
it is recommended that USDA plants use the information provided in the
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SPSs to develop plant food safety systems and sanitation procedures to
ensure sanitary conditions, prevent adulteration of product, and meet reg-
ulatory requirements. Familiarity with the FDA GMPs, USDA SSOPs, and
USDA SPSs will assist plants and food companies in putting in place food
safety systems that will not only meet regulatory requirements but also go
a long way toward ensuring the safety and wholesomeness of their products.
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Regulatory Inspection and Control Action

 

The rules identified in Chapter 1 demonstrate the statutory authority of both
the FDA and USDA to regulate food manufacturing and distribution. These
agencies also have the authority to conduct inspections in the plant. USDA
Food Safety and Inspection Service (FSIS) typically has on a regular basis
inspectors in the plant, referred to as consumer safety inspectors (CSIs), who
are supported by their direct supervisor, the front line supervisor, and can
be supplemented by enforcement, inspection, analysis officers (EIAOs), who
are typically brought in to conduct in-depth verification of a plant food safety
system. FDA, however, does not have inspectors on site in food manufac-
turing plants. It relies on inspectors to go into facilities on a routine or
directed basis to conduct inspections. This chapter identifies the rights of
inspectors to conduct inspections and their means of control when violations
are suspected or are found. It also provides food plants with the basis for
preparing internal protocols for handling regulatory inspections. It will also
provide food manufacturers the basis for preparing a recall program in the
event inspection findings lead to the need to pull product from distribution.

 

Inspection

 

The Federal Food, Drug, and Cosmetic Act authorizes FDA inspectors, upon
presentation of credentials and notice to the owner or operator, to enter at
reasonable times for the purpose of inspection, any factory warehouse or
establishment in which foods are manufactured, processed, packaged, or
held for introduction into interstate commerce, or after they have been
shipped interstate, and to enter any vehicle used to transport or to hold any
such food. Regulators have legal authority to access food plants during
“reasonable hours” for purposes of inspection. Reasonable hours may be
interpreted as any time of day when the plant is staffed and in production
[1]. The plant cannot deny access during these reasonable times, and it would
not be wise to do so. As long as the inspection is conducted within the rea-
sonable times, limits, and manners specified, as a general policy, the company
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should permit an entry and inspection to proceed without a warrant, keeping
in mind that it may reserve the right to require a warrant [2]. Within the limits
established by law and consistent with protection of proprietary information
and trade secrets, it should be company policy to cooperate fully and cour-
teously within reason with federal, state, and local officials engaged in
inspections to confirm compliance with applicable law and regulation. Again,
provided the inspection occurs at reasonable times and within reasonable limits
and in a reasonable manner, the inspector’s authority includes the plant and
any vehicle used to transport food, and all pertinent equipment, finished and
unfinished materials and ingredients, containers, and labeling.

The plant should have an established procedure for handling regulatory
inspections. Regulatory personnel may be required to provide official cre-
dentials, unless they are known personally, and may be requested to sign in
for plant security purposes. Inspectors of the Food and Drug Administration
must also give written notice to the manager of the inspected plant or to the
person in charge in the manager’s absence before inspection can proceed. It is
a good idea to do everything to accommodate the inspector and not keep
him or her waiting. Begin with an introductory meeting with the inspector
to present the plant management team. Determine ahead of time who will
be in the meeting and who will accompany the inspector through the plant,
and assemble them as soon as possible. Preferably, the group will be multi-
functional: production, maintenance, quality, and sanitation. At this time the
inspector should present the Notice of Inspection, Form 482 (Table 2.6

 

)

 

 [1].
Regulatory inspection may be routine or for cause, the latter meaning that
a complaint may have been received, or the inspection may be because of a
regulatory or food safety violation that resulted in a recall. During the intro-
ductory meeting, inquire as to the reason for the visit, whether it is routine
or for cause. Note the inspector’s name and agency affiliation. Some agencies
are not authorized to inspect any given facility, yet they will attempt to do so
despite a lack of authority. If you are in doubt regarding an inspector’s author-
ity, ask politely that he or she explain his or her authority to you or contact
your representative trade association or legal counsel for advice.

If the inspection involves a plant tour, it is a good idea to include in the
group accompanying the inspectors one more person than the number of
inspectors, and always wise to have a cross-functional group to best answer
questions. Do not stop operations during the inspection; continue plant
operations as normal. When responding to the inspector, answer the ques-
tions honestly and succinctly, but do not volunteer more information than
is requested. If plant records are requested, provide only those that are asked
for. There are records that inspectors are allowed to view, and there are those
that they have no access to, consumer complaints, formula or processing
data, FDA inspectors have access to information relating to ingredient receipt,
processing, and packaging and shipment of food products. They may not
examine any financial data, sales data other than product shipment data, pric-
ing data, personnel data, or research data. Do not reveal any product costing
records, production yields, or profits to regulatory agents. USDA inspectors
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can inspect records on child nutrition products regarding formulas, processing
procedures, and ingredient lists only. They are not authorized to access docu-
ments such as personnel files or financial data [3].

FDA inspectors taking samples of finished product for analysis are
required to provide the firm with a receipt (Form 484) [1]. If the inspector
takes samples for microbiological analysis, it is highly recommended that
all product from the line sampled be retained from the last full cleanup, to
the next full cleanup. If any of the product is already in distribution, place
it on hold even if it is already at a customer location. Taking a duplicate
sample is a good idea for future reference; however, consider the conse-
quences of analyzing the duplicate sample. If the regulatory sample analyzed
for pathogens yields a positive result, your split result will not offset the
positive regulatory result. Product will still be considered adulterated and
subject to disposal. On the other hand, if the regulatory sample tests negative
for pathogens, and your split tests positive, product is considered adulter-
ated and subject to disposal.

Only OSHA inspectors have statutory authority to take photographs in
the plant. FDA and USDA inspectors are not specifically authorized to take
photographs within the plant or to operate a tape or other recording device.
Although use of tape or other recorders and dictation equipment is a convenient
shorthand means of taking notes, taking photographs can disclose confidential
processing methods or other trade secrets

 

. 

 

The best company policy is to not
permit the use of a camera or recorder. However, FDA inspectors may insist
that they also have legal authority to take pictures [2]. It is best if the plant
prohibits photography in the facility and important that you inform the
inspector of this fact and that you expect that he or she will comply. If
pressed, you may request that he or she obtain a warrant; however, you
must balance this with cooperation during the inspection. If the inspector
obtains a warrant permitting photographs or recordings, it is best to comply,
but you should take duplicate photographs as well as photographs of the
surroundings. It is advisable that during any regulatory inspection, if photo-
graphs are taken, to request duplicate copies, or take duplicate photographs
of the same location and surrounding area.

Upon completion of the inspection and prior to leaving the premises, request
a meeting with the inspector to discuss in detail any findings that he or she
plans to record. An FDA inspector should give the owner or operator a report
(Form 483) in writing, setting forth any observed conditions or practices, which
in his or her judgment indicate that any food in the plant consists in whole or
in part of any filthy, putrid, or decomposed substance, or has been prepared,
packed, or held under insanitary conditions whereby it may have become
contaminated or rendered injurious to health [1]. It is prudent to discuss the
matter with the inspector in detail. If you do not understand an item, ask about
it, or if you do not agree with a particular observation, explain your position.
If you have corrected an observation during the inspection, inform the inspec-
tor. Also, ask the inspector to make any appropriate changes in his or her list
at this time. If you intend to correct certain observations, explain this. Even if
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the inspector does not amend the list, ask for your comments to be included
in the report. You need to emphasize to the inspector that you are taking all
reasonable steps to manufacture clean, safe, and accurately labeled products.
If he or she requires that a report be signed, consider having your legal
counsel review the report before signing. Although inspectors may indicate
impatience with waiting for legal review, they cannot demand a signature
if you request a legal review. If, during the review of the report, discrepancies
are noted, insist that the discrepancies be corrected or note the discrepancies
on the report before signing. Although it may not always be required or
requested by the agency, it is highly recommended that you provide a follow-
up report to document any and all corrective actions. Remember, many of
the regulatory reports are subject to access through the Freedom of Informa-
tion Act (FOIA); thus, your response provides requestors with documenta-
tion of your intentions to provide a sanitary environment and prevent
product adulteration.

 

Regulatory Control Action

 

Following an FDA inspection, there are several possible outcomes. The
most desirable outcome is that there be no findings of adverse or insanitary
conditions, or “minor” recommendations for corrective action. These defi-
ciencies should be addressed as soon as possible to avoid repeat findings
on ensuing inspections. However, if there are more severe findings, the
inspector may issue a 

 

Notice of Adverse Findings

 

 for conditions that may
lead to a regulatory violation if corrective action is not taken. This is usually
issued if there is indication that the firm will take prompt corrective action;
thus, the violation does not require further action against the firm [4].
A 

 

Regulatory Letter

 

 may be issued when prompt voluntary correction is
sought, or to warn of possible regulatory or legal actions if correction is
not prompt [4]. A follow-up inspection may be required to verify imple-
mentation and effectiveness of corrective actions. If the violations are severe
enough, the FDA may initiate a product 

 

seizure 

 

to remove violative product
from commerce. In this case, a complaint is filed in the district court and
a U.S. marshal tags the product as 

 

seized

 

. If there is a history of violations,
the FDA may request the court to issue an 

 

injunction 

 

to prevent shipment
of violative product [2]. Other FDA tools include disclosure and publicity,
and alerting consumers to problems relating to the firm’s food. In any of
these instances, immediate and effective action is recommended to correct
any and all deficiencies to protect consumers, stop production of adulter-
ated product, and discontinue actions that can severely damage a com-
pany’s reputation. Every inspection and action protocol is addressed in the
FDA Regulatory Procedures Manual.
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USDA has three types of enforcement actions as defined in the agency
Rules of Practice (9 CFR 500) [5]. These include regulatory control action,
withholding action, and suspension:

1. Regulatory control action involves the retention of product or rejec-
tion of facilities or equipment. It may include the slowing or stop-
ping of lines, or prevention of processing of specific product.

2. Withholding action involves the refusal to allow the mark of inspec-
tion to be applied to product on some or all product in the estab-
lishment. Without approval to use the mark, product cannot be sold.

3. Suspension is the interruption in the assignment of inspection to all
or part of the establishment. Without inspection assignment, the
establishment cannot run.

These actions may be taken if there are findings of insanitary conditions
or practices, product adulteration or misbranding, conditions that prevent
agency personnel from determining if product is adulterated or misbranded,
or inhumane handling or slaughtering practices. The intent of the control
action is to address specific problems identified by agency personnel until
they have been addressed by the establishment. Under normal conditions,
the on-site CSI will issue a noncompliance report (NR) for deviations dis-
covered while performing inspection tasks or nonroutine inspection, espe-
cially during pre-op inspection. Deviations found during pre-op may be
recorded on an NR; however, if the deviations involve establishment failure
to comply with SSOP requirements or its SSOP plan, an 

 

individual SSOP
failure

 

 has occurred. This is especially critical when direct product contami-
nation occurs. In this instance, the CSI may apply a U.S. Rejected or Retained
tag to equipment, in-process materials, or finished product if it is believed
that the deviation affects any of these items (Table 2.1). An 

 

SSOP system
failure

 

 occurs when plant control systems are failing to ensure that product
is not adulterated. An indicator of this may be repeated individual failures.

No prior notification is required for withholding or suspension action
when there is shipment of adulterated product; no written hazard analysis
critical control points (HACCP) plan or SSOP; a basic noncompliance; the
threat of assault, intimidation, or interference with inspection; failure to
destroy adulterated product; inhumane slaughter is documented; or there
are gross insanitary conditions. Prior notification of withholding is required
when there is repetitive failure with no shipment of adulterated product;
multiple recurring noncompliance that has led to HACCP system inade-
quacy; evidence that the SSOP is not properly implemented or maintained;
repeated and recurring sanitation deficiency, there is failure to collect and
analyze generic 

 

E. coli

 

 samples and record results or violation of salmonella
performance standards.

Other enforcement tools used by FSIS include the 

 

30-Day Letter

 

,

 

 

 

which is
generally issued as a request for clarification of rationale for food safety
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TABLE 2.1

 

U.S. Rejected/Retained Tag
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systems decisions but is being phased out of use and it is not considered
legal prior notice of intended action. A 

 

Notice of Intended Enforcement (NOIE)

 

,
which is issued when serious deviations are detected in plant food safety
systems. The plant has 30 d to respond to the findings in a 30-day letter but
only 72 h to provide adequate corrective action response to the NOIE. Failure
to respond adequately or in a timely fashion may result in further enforce-
ment action, up to and including suspension of inspection, product seizure,
or recommendation of product recall.

As with FDA enforcement action, the plant is well advised to take appro-
priate, documented corrective action to avoid costly and damaging USDA
enforcement action. However, with a well-designed SSOP and SPS, and a
complete food safety systems plan, these types of situations can be prevented.

 

Recall

 

Food manufacturing plants are well advised to do everything they can to
prevent the manufacturing and distribution of violative products, but there
are circumstances in which adulterated food product may leave a facility and
be subject to recall. In these instances, the company must understand the
regulatory requirements of recall and have a procedure in place to facilitate
the recall process. Recall is a voluntary action to remove adulterated or
misbranded product from commerce. Regulatory agencies such as USDA do
not have statutory authority to require food manufacturing facilities to recall
product. However, USDA may become aware of adulterated or misbranded
product through test results of sampling programs, consumer complaints, or
company notification [6]. At that time, the agency may recommend that the
company conduct a recall. The company may refuse to accept the recommen-
dation; however, the agency has very broad powers that include the follow-
ing: withdrawal of inspection, retention or seizure of product, and media
notification of the recall proposal along with the company response of refusal
[7]. This type of disclosure would obviously not be good publicity for the
company; so unless the company has solid scientific or legal reasons not to
recall product, it should comply with the recommendation of the agency.

 

Recall Policy

 

When developing a recall policy, each facility should begin by stating that
its objective is to distribute food products that are safe, wholesome, and in
compliance with all applicable laws and government regulations, and then
respond in a timely manner to problems involving protection or safety of
customers or consumers. For the contingency that a shipped product will
need to be recalled or withdrawn, the company has a policy that establishes
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a recall-planning system, the purposes of which are the following: protect
customer or consumer safety, protect the assets of the company, comply with
applicable laws and government regulations, remove unacceptable or sus-
pect products from the market at minimum cost and inconvenience to the
customer or consumer, and minimize expense to the company.

There are three major definitions used by the U.S. Food and Drug Adminis-
tration to describe removal of product from distribution channels. These terms
are defined in the U.S. Code of Federal Regulations (21 CFR 7.3) as follows:

1. Recalls are the most serious of product recovery actions

 

 

 

as they
represent product in distribution that may pose potential for harm
to consumers. They are broken down by class depending on their
severity.
a. Class I is a situation in which there is a reasonable probability that

the use of, or exposure to, a violative product will cause serious
adverse health consequences or death. Examples would be pres-
ence of pathogens such as 

 

Listeria monocytogenes

 

 in Ready to Eat
product, 

 

Clostridium botulinum

 

 in canned goods, or presence of

 

E. coli

 

 O157:H7 in ground beef. It would also include the presence
of undeclared allergens, especially if those allergens have been
associated with fatalities in sensitive individuals (i.e., peanuts).

b. Class II is a situation in which use of, or exposure to, a violative
product may cause temporary or medically reversible adverse
health consequences, or where the probability of serious adverse
health consequences is remote. An example of this may include
the presence of undeclared allergens that have not been associ-
ated with fatality in sensitive individuals (i.e., wheat).

c. Class III is a situation in which the use of, or exposure to, a
violative product is not likely to cause adverse health consequenc-
es. This would likely include examples of what are considered to
be “economic adulteration” (i.e., underweight, excess water, etc.).

2. Market withdrawal means removal or correction of a distributed
product that involves a minor violation that would not be subject to
legal action by the Food and Drug Administration, or which involves
no violation. For example, product that is outside of normal stock
rotation practices, failure of generic microbiological testing, quality
defects that do not render the product harmful but would likely lead
to customer or consumer dissatisfaction.

3. Stock recovery means removal or correction of a product that has
not been marketed, nor left under the direct control of the firm. For
example, the product is located on premises owned by, or under the
control of, the firm, and no portion of the lot has been released into
commerce for sale or use. This would include product in a third-
party distribution warehouse in which storage space is leased by
the manufacturer.
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Recall Procedure

 

Using the definitions of product removal, each company or plant will design
a procedure outlining the steps it will take to effect the efficient removal of
product that is in violation of regulatory requirements:

1. Responsibilities: The procedure will identify the participants on a
recall or crisis team and the responsibility of each participant in the
event of product recovery action. This typically is a cross-functional
team with a representative from Management, Quality Assurance,
Production, Sales or Customer Service, Warehousing and Distribu-
tion, as well as internal or third-party legal counsel.

2. The team participants and its duties, which may include the
following:
a. A recall coordinator; he or she will assemble the team; gather

information about the situation; identify the type of recovery
(i.e., market withdrawal, recall, etc.) and classification (Class I,
Class II, etc.) of action involved; provide the team with factual
progress reports during the action period; maintain a log of all
events (when they occurred and the company response); act as
liaison between the company, suppliers, and USDA or FDA;
participate in all discussions with regulators, with input from
executive management and legal counsel; coordinate the utiliza-
tion of outside resources such as forensic laboratories, micro
laboratories, or consultants as needed; coordinate all practice
product recoveries; and provide a summary of product recov-
ered and disposed.

b. The team will monitor customer or consumer feedback from
Customer Service and assess the nature of consumer questions
or comments; communicate with the recall coordinator if com-
munication from customers, consumers, suppliers, or regulatory
agents indicates a potential need for product recovery action;
maintain a list of all brokers, distributors, and customers; and
act as the primary customer or distributor contact in the event
of a recovery or recall. The list will include primary and second-
ary contacts, phone numbers, fax numbers, addresses, and emer-
gency or weekend numbers.

c. Provide updates from suppliers to ensure effective communica-
tion regarding ingredients in nonconformance.

d. Make the final decision to proceed with recall and communicate
the decision to company legal counsel. This is usually done by
the plant owner or company executive.

e. Ensure that manufacture of nonconforming product is discontin-
ued until corrective action brings the product or process back
into control.
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TABLE 2.2

 

Recall Team Contact List

 

Cleo’s Foods
Recall Team Contact List

 

Name Title Office Phone Office E-mail Office Cell Home Phone Personal Cell

 

Cleo Katt President (800) 328-3663 cleo@cleos.com (800) 555-8677 (800) 668-7137 (800) 467-5337
Michael John QA Manager (800) 328-3663 mike@cleos.com (800) 555-8677 (800) 668-7137 (800) 467-5337
Buckey Katt Sanitation (800) 328-3663 buck@cleos.com (800) 555-8677 (800) 668-7137 (800) 467-5337
Elliot Katt Production (800) 328-3663 elliot@cleos.com (800) 555-8677 (800) 668-7137 (800) 467-5337

 

Note:

 

The same type of format and information can be used for customer emergency contact information.
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f. Control finished product through the transportation chain. If
product is in transit, stop delivery or arrange for product to be
held at the first possible drop-off point; arrange for return of
recalled product, on QA hold; keep adequate records on returns
by identification code (i.e., code date) and quantity; and coordi-
nate the return of product to the appropriate assembly plant or
distribution center.

g. Contact customers and consumers to notify them of the actions
being taken by the company.

3. Action plan: If information available from supplier, customer, or
consumer information clearly indicates a potential food safety risk,
the recall coordinator should immediately initiate the recall process
and place all remaining or suspect components and finished product
containing suspect components on internal hold.
a. If ingredients are the source of the problem, work with the sus-

pect-component supplier to determine the need to contact FDA
or USDA to identify the recommended action plan.

b. Prepare and distribute a product trace and removal order in
accordance with recall team decisions.

c. The recall coordinator, as previously designated, notifies the FDA
or USDA Emergency Response Team by phone about the recall
decision, if appropriate, and as advised by legal and executive
management. Notification will occur within 24 h of determina-
tion of action type and class. The notification should include
identity of the product; reason for the removal or correction and
the date and circumstances under which the product deficiency
or possible deficiency was discovered; evaluation of the risk; total
amount of suspected product produced and time span of the
production; total amount of suspected product estimated to be
in distribution channels; copies of actual or proposed communi-
cations; proposed recall strategy; and name and number of re-
sponsible firm official. Forward updated recall status reports to
the FDA or USDA, as appropriate, once the appropriate plant or
corporate and legal counsel has authorized them.

d. The recall team will work with the appropriate internal staff to
gather manufacturing and shipment records. These records will
include at a minimum the following information: product quan-
tity produced, product quantity shipped to outside warehouse
or customer, product code date numbers, and other reports as
requested. When preparing this information, consider any
work-in-process (WIP) product returns or rework used that may
be suspect.

e. Communicate necessary information to outside warehouse or
distribution centers
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f. Internal communications are important in the event of a recall
situation as it is likely to be covered by the news media. Internal
communications to company employees through confidential
bulletins or secure e-mail will be handled by the recall coordina-
tor to present factual information about the event.

g. Notification to customers or consumers should be done through
Customer Service or Sales to inform them of the decision to recall
product. This will begin with phone contact and may be followed
up with a letter confirming the appropriate product information.
Arrange to have form letters prepared, approved, printed, and
delivered to consumers, as instructed by the recall coordinator.

h. If the media call for information, it may be best to have a call
sheet for the plant receptionist to take information from, until
the appropriate person can respond. An example is presented in
Table 2.3. Prepare appropriate media notification for radio and
newspaper as well as statements for other news media calling
for information. It is a good policy to have a prepared release in
the event of a recall, as identified in Table 2.4 [10]. The main
purpose is to avoid the circulation of erroneous information.
Legal counsel should review and approve news releases or a
position statement on the recall and be ready to issue it when
such situations arise.

 

TABLE 2.3

 

Media Call Worksheet

 

Cleo’s Foods
Media Call Worksheet

 

Receiver name: 

Caller name:

Organization:

E-mail address:

Direct dial:

Call date: Call time:

Nature of inquiry:

Response:

Follow-up:

Other:
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4. A recall effectiveness check is conducted to establish the progress
made during the process for verifying that all means are used to
identify the location of suspect product. Based on regulatory agency
directions, the following information will be developed, depending
on the recovery action being taken [4].
a. Class I recall: In this situation, a Level A effectiveness check is

warranted. Level A requires that 100% of known direct accounts,
subaccounts and, if necessary the consumers, are to be contacted.

b. Class II recall: This situation warrants a Level A, B, or C effec-
tiveness check. The recall coordinator will make the decision as
to which effectiveness check level to employ at the time of recall,
depending on the nature of the problem that caused the recall
and the circumstances surrounding it.
i. Level A has been defined already.
ii. Level B involves any percentage of direct accounts or subac-

counts to be contacted, which is greater than 10% but less
than 100%.

iii. Level C requires 10% of the total number of direct accounts,
and two subaccounts of each direct account to be contacted.

c. Class III recall: This situation warrants Level C, D, or E effective-
ness checks. Level C has been defined already.
i. Level D requires 2% or less of the total number of direct

accounts or one per field office in whose area the direct ac-

 

TABLE 2.4

 

Media Statement Example

 

Cleo’s Foods
Media Statement

 

Cleo’s Foods’ #1 priority is food safety, and our food safety record is exemplary. We are also
greatly committed to providing the highest-quality product to our customers.

Our emphasis is on preventing pathogens from entering our system, and we devote an
extraordinary amount of resources — both financial and human — to ensuring safety and
wholesomeness. However, we operate in an environment in which pathogens are ubiqui-
tous. Recently, we were informed by U.S. Department of Agriculture officials of laboratory
tests that indicate the discovery of [name of pathogen] in one of our products. We acted
immediately, through our Food Safety Task Force, to identify the source of the bacteria and
prevent its recurrence. Cleo’s Foods has notified all of our customers who may have received
[name of product; production code] that we are voluntarily withdrawing this particular
production lot from wholesale and retail channels. We are increasing the frequency of our
microbiological testing, and once we have determined the source of entry and verified,
through further laboratory testing, that our product is free of [name of pathogen] then we
will resume production and distribution. Cleo’s Foods remains dedicated to food safety and
will continue to be a leader in development and implementation of food safety technology
throughout our system.

Contact: Cleo Katt, President
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counts are located, whichever is greater, and one subaccount
for each direct account to be contacted in both cases.

ii. Level E requires no effectiveness checks.
d. Market withdrawal: This situation warrants Level C, D, or E

effectiveness checks as defined previously.
e. Stock recovery: This situation by definition is a Level E effective-

ness check because the whereabouts of the recalled product are
known. No effectiveness checks will be done when this level is
designated.

5. Product recall should be terminated when it has been determined
that all reasonable efforts have been made to remove or correct the
recalled product in accordance with the recall strategy, and when it
is reasonable to assume that the recalled product has been removed
and proper disposition or correction has been made, commensurate
with the degree of hazard warranted by the recall classification and
individual circumstances. If the FDA or USDA has participated in
the product recall, the authority to terminate the recall rests with the
recalling firm as recommended to the agency. Upon termination of
a recall, a formal report will be prepared and presented to the appro-
priate regulatory agency. The report will be prepared by the recall
coordinator and will include the following: item name and number,
date recall initiated, total product produced, total product recovered,
disposition of recovery, and date of recall termination. The report
will be reviewed for input by legal counsel. A debriefing with the
recall team and company management will be conducted to review
effectiveness and needed corrective actions.

 

Practice Recovery

 

In an effort to ensure that all participants know their assignments and can
carry them out efficiently, it is always a good idea to practice the procedures
identified in the recall plan. Many plants conduct a mock recall to test the
system. This allows the company to verify that people know what to do in
the event of a recall and to identify areas in the system in which there are
flaws or gaps that would interfere with thorough or timely removal of product.

Plants should test their system at least once per year and more often if the
practice product recovery results are less than 100% of products identified
within 2 h of initiation. There are two types of practice product recoveries
that should be conducted: one for finished product and one that begins with
the identification of a raw material that is traced to finished products. The
latter is more challenging and requires that the plant maintain very thorough
records on use of raw material lots.

When a practice product recovery is conducted, the plant recall team will
convene to review the information on the product or raw material to be

 

4197_book.fm  Page 44  Tuesday, April 18, 2006  12:45 PM

Copyright © 2006 Taylor & Francis Group, LLC



 

Regulatory Inspection and Control Action

 

45

traced and begin the records review and information gathering. If the prac-
tice product recovery involves only product, determine the quantity pro-
duced and shipment locations. The plant team will consider if more than
one production line, rework, mixed code repack, or WIP is involved.

If the practice product recovery involves an ingredient, determine the
following: How much was received? When was the ingredient used? What
products was it used in? How much was used? How much remains? When
these are determined, ensure that the quantities of ingredient balances are
current. The team will select one product from one code date that the ingre-
dient was used in, and that will be the product for the continued practice
product recovery. The plant team will determine quantities shipped and
shipment locations. If product goes to an internal or third-party distribution
center, the plant with product quantity and code date information should
contact it. When involved, the distribution center will pull together all
records to determine quantities received and locations shipped. It will notify
the plant so that quantities produced and quantities received by the centers
can be reconciled.

When all information is received from all participating parties, and the
information is compiled on the Product Recovery Worksheet (Table 2.5), the
practice product recovery will be terminated, the percentage of product will
be calculated, and the time of the recovery determined. This information
will then be reviewed within 24 h with all participants, to evaluate effective-
ness toward the goal. The practice product recovery effectiveness goal is
100% of quantity produced. The completion time effectiveness goal is 2 h
from recovery start time. The ingredient recovery effectiveness goal is ±5%
of the received ingredient weight. Recovery rates that do not conform to
established quantity and time goals would result in an additional recovery
being conducted to verify corrective actions.

It is hoped that incorporation of all of the food safety best practices that
follow in this book will help companies avoid having to implement a product
recall. However, every company should take the precaution of having a well-
rehearsed plan in case it is required.
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TABLE 2.5

 

Product Recovery Worksheet

 

Cleo’s Foods
Product Recovery Worksheet

Please identify one:

 

Recall Practice product recovery Market 
withdrawal

Stock recovery

Recall number: Date:

Product: Product number: Date produced: Code date:

Person requesting recall or withdrawal: Person requesting recall or 
withdrawal:

Reason for the recall or withdrawal:

Total number of 
cases under recall 

or withdrawal:

Total number of 
cases distributed 
at time of recall:

Total number of 
cases remaining 

in company’s 
possession:

List all codes and numbers of cases for each code being recalled or withdrawn:

 

Product 
Code

Code 
Date

Number 
of Cases 
per Code

Product 
Code

Code 
Date

Number 
of Cases 
per Code

Product 
Code

Code 
Date

Number 
of Cases 
per Code

 

Comments:

Location of all cases and disposition (attach copies of shipping documents):
FOR DETAILED LIST OF RETURNED PRODUCT SEE PRODUCT RECALL INVENTORY 
REPORT

 

Product Code Number of Cases Location and Disposition

 

Total number of cases 
recovered:

Percent recovered: Date and time recall or 
withdrawal completed:

Completed by:

 

Confidential Commercial Information
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TABLE 2.6

 

 

 

Form FDA-482

 

DEPARTMENT OF HEALTH AND HUMAN
SERVICES

PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION

1. DISTRICT ADDRESS & PHONE NO.

Rm 508 Federal Office Building

30 U.N. Plaza

San Francisco, CA 94102

(415) 556-2062

TO 2. NAME AND TITLE OF
INDIVIDUAL

Robert K. Thompson, Plant Manager

3. DATE

5-15-85

4. FIRM NAME

Garden City Nut Shellers

5. HOUR 8:30 a.m.

6. NUMBER AND STREET

2704 Sellers Ave

p.m.

7. CITY AND STATE & ZIP CODE

San Jose, CA 95131

8. PHONE # & AREA CODE

(408) 123-4567

Notice of Inspection is hereby given pursuant to Section 704(a)(1) of the Federal Food, Drug,
and Cosmetic Act [21 U.S.C. 374(1)]1 and/or Part F or G, Title III of the Public Health Service
Act [42 U.S.C. 262-264]2

9. SIGNATURE (Food and Drug Administra-
tion Employee(s))

10. TYPE OR PRINT NAME AND TITLE
(FDA Employee(s))

Sidney H. Rogers, Investigator

1 Applicable portions of Section 704 and other
Sections of the Federal Food, Drug, and Cos-
metic Act [21 U.S.C. 374] are quoted below:

Sec. 704 (a)(1) For purposes of enforcement of
this Act, officers or employees duly designated
by the Secretary, upon presenting appropriate
credentials and a written notice to the owner,
operator, or agent in charge, are authorized
(A) to enter, at reasonable times, any factory,
warehouse, or establishment in which food,
drugs, devices, or cosmetics are manufac-
tured, processed, packed, or held, for intro-
duction into interstate commerce or after such
introduction, or to enter any vehicle being
used to transport or hold such food, drugs,
devices, or cosmetics in interstate commerce;
and (B) to inspect, at reasonable times and
within reasonable limits and in a reasonable
manner, such factory, warehouse, establish-
ment, or vehicle and all pertinent equipment,
finished and unfinished materials, containers
and labeling therein. In the case of any factory,

2 Applicable sections of Parts F and G of
Title III Public Health Service Act [42
U.S.C. 262–264] are quoted below:

Part F — Licensing — Biological Products
and Clinical Laboratories and ******

 

 

 

Sec. 351(c) Any officer, agent, or employee
of the Department of Health & Human
Services, authorized by the Secretary for
the purpose, may during all reasonable
hours enter and inspect any establishment
for the propagation or manufacture and
preparation of any virus, serum, toxin, an-
titoxin, vaccine, blood, blood component
or derivative, allergenic product or other
product aforesaid for sale, barter, or ex-
change in the District of Columbia, or to
be sent, carried, or brought from any State
or possession into any other State or pos-
session or into any foreign country, or
from any foreign country into any State or
possession.

 

Continued
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warehouse, establishment, or consulting labo-
ratory in which prescription drugs, nonpre-
scription drugs intended for human use, or
restricted devices are manufactured, pro-
cessed, packed, or held, the inspection shall
extend to all things therein (including records,
files, papers, processes, controls, and facilities)
bearing on whether prescription drugs, non-
prescription drugs intended for human use, or
restricted devices which are adulterated or
misbranded within the meaning of this Act, or
which may not be manufactured, introduced
into interstate commerce, or sold, or offered
for sale by reason of any provision of this Act,
have been or are being manufactured, pro-
cessed, packed, transported, or held in any
such place, or otherwise bearing on violation
of this Act. No inspection authorized by the
preceding sentence or by paragraph (3) shall
extend to financial data, sales data other than
shipment data, pricing data, personnel data
(other than data as to qualifications of techni-
cal and professional personnel performing
functions subject to this Act), and research
data (other than data relating to new drugs,
antibiotic drugs and devices and, subject to
reporting and inspection under regulations
lawfully issued pursuant to section 505(i) or
(k), section 507(d) or (g), section 519, or 520(g),
and data relating to other drugs or devices
which in the case of a new drug would be
subject to reporting or inspection under lawful
regulations issued pursuant to section 505(j)
of the title). A separate notice shall be given
for each such inspection, but a notice shall not
be required for each entry made during the
period covered by the inspection. Each such
inspection shall be commenced and completed
with reasonable promptness.

Sec. 704(e) Every person required under sec-
tion 519 or 520(g) to maintain records and ev-
ery person who is in charge or custody of such
records shall, upon request of an officer or
employee designated by the Secretary, permit
such officer or employee at all reasonable
times to have access to and to copy and verify
such records.

Part F — ******

 

 

 

Control of Radiation.

Sec. 360 A (a) If the Secretary finds for
good cause that the methods, tests, or pro-
grams related to electronic product radia-
tion safety in a particular factory,
warehouse, or establishment in which
electronic products are manufactured or
held, may not be adequate or reliable, of-
ficers or employees duly designated by the
Secretary, upon presenting appropriate
credentials and a written notice to the
owner, operator, or agent in charge, are
thereafter authorized (1) to enter, at rea-
sonable times any area in such factory,
warehouse, or establishment in which the
manufacturer’s tests (or testing programs)
required by section 358(h) are carried out,
and (2) to inspect, at reasonable times and
within reasonable limits and in a reason-
able manner, the facilities and procedures
within such area which are related to elec-
tronic product radiation safety. Each such
inspection shall be commenced and com-
pleted with reasonable promptness. In ad-
dition to other grounds upon which good
cause may be found for purposes of this
subsection, good cause will be considered
to exist in any case where the manufactur-
er has introduced into commerce any elec-
tronic product which does not comply
with an applicable standard prescribed
under this subpart and with respect to
which no exemption from the notification
requirements has been granted by the Sec-
retary under section 359(a)(2) or 359(e).

 

Continued
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Sec. 704(f) (1) A person accredited under sec-
tion 523 to review reports under section 510(k)
and make recommendations of initial classifi-
cations of devices to the Secretary shall main-
tain records documenting the training
qualifications of the person and the employees
of the person for handling confidential infor-
mation, the compensation arrangements made
by the person, and the procedures used by the
person to identify and avoid conflicts of inter-
est. Upon the request of an officer or employee
designated by the Secretary, the person shall
permit the officer or employee, at all reason-
able times, to have access to, to copy, and to
verify, the records.

Sec. 512 (l)(1) In the case of any new animal
drug for which an approval of an application
filed pursuant to subsection (b) is in effect, the
applicant shall establish and maintain such
records, and make such reports to the Secre-
tary, of data relating to experience and other
data or information, received or otherwise ob-
tained by such applicant with respect to such
drug, or with respect to animal feeds bearing
or containing such drug, as the Secretary may
by general regulation, or by order with respect
to such application, prescribe on the basis of
a finding that such records and reports are
necessary in order to enable the Secretary to
determine, or facilitate a determination,
whether there is or may be ground for invok-
ing subsection (e) or subsection (m)(4) of this
section. Such regulation or order shall provide,
where the Secretary deems it to be appropri-
ate, for the examination, upon request, by the
persons to whom such regulation or order is
applicable, of similar information received or
otherwise obtained by the Secretary.

(2) Every person required under this subsec-
tion to maintain records, and every person in
charge or custody thereof, shall, upon request
of an officer or employee designated by the
Secretary, permit such officer or employee at
all reasonable times to have access to and copy
and verify such records.

(b) Every manufacturer of electronic prod-
ucts shall establish and maintain such
records (including testing records), make
such reports, and provide such informa-
tion, as the Secretary may reasonably re-
quire to enable him to determine whether
such manufacturer has acted or is acting
in compliance with this subpart and stan-
dards prescribed pursuant to this subpart
and shall, upon request of an officer or
employee, duly designated by the Secre-
tary, permit such officer or employee to
inspect appropriate books, papers, records,
and documents relevant to determining
whether such manufacturer has acted or
is acting in compliance with standards
prescribed pursuant to section 359(a).

*******
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FORM FDA 482(9/00) PREVIOUS EDITION NOTICE OF INSPECTION
IS OBSOLETE

[Reverse of Form FDA 482]

The Secretary may by regulation (1) require
dealers and distributors of electronic products,
to which there are applicable standards pre-
scribed under this subpart and the retail prices
of which are not less than $50, to furnish man-
ufacturers of such products such information
as may be necessary to identify and locate, for
purposes of section 359, the first purchasers of
such products for purposes other than resale,
and (2) require manufacturers to preserve such
information. Any regulation establishing a re-
quirement pursuant to clause (1) of the pre-
ceding sentence shall (A) authorize such
dealers and distributors to elect, in lieu of im-
mediately furnishing such information to the
manufacturer to hold and preserve such infor-
mation until advised by the manufacturer or
Secretary that such information is needed by
the manufacturer for purposes of section 359,
and (B) provide that the dealer or distributor
shall, upon making such election, give prompt
notice of such election (together with informa-
tion identifying the notifier and the product)
to the manufacturer and shall, when advised
by the manufacturer or Secretary, of the need
therefore for the purposes of Section 359, im-
mediately furnish the manufacturer with the
required information. If a dealer or distributor
discontinues the dealing in or distribution of
electronic products, he shall turn the informa-
tion over to the manufacturer. Any manufac-
turer receiving information pursuant to this
subsection concerning first purchasers of
products for purposes other than resale shall
treat it as confidential and may use it only if
necessary for the purpose of notifying persons
pursuant to section 359(a).

Sec. 360 B.(a) It shall be unlawful — 

(1) ***

 

 

 

(2) ***

 

 

 

(3) … for any person to fail or to refuse to
establish or maintain records.

Sec. 360 B.(a) It shall be unlawful — 

(1) ***

(2) ***

(3) … for any person to fail or to refuse to
establish or maintain records required by
this subpart or to permit access by the Sec-
retary or any of his duly authorized rep-
resentatives to, or the copying of, such
records, or to permit entry or inspection,
as required or pursuant to section 360A.

***

Part G — Quarantine and Inspection

Sec. 361(a) The Surgeon General, with the
approval of the Secretary, is authorized to
make and enforce such regulations as in
his judgment are necessary to prevent the
introduction, transmission, or spread of
communicable diseases from foreign
countries into the States or possessions, or
from one State or possession into any other
State or possession. For purposes of carry-
ing out and enforcing such regulations, the
Surgeon General may provide for such in-
spection, fumigation, disinfection, sanita-
tion, pest extermination, destruction of
animals or articles found to be so infected
or contaminated as to be sources of dan-
gerous infection to human beings, and oth-
er measures, as in his judgment may be
necessary.
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Microorganisms of Concern for Food 

 

Manufacturing

 

If it don’t stink, stuff it!

 

 — A food plant employee

 

They go by many names: germs, bacteria, microorganisms, microbes, even
“bugs.” They have been the main focus of several Hollywood movies, includ-
ing 

 

The Andromeda Strain

 

, 

 

Outbreak

 

, and 

 

The War of the Worlds

 

 (in which they
were responsible for saving the human race). They have been on earth for
millions of years, longer than humans.

 

Microorganisms

 

Microorganisms are biological entities, and they can be a benefit or a poten-
tial hazard to humans and to the food manufacturing industry. Bacteria
represent the largest group of microorganisms [16]. Most bacteria are harm-
less; in fact some benefit humans by providing protection on the skin and
in nasal passages, and aid in the digestion process. Some are used in the
food industry for production of cultured items such as cheese, yogurt, and
fermented sausage. However, they can pose a threat to humans and to the
industry when they result in food-borne illness and food spoilage. Microbi-
ological contamination of food may result in product spoilage, reduction in
shelf life, or food-borne illness. It is important to study food-related micro-
organisms, with regard to growth needs and environmental requirements to
better understand their control mechanisms. Fortunately, the food scene has
evolved a great deal from the age of the dinosaurs, which truly believed that
if something did not stink it was OK to stuff it, to a science-based under-
standing of microorganisms that impact the food industry. The common
microorganisms that will be reviewed in this chapter, as they relate to foods,
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are indicator organisms, spoilage organisms, and pathogens. The focus will
be on understanding their functional needs as well as control, particularly
as it relates to sanitation.

What are bacteria? As stated before, they are living organisms of various
shapes and sizes that have the same basic needs as more complex organisms.
They all require food, moisture, and time for growth. However, different
organisms can survive a range of temperatures and have different oxygen
requirements for growth, a topic that will be reviewed in this chapter. Growth
of organisms involves several phases. The first is the lag phase, in which the
organism produces enzymes to reproduce, provided environmental condi-
tions are suitable. If the conditions are not suitable, no enzymes are pro-
duced. There is no change in the bacterial numbers at this point [19]. Bacterial
growth requirements will be covered in greater detail in the next sections.
During the second phase, or the log phase, bacterial reproduction begins;
the time between cell division is described as the 

 

generation time

 

. This time
depends on the environmental conditions [19]. Bacteria do not grow arith-
metically, that is, they do not grow from one cell to two cells to three cells.
Rather they grow geometrically, or by binary fission (Table 3.1), whereby
each cell divides so that one cell becomes two, two cells become four, four
cells become eight, and so on, until a colony of millions of cells can form [7].
Substantial growth of an organism can occur on a small, even microscopic,
mass of food. Under ideal conditions, cell division takes approximately
15 to 20 min; so if a food-contact surface has food material on it and becomes
contaminated with bacteria, it will not take long in a production shift for the
surface to bear millions of cells.

The final phase is the death phase, in which there is a decline in the overall
bacterial population. As bacteria grow and consume nutrients present in the
environment, their metabolism produces waste products. Over time these
waste products become toxic, resulting in cell intoxication and death [2].

 

TABLE 3.1

 

Illustration of Binary Cell Division
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Bacterial Requirements

 

Bacteria can be found almost everywhere in nature, and they come in various
sizes and forms. They have varying growth requirements as do more complex
living organisms. They all have basic needs of food, moisture, and time for
growth; however, some have different needs, which will also be discussed.

 

Moisture

 

Water activity (A

 

w

 

) is very important to bacterial growth, as all bacteria
require moisture. Food products contain varying amounts of water, and the
water activity of the product indicates the potential for microbiological
growth. It is important to note that water activity is not the same as moisture
percentage in a product. Percentage moisture is the total amount of water
in the product, whereas water activity is the amount of free water available
for bacterial growth. It is measured as the vapor pressure of solute over
vapor pressure of pure water. If pure water is expressed as a value of 1.0,
then water activity is measured as a percentage of pure water, and it is
generally expressed as a value < 1.0 (e.g., .93). A level of .95 or higher means
water is available for growth. The orders of water needs among organisms
are as follows: bacteria, highest; yeast and mold, lowest [4,15].

 

Temperature

 

The ideal growth temperature

 

 

 

range for most microorganisms is 40 to 140

 

°

 

F.
However, as previously mentioned, different bacteria have different growth
temperature requirements These are identified in Table 3.2.

 

TABLE 3.2

 

Bacterial Temperature Ranges

 

Growth Temperature
Range

Ideal Growth
Temperature Organism Examples

 

Psychrophiles –5–20

 

°

 

C
25–60

 

°

 

F
15

 

°

 

C
60

 

°

 

F

 

Vibrio

 

Psychrotrophs 0–35

 

°

 

C
32–95

 

°

 

F
24

 

°

 

C
75

 

°

 

F

 

Listeria monocytogenes,

 

 

 

Pseudomonas

 

, fungi
Mesophiles 15–48

 

°

 

C
59–118

 

°

 

F
37

 

°

 

C
98

 

°

 

F
Pathogens, 

 

Salmonella, 
Campylobacter

 

Thermophiles 40–70

 

°

 

C
104–158

 

°

 

F
55

 

°

 

C
130

 

°

 

F
Fungi, pathogens, 

 

Bacillus cereus, 
Clostridium

 

 

 

Source:

 

 From Frank, H.K., 

 

Dictionary of Food Microbiology

 

, Technomic Publishing Company,
Lancaster, PA, 1992, pp.
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Psychrotrophs and mesophiles are the greatest concern to the food indus-
try; theirs are the growth ranges for spoilage and pathogenic organisms.
Psychrotrophs grow well at refrigerated temperatures and best at room tem-
perature. These organisms can survive freezing but fail to grow above 90

 

°

 

F.
Mesophiles love moderate heat and grow at room temperature but grow best
as they approach body temperature. Mesophilic growth is slowed below 40

 

°

 

F
and above 140

 

°

 

F. Thermophiles are heat-loving organisms. These are impor-
tant factors in maintaining foods at temperatures that will least likely accel-
erate the growth of microorganisms, whether they are being stabilized after
the cooking process or being held at specific temperatures in cooking vessels.

 

Oxygen

 

Here again, different organisms have different oxygen requirements. Those
that require and grow best in an oxygen environment are referred to as 

 

aerobic
bacteria

 

. This group is represented in many of the spoilage and pathogenic
organisms. This is why some food items are vacuum-packaged, in which
case the air is removed from the package, or the oxygen is replaced by a
mixture of carbon dioxide (CO

 

2

 

) and nitrogen (N

 

2

 

) gas so as to inhibit the
growth of anaerobic bacteria. Food manufacturers who use this technology
have to be aware that by eliminating the growth of aerobic bacteria they
may be selecting for another group of bacteria referred to as 

 

anaerobes

 

. These
bacteria survive in an atmosphere in which there is little or no oxygen.
Unfortunately, they contain some of the most severe pathogens such as

 

Clostridium perfringens

 

 and 

 

Clostridium botulinum. 

 

A third category is a group
called 

 

facultative anaerobes

 

. These are organisms that can adapt to conditions
that may or may not include oxygen.

 

Differentiation

 

There are several means of differentiating between organisms including
shape, Gram staining, spore formation, and metabolism of nutrients. This
information can be helpful when identifying the organisms present in a food
processing operation and when designing control and elimination strategies
to protect the safety and quality of the food.

 

Bacteria Shapes

 

Bacteria appear as one of five basic cell shapes when viewed under a micro-
scope [16]. They are cocci or round, bacilli or rod shaped, spirilli, vibrio or
comma shaped, and filamentous.

 

Gram Staining

 

One of the means of differentiating between organisms is through the process
of Gram staining. Danish physician Christian Gram developed the procedure
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of Gram staining in 1884. The process is used to differentiate types of bacteria.
Gram-positive bacteria retain the crystal-violet stain, and Gram-negative
bacteria lose the crystal-violet stain, resulting in a red or pink appearance.
It is important to know this when considering the use of sanitizers as some
sanitizers are more effective against Gram-negative bacteria, whereas others
are more effective against Gram-positive organisms. Chapter 7 will cover
the application of sanitizers in greater detail.

 

Spore Formation

 

Resting bacterial cells, referred to as 

 

vegetative cells

 

, have an active metabo-
lism and may or may not be growing [15,19]. Some vegetative cells are
non–spore formers, mostly round or coccid organisms and many rods. Oth-
ers, including some rods can form spores. Spores are considered the resting
or dormant phase of the cell, similar to plant seeds [15]. Spores can survive
a wide range of conditions, including heat, cold, and chemicals, and subse-
quently serve as a contaminant that can cause problems if conditions become
optimal for growth.

 

Nutrient Metabolism

 

Organisms can also be categorized by the nutrients they metabolize. This is
demonstrated in Table 3.3 and can be useful depending on the product
manufactured.

 

Nonpathogenic Microorganisms

 

Another means of classifying bacteria is based on their ability to impact
humans by disease. The group of bacteria that causes disease in humans is
referred to as 

 

pathogens

 

, and they will be covered later in this chapter. Bacteria
that do not cause disease are referred to as 

 

nonpathogenic bacteria

 

 and may
also be called 

 

indicator organisms

 

 as they are used to indicate the levels of
cleanliness in a food manufacturing environment. Generic bacteria are found
almost everywhere in the environment. Many are vital to the equilibrium of
nature. Some aid in digestion, some protect our skin or nasal passages, and

 

TABLE 3.3

 

Nutrient Metabolism

 

Metabolic Category Nutrient

 

Proteolytic Break down proteins
Lipolytic Spoil lipid-containing foods
Saccharolytic Break down pectins
Amylitic Break down starch to sugars
Cellulytic Break down cellulose to simple 

carbohydrate compounds
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others are used in the manufacture of foods such as cheese, yogurt, and dry
sausage. For example, yeast is used in bread manufacturing to help the
dough rise. 

 

Lactobacillus delbrueckii

 

 subspecies 

 

bulgericus

 

 is used in the pro-
duction of yogurt, and their growth in the milk medium is under a controlled
environment. Even wine relies on bacteria; the unique and complex flavor
characteristic of sauterne is the result of 

 

Botrytis cinerea

 

 (also known as noble
rot) that forms on the vine root [2]. Some do not result in food spoilage but
are indicators of conditions that could support spoilage or the growth of
pathogenic organisms. These are referred to as indicator organisms, and they
include coliforms and generic 

 

Escherichia coli

 

. These are Gram-negative rod-
shaped enteric bacteria that can be found almost everywhere in the environ-
ment. They are typically aerobic but can be facultative. They may also be
considered as quality drivers; that is, the initial numbers of bacteria, types
of bacteria present, and the storage conditions of the finished product may
be indications of the product’s performance over its shelf life. Although they
may not result in food-borne illness, large numbers of coliforms are not
desirable in foods and may indicate that the production environment was
not sanitary. The majority of 

 

E. coli

 

 organisms are harmless enteric bacteria
from human or animal sources [18]. Although they may not cause disease,
they are used as indicators of possible enteric or fecal contamination. Generic

 

E. coli

 

 is used as a fecal indicator in water because of its survival period [17].

 

FIGURE 3.1

 

The complex and seductive flavors of sauterne and the tangy flavors of cheese and salami are
the result of controlled bacterial growth.
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Spoilage Organisms

 

Contamination of food products with many microorganisms does not result
in food-borne illness but may be the underlying cause of the spoilage of food
products, thereby resulting in products that are undesirable to eat. Although
this group of organisms is easily eliminated through cooking, they are
responsible for spoilage of product in the refrigerated state. This group can
include the following:

Yeasts: These are unicellular organisms that also fall in the category of
fungi (but not bacteria). They are round to oval in shape, nonmotile,
have no chlorophyll, and are widely distributed in nature [16]. They
reproduce by budding or spore formation. Most are not pathogenic,
but because they live on sugar and starch, spoilage of foods through
a fermentative process can result. They produce CO

 

2

 

 and alcohol,
which aids in production of bread dough, beer, and vinegar, but
spoils jelly, honey, and syrup [16].

Mold: This is a multicellular organism also referred to as fungi (not
bacteria). It is nonmotile and filamentous [16]. It can be useful in the
production of soy sauce and some cheeses. It grows best at room
temperatures and can grow under refrigeration. Mold growth results
in filaments or hyphae, which, as they mass, become the visible
presence of mold, or mycelium, which spreads across food. Spores
from mold travel on air and can form new colonies where they land
[15]. Mold is generally not harmful unless it forms mycotoxins.
Mycotoxins are secondary metabolites of fungi and are the result of
the natural metabolic outcome of typical food mold genera 

 

Aspergil-

 

FIGURE 3.2

 

Mold formation on food.
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lus

 

, 

 

Penicillium

 

, and 

 

Fusarium

 

 [24]. They are resistant to heat and can
be harmful to animals. Some mycotoxins such as aflatoxin, which is
a by-product of the 

 

Aspergillus flavus

 

 mold found on peanuts, may
be carcinogenic to humans [6]. Yeast and mold are not typically
factors in meat spoilage but can be factors in other foods [19].

Pseudomonads: These are a common food spoilage organism, especially
on the surface of ground meat. They are Gram-negative obligate
aerobic rods and psychotropic. They are water loving. They are not
associated with food-borne illness but are responsible for slime for-
mation, off-odor, off-color, and greening in meat. They can cause
cellular greening. Two specific subspecies of particular concern to
food manufacturing are the following:

 

Pseudomonas flourescens

 

, found in water, soil and, animal intestinal
tracts. They can result in off-flavor and off-odor, green rot, or
bluish cast.

 

Pseudomonas fragi

 

, found on the surface of meat, in milk, and on
eggshells. They can result in off-color and off-odor [2].

 

Pathogens

 

Pathogenic bacteria make up a class of microorganisms that have been asso-
ciated with human food-borne illness. They can result in sickness, hospital-
ization, and fatality, product recall, liability, and loss of business. For this
reason they are of great concern to the consuming public, the food industry,
and regulatory agencies. Specific pathogenic organisms that have been most
often associated with illness and thus labeled as organisms of public health
concern are 

 

Listeria monocytogenes, Salmonella, E. coli

 

 O157:H7, 

 

Staphylococcus
aureus

 

, 

 

Campylobacter,

 

 and 

 

Clostridium

 

 organisms. Others of concern include

 

Bacillus cereus

 

, 

 

Yersinia enterocolitica

 

, viruses, and parasites. All will be
detailed in the following subsections.

 

Listeria monocytogenes

 

Listeria

 

 is a Gram-positive, rod-shaped bacillus, non–spore forming and
motile. It is facultative, meaning that it can live in an aerobic (with oxygen)
environment or adapt to an anaerobic (without oxygen) environment. It is
often referred to as a ubiquitous organism, meaning it is found throughout
the environment [1]. 

 

Listeria

 

 is commonly found in humans, soil, animal
feces, and raw vegetables and cheeses made from raw milk. There is a high
incidence rate in raw meat and poultry [12]. The pathogenic form, 

 

Listeria
monocytogenes

 

, is readily found in raw meats. It is more heat resistant than
other pathogens but is destroyed by cooking. Because of the ubiquitous
nature of 

 

Listeria

 

 in the environment, it is particularly challenging to control
in food manufacturing operations as it can grow in a wide range of condi-
tions. The organism grows in a temperature range from 32 to 113

 

°

 

F and

 

4197_book.fm  Page 60  Tuesday, April 18, 2006  12:45 PM

Copyright © 2006 Taylor & Francis Group, LLC



 

Microorganisms of Concern for Food Manufacturing

 

61

 

FIGURE 3.3

 

The dark shading on this filled pasta is the result of 

 

Pseudomonas

 

.
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survives freezing, although it will stop growing below 31

 

°

 

F. 

 

Listeria

 

 can grow
in a pH range from 5.2 to 9.6, is salt tolerant between 5 and 10% and has a
water activity (A

 

w

 

) > .93. Because of the significance of 

 

Listeria monocytogenes

 

in the food industry, a chapter has been devoted to its control. Control of

 

Listeria monocytogenes

 

 is covered in greater detail in Chapter 4.

 

Salmonella

 

Salmonella 

 

is a genus of the family Enterobacteriaceae and is a Gram-negative,
facultative aerobic rod with flagellate motility. These, too, are intestinal bac-
teria often found in the fecal material of birds, livestock, and pets, but also
are ubiquitous in dirt. There are over 2200 serotypes, and all are known to
cause disease in humans, but the two most common are 

 

S. typhi

 

 and 

 

S.
paratyphi

 

. It survives at pH levels of 4 to 8 and water activity greater than
.94. Growth temperature range is 41 to 115

 

°

 

F [19], and it will survive freezing.
It is generally not an environmental contaminant like 

 

Listeria

 

; however, con-
trol involves separation between raw and cooked. The disease is called

 

salmonellosis

 

, and it can affect all humans regardless of age, sex, or health
status. The symptoms include headache, nausea, abdominal pain, vomiting,
and nonbloody diarrhea.

 

Escherichia coli O157:H7

 

This is a strain of 

 

Escherichia

 

 

 

coli

 

 bacteria most often found in the intestinal
tract of cattle. It is a Gram-negative rod and a facultative aerobe. It grows
optimally at 50 to 108

 

°

 

F, pH above 4.5, and A

 

w

 

 < .92 [19]. Human illness is
caused by the verotoxins produced by the organism, and the result is as

 

FIGURE 3.4

 

Contamination of foods by 

 

Salmonella

 

 may lead to severe illness.
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serious as bloody diarrhea or as severe as a condition called hemolytic uremic
syndrome, or HUS. HUS is characterized by failure of the kidneys and often
results in the need for dialysis, and may be fatal. It is believed that as few
as ten organisms can cause illness in humans through colonization of the
intestinal tract. Transmission of 

 

E. coli

 

 O157:H7 is through three distinct
sources: undercooked hamburger, cross-contamination from raw beef, or
from vegetables fertilized with unprocessed cow feces. It is an adulterant in
raw ground beef; therefore, ground beef needs to be fully cooked to 160

 

°

 

F
for safety.

Staphylococcus aureus

Staphylococcus aureus is a facultative non-spore-forming aerobe. It is coccid
in shape, and appears as grape-like clusters when magnified. The organism
is killed by cooking but produces heat stable enterotoxins, which cause a
large number of food-borne illnesses [3]. The toxin is destroyed during heat
treatment in canning operations. Staphylococcus grows at temperatures
between 44 and 115°F, pH > 5.2, and has low moisture needs (aw of .86) for
growth [19]. Overall, Staphylococcus is a poor competitor but can be hazard-
ous if introduced at a post-lethality stage in which there are few competitors.
Sources of this organism are the human nose or throat discharge, infected

FIGURE 3.5
E. coli O157:H7 contamination of foods such as ground beef and raw vegetables has led to
severe illness or death.
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cuts or wounds, burns or boils, and pimples. Hands are a common mode of
transmission; hence the importance of hand washing. It is present in low
numbers in raw meat. Presence is not as important as the numbers of organ-
isms from growth. It requires high numbers (106) to produce toxin [19], and
this is often an indication that the material has been time- and temperature-
abused [11]. Testing of raw incoming meat for Staphylococcus can be used as
a measure of supplier good manufacturing practices (GMPs). Food-borne
illness caused by this organism is often associated with high-protein foods
that have been “rewarmed.”

Campylobacter

Campylobacter is a Gram-negative, spiral-shaped, microaerophilic (low oxy-
gen requirements) organism that grows best around 86 to 117°F. Minimum
pH for growth is 4.9, and minimum Aw is .98. It is an enteric pathogen of
warm-blooded animals, but is an organism of concern in raw poultry. Cook-
ing kills it, and illness is usually the result of undercooking or cross-contam-
ination. It is suspected to be one of the most common causes of food-borne
illnesses; fortunately, infections in humans are rarely fatal [6].

Bacillus cereus

Bacillus cereus is a Gram-positive spore-forming rod. This organism is a
facultative obligate aerobe, grows ubiquitously in the environment, and has
low acid tolerance. Bacillus cereus is associated with a low incidence rate of
food-borne illness, and it generally occurs in foods, especially rice, held in
warming trays, and it is controlled through proper cooking and chilling [6].

Yersinia enterocolitica

Yersinia enterocolitica is a Gram-negative bacillus associated with water and
foods. It is a robust organism that survives alkaline pH, is tolerant to salt,
and withstands freezing. It is not a psychrophile but can grow down to
temperatures of 40°F. Heating to a sufficient temperature for lethality and
rapid stabilization through chilling will control growth.

Clostridium

The two clostridia associated with foods are Clostridium botulinum and
Clostridium perfringens. Clostridium botulinum is a Gram-positive straight-to-
curved motile rod. It grows best between 38 and 115°F at a pH above 4.7
and Aw above .94 [19]. It is a strict anaerobe, ubiquitous in nature, especially
in soil, and produces a heat-resistant spore that produces a toxin (but has
the potential to produce eight different toxins) that impacts neurological
processes in humans through botulism intoxication. This is typically not an
organism that is associated with sanitation; rather, it is a function of under-
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processing, i.e., because of failure to follow cooling stabilization in cooked
products, especially in home canning operations. Fortunately, C. botulinum
intoxication is rare; however, mortality is high and therefore must be con-
sidered a severe hazard.

Clostridium perfringens are Gram-positive anaerobic spore-forming rods.
Growth is between 59 and 122°F, above pH 5.5, and Aw .95 [19]. They are
one of the leading causes of food-borne illness, it can grow to large numbers
of vegetative cells under proper growth conditions that support germination
of the spore state. This organism is often found in raw food products and
survives cooking; however, temperature abuse increases growth. Further, it
is controlled by proper post-lethality chilling (stabilization).

Viruses

Viruses are obligate intracellular parasites. They require a living host so that
they can invade living cells and begin replication. As such, they do not grow
well in foods. However, viruses such as Hepatitis A and Norwalk are con-
cerns in the food industry, specifically the food service industry. Viral spread
is usually through the fecal–oral route, which means that they can be spread
as a result of poor GMPs (not washing hands after using the restroom) or
through sneezing and coughing by infected persons [24]. They can also be
transmitted through contaminated seafood and shellfish. Hepatitis causes
liver infection and results in nausea, fever, and jaundice, but fortunately it
is rarely fatal. Norwalk is the most common food-borne virus and is spread
by contaminated water or person-to-person. The most effective means of
control are GMPs (covered in Chapter 9), hand washing, and by not allowing
infected individuals to work around food [6].

Bacterial viruses are known as bacteriophages, and they are widely dis-
tributed in nature. They are composed of DNA and RNA as well as several
proteins. They do not reproduce by binary fission; rather they attach them-
selves to host organisms and deposit their nucleic acid. Many phages then
form inside the host and are subsequently released. These continue the
process by inoculating more cells. These viruses can be a problem especially
for cultured dairy products as they can result in failure of the starter culture.
They are controlled through sanitation and GMPs [15].

Parasites

Parasites are not generally related to improper food plant sanitation and are
rarely a problem in the U.S. The most familiar parasite is Trichinella spiralis,
or trichina, a roundworm found in pork. If undercooked pork is consumed,
trichina infects the muscle tissue of the host. However, common freezing
practices render raw pork trichina free, and the parasite is killed by cooking.
Other parasites include amoeba (water), toxoplasma (cat feces), and giardia
(water); however, they are rarely associated with food consumption in the U.S.
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Food-Borne Illness

Food-borne pathogenic organisms cause illnesses by two different means.
The first is through bacterial intoxication, ingestion of food containing a toxin
formed by bacteria. In the cases of illness associated with Staphylococcus
aureus or C. botulinum, it is the toxin that causes the illness. The second is
through bacterial infection, in which ingested live bacteria grow and cause
illnesses [3]. The number of cells required to cause illness is referred to as
the infectious dose, and the number required may vary depending on the
specific organism. Listeria monocytogenes has a relative low infectious dose
in susceptible individuals, Salmonella has a variable infectious dose, and
E. coli O157:H7 has a low infectious dose [19].

One of the most frustrating calls that can come into a food plant or com-
pany is a consumer calling to report an illness. Although many individuals
believe food-borne illness is caused by the last thing eaten or always the
result of eating meat products, this is not necessarily the case. Illness may
be caused by a variety of foods that are not of animal origin. It is always a
good idea to treat each call seriously and have a call line or customer service
to log illness calls. Because a food-borne illness outbreak is described as an
incident in which two or more people experience a similar illness after the
ingestion of a common food, the logged illness calls should be tracked for
follow-up. It is also helpful for the person taking the call to understand the
symptoms to aid in identification. Table 3.4 illustrates the illnesses caused
by pathogens, the onset time, and symptoms associated with the disease.

This information is not intended to be used for the purpose of diagnosis,
which only a doctor should do. It is intended to be used as a means of
classifying information coming from customer calls.

Microbiological Control Methods

Control of spoilage or pathogenic microorganisms in a food manufacturing
operation requires many steps, and is often referred to as a multiple-hurdle
approach. This means that many strategies will be employed primarily to
prevent microorganisms from entering the facility, establishing themselves
in the facility, or growing if they become established. It also involves elim-
ination of the organism from ingredients and prevention of post-lethality
process recontamination. There are formulating measures that can be fol-
lowed to affect the pH, moisture level, especially water activity, salt level,
and use of inhibitory ingredients such as sodium nitrite and potassium
lactate and sodium diacetate. In addition, there are packaging strategies such
as vacuum packaging, gas back flush and use of oxygen scavengers to
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prevent growth of bacteria that may be introduced at the post-lethality stage.
Also, there are post-packaging treatments such as hot water, steam, or pres-
sure post pasteurization that are effective in destroying bacteria present in
the food package. These measures are all effective and part of a comprehen-
sive food safety system. To some extent these measures assume that bacteria
are present in the post-lethality finished product. This section will focus on
some of the measures to be employed by food facilities to enhance sanitation
and prevent contamination of food products at the post-lethality stage and
into packaging.

Incoming Ingredients

Ingredients used in food manufacturing can be a source of microbiological
contamination, and the hazards vary by the ingredient source. As an exam-
ple, meat and poultry raw materials, or raw materials from other animal
sources, have a higher association with both spoilage and pathogenic organ-
isms. Raw vegetables are also a source of microorganisms [5]. Even if veg-
etables are blanched, they may still be a source of microorganisms as the
blanching process is only designed to control enzyme activity, not bacteria,
and the vegetables may be exposed to post-blanching contamination. Con-

TABLE 3.4

Common Food-Borne Illnesses: Onset and Symptoms

Organism (Illness)
Time to
Onset Symptoms

Listeria monocytogenes 
(Listeriosis)

7–30 d Fever, nausea, headache, meningitis-like symptoms, 
septicemia. Can be fatal if not treated promptly.

Salmonella 
(Salmonellosis)

1–4 d Nausea, fever, abdominal pain, nausea, diarrhea, 
dehydration.

E. coli O157:H7 2–10 d Cramps, fever, vomiting, profuse watery diarrhea. The 
disease can proceed to hemolytic uremic syndrome 
(HUS), which can result in kidney failure and the need 
for dialysis.

Staphylococcus aureus 1–6 h Nausea, vomiting, diarrhea, cramps.
Campylobacter 
(Campylobacteriosis)

3–5 d Fever, nausea, vomiting, abdominal pain, diarrhea.

Bacillus cereus 
(food poisoning)

1–16 h Emetic — nausea, vomiting, sometimes diarrhea.
Diarrheal — diarrhea, cramps, sometimes vomiting.

Yersinia enterocolitica 
(gastroenteritis)

1–3 d Fever, diarrhea, and abdominal pain. Appendicitis-like 
symptoms.

Clostridium botulinum 
(Botulism)

12–36 h Fatigue, weakness, double vision, slurred speech, 
respiratory distress. Usually fatal if not treated.

Clostridium perfringens 
(food poisoning)

8–22 h Diarrhea, cramps, sometimes nausea and vomiting.

Source: From Imholte, T.J. and Imholte-Tauscher, T.K., Engineering for Food Safety and Sanitation,
Technical Institute of Food Safety, Medfield, MA, 1999, pp. 4–6; and Katsuyama, A.M., Principles
of Food Processing Sanitation, Food Processors Institute, 1993, pp. 65, 77. Washington, D.C.
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versely, dry ingredients such as salt or low-acid canned ingredients are not
a significant source of either spoilage or pathogenic organisms [5].

Testing of finished product for spoilage organisms or pathogens is only
one tool in verifying quality or safety; however, it is not an effective means
of ensuring quality and safety. The focus of microbiological analysis should
be on components, rather than on finished product, to ensure that ingredient
supplier processes are under control and that product contamination is pre-
vented. Using ingredient hazard analysis, a company can set up microbio-
logical risk categories for each of the ingredients that it uses in its operation.
All ingredients will be identified for level of microbiological sensitivity based
on potential hazard, history, composition, ingredient source, and the prod-
uct/process in which the ingredient is used. Once this is done, the company
can establish the requirements for supplier testing and certificate of analysis
(COA) information as well as internal needs to evaluate incoming raw mate-
rials. This will include the frequency with which the ingredients are ana-
lyzed, the analysis required, and how the results will be used. Ingredients
will be tested to verify that they will not contribute to product contamination
and that supplier processes provide conforming ingredients. Disposition of
nonconforming ingredients, or nonconforming suppliers will be identified
in the procedure. The following are recommended steps to developing the
procedure:

1. Develop the criteria for ingredient hazard categories and assign
ingredients to each category. Quality Assurance might use prior
analysis results, supplier data, or scientific literature to assign micro-
biological hazard categories according to the following risk criteria:
a. Category 0: No implication of source of spoilage or harmful

microorganisms due to source or processing (i.e., salt, commer-
cially sterile canned sauce, and starch).

b. Category 1: Minimal potential source of spoilage or harmful
microorganisms; end user will apply terminal process step or
sufficient heat treatment (e.g., IQF eggs, blanched vegetables,
spice, breaders, batters, flour, and tortilla).

c. Category 2: Sensitive ingredients based on historical evidence
suggest presence of spoilage and pathogenic organisms, but they
will be sufficiently cooked during processing to eliminate micro-
biological hazard (e.g., raw meat and poultry, raw bacon, and
raw eggs).

d. Category 3: Ingredients with moderate spoilage or harmful mi-
croorganism potential not minimized by process (e.g., natural
cheeses, unblanched vegetables, and minimally processed fruits).

e. Category 4: Sensitive ingredients used in ready-to-heat/eat prod-
ucts, but may not receive a lethal heat treatment, or have a history
of association with food-borne illness. Young children and the
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aged or infirm, who may be susceptible to low pathogen doses,
might consume these products (e.g., cooked meat and poultry,
dried/fermented sausage, and cooked bacon).

2. Establish sampling criteria for each hazard category based on the
hazard and how the ingredient is used in the finished product. As
an example of how this could be applied, natural cheese might fall
into Category 1 if it is used in a product that receives a lethality step
such as a pocket-type sandwich or a burrito. However, the same
cheese might fall into Category 3 if it is used in a product that does
not receive a lethality step, such as an entrée that relies on the end
user to fully heat the product. For the most part, the sampling in
this step will be used to measure supplier performance rather than
as accept/reject criteria because most of the testing will be conducted
at the time of receiving the product; the delay in obtaining the results
will not make it practical to use these as a means of rejection. How-
ever, the results can be used to provide the suppliers feedback on
how well they are performing and as criteria for a certification pro-
cess. Examples of categories and COA and plant-testing require-
ments are as follows:
a. Category 0: No samples required, no COA required.
b. Category 1: Sample new ingredient or new supplier with initial,

probationary shipments, COA requested with each shipment.
Sample annually as verification of the supplier’s continued per-
formance. Collect one sample from each code date in a shipment
and composite to one sample. Analyze for aerobic plate count
(APC), coliform, generic E. coli, yeast, and mold, depending on
the ingredient and potential for these organisms.

c. Category 2: Sample initially probationary shipments for supplier
(or new establishment from approved supplier) and quarterly as
verification. COA requested with each shipment. Sample each
date code received and analyze composite. Analyze for APC,
coliform and generic E. coli, and S. aureus (in raw meat to be
tempered or held at ambient temperature).

d. Category 3: Sample initial probationary shipments for new sup-
plier and then every fifth shipment if the initial samples are in
specification. A COA should be required with each shipment.
Collect one sample from each date code in the shipment and
composite for analysis. Analyze for APC (except natural cheese
products), coliform, generic E. coli, yeast, and mold. Again, the
organisms selected for analysis will depend on the material and
how it is used in the finished product.

e. Category 4: These represent the most sensitive of ingredients, so
it is recommended that these suppliers pass prequalification re-
quirements and an initial food safety and quality audit by QA
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or a third-party auditor. Some of the prequalification require-
ments will be a written GMP program, written SSOPs, well-
documented hazard analysis critical control points (HACCP)
plan, and an environmental sampling plan for Listeria. Sample
initial probationary shipments, then sample quarterly to verify
continued control. A COA is required with each shipment. If
there is no COA or no testing by supplier, the plant will test every
load. Collect one sample from each date code, composite and
analyze. Analyze for APC (except fermented sausage and natural
cheese products), coliform, generic E. coli, yeast, mold, Salmonella,
and Listeria. S. aureus may be run on pepperoni or other ferment-
ed product. The supplier COA should reflect analysis for the
same organisms as listed in (b) above. If the plant decides that
pathogen testing is required for Category 4 ingredients, notify
those suppliers that their products will be tested for the indicated
pathogens if the supplier does not agree to test for them. If the
plant tests for pathogens, make certain that the lot tested was
not previously used by the plant in product that has been
shipped; otherwise a positive pathogen finding will subject that
product to recall.

3. Develop a list identifying supplier status (i.e., approved, conditional,
or rejected) for Category 4 ingredients. Inform Purchasing and R&D
if supplier status should change.
a. Require Purchasing to only buy ingredients from approved sup-

pliers, utilizing the approved specifications. Request specifica-
tions for new ingredients from suppliers along with a COA.
(Note: COAs should be requested by Purchasing. If they are not
received, the supplier’s liability for out-of-specification ingredi-
ents is not reduced. Lack of a COA does not limit the use of the
ingredient by the plant.)

b. Ensure that new suppliers provide a General and Continuing
Letter of Guarantee before ingredients are received. Corporate
Purchasing maintains the letter of guarantee file. It will be made
available to plants for the purpose of audits or regulatory review.
The letter of guarantee is assurance from the supplier that the
ingredient is not adulterated within the meaning of the Pure
Food, Drug, and Cosmetic Act. Ingredients will not be received
in the plant unless Purchasing has a letter of guarantee from the
supplier. Implement ingredient-testing protocols. Maintain a
data history of supplier performance to determine supplier cer-
tification status. All ingredient lots tested for pathogens are to be
placed on QA hold and not used in production until testing is
complete. Procedures must be in place to ensure that ingredient
lots previously used in production are not pathogen-tested. The
QA manager will evaluate plant analysis results in comparison
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to the COA received. Results that are out of specification for
pathogens in Category 3 and 4 ingredients that do not receive a
lethal treatment will result in rejection and return of the material
to the supplier. The supplier will be notified immediately by
phone of the rejection and follow-up with a supplier corrective
action report (SCAR) form within 12 h. If the incident is a third
nonconformance, the supplier will fall into rejection status and
cannot be used for future purchases. Results that are out of spec-
ification for spoilage organisms will be accepted for use if they
are to be used in a cook process, provided the ingredient meets
quality and regulatory (labeling, nutrient) requirements. Ingre-
dients used in cold blend products will be rejected if out of
specification. Notify the supplier immediately by phone and fol-
low up with a SCAR form. If the incident is a third nonconfor-
mance, the supplier will be contacted by Purchasing and QA to
determine the source and correction of the problem.

c. Require that R&D source ingredients, including ingredients for
plant test runs, only from approved suppliers.

4. Annually reevaluate ingredient status to determine the need to
change categories. Ingredients may change categories as history or
use factors change.

Implementation of a thorough ingredient evaluation process can help pre-
vent entry of contaminated materials into the plant and allow the plant to
determine how they will be handled to prevent further contamination or
growth of any organisms that may be present.

Sanitary Design and Materials

Sanitary design of the facility and equipment are covered in greater detail
in Chapter 6. This is an important part of the microbiological control
process in that it makes it easier to clean equipment, helps keep it clean
during production, and prevents conditions that can contribute to product
contamination.

In addition to equipment design to control microorganisms, there are
materials available to industry that provide an added measure of microbio-
logical control. These include equipment using antimicrobial stainless steel
material that contains silver ions to control surface bacteria as well as prevent
the formation of biofilms, and antimicrobial belting material. In addition,
there are antimicrobial flooring materials. It should be understood that use
of these materials is part of a multiple-hurdle approach that includes sani-
tation as the primary means of control. To be effective, these surfaces must
still be cleaned. If the surface is not clean or if films form, bacteria to be
controlled will not contact the antimicrobial surface. Another recent innova-
tion is the use of the antimicrobial agent chlorine dioxide in packaging film
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to provide extended lethality. It may be used for meat and poultry, seafood,
and fruits and vegetables [23].

Lubricants are used on food plant processing equipment to protect metal
equipment from excessive wear. In the process of equipment movement, the
lubricant may come in contact with the product depending, especially, on
the lubrication point’s proximity to the product stream and the amount of
lubricant applied. For this reason, the lubricants used must be food-grade.
In the event that the lubricant does make its way into the product, it is
limited by the FDA to 10 ppm [8]. If non-food-grade lubricants are used,
FDA has zero tolerance for contamination. The National Sanitation Foun-
dation International (formerly USDA) designation for food-grade lubricant
is H1. In addition to using food-grade lubricants, as part of a multiple-hurdle
strategy for microorganism control, the use of lubricants with antimicrobial
agents, such as sodium benzoate, is recommended. These agents either
control the microorganisms through inhibition of further growth or with
knockdown capability [9].

Sanitation

Food plant sanitation is covered in greater detail in Chapter 7. However,
sanitation of the facility and equipment cannot be overemphasized. Starting
the production day with clean equipment and maintaining sanitary condi-
tions during operations will help protect the product from disease-causing
and spoilage organisms, harmful chemicals (i.e., allergens), and foreign
material. Effective sanitation will also aid in the prevention of the formation
of biofilms. Biofilm formation and control will be discussed in Chapter 5.

Microbiological Testing and Validation

Microbiological testing of the food manufacturing environment can be a
valuable tool in ensuring product safety. Environmental testing such as
verification of sanitation will be covered in greater detail in Chapter 8. It is
important to emphasize that microbiological testing must be based on sound
science and not random testing for the sake of testing. The plant must use
the data generated to evaluate the effectiveness of the microbiological control
strategies implemented.

Good Manufacturing Practices

Once the plant is clean, it is very important that employees and visitors
follow basic GMPs to prevent contamination of clean surfaces. Although
GMPs can prevent chemical and physical contamination of product, they
can be most effective for microbiological control [22]. The focus from a
microbiological control standpoint will be on raw and cooked food separa-
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tion, hand washing, employee dress, and disease control. Basic GMPs are
covered in greater detail in Chapter 9.

Pest Control

Pests such as rodents, insects, and birds can be a source of microbiological
contamination in the food plant through their excreta and the parasites they
carry. As part of an effective microbiological program, pests must be
excluded and eliminated. Standards for an effective pest control program
are covered in greater detail in Chapter 10.

Employee Education

The importance of educating and training plant employees cannot be over-
looked in regard to microbiological control. All plant personnel must under-
stand their role in preventing microbiological contamination of products. As
with many plant programs, this begins with the plant manager, who must
be relied on to support the microbiological control programs enumerated by
corporate or plant QA. It includes the purchasing group buying from
approved suppliers and the engineering/maintenance department employ-
ing sanitary design features in the facility and the equipment. The sanitation
department personnel must understand their critical role in eliminating
microorganisms through standard sanitation practices, and all employees
must participate using GMPs to prevent bacterial contamination.

An understanding of microorganisms, their growth needs, and their con-
trol is an important first step in preventing their entry into food products.
Prevention of contamination is the most important step in production of
safe, wholesome food products and is much more effective than detection
of microorganisms in finished products.
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Control of Listeria in Food Manufacturing

 

Don’t worry, 

 

Listeria

 

 floats in water so when we rinse off the equipment,
the 

 

Listeria

 

 will just float away and down the drain!

 

 — A food plant employee

 

Listeria

 

There are eight identified species of 

 

Listeria (L. dentrificans, L. grayi, L.
innocua, L. ivanovii, L. murrayi, L. seeligeri, L. welshimeri, 

 

and

 

 L. monocytoge-
nes)

 

; however, only one species, 

 

Listeria monocytogenes

 

, has been determined
to be a human pathogen. The severity of contamination by 

 

L. monocytogenes

 

in foods, and listeriosis, the disease it causes, have been well documented.
The first report of food-borne illness from 

 

L. monocytogenes

 

 was in Canada
in 1981. About 41 people became ill and 18 died after consuming contam-
inated coleslaw [1]

 

.

 

 One of the earliest cases of listeriosis investigated in
the U.S. involved contaminated milk in Massachusetts, infecting 49 people
and resulting in the deaths of 14. A second 

 

L. monocytogenes

 

–related food-
borne illness in the U.S. involved Mexican-style soft cheese in Southern
California in 1985. The presence of 

 

L. monocytogenes

 

 in the cheese resulted
in the deaths of 39 people [1] [3]. Subsequent to these cases, there have been
well-publicized cases of listeriosis and product recall in various ready-to-
eat (RTE) meat and poultry products. Some of these cases led to severe
illness and death, whereas others led to very expensive product recalls.

 

Listeria

 

 was the leading cause of food recalls in 1999–2000 and, as a result,
there is zero tolerance for 

 

L. monocytogenes

 

 in RTE foods. Its presence in RTE
foods is considered adulteration, and product in distribution is subject to
recall or seizure.

Fortunately, the incidence of listeriosis has declined as a result of the food
industry’s taking significant action to reduce entry of the organism into
manufacturing plants, improvement in sanitation practices, and prevention
of post-lethality product contamination. Much of this is due to the large
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numbers of recalls in the late 1980s through the 1990s and the attention that
the organism and the disease it causes received from the industry and reg-
ulatory agencies. As a result of the actions taken, the rate of infection decline
is approaching the goal of 50% reduction to less than 2.5 million cases in
2005 [24]. Because 

 

Listeria

 

 is a ubiquitous organism, meaning that it is found
almost everywhere, it is unlikely that manufacturers will be able to com-
pletely eliminate it from the manufacturing environment. However, through
specific steps they can manage and control 

 

L. monocytogenes

 

, thus preventing
its entry into their food products.

 

Requirements

 

The requirements of the organism are identified in greater detail in Chapter
3. 

 

Listeria

 

 is a Gram-positive, rod-shaped bacillus, non–spore forming and
motile. It is facultative, meaning that it can live in an aerobic (with oxygen)
environment or adapt to an anaerobic (without oxygen) environment. 

 

Listeria

 

commonly occurs in humans, soil, animal feces, and raw vegetables and
cheeses made from raw milk. There is a high incidence rate in raw meat and
poultry. The pathogenic form, 

 

L. monocytogenes

 

, is readily found in raw
meats, anywhere from 16 to 92% in various studies (Figure 4.1). It is more
heat resistant than other pathogens but is destroyed by cooking. However,
it is particularly challenging to control in food production, because it can
grow in a wide range of conditions. The organism grows in a temperature
range from 32 to 113ºF and survives freezing, although it will stop growing

 

FIGURE 4.1

 

Listeria monocytogenes

 

 is the only species that is pathogenic to humans.
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below 31ºF. 

 

Listeria

 

 can grow in a pH range from 5.2 to 9.6, is salt tolerant
between 5 to 10% and with a water activity (A

 

w

 

) >.93.
Transmission of 

 

Listeria

 

 (where referred to as 

 

Listeria

 

, the species is 

 

L. mono-
cytogenes

 

) includes raw material, biofilms on equipment, aerosols, the envi-
ronment, and people (7 to 25%) [4]. Kill steps for 

 

Listeria

 

 are sufficient thermal
application for lethality as indicated in USDA Appendix A; the application
of temperature over time needs to be sufficient for a 5 to 7 log reduction to
provide a good safety margin. 

 

Listeria 

 

is less heat resistant than 

 

Salmonella

 

;
however, both have increased tolerances in a high-fat system. It is post-
lethality contamination that has posed a problem for the food manufacturing
industry, particularly in RTE meat and poultry products. In these products

 

Listeria

 

 is considered to be an adulterant, meaning that the product is subject
to disposal by the producer or to recall if the product is in distribution.

 

Listeriosis

 

As indicated before, the incidence of listeriosis in humans has declined in
the last several years through the actions of the food industry and, in part,
to the actions of the federal government, from regulations and requirements
by the U.S. Department of Agriculture (USDA) for disease monitoring by
the Centers for Disease Control and Prevention (CDC). Surveillance of list-
eriosis by CDC occurs through PulseNet and Food Net. These two systems
facilitate information sharing between public health laboratories on the
genetic fingerprints of strains isolated from all over the country [26]. Through
this information sharing, the laboratories are able to differentiate between
isolated incidents of listeriosis and possible outbreaks with a common
source. This, then, provides a scientific tool to identify situations in which
adulterated product should be removed from the consumer market through
recall. It also provides the ability to connect product from an outbreak to the
specific source by matching the genetic identity. This means that the manu-
facturing plant can swab the facility and fingerprint any swab samples that
test positive for 

 

L. monocytogenes

 

. If any of the fingerprints match that of the
genetic material from the adulterated product, the plant has a better idea of
the source and can focus its attention on elimination or control of the source.

As indicated in Chapter 3, food-borne pathogenic organisms cause ill-
nesses in two different ways. Listeriosis occurs through bacterial infection
when there is ingestion of food adulterated with live bacteria. 

 

L. monocyto-
genes

 

 has a relatively high infectious dose in healthy individuals, but it has
a relatively low infectious dose, possibly less than 1000 cfu/g [27] in “at-
risk” or susceptible individuals [19]. Susceptible individuals are the very
young and the very old, people with compromised immune systems
(i.e., those with AIDS or cancer patients undergoing chemotherapy), and
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pregnant women. Symptoms of the disease include fever, chills, abdominal
pain and nausea, and diarrhea and headache [11]. As the disease progresses,
it may mimic meningitis and can result in a toxic blood condition called

 

septicemia

 

 [5]. What is most hideous about the disease is the impact it may
have on pregnant women; because it can cross the placental barrier, the fetus
is at risk and the infection can result in spontaneous abortion or stillbirth.
Onset of the disease can be between 7 and 30 d from initial exposure, which
may make it difficult to identify the specific source of infection.

 

Listerial Harborage and Contamination

 

Because of the ubiquitous nature of 

 

Listeria, 

 

it is continually finding its way
into food manufacturing environments [14]. For this reason, management of

 

Listeria

 

, especially in RTE food operations, involves a recognition of areas
where 

 

Listeria

 

 can harbor and grow.
Contamination occurs when fully cooked product is exposed to a contam-

inated surface. The surface may become contaminated from a bacterial
growth niche. Growth niches are locations where the organism becomes
established and multiplies [14]. A niche is also where the organism is found
after flood sanitizing. These niches may not be the transfer point of contam-
ination but may contaminate the transfer point; thus, they must be designed
out of the process [14]. This may be accomplished through sanitary design
and must be managed through additional management strategies. 

 

Listeria

 

 is
most often found in the following locations in a RTE food manufacturing
plant in order of their frequency of occurrence: floors, drains, cleaning aids,
wash areas, sausage peelers, and food-contact surfaces, condensate, walls
and ceilings, and compressed air [23]. Post-lethality contamination comes
from these areas, and they require implementation of control measures to
eliminate the organism and prevent reestablishment in the niche area.

 

Methods of Listerial Management and Control

 

One of the primary factors contributing to the adulteration of product in an
RTE environment is the formation of a growth niche. Contributing factors
to growth niches are equipment design problems, product debris working
into unclean locations, midshift cleaning, the use of high pressure during
cleaning, and procedures requiring excess moisture [24]. Control of micro-
organisms in a food manufacturing operation requires many steps and is
often referred to as a “multiple-hurdle” approach. This means that many
strategies are employed, primarily to prevent microorganisms from entering
the facility, establishing harborage in it, or growing if they become estab-
lished. It also involves elimination of the organism from ingredients and
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prevention of post-lethality process recontamination. There are formulating
measures that can be followed to affect the pH, moisture level, especially
water activity, salt level, and use of inhibitory ingredients such as sodium
nitrite and potassium lactate and sodium diacetate. In addition, there are
packaging strategies such as vacuum packaging, gas backflush and use of
oxygen scavengers to prevent growth of bacteria that may be introduced
post lethality. In addition there are postpackaging treatments such as hot
water, steam or pressure post pasteurization that are effective in destroying
bacteria present in the food package. The use of gamma irradiation is most
effective post pasteurization along with x-ray. Both are extremely expensive,
impractical for in-plant application, and not approved for compound meat
and poultry products at this time. E-beam is not as effective as gamma or
x-ray, but may be more practical for in-plant application. These measures
are all effective and part of a comprehensive food safety system. To some
extent these measures assume that bacteria are present in the post-lethality
finished product. A more practical and cost-effective food plant strategy is
to prevent post-lethality product contamination so that post-lethality treat-
ments are not required.

Control of 

 

Listeria

 

 requires food manufacturers to make a concerted effort
to eliminate niches through improved equipment and process design, and
validation of processes and management [24]. This section will focus on some
of the measures to be employed by food facilities to enhance sanitation and
prevent contamination of food products post lethality and into packaging.

One of the most effective management strategies to prevent post-lethality
recontamination is a “clean room” process for exposed RTE product. Clean
rooms must be a controlled environment (traffic controlled and air HEPA
filtered, etc.) and validated microbiologically, must approach pharmaceutical
standards of cleanliness, and must be disinfected. Disinfection involves
application of sanitizer after cleaning at levels of 1000 to 1200 ppm for the
complete removal of pathogens. Another approach is to create mini-environ-
ments: critical areas in the process where the product is contained, and post-
lethality process contamination is prevented. In all cases, an aggressive con-
trol strategy is required. The following strategies may be applied to those
areas previously identified as having the highest frequency of findings in
the RTE plant environment.

 

Floors and Drains:

 

 A dry environment is preferred, especially for floors and
drains, as 

 

Listeria

 

 requires water for growth and survival, and it is often
transported by droplets of water aerosolized from high-pressure spraying
on floors or in drains. Specific cleaning procedures for floors and drains,
identified in Chapter 7, will be applied to eliminate these areas as growth
niche sources. People cleaning floors and drains should not clean RTE equip-
ment or should clean the floors and drains after cleaning production equip-
ment. Floors that are wet because of normal plant-operating conditions will
be kept sanitized (Figure 4.2) [13].

Floors must be in good condition, with no cracks and no low spots to allow
pooling water. Sanitize the entire floor, do not just rely on runoff from
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equipment. Eliminate open trench drains, and place quat blocks in drains to
control listerial growth after cleaning and sanitizing. Have a procedure in
place for controlling and cleaning floors and drains after a drain backup, as
presented in Table 4.1.

Plant layout and traffic control are also critical to the prevention of transfer
of 

 

Listeria

 

 on the floors. Control movement of people, equipment, and fork-
lifts and pallet jacks to prevent them from traveling from raw to RTE product
areas. Where possible, separate wheeled vehicles between raw and RTE areas
(Figure 4.3).

Where wheeled trash or inedible material containers are used, they must
be cleaned frequently. Where there are common areas for foot or wheeled
traffic, use floor mats or sanitizer spray foamers to sanitize shoes or wheels
passing through these areas.

 

Cleaning aids:

 

 The sanitation staff must have clean and sanitized gear
(i.e., boots, raincoats, and aprons) that can be stored in a location that will
allow drying and prevent contamination. Clean and sanitize personal protec-
tive equipment and cleaning tools such as brooms, scrubbing brushes, squee-
gees, and floor scrubbers at a level of 600 to 800 ppm quat. Identify cleaning
tools by color and specific use. For example, cleaning tools used in raw areas
may be identified by the color red, whereas tools used for RTE cleaning may
be identified by the color blue. These tools will be stored apart to prevent
cross-contamination. In addition, tools used to clean floors and drains will

 

FIGURE 4.2

 

Floor foamers are valuable in areas where the floor is usually wet. Foot and wheeled traffic
pass through the sanitizer foam to prevent spread of contaminants to RTE areas, especially
where there are common traffic areas.
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TABLE 4.1

 

Drain Backup Procedure

 

Cleo’s Foods
Sanitation Performance Standard Operating Procedure

 

Procedure Number: 2 Version: 2

Dated: 05-13-05

Replaces Version: 1

Dated: 06-26-04

Procedure: Drain Backup
Corrective Action

Pages: 2

A. OBJECTIVE: To prevent bacteria from spreading through the plant due to drain backup
onto floors. This procedure will pertain to all frozen, ready-to-eat, and raw areas.

B. RESPONSIBILITY: Plant employees

C. EQUIPMENT: Quaternary ammonia (800–1000 ppm) solution, Squeegee

 

™

 

,

 

 brushes, or
brooms; drain equipment.

D. FREQUENCY: As needed.

E. PROCEDURE:

All personnel, equipment, ingredients, post-lethality products, etc., are to be moved away
from the backed-up drain area prior to cleanup. No one is allowed to walk through this
area except maintenance or sanitation associates correcting the problem.

Footbaths will be stationed at all places of ingress and egress of the unsanitary area.

Note: Everyone is required to use the footbaths and change smocks upon entering and
leaving the insanitary area.

The area will be sectioned off and QA Hold tags positioned to notify employees not to enter.

All raw and RTE equipment and materials need to be moved or covered prior to unplugging
the drain.

Maintenance is to be notified to determine the severity of the drain backup, which may
require mechanical equipment or calling an outside service specialist.

Again, NO personnel, except sanitation, maintenance, or outside service personnel are to
enter the area being serviced.

Once the drain is unplugged, Sanitation will commence cleaning and sanitizing the areas.

Floors and the drain need to be scrubbed using soap prior to the application of quat solution.

Squeegee is to be used to remove excess water from the floor.

Quat or a similar approved sanitizer is to be used to sanitize the floor.

Once all work or cleanup of the drain backup has occurred, Sanitation or Maintenance will
change smocks before entering the unaffected areas.

Personnel and materials will reenter the room once QA releases it.

 

Confidential Commercial Information
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be stored apart from those used for cleaning of equipment surfaces. There
should not be any wooden-handled cleaning tools, such as brooms or shovels.
Eliminate wood from as many locations as possible in the food plant, espe-
cially in the RTE product areas. Do not use cloth mops for sanitation purposes.

 

Wash areas:

 

 The plant should have separate wash areas for raw and RTE
equipment. Using one area for all equipment may result in cross-contami-
nation of RTE equipment by the raw equipment or conditions in shared wash
rooms [2]. Wash rooms must have good ventilation to minimize fog and
condensate

 

,

 

 but should have a negative pressure. So that water spray does
not exit the room. It is a good idea to swab wash rooms periodically to ensure
that they are clean and do not contribute to equipment contamination.

 

Sausage peelers:

 

 Hot dog and sausage manufacturers have a challenge with
peelers as there is constant reexposure to food, and they are hard to clean
because of many small and moving parts, especially older models [24]. For
thorough cleaning purposes they must be broken down on a nightly basis.
They may require regular baking in a smokehouse or application of steam
for deep cleaning. If either method is used, the surface temperature must
reach 160

 

°

 

F for 20 to 30 min. Application of quat at levels of 200 ppm
periodically during production to the peeler and pans may be necessary to
maintain sanitary conditions.

 

Food-contact surfaces:

 

 Do not use the same equipment for raw as for cooked
food, even with cleaning. Seals and gaskets from RTE product equipment

 

FIGURE 4.3

 

Separation of equipment would preclude situations in which jacks designated for cooked areas
only are used to handle raw meat materials.
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must be removed frequently for cleaning and sanitizing as they can harbor
bacteria. They should be evaluated for damage and placed on a preventive
maintenance schedule for replacement before they create a microbiological
or physical hazard. Avoid catwalks or stairs over food lines; however, if they
are needed, they must have sealed legs and rails, no hollow areas and kick
plates. Never place dismantled food equipment parts on the floor, especially
if they are used for RTE product or ingredients (Figure 4.4).

 

Condensate:

 

 This can be a source of contamination if it comes from a
contaminated source and falls onto product or product-contact surfaces
(Figure 4.5).

 

Walls and ceilings, refrigeration units:

 

 These units require cleaning of fins,
coils, and pans on a weekly basis. The use of quat blocks in the drip pans
will reduce the chances that moisture from the pan will become contam-
inated and contaminate product if it drips onto product or contact sur-
faces. Drains from the drip pans should run directly to floor drains and
not onto floors.

 

Compressed air:

 

 Compressed air will be filtered for 99.99% efficiency at
0.2 

 

μ

 

m and dehumidified to moisture in the lines.
In addition to the preceding procedures, extra precautions are needed to

prevent contamination of RTE products. Detailed in the following subsec-
tions are additional control measures that can be applied to control 

 

Listeria

 

in the plant to prevent product contamination.

 

FIGURE 4.4

 

Placement of equipment parts on the floor, such as this canister lid, can contribute to cross-
contamination of RTE product or ingredients.
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Ingredients

 

Ingredients used in food manufacturing can be a source of microbiological
contamination, and the hazards vary by the ingredient source. 

 

Listeria

 

 can
often be found in raw agricultural products, and they have a very high
association with meat and poultry raw materials, and raw materials from
other animal sources [22]. Testing of finished product for spoilage organisms
or pathogens is only one tool to verify quality or safety; however, it is not
an effective means of ensuring quality and safety as the sample size required
for statistical significance is usually quite high. The focus of microbiological
analysis should be on ingredient components, rather than on finished prod-
uct, to ensure that ingredient supplier processes are in control and that
product contamination from ingredients is prevented. Using ingredient haz-
ard analysis, a company can set up microbiological risk categories for each
of the ingredients used in its operation. All ingredients should be identified
for level of microbiological sensitivity based on potential hazard, history,
composition, ingredient source, and the product or process in which the
ingredient is used. Once this is done, the company can establish the require-
ments for supplier testing and certificate of analysis (COA) information, as
well as internal needs to evaluate incoming raw materials. This will include
the frequency with which the ingredients are analyzed, the analysis required,
and how the results will be used. Ingredients will be tested to verify that
they will not contribute to product contamination and to verify that supplier
processes provide conforming ingredients. Disposition of nonconforming

 

FIGURE 4.5

 

Where condensate cannot be completely controlled, such as on the outside of freezers, shields
can be installed to channel moisture away from product or product surfaces.
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ingredients or nonconforming suppliers will be identified in the procedure.
This procedure was presented in greater detail in Chapter 3; however, it is
important in preventing contamination by 

 

L. monocytogenes

 

.
Plants bringing in fully cooked meat and poultry chubs that will go into

RTE products that receive no further lethality should sanitize the outside of
the chub with 200-ppm quat before opening, as a precaution [23].

 

Sanitary Design and Materials

 

Unfortunately, many plants currently manufacturing RTE meat and poultry
product or other potentially sensitive products were not designed or built
with control of 

 

L. monocytogenes

 

 in mind. The same is true of equipment used
for these types of products. Consequently, 

 

Listeria

 

 is able to enter the facility
through raw materials, people, or equipment, and establish itself in the
environment and grow, increasing the potential of product contamination.
A very important part of management and control is sanitary design of the
facility and equipment. This is covered in greater detail in Chapter 6; how-
ever, it must be understood that this is key to reducing the exposure and
incidence of contamination. The primary measures of control through sani-
tary design are the following:

• Creation of sanitary zones within the plant and controlling traffic
between the zones to prevent exposure in RTE areas. Potential con-
tamination may occur between raw and cooked in the common
entrance/exit of oven areas unless the ovens are of a “pass-through”
design. Separate entrance and lunch areas for raw-product and RTE-
product employees.

• Use of materials for the plant and the equipment that are sturdy
under normal operating conditions, smooth and nonporous, and
easily cleanable. Structural materials should not contribute to prod-
uct or product surface contamination (Figure 4.6) [10].

• Creation of effective airflow, high pressure in cooked-product rooms
to low pressure in raw auxiliary production areas and ventilation to
prevent condensation and filtration of incoming and compressed air
so that these do not contribute to product contamination. Refriger-
ation of plant air is beneficial in reducing microbiological growth as

 

Listeria

 

 grows twice as fast at 50ºF as it does at 40ºF [23].
• Sanitation is one of the most important parts of the microbiological

control processes for 

 

Listeria 

 

in that sanitary design makes cleaning
of facility and equipment easier, helps keep it clean during pro-
duction, and prevents conditions that can contribute to product
contamination.
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In addition to equipment design to control microorganisms, there are
materials available to industry that provide an added measure of microbio-
logical control. These include equipment using antimicrobial stainless steel
material and antimicrobial belting material. In addition, there are antimicro-
bial flooring materials and antimicrobial lubricants. It should be understood
that use of these materials is part of a multiple-hurdle approach that includes
sanitation as the primary means of control. These surfaces must still be
cleaned for their antimicrobial properties to be effective.

Lubricants are used on food plant processing equipment to protect metal
equipment from excessive wear. In the process of equipment or equipment
movement part movement, the lubricant may come in contact with product,
especially depending on the lubrication point proximity to the product
stream and the amount of lubricant applied. For this reason, the lubricants
used must be food grade. In the event that the lubricant does make its way
into product, there is an FDA limit of 10 ppm [8]. If non-food-grade lubricants
are used, FDA has zero tolerance for contamination. Previously, USDA
approved and designated chemicals as food-grade; now, however, the
National Sanitation Foundation International provides the designation for
incidental-contact food-grade lubricant as H1. These lubricants are formu-
lated with ingredients listed in 21 CFR 178.3570 [25]. As part of a multiple-
hurdle strategy for microorganism control, the use of lubricants with anti-
microbial agents such as sodium benzoate is recommended [12]. These
agents either control the microorganisms through inhibition of further

 

FIGURE 4.6

 

Ceilings and overhead structures may contribute to contamination of product or production
surfaces if they are not smooth, nonporous, and free of dust- and soil-collecting pipes or conduit.
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growth or though their knockdown capability [9]. Lubricants with antimi-
crobial ingredients must be registered with the U.S. Environmental Protec-
tion Agency (U.S. EPA), to comply with FDA regulations and have Generally
Regarded as Safe (GRAS) status [25].

 

Sanitation

 

Food plant sanitation is covered in greater detail in Chapter 7; however,
sanitation of the facility and equipment cannot be overemphasized. Starting
the production day with clean equipment and maintaining sanitary condi-
tions during operations will help protect product from disease-causing and
spoilage organisms, harmful chemicals (i.e., allergens), and foreign material.
Effective sanitation will also aid in the prevention of the formation of bio-
films. Biofilm formation and control will be discussed in Chapter 5. Cleaning
and sanitizing procedures should be focused on the control of 

 

Listeria

 

 and
may include specific processes, as follows [14,21]:

• Special training will be required for sanitarians

 

 

 

in control methods
for 

 

Listeria.

 

 They need to know the extent to which equipment needs
to be broken down for cleaning [12]. Hoses must not be draped
across equipment, and the spray heads must be kept off the floor.
Remove hoses from production areas after sanitation is completed
or cover them with plastic. Clean and swab hoses regularly to verify
they are clean.

• Outer protective gear for the cleaning crew will be washed, sani-
tized, and dried after use. It will be stored in a manner that will
maintain sanitary conditions. Even so, sanitarians shall not lean on
clean equipment with their protective gear.

• Coolers should be cleaned on a regular basis, especially if they are
used for storage of hot dogs, sausages, or luncheon meat logs for
slicing. Do not clean coolers when product is present, even if it is
covered in plastic, and do not spray floors with water as this may
create aerosols that can contaminate product. Large, exposed prod-
uct freezers, such as spiral freezers, require thawing before cleaning. 

• Repeated thawing, cleaning, and refreezing may result in structural
damage and creation of bacterial harborage niches. It is better to
clean freezers less frequently; however, this decision must be sup-
ported by documentation.

• Items that are often handled by plant personnel or equipment oper-
ators must be included on a daily cleaning schedule. This includes
pull cords or push buttons used to open roll up or sliding doors, as
these are handled by many people from several areas of the plant.
Push-in control buttons present a special potential for microbiolog-
ical harborage and must be removed periodically for cleaning or
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replaced with the “mushroom”-style button. Clean equipment touch
screens by wiping them with a mild alcohol solution.

• Special inspection and cleaning may be required for equipment
brought in from outside the plant or from an outside storage area.
Equipment that has been stored outside must be thoroughly
inspected for damage or insect infestation. It should be broken down
for cleaning and sanitizing prior to use.

 

Product

 

Specific procedures may be required for production to ensure the safety of
products being made, especially if these are fully cooked RTE meat and
poultry products. One of the most important procedures is verification that
the product has reached lethality as specified in FSIS Appendix A, which
stipulates times-at-temperature to achieve sufficient log reduction of micro-
organisms. Verification that product has reached the temperature specified
at the critical control point in the plant hazard analysis critical control
points (HACCP) plan is important as the plant does not want to package
and ship undercooked product. Other processes that may be required are
the following:

• Validated cooking procedures: Scientific validation of the plant
cooking process is an important means of ensuring that the process
will achieve a 6 to 7 log reduction of pathogens. Validation is best
conducted at a third-party laboratory with expertise in this area.
The process involves inoculating raw ingredients at high levels of
pathogens, usually 

 

L. monocytogenes

 

, 

 

Salmonella

 

, and, in ground
beef products, 

 

E. coli

 

 O157:H7. For this reason, validation studies
should never be conducted in the manufacturing plant. The inoc-
ulated ingredients are heated following the plant cooking process,
and the cooked product is tested for the specific pathogens to verify
the log reduction.

• Procedures for discarding product: Stipulate to all employees that
any exposed RTE product touching the floor will be discarded with
no exceptions.

• Specific procedures for handling rework: Product should be taken
back through a lethality process unless it only requires repackaging
(i.e., for leaker hot dog packages

 

)

 

. Product should only be repacked
under controlled conditions where it is certain that the product has
not been contaminated. There should be a procedure for sanitizing
— outside of packages — product touching the floor if it is not
damaged or subject to rework or repackaging. Product that has been
returned from a customer must be thoroughly evaluated to assess
condition before being reworked or reprocessed.
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Microbiological Testing and Validation

 

Microbiological testing of the food manufacturing environment can be a valu-
able tool to ensure product safety [12]. Environmental testing will be covered
in greater detail in Chapter 8. It is important to emphasize that microbiological
testing must be based on sound science and not random testing for the sake
of testing. The plant must use the data generated to evaluate the effectiveness
of the microbiological control strategies implemented. Map the environmental
swab results to show high or hard-to-control areas in the plant to develop
control strategies [14]. Studies have revealed seasonality with higher preva-
lence in the summer as well as in different climates [14].

 

Personnel

 

New food plant employees may not be familiar with the needs for microor-
ganism control in the food manufacturing environment; therefore, training
is critical [23]. Although GMPs can prevent chemical and physical contam-
ination of product, they can be most effective for microbiological control.
The focus from a microbiological control standpoint will be on management
commitment, raw and cooked separation, product handling, and employee
dress. Basic GMPs are covered in greater detail in Chapter 9, and these
procedures will help prevent product contamination from employees in a
postsanitation and post-lethality environment. However, the following are
additional considerations for control of 

 

Listeria

 

 in the environment and pre-
vention of cross-contamination:

• Management must set the example for all plant employees to follow
GMPs and all food safety processes related to prevention of micro-
biological contamination. By establishing food safety as a priority,
management can demonstrate personal responsibility to all employ-
ees and visitors. This includes following requirements for wearing
the correct color smock, washing hands, and following plant flow
requirements from cooked to raw areas when taking visitors through
the facility.

• Mechanical personnel have a significant impact on food safety as
they are often required to conduct setup and repair on equipment,
specifically in RTE areas. In order to prevent contamination from
equipment setup and repairs, mechanics must follow all GMPs.
When possible they should have separate tools for use in raw and
RTE areas. When this is not possible, the tools will be sanitized with
an alcohol solution to prevent rusting. Sanitary design for tools will
eliminate potential niches (Figure 4.7 and Figure 4.8).

• Personnel responsible for spill and trash control or control of con-
densate must be trained not to handle ingredients, product, or pack-
aging. They must not be allowed to work on production lines unless
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FIGURE 4.7

 

Sanitary design of mechanical tools will eliminate plastic coatings, which can create bacterial
harborage. Tools will be maintained in a clean condition and will be in cleanable toolboxes or
on cleanable carts.

 

FIGURE 4.8

 

Leather tool pouches are absorbent and cannot be cleaned and sanitized. They can be a source
of contamination and should be eliminated in favor of cleanable tool carriers.
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they have gone through a smock change and thorough hand wash-
ing and sanitizing.

 

Pest Control

 

Pests such as rodents, insects, and birds can be a source of microbiological
contamination in the food plant through their excreta and the parasites they
carry. As part of an effective microbiological program, pests must be
excluded and eliminated. Standards for an effective pest control program
are covered in greater detail in Chapter 10.

 

Construction

 

Additional measures must be taken when construction is going on in the
plant. This is particularly true when construction involves demolition of
walls, digging floors to replace drains or to remove floor coating, and move-
ment of contaminated materials as part of demolition projects. Construction
provides opportunities for microorganisms, specifically 

 

L. monocytogenes

 

,
that have been harbored in damp areas inside walls or under floor coatings
to be redistributed in the facility. Although organisms such as 

 

Listeria

 

 are
not typically airborne, they can be carried on particles of dust raised during
construction. Procedures that a plant can employ involve suppression of
dust, prevention of cross-contamination and verification of control. Suppres-
sion of dust can be accomplished by creating negative pressure in the room
where construction is going on. It will also include spraying sanitizer, pref-
erably quat at 800 to 1000 ppm, on walls and floor areas during the demo-
lition process. Construct temporary walls to separate work areas from
production areas (Figure 4.9) [20].

Because the presence of the organism and spread by minute particles of
dust is difficult to detect, it is highly recommended that the plant increase
the numbers of environmental swabs. The number and frequency of swabs
will increase both during the construction and after construction to ensure
that cleanup procedures have been effective.

 

Employee Education

 

The importance of effectively educating and training plant employees on
microbiological control cannot be overlooked. All plant personnel must
understand their role in preventing microbiological contamination of prod-
ucts. As with many plant programs, this begins with the plant manager,
who must be relied on to support the company’s microbiological control
programs originating with corporate or plant QA. There must be manage-
ment commitment passed along to the plant employees [23]. It includes the
purchasing group’s buying from approved suppliers and the engineering/
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maintenance department’s employing sanitary design features into the facil-
ity and the equipment. The sanitation department must understand its
critical role in eliminating microorganisms through standard sanitation
practices. All employees must participate, using GMPs to prevent bacterial
contamination.

Control of 

 

Listeria

 

 involves several processes that must be employed by
food manufacturing plants. These processes will provide for the safety of
the product and give the company security in knowing that it has employed
all reasonable means of preventing product adulteration and consumer ill-
ness. An aggressive listerial control program may also yield additional ben-
efits coming control of spoilage microorganisms and improvement in
product quality and shelf stability.
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Biofilms

 

Biofilm Formation

 

One of the challenges that face food processors and the sanitation team is
the formation of biofilms on food equipment surfaces. Food manufacturing
plants have recognized this potential hazard related to sanitation and that
biofilms can have a profound impact on the safety and quality of their
products. Their formation has the potential to contaminate product through
the introduction of pathogenic microorganisms or spoilage bacteria. A bio-
film has been described as a “metabolically active matrix of cells and extra-
cellular compounds” [1] or as “matrix enclosed bacterial populations
adherent to each other and/or to surfaces or interfaces” [2]. They may
contain spoilage bacteria such as 

 

Pseudomonas fragi, Enterococcus spp

 

., and

 

Pseudomonas flourescens,

 

 as well as pathogens such as 

 

Listeria monocytogenes

 

,

 

Staph aureus, E. coli

 

 O157:H7, or 

 

Salmonella 

 

[3]. They are difficult to remove
as they are resistant to normal sanitation procedures, and they can result in
other detrimental process effects. Even when a food surface appears to be
clean, the presence of biofilms is a potential hazard that must be eliminated
and prevented from reoccurring. Before this can be done, it is important to
understand more about what a biofilm is and how it is formed.

Biofilms begin with a conditioning layer of organic (protein) or inorganic
matter forming on an otherwise visually clean food-contact surface. The
accumulation of organic and inorganic material on processing surfaces cre-
ates an environment in which bacteria can adhere. Bacterial adhesion is
referred to as the conditioning layer that occurs when cells attach to food
production surfaces. Live, damaged, or dead cells can attach to begin colo-
nization. The conditioning layer starts as a thin resistant layer of microor-
ganisms, any combination of spoilage and pathogenic bacteria that form on
and coat the conditioning layer [4]. As the layers of bacteria attach to the
surface and to each other, they trap debris and nutrients, and the biofilm
begins to take shape. Bacterial appendages (fimbriae, pili, and flagella) may
also mediate attachment of other cells or materials to form the colony.

 

L. monocytogenes

 

 likely attaches to surfaces by producing attachment
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fibrils [5]. During attachment, cells in the forming colony work together in
a coordinated and cooperative function. This includes channeling nutrients
to the film and removing waste products [6].

As the colony continues to attach, production of extracellular polysaccha-
rides and changes in the cell morphology occur. Extracellular polysaccharide
formation aids adhesion of the cells in the film and protects the bacterial
layer against cleaners and sanitizers. The polysaccharide will also trap other
cells and debris. Diebel states that the extracellular polysaccharide material
forms a bridge between bacteria and the conditioning layer with a combi-
nation of electrostatic and covalent bonds [7]. Development and growth
without removal intervention results in the film becoming irreversibly
attached to a substratum or interface or to each other, embedded in a matrix
of extracellular substance that they have produced. Mature film reaches an
equilibrium that delivers oxygen, food, and nutrients while carrying away
fermentation products and sloughed cells. The outermost slime layer of film
serves as a snare that traps additional contaminants and acts as a protectant,
sealing the bacteria within so that the protected bacteria can be up to 100
times more resistant to sanitizer. As an example, 

 

L. monocytogenes

 

 in biofilms
is more resistant to sanitizers than those not in films [2]. Inorganic and
organic material flowing over the biofilm provide nutrient to the colony.
Inside the biofilm damaged or small cells may have the time to repair
themselves and reproduce. The film is irreversible and now requires a special
cleaning protocol for removal.

Biofilms form at a slow but steady rate and become harder to remove over
time. They are most likely to form on rough penetrable surfaces, but they
can form on just about any moist surface [4]. They can attach to all types of
surfaces in food plants from stainless steel (especially on abraded or
scratched surfaces) to polypropylene. Biofilms may form in hard-to-reach
areas such as undersides of conveyor belts and seals. For this reason it is
necessary to regularly inspect and change equipment parts such as gaskets,
o-rings, and piping. When possible, food plants should identify and elimi-
nate areas that cannot be thoroughly cleaned by the sanitary design of
equipment. Extended production runs with minimal cleanup in between
may increase the chances and frequency of films developing because of
increased organic material contact time and formation of the conditioning
layer. These longer runs also cut into valuable sanitation time and reduce
the ability of sanitarians to do their jobs as designed, causing them to rush
or take shortcuts. Additional causes may include the lack of a stringent
cleaning regime, pH extremes, and high contact surface temperature dena-
turing protein to facilitate formation of a conditioning layer, low fluid flow
rate, and nutrient availability (Figure 5.1).

There are several problems, not the least of which is product contamina-
tion, that occur from the formation of biofilm. Product contamination occurs
from sloughing bacteria that are shed periodically by the film and can reat-
tach on equipment somewhere else in the product flow or make their way
into food product. If these are spoilage organisms, product shelf life may be
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reduced and consumer purchases, especially repeat purchases, may decline.
However, if they are pathogens the product may be considered adulterated
and subject to recall or it may be responsible for a food-borne illness out-
break. Any company that has been involved in a recall, or whose product
has been associated with an illness can attest to the fact that they are dam-
aging to the business and extremely expensive. Organisms within the film
are also more heat resistant so sloughed cells from films that form before
cooking may not be destroyed as readily by the lethality process.

Other problems associated with formation of biofilms are accelerated dete-
rioration of equipment through corrosion from cellular by-products. There
may also be a reduction in the efficacy of heat transfer and impairment of
detection devices as the film disrupts transmission [8]. As previously indi-
cated, attached cells can develop increased resistance to cleaning chemicals
and sanitizers, possibly on account of protection provided by the polysac-
charide layer. The reduction in effectiveness of chemicals may be the result
of cells layering and the reduction of exposed surfaces on which the chem-
icals contact. As an example, cells of 

 

L. monocytogenes

 

 in biofilms have been
found to be more resistant to sanitizers than nonattached cells [9].

 

Evidence of Biofilm

 

There are several means of determining that a biofilm has begun to form on
a food-contact surface. Detection may be through the use of several senses.
Visual signs include a “rainbow” appearance on stainless steel, and tactile
senses will detect a slimy feel on an otherwise clean-appearing equipment
surface. Although sour or off odors may not indicate the presence of biofilms,
they may indicate that a piece of equipment is not being cleaned thoroughly
and that there is a potential for biofilm formation.

From an analytical standpoint, another indicator of biofilms is a sporadic
spike in environmental test results owing to bacterial sloughing. These may
be found through generic microbiological tests such as APC or through
environmental pathogen testing for plants conducting swabs for 

 

Listeria

 

. An

 

FIGURE 5.1

 

Illustration of the formation of a biofilm. (From A Biofilm Primer, National Institute of Health
Website, 2005.)
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increase in the bacterial counts or positive findings may indicate the forma-
tion of a biofilm and bacterial sloughing. Unfortunately, if they are not
detected soon enough, the result may be sporadic product microfailures or
decreased shelf life of product. However, if you are already at a point where
product has begun to fail shelf life or demonstrate higher-than-normal bac-
terial counts, it would be wise to consider the possibility of biofilm formation
and apply control measures to eliminate it. ATP bioluminescence devices can
be used to detect the presence of organic materials (Figure 5.2 and Figure 5.3);
unfortunately, ATP may not detect the presence of mature biofilms. The
reason for this is that embedded cells do not move as much because of
nutrient availability and use less energy, thus producing less ATP. Therefore,
the device may provide a pass reading on a surface where there is a biofilm.

 

Biofilm Removal

 

Films will not build up if there is good sanitary equipment design and
regular and thorough cleaning to remove surface soil and subsurface film.
Food manufacturing equipment poses many sanitary design challenges.
Equipment has hollow rollers and tubing, welds, joints, and scrapers that
make cleaning difficult. Once biofilms are established on a surface, they are

 

FIGURE 5.2

 

A clean line is swabbed using a premoistened swab.
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harder to remove as they develop over time and require more aggressive
action to eliminate. Fortunately, the original biofilm attachment is weak and
easy to remove through proper sanitation procedures. Therefore, the film
soil must be removed. There are many methods for this, and the most
effective method of cleaning is a standard process identified in Chapter 7:

1.

 

Dry-clean

 

: This is done to remove as much visible soil or product
material as possible. This may involve scraping, brushing, vacuum-
ing, sweeping, or shoveling to remove large particles.

2.

 

Potable rinse

 

: The temperature of rinse water to remove initial soil
should be between 120 and 130ºF to break down fats, but should not
exceed 140ºF to prevent creating baked-on soil conditions or mineral
scale, which will make removal of the biofilm even more difficult.

3.

 

Apply detergent

 

: In general the use of a chlorinated alkali or a com-
bination of oxidative agents and acids, such as hydrogen peroxide
and paracetic acid, is recommended to break the chemical bonds of
food soils. Depending on the food materials that the plant makes,
the processes involved, and the soils created, it may be necessary to
work closely with the sanitation chemical supplier to determine the
specific combinations of cleaning chemicals and sanitizers to use.
Application of the recommended chemicals over an extended expo-
sure time (>5 min) will also be necessary to allow them to begin

 

FIGURE 5.3

 

The swab is inserted into the ATP device to determine the presence of organic material, which
may indicate the presence of biofilms.
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breaking down and removing the coating layer. Mechanical action
(scrubbing on surfaces) or agitation, such as in a COP tank for small
parts, is the most effective means of biofilm removal [4] and must
be applied to completely remove the top layers of soil and subsurface
attachment-conditioning layer. Scrubbing with abrasive pads will
help to break down the films for removal; however, the scrubbing
must not be as intense as to etch or scratch equipment surface.
Etching the surface only creates additional niches where films can
form and makes removal more difficult.

4.

 

Final warm water rinse

 

: Again, the rinse water temperature of <140ºF
will remove all cleaning chemical and bound soils.

5.

 

Sanitize

 

: Application of sanitizer to a clean surface should reduce
any remaining bacterial count to negligible levels. Simply applying
sanitizers to soiled surfaces is ineffective and a waste of money as
the efficacy of sanitizer is reduced by the presence of soil. However,
once the soil is removed and the biofilm is exposed, apply higher
concentrations of sanitizer as lower levels will be less effective at
killing the microorganisms in the film. As an example, apply sani-
tizer at 800 to 1000 ppm and allow it to work for a period of time.
Use a clear rinse and reapply sanitizer at the allowable level of 200
ppm without rinsing off. On weekends, apply quat at a level of 800
to 1000 ppm, and leave it on over the weekend to take advantage
of its residual property. Acid-based sanitizers may be used to remove
mineral film, and ozone use should also be considered as it is a
strong oxidant that acts quickly against a wide array of microorgan-
isms and has not been shown to result in organism resistance.

6.

 

Inspect

 

: As indicated previously, this will be through the use of
physical senses, ATP bioluminescence, or microbiological testing to
verify that the cleaning has been effective. Verification of sanitation
is covered in greater detail in Chapter 8.

 

Current Research

 

The USDA Agricultural Research Service (ARS) has been conducting studies
(to conclude in 2006) on biofilm formation and composition and to include
means of prevention and removal. ARS has already determined that a strong
negative electrostatic charge to biofilms on stainless steel may reduce bacte-
rial surface contamination. In the study, researchers at the Meat Quality
Research Unit found that stainless steel surface-finishing treatments such as
polishing, sandblasting, and grinding reduced buildup of biofilms [10]. They
indicated that electropolishing, placing the stainless steel in an acid bath, and
running an electric current through the solution prevented biofilm formation.
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The reason for this is that bacteria are negatively charged, and the current
through the acid media may change the charge on the metal, reducing the
ability of bacteria to attach and form biofilms. A study by Michael Doyle at
the University of Georgia Center for Food Safety, funded by the American
Meat Institute, has shown that strains of lactic acid bacteria can inhibit growth
of 

 

Listeria

 

 in a biofilm over an extended period. The lactic acid bacteria did
not grow at 39ºF but did produce an antilisterial metabolite to keep levels of

 

Listeria

 

 low. The future application of this information may lead to additional
methods of both preventing and controlling biofilms. Until that time, food
manufacturing plants will have to rely on methods that include sanitary
design, effective sanitation, and monitoring changes in the environment.
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Sanitary Facility Design

 

I am not going to bankrupt the company spending money on sanitary
design for a food safety hazard that is unlikely to occur anyway!

 

 — A plant manager, one month before the finding of

 

Listeria monocytogenes

 

 in an RTE product

 

The concept of sanitary design is not entirely new to the food industry.
Stainless steel, which was first developed in 1908, was one of the original
steps geared toward sanitary design. Materials used earlier for food manu-
facturing equipment, such as iron, steel, and brass, all corroded from the
product, the process, or the environment. Many industry groups employed
standards and pioneered improvements [11]. Since that time, many more
improvements have been made to food facilities and equipment for both
efficiency and food safety. In the last several years, however, sanitary equip-
ment design has taken on even greater significance in the industry as a means
of providing greater assurance of safe food manufacturing.

As identified in Chapter 1, all food product manufacturers are required to
comply with the FDA’s Current Good Manufacturing Practices outlined in
21 CFR Part 110.40, as well as state and local codes, to prevent the production
of adulterated food products and ingredients. In addition, facilities operating
under USDA inspection must have in place Sanitation Standard Operating
Procedures [4] and meet Sanitation Performance Standards [5] to ensure that
food products and ingredients do not become adulterated during the man-
ufacturing process, storage, or shipping. These standards are designed to be
less prescriptive than in the past, allowing plants more flexibility as to how
they achieve sanitation, including greater innovation in plant and equipment
design. Thus, the responsibility for ensuring sanitary operations and pre-
venting product contamination is where it belongs, with the manufacturer.

There are several reasons for the increased attention to using sanitary
design for facilities and equipment to prevent microbiological contamina-
tion. First, consumers have shown an affinity toward minimally processed
products and a preference toward ready-to-eat (RTE) foods, for convenience.
Second, there have been emerging pathogens of concern and an increasing
population of consumers who are at higher risk when exposed to these
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organisms. Finally, there is the growth of large processors with nationwide
distribution to meet these consumer needs, which can increase possible
exposure of contaminated product to greater numbers of consumers [18].
Whether a company is building a new food manufacturing facility, expand-
ing or upgrading an existing facility, or just maintaining its plant, sanitary
design of the facility and equipment is one of the most effective food safety
strategies. Incorporation of sanitary design into the facility can prevent
development of microbiological niches and facilitate cleaning and sanitation,
and the application of sanitary design can make for timely and effective
cleaning of the company’s assets. Including these design strategies may be
more expensive up front; however, in the long run, this may help maintain
or increase product shelf life and improve product safety, thus reducing
potential for regulatory control action, food-borne illness or injury, product
recall, lost revenue, or negative publicity.

Food manufacturers should start with the basic premise: food safety is
nonnegotiable. Cleaning for food safety is the number one priority and can
be achieved with good facility and equipment design. Food safety hazards
controlled through sanitary design include microbiological (pathogens),
physical (glass, metal shavings, and wood), and chemical (allergen cross-
contamination) in addition to preventing product exposure to sources of filth
(dust and rodent excrement). Prevention of food safety incidents means a
company will not have to deal with negative publicity, but there is still a cost
attached to hidden incidents. It is hard to show food safety incidents have
been successfully prevented, as it is hard to prove a negative. And it is very
unlikely that food manufacturers will ever get recognition in the media for
the good things that they have done or continue to do to prevent food-borne
illness, because preventing illness is not as interesting to the media as an
illness story. Conversely, the consequences of food safety incidents are very
well known — negative publicity, poor financial results, loss of customer and
consumer confidence, and more restrictive regulations. Although the temp-
tation may be to try to cut expenses in the area of sanitation, never use
hygiene or sanitation to balance the budget. Spend money up front on good
design rather than over time, or to correct an initial poor design.

In 2005, an AMI facility-design task force, a multidisciplinary team from
several food companies as well as design and construction firms, issued

 

11 Sanitary Principles for Facilities Design

 

. The intent of these principles is to
provide food manufacturers with guidelines for building and constructing
food plants for the maximum prevention of microbiological contamination.
Application of these principles is not limited to the U.S. European Union
(EU) legislation includes Machinery Directive 98/37/EC and Council Direc-
tive 93/43/EEC on hygiene of foodstuffs. The International Organization for
Standardization (IOS) TC199 prepared 

 

Hygiene Requirements for the Design of
Machinery

 

 that specifies hygienic standards for equipment design and per-
formance. Finally, the European Hygienic Engineering and Design Group
has developed design criteria for hygienic equipment and processing [17].
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If a food company was to build a new facility for cooked RTE products,
it is recommended that the company implement the elements of a sanitary
facility to ensure it is are able to operate under conditions that would be
conducive to sanitary food production. Hygienic design principles can be
applied to prevent contamination of food product from chemical hazards
such as lubricants, coolants, allergens, and physical hazards by excluding
foreign objects. Although it may not be practical to incorporate all of these
design principles into existing facilities, they can be included as facilities are
remodeled, upgraded or as they expand. The principles developed by the
AMI task forces are described in the next section, starting with the facility
and continuing on to the equipment.

 

The AMI 11 Principles of Sanitary Facility Design [10,12]

 

Principle 1: Distinct Hygienic Zones Established in the Facility

 

Maintain strict physical separations that reduce the likelihood of transfer of hazards
from one area of the plant or one process to another area or another process.

 

This means that the plant has conducted a hazard analysis to establish the
needs for compartmentalization of processes in the plant and identified a
logical process flow to protect product. Compartmentalization may involve
separate locker and break room areas for employees in the raw and RTE
areas. Lockers themselves should be constructed of cleanable and durable
material. The material should be able to withstand cleaning and sanitizing
as well as application of pesticides. The tops should be sloped at a 60

 

°

 

 angle
to prevent dust accumulation or storage of personal or production items.
The doors must be of a slotted or mesh design to provide airflow into the
locker (Figure 6.1).

Restrooms should not open directly into production areas, and they should
be provided with negative air pressure to avoid the spread of bacteria. Where
possible, locate service areas such as parking lots, truck docks, and trash
areas away from production areas to minimize associated potential. Trash
collection or compactor areas will be separate from ingredient or product-
handling areas and will have doors to prevent odors from this area, insects,
or airborne bacteria from entering the plant.

 

Principle 2: Personnel and Material Flows Controlled to Reduce Hazards

 

Establish traffic and process flows that control the movement of production workers,
managers, visitors, QA staff, sanitation and maintenance personnel, products, ingre-
dient, rework, and packaging materials to reduce food safety risks.

 

Environmental microbiological control in the plant is made more effective
through separation of employees working in raw and cooked areas. This is
accomplished by providing a separate entrance to the plant for employees
and continues through isolation of lunchrooms, lockers, and restrooms. Plant
traffic patterns should be designed to prevent the entry of raw department
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employees and equipment from entering RTE areas. This may be accom-
plished by passive controls (cross-traffic aisles) or by active controls (card
readers for RTE access) [12]. Plant tours are conducted in reverse order of
the process, that is, they are conducted starting in RTE packaging area and
finishing in the raw-product area so that visitors do not transport contami-
nation from the raw to the cooked areas. This also emphasizes to employees
that raw and cooked area separation is the norm. It is desirable for the flow
of the plant to be as straight as possible to prevent crossover from raw to
cooked areas and to prevent cooked product from reentering the raw area.
Smokehouses, for example, can be designed for product flow through, with
raw-product racks or trees

 

 

 

entering from the raw side of the plant. When
the cooking process is completed, the racks or trees

 

 

 

should exit from the
opposite side so that they never return through a raw area. Batch kettle
cooking is another process that can be set up in much the same way, with

 

FIGURE 6.1

 

Example of plastic composition lockers, with vents and sloped tops to prevent accumulation
of dust.

 

4197_book.fm  Page 106  Tuesday, April 18, 2006  12:45 PM

Copyright © 2006 Taylor & Francis Group, LLC



 

Sanitary Facility Design

 

107

raw ingredients going into the kettle for cooking and mixing and the cooked
filling being pumped through a wall to a cooked product-handling area.

 

Principle 3: Water Accumulation Controlled in the Facility

 

Building systems, including floors, walls, ceilings, and supporting infrastructure,
should preclude development and accumulation of water. Ensure that all water
drains from the process area and that areas dry during their allotted time frames.

 

Water is used in many food manufacturing processes, and a significant
amount of water is used for sanitation purposes. Although it is a necessary
component of food systems, it can also provide a means by which bacteria
can spread and contaminate the product. Therefore, building design should
prevent water accumulation by construction of effective floor drainage. The
plant floor slope should be to 

 

π

 

 in. per ft. to drains approximately every
10 ft. to prevent water accumulation. Drains should be pitched to flow from
RTE to raw areas, and it is preferable that they not connect but remain
separate systems. Do not use open trench drains and eliminate poor drain
repairs that prevent water from entering the drain (Figure 6.2). When pos-
sible, discharge water from drip pans directly to drains.

 

Principle 4: Room Temperature and Humidity Controlled

 

Keeping process areas cold and dry will reduce the likelihood of growth of food-borne
pathogens. Ensure that HVAC and refrigeration systems serving process areas main-
tain specified room temperatures. Control the air dew point to prevent condensation.
Ensure that control systems include a cleanup purge cycle (heated air makeup and
exhaust) to manage for during sanitation

 

 

 

and to dry out the room after sanitation.

 

FIGURE 6.2

 

Trench drains should be avoided in food plants as they are not easy to maintain and provide
bacterial niches.
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If the plant produces cooked RTE product and it is a USDA-inspected
facility, the processing areas are refrigerated to 50

 

°

 

F or less. A rule of thumb
is that microbiological growth is reduced by 50% for every 10

 

°

 

F temperature
drop. If the plant is maintained over 50

 

°

 

F, it may be necessary to conduct a
cleanup after 10 h or to have a microbiological monitoring program in place
to verify that microbiological growth is limited and will not result in high
counts in the finished product. It is essential to provide sufficiently filtered
incoming air so that there is adequate makeup for any air exhausted by
stacks or vents and also to control air temperature to prevent condensation.

 

Condensation

 

 is the result of excess moisture that the air cannot hold beyond
the saturation point, which is referred to as 100% 

 

relative humidity

 

 (RH) [21].
The excess moisture is just fog when it is in the air; however, on contact with
horizontal surfaces, it condenses. Condensate forms when a surface temper-
ature is lower than the dew point temperature of the air. If the material of
the surface is somewhat porous, the moisture can penetrate the surface and
thus become contaminated. Product or product-contact surfaces may become
contaminated when moisture condenses from air on contaminated surfaces
and then drips onto other product surfaces below [19]. Elimination of con-
densate is accomplished by warming the air above dew point or creating
airflow that is sufficient to limit the air moisture.

 

Author’s Note:

 

 This writer spent time consulting in a facility that was having
some microbiological challenges with spoilage organisms. While evaluating
the cleaning and sanitizing process one night, it was observed that the fog
was so dense in the plant that the writer could not see from one line to
another. This proved both dangerous for the sanitarians and made it partic-
ularly difficult for them to see the facility and equipment to determine if
they were doing an adequate job of cleaning. It also created a significant
amount of condensation that had to be removed before the start of produc-
tion, increasing the workload of the sanitation crew. Working with the man-
agement and maintenance, the air-handling units were operated in such a
way as to reduce the amount of fog in the plant and improve the safety and
sanitary conditions for the sanitation crew.

 

Principle 5: Room Airflow and Room Air Quality Controlled

 

Design, install, and maintain HVAC and refrigeration systems serving process areas
to ensure air flows from more clean to less clean areas. Adequately filter air to control
contaminants, and provide outdoor makeup air to maintain specified airflow. Min-
imize condensation on exposed surfaces and capture high concentrations of heat,
moisture, and particulates at their source.

 

Air in the plant may come from several sources depending on the type of
process. Some facilities use fresh outside air through screened windows,
ceiling vents, or hood vents. Others use mechanical devices such as fans for
movement of air. The process of ventilation should remove smoke, steam, or
odors from the plant, and bring in fresh, odor-free air. It is also used to
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provide a comfortable environment for plant employees [20]. In plants han-
dling RTE product, air is a critical part of microbiological control. Airflow
should be positive in RTE areas, i.e., there should be greater pressure in the
cleaner RTE rooms and outflow to less clean raw or auxiliary areas. Incoming
plant air is filtered at 95% efficiency at 5 

 

μ

 

m, which will remove bacteria [1].
There should be sufficient makeup air brought into the plant to replace any
air drawn out by fryer or freezer stacks or other vents. Compressed air should
be filtered at 99.99% efficiency at 0.2 

 

μ

 

m and dehumidified to pressure dew
point below the lowest ambient temperature to prevent moisture in the lines
[15]. Use dust suppression equipment to limit airborne contaminants, espe-
cially allergens such as wheat or soy flour, as well as provide added comfort
for employees. Even with filtration, incoming air vents should be positioned
so as not to blow air directly on the product or product handling equipment.

 

Principle 6: Site Elements Facilitate Sanitary Conditions

 

Employ site elements that facilitate sanitary conditions. These include exterior
grounds, lighting, grading, and water management systems as well as access to and
from the site.

 

Sanitary design starts outside the facility, and the exterior of the facility
should lend itself to sanitary conditions within the facility. This means that
for all facilities, whether new or modified, the exterior and grounds are to
be maintained so that they will not contribute to contamination inside the
facility. Parking and traffic areas should be paved in order to reduce dust.
Avoid sites in which contamination can occur: adjacent areas such as sanitary
landfill, refineries or chemical plants, salvage yards, and raw sewage treat-
ment facilities. Grounds and yards should drain well to prevent pooling of
water, which can be an attractant for pests and a breeding ground for mos-
quitoes. Lighting should be adequate to illuminate the facility but not attract
pests. Placement of external lighting in locations away from the building
should illuminate entrances but not attract insects to the building. This is
discussed in greater detail in Chapter 10. Where possible, use fences and
gates, as well as swipe cards for plant door control to facilitate security.

When building a new facility, take into account the location, not the least
of which is proximity to resources such as a good water source, labor, mate-
rials, and transportation. Availability of local emergency services, fuel, clean-
ing agencies, uniform and other services should also be part of the decision.
The size of the structure and surrounding land are determined by near-term
needs; however, it may be wise to provide additional space for future expan-
sion. A facility that is locked in by adjacent property will be more difficult
to expand than one that is surrounded by empty property or on a lot size
sufficient for expansion. For the purposes of basic pest control, the grounds
must not provide potential pest harborage areas. This is accomplished
through landscaping design that provides an aesthetic appearance while
preventing pest harborage and access. Grass and shrubbery are always kept
trimmed and far away from the plant to supplement pest control.
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Principle 7: Building Envelope Facilitates Sanitary Conditions

 

All openings in the envelope, including doors, louvers, fans, and utility penetrations,
should be designed to ensure that insects and rodents have no harborage around the
building perimeter, access into the facility, or harborage therein. Envelope design
and components should promote easy cleaning and inspection.

 

The building shell is designed to prevent the entry of pests to the building
and constructed to facilitate cleaning and ongoing inspection [10]. Prevention
of pest access is covered in greater detail in Chapter 10; however, here are
a couple of examples of prevention measures that can be included in sanitary
design. Start with a facility foundation that goes down approximately 3 ft.
to prevent rats from gaining underground access [9]. Add a 30 to 36 in. wide
and 4 in. deep strip of pebbles around the building to eliminate areas of pest
harborage and hidden runway for rodents. This also provide easy access to
perimeter bait stations for pest control operators.

Further exclusion of pests is accomplished through adequate door seals
as well as screening of doors and windows with 22-mesh or finer material.
Use of air curtains on doors that open to the outside or self-closing doors
provides extra protection against pest entry (Figure 6.3).

Dock doors and dock seals should be secure to prevent insect and rodent
access. The dock should have positive air pressure to prevent dust from
outside entering the facility when the doors are opened for truck loading

 

FIGURE 6.3

 

A self-closing door with a tight seal is good protection against the entry of pests and dust from
the outside.
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and unloading. Dock load lever plates should have brushes and seals to
prevent pest access.

Roofing material should be smooth and easy to clean and not coated with
rock or pebble over tar paper, which can hold dust that may be pulled into
the plant through air makeup systems. The preferred roofing material is
single-membrane, pitched approximately 1 in. for every 8 ft. with evenly
spaced drains to prevent accumulation of water [13].

 

Principle 8: Interior Spatial Design Promotes Sanitation

 

Interior space plan should promote the cleaning, sanitation, and maintenance of
building components and processing equipment.

 

There should be sufficient space for cleaning around and under the equip-
ment and building elements. To minimize congestion, equipment should be
no closer to the ceiling than 18 in. and 36 in. from walls or other equipment
to make cleaning easier. Gearboxes, motors, and drives should be kept away
from the product zone, if placed over lines, they should be shielded properly
to prevent lubrication leaks onto the product [7]. When motors are not on
or near lines, place them on rails rather than flat platforms to prevent accu-
mulation of soil and facilitate cleaning [15]. Where possible, group or cen-
tralize motor control centers and instrument panels in a single area away
from the production area to reduce the number of rooms to be cleaned [20].

 

Principle 9: Building Components and Construction Facilitate Sanitary 
Conditions

 

Design building components to prevent harborage points, ensuring sealed joints
and absence of voids. Facilitate sanitation by using durable materials and isolating
utilities with interstitial spaces and standoffs.

 

Materials used for original construction or renovation should be impervi-
ous, easily cleanable, and resistant to wear and corrosion [10]. Floors present
a particular challenge to food manufacturing facilities. They are subject to
extremes in temperature from freezers, fryers, hot water, harsh chemicals,
equipment traffic, and foot traffic. Microorganisms on floors can get onto
equipment from high-pressure water overspray during sanitation. Surface
needs may differ in various areas of the plant; however, in the production
areas, there are several different options. The two most common are dairy
tile or composite resin coating. Both are very durable and provide a clean-
able, nonskid surface. Red-brick paver floors are covered with a waterproof
membrane and laid with a reinforcing fabric over concrete. Once the bricks
are layered, the joints are sealed with epoxy grout [1]. These are very easy
to clean, durable in wet and corrosive conditions, and hold up well in
alternating hot and cold environments and under physical stress. Pavers are
also easy to repair if a tile is damaged, as it can be removed and replaced
with a new tile and resealed. Composite resin is also durable under similar
conditions; however, over time the coating can crack and buckle. Some
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chemicals can quickly degrade epoxy and cold temperatures can cause cracks
in floors, and once this happens, moisture collects under the coating, creating
a microbiological niche (Figure 6.4).

Patching has limited usefulness as the water under the coating leaks to
the patch and eventually results in the patch failing and other areas crack-
ing. Wall–floor junctions should be coved with a 1 to 3 in. radius to eliminate
a right-angled joint to prevent soil collection and facilitate cleaning
(Figure 6.5). They must also be sealed properly as cracks can harbor food
and moisture and create microbial niches.

If the junction is also curbed, the curbs should have a 30

 

°

 

 slope to prevent
accumulation of water, dust, or soil [18].

In addition to the materials for floors, walls and ceilings should be made
of materials that are easily cleanable, nonporous, and resistant to chemicals
and process conditions. The lower portions of the food plant walls take a
significant amount of abuse, especially in work areas, because of the move-
ment of pallets, vats, forklifts, and other equipment. For sanitary design and
durability of the plant walls, there is a choice between insulated panels,
fiberglass reinforced panels (FRP), tile, concrete, or concrete block for the
walls [18]. Here again, tile is a preferred material even though it is a little
more costly. The benefits of using tile are that it is durable, easy to clean,
and simple to replace when damaged. If the plant chooses FRP or insulated
panels, they should be as seamless as possible, but where seams are present

 

FIGURE 6.4

 

Cracks in flooring material can become bacterial niches and are difficult to maintain in a sanitary
condition.
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they should be caulk-sealed to prevent water niches. Walls will be solid from
floor to ceiling, smooth and nonabsorbent to prevent microbial or allergen
niches. Wall-mounted control boxes and electrical panels will be mounted
1 to 3 in. away from the wall for cleaning access. If they are directly on the
wall, they should be caulk-sealed to prevent insect, soil, or microbial niches.
Doorjambs at room entrances should be flush so that no ledges are created
that will collect dust. Avoid installation of track ceilings with 2 

 

×

 

 4 ft. drop-
in panels. The tracks will eventually flake and corrode, and the panels will
come loose from cleaning. This would allow water from sanitation to collect
above, provide area for dust accumulation, and ultimately become a micro-
biological and filth hazard. If track ceilings are already in place, caulk-seal
around the panels to prevent gaps and potential leakage of soils above the
ceiling (Figure 6.6).

A preferred ceiling is a walk-on type with an insulated glass board. This
type of ceiling allows for creation of a loft for recessed lighting and utility
runs so that hanging objects are avoided in production areas. It is best not
to have penetrations for electrical or other utility drops; however, if they are
required, seal the penetrations to prevent leakage from the ceiling.

 

Principle 10: Utility Systems Designed to Prevent Contamination

 

To prevent introduction of food safety hazards, utility systems should be constructed
of materials that are cleanable to a microbiological level and provide access for

 

FIGURE 6.5

 

Spaces at wall–floor junctions must be eliminated or they can become harborage niches for
microorganisms.
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cleaning, inspection, and maintenance. Systems should prevent water collection
points and prevent niches and harborage points.

 

Utility equipment should be designed using the AMI 

 

10 Principles of San-
itary Equipment Design

 

. All plumbing, airlines, ducting, and electrical con-
duits can be placed to travel through a structural ceiling loft. Do not route
sewage lines to run over production or storage areas, rather have them
routed through nonproduction areas so that leaks do not contaminate ingre-
dients, product, or packaging. Make certain that the plumbing does not
create any dead-end connections as material in the water can collect in these
dead-end stubs, creating the potential for contamination that may ultimately
make its way into the product. If dead-end pipeline stubs are present, they
should be no longer than twice the diameter of the pipe to allow creation of
turbulence to prevent settling in the dead end. All waterlines for processing
and sanitation will have backflow prevention devices to prevent potable
water contamination. Air ducting or utility runs in the ceiling loft should be
round, not flat, to minimize flat surfaces that can collect dust [2].

 

Principle 11: Sanitation Integrated into Facility Design

 

Facilities should include integrated sanitation systems that control the introduction
of hazards into the process areas such as hand sinks, hand sanitizers, doorway
formers, boot washers, and footbaths, and those that facilitate cleaning and elimi-
nation of these hazards within the process area such as hose stations, COP tanks,
COP systems, and equipment washers.

 

Sanitation is an important consideration in the facility design to provide
the right equipment in the right locations for effective sanitization. This
means that there are a sufficient number of hose stations with hoses long
enough to fully cover areas that are to be cleaned. A central cleaning system
with automatic chemical dispensing is highly recommended. This provides
accurate delivery of chemicals for effective cleaning and sanitizing as well
as cost-effective use of materials. Clean-in-place (CIP) systems should be
installed where possible (i.e., smokehouses and ammonia freezers) and

 

FIGURE 6.6

 

Track ceilings should be avoided unless panels are caulk-sealed to prevent overhead soil from
dropping onto product surfaces below.
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clean-out of-place (COP) tanks can be provided for small parts. Stainless
racks are used to hold equipment parts so that no product-contact parts or
equipment is cleaned on, or comes in contact with, the floor. Storage areas
are provided for janitorial and sanitation equipment that have good airflow
or are open, to promote drying. It is important for sanitarians to have com-
fortable, dry gear to start their shift.

 

Other Facility Considerations for Facility Sanitary Design

 

Hangers for Pipes and Conduit:

 

 There should be no exposed overhead pipes
or conduit supported by angle iron, unistrut (Figure 6.7), or all thread as
these materials create flat surfaces that can collect dust and plant soil. If angle
iron is used, position it with the heel pointing up to prevent dust collection.
It is best to use only smooth hanger rods and avoid the use of all thread.

 

Lighting:

 

 Where lighting is not recessed into a walk-on ceiling loft, the
fixtures should be sloped and not flat, as sloped surfaces will prevent dust
collection. Lighting in production areas must be sufficient for cleaning,
inspection, and for employees to effectively complete their work tasks.
Although the needs may vary from production areas to storage areas, a
general rule of thumb is light intensity of 25 to 150 cd at 30 in. from the floor.
Lights should be effectively shielded to prevent glass from contaminating
product or product surfaces. The plant should have a “no glass” policy and
a program for inspection and for handling glass breakage to prevent con-
tamination.

 

Platforms and Mezzanines:

 

 Equipment or services placed on platforms and
mezzanines must incorporate design features to facilitate cleaning and pre-

 

FIGURE 6.7

 

The use of materials such as unistrut creates surfaces that can collect dust or soil and are difficult
to clean.
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vent contamination of surfaces below. The platform should be high enough
off the floor to allow cleaning underneath. Platforms and mezzanines,
including the steps or stairs used for access, should be on a solid surface,
not an open tread. The surface typically selected is aluminum; however, the
nature of the process must be considered and the material selected should
not rust. In wet operations, a checker or diamond surface will provide some
measure of grip to prevent slips and falls. There must be a 4 in. curb height
surrounding the surface to prevent kicking materials from the platform to
areas below. The curb will be rolled from the plate material and coved to
facilitate cleaning. It will not be raised from the platform as this will allow
soil to fall to surfaces below. Where openings are present for equipment or
connection lines, they will also have a 4-in. curb with a 4-in. gap to facilitate
cleaning. If platforms are wet-cleaned, they should be self-draining but not
onto equipment or contact areas. The stairs should be closed tread, have
round handles to prevent soil contamination, and the risers should not have
ledges that can trap soil [3]. Framing of the platform and stairs will use
round square tubing turned 45

 

°

 

 to create a diamond shape, which will reduce
dust and dirt collection. All tubing should be sealed at the end to prevent
accumulation of food or water inside the tubing that could create a microbial
niche [2].

 

Beams and Columns:

 

 If I-beams are used, they should have 60

 

°

 

 closure plates
to prevent dust accumulation. When they are used for columns, they can
often be set too close to the walls for effective cleaning. Either move them 6
in. away from the wall for easier cleaning or fully enclose them to seal against
the wall.

 

Equipment: 

 

In May 1996, Food Safety and Inspection Service (FSIS) pro-
posed to amend federal meat and poultry regulations to eliminate require-
ments prior to the approval of equipment and utensils used in official
establishments. The final rule published in the 

 

Federal Register

 

 in August
1997 thus removed requirements for prior approval of establishment draw-
ings, specifications, and equipment. FSIS will continue to verify that estab-
lishments maintain equipment and utensils in a manner that will not lead
to insanitary conditions and product adulteration. Under the final rule, FSIS
indicated that manufacturers might want to consider using third-party
certification services to assure that equipment and utensils meet require-
ments for cleanability, durability, and inspectability. This process is volun-
tary, and the recognized services are identified in FSIS Notice 51-02, dated
11/26/2002 [6].

 

The Ten Principles of Sanitary Design

 

Prior to the preparation of the sanitary design principles for facilities, AMI
had already involved a multicompany task force to prepare 

 

Ten Principles of
Sanitary Design

 

. This established recommendations for equipment to prevent
harborage of microorganisms that can lead to product contamination or
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adulteration. Although the members of the task force are predominantly
from meat and poultry manufacturing companies, there were also partici-
pants from food plant engineering groups and construction companies; thus,
the principles can be utilized across a wide range of food manufacturing
areas.

 

Principle 1: Contact and Noncontact Surfaces Cleanable to a 
Microbiological Level

 

Food equipment must be constructed so as to be maintainable to ensure that the
equipment can be effectively and efficiently cleaned and sanitized over the lifetime
of the equipment. The removal of all food materials is critical. This means preventing
bacterial ingress, survival, growth, and reproduction. This includes product- and
non-product-contact surfaces of the equipment.

 

Equipment should be designed so that surfaces lend themselves to clean-
ing and sanitizing. This means no horizontal ledges, recessed fasteners, or
hidden areas [11]. Food-contact surfaces should be free of breaks, seams, and
cracks and not impart color, odor, or taste. The ideal surface should be
smooth with no pores and, thus, cleanable, free of crevices, sharp corners or
angles, and protrusions or shadow zones [17]. It must also be hard, noncor-
rosive, and nontoxic and designed to protect product from foreign material
[9]. An example of a surface that is difficult to clean and that does not protect
product from foreign material is a cloth conveyor belt. These are porous,
making them difficult to clean and, because of the material, a constant source
of fraying, increasing the potential for foreign material contamination in
product. Interlock-type belts may be better for some applications, provided
belt hinges close on the conveyor belt bed to prevent accumulation of food
particles and are open around sprockets to maximize cleaning. Hinge open-
ings must be large enough to allow spray to reach bottom and top surfaces.
The belts should be easy to remove for cleaning [14]. Some conveyor systems
use UHMW

 

 

 

caps on metal struts to minimize wear on the belt as it travels
along the conveyor. These caps can become a niche contamination source
and require removal for cleaning. Consider replacing the metal struts and
caps with solid UHMW struts to eliminate the potential niches [16]. Eliminate
dead ends or dead spaces, especially in pipes for food-conveying systems,
as these become sources of accumulation [20]. Conveyor guides and splash
guards are easy to remove for effective cleaning. Use of wood is to be avoided
because wood is porous and cracks with age, making it nearly impossible
to clean. Cracks in wood become a harborage for bacteria and chemicals.
Because it can splinter as it dries and ages, wood also becomes a source of
physical contaminants [3].

 

Principle 2: Use of Compatible Materials

 

Construction materials used for equipment must be completely compatible with the
product, environment, cleaning and sanitizing chemicals, and the methods of clean-
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ing and sanitation. Equipment construction materials must be inert, corrosion
resistant, nonporous, and nonabsorbent.

 

Food processing equipment must not be affected by the chemical compo-
sition of the product, nor by the cleaners and sanitizers used by the plant.
The surface must be unaffected under the conditions of use in the plant [17].
A consideration for the plant is the product and associated risk, dry vs. wet
cleaning, harshness of the process (i.e., brine tanks, extreme heat from fryers,
or extreme cold from freezers). Do not use toxic materials for equipment
such as lead, antimony, or cadmium [20]. Asbestos must never be used as it
is a very hazardous material. Where present in older plants, it must be
carefully sealed to prevent release into the atmosphere.

 

Principle 3: Accessible for Inspection, Maintenance, Cleaning, and 
Sanitation

 

Should be easily accessible to an individual without tools. Disassembly and assembly
should be facilitated by the equipment design to optimize sanitary conditions.

 

If an area on a piece of equipment cannot be seen or reached, it will be
extremely difficult to clean or inspect for efficiency of cleaning. Equipment
should be provided with quick release to minimize the need for tools to
disassemble and to facilitate access to inner surfaces for repair, cleaning,
inspection, and sanitization.

 

Principle 4: Self-Draining — No Product or Liquid Collection

 

Equipment shall be self-draining to ensure that food product, water, or product liquid
will not accumulate, pool, or condense on equipment or product zone areas.

 

Flat equipment surfaces should have a slight slope toward drain holes to
prevent pooling of cleaners, sanitizers, or product moisture. If a slope is not
possible or if additional drain holes are not practical, there must be a pro-
cedure in place to facilitate draining and prevent pooling [17]. This may
include wiping or using a squeegee on surfaces to direct pooled water off
the surface or to a drain.

 

Principle 5: Hollow Areas Hermetically Sealed (No Penetration of 
Hollow Areas)

 

Hollow areas of equipment (e.g., frames and rollers) must be eliminated where
possible or permanently sealed. Bolts, studs, mounting plates, junction boxes, name-
plates, end caps, sleeves, and other such items must be continuously welded to the
surface of equipment and not attached via drilled and tapped holes.

 

Hollow material is discouraged for conveyor rollers or equipment framing.
If hollow material is used, it has to have a continuous weld seal (caulk is
not acceptable). If penetrations are necessary, they should be weld-sealed
(Figure 6.8) at the penetration to prevent food or liquid entry and subsequent
creation of a possible bacterial or allergen niche.
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Principle 6: No Niches — Pits, Cracks, Recesses, Poor Welds, and Corrosion

 

All parts of the equipment shall be free of niches such as pits, cracks, corrosions,
recesses, open seams, gaps, lap seams, protruding ledges, inside threads, bolt rivets,
and dead ends. All welds must be continuous and fully penetrating.

 

All welds should be continuous, smooth, and sanitary. Where seams are
welded together, they are to be butt-welded, not overlapped, as this creates
a gap that can become a harborage niche. There should not be tack or spot
welds that can harbor food or soil and become a microbial or allergen niche
(Figure 6.9). Where spot welds are unavoidable, caulk between them for a
continuous seal, though this is not as desirable as a continuous weld.

Welds will be ground and polished to the same texture as the surrounding
surfaces with no globular welds, as these can create bacterial niches. If
polishing equipment is used for materials containing iron, it can transfer
some of the iron particles to stainless steel, eventually resulting in rust on
the stainless material. It is recommended that at least one polisher be dedi-
cated to stainless steel to prevent this cross-contamination with iron [15].

 

Principle 7: Sanitary Operational Performance (No Contribution to 
Insanitary Conditions during Operations)

 

During normal operations, the equipment must perform in such a manner that it
does not contribute to insanitary conditions or the harborage and growth of bacteria.

 

FIGURE 6.8

 

Penetrations such as bolts should have a continuous weld to create a seal to prevent harborage,
not just a tack weld.
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Avoid the use of screw threads and bolts in product areas, especially
slotted, Phillips, and hex screws, as these can trap food materials. Use pol-
ished stainless steel nuts to cover bolt threads [15]. It is recommended that
the heads be sealed or that bolts come up from the underside, away from
the product flow [17]. To prevent contamination that can be transferred from
floor to equipment to product, equipment should be at least 6 in. above the
floor. It should not be located near floor drains, where aerosol or backups
could contaminate equipment. Where this is not possible, drains can be
covered with stainless steel plates or rubber mats to prevent drain aerosols
from backing up onto equipment surfaces.

 

Principle 8: Hygienic Design of Maintenance Enclosures (Junction 
Boxes, etc.)

 

Maintenance enclosures (e.g., electrical control panels, chain guards, belt guards, gear
enclosures, junction boxes, pneumatic and hydraulic enclosures), and human machine
interfaces (e.g., push buttons, valve handles, switches, and touch screens) must be
designed, constructed, and maintained to ensure food product, water, or product liquid
does not penetrate into, or accumulate in or on, the enclosure and interface. The
enclosures should be sloped or pitched so that they cannot be used as storage areas.

 

Where possible, enclosures for water, air, or hydraulic lines should be designed
into the equipment so that these lines are out of the product flow zones. Panel
boxes should be designed to resist accumulation of water or soil internally, and
have sloped tops so that they do not accumulate soil and cannot be used as
platforms for materials that might make their way into product streams.

 

Principle 9: Hygienically Compatible with Other Plant Systems (Electrical, 
Air, and Water)

 

Design of equipment must ensure hygienic compatibility with other equipment and
systems (e.g., electrical, hydraulics, steam, air, and water).

 

FIGURE 6.9

 

Tack welds should be avoided as they create areas that are difficult to clean. Welds should be
continuous.
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Connections of the same material are compatible, and prevent leaks or
waste from equipment coming in contact with food-contact surfaces. Use of
dissimilar materials at connections can result in electrolytic corrosion from
use or from chemicals and should be avoided [20].

 

Principle 10: Validation of Cleaning and Sanitary Protocols (Encourage 
Equipment Designers to Demonstrate Effective Cleaning of the Equipment)

 

The procedures prescribed for cleaning and sanitation must be clearly written,
designed, and demonstrably effective and efficient. Chemicals recommended for
cleaning and sanitation must be compatible with the equipment, as well as with the
manufacturing environment.

 

Prior to installing any equipment, make it a point to work with equipment
vendors to ensure sanitary design and to have the design reviewed by a
third-party expert. Experience has taught the industry not to assume that
equipment manufacturers are going to do this. A cross-functional team
(QA, Sanitation, Maintenance, and Production) should be used to evaluate
equipment before it is purchased and to develop very specific sanitary
requirements for all plant equipment. These are the individuals charged with
the cleaning, inspection, operation, and maintenance of equipment, and they
should be part of the decision-making process in choosing equipment.

 

Other Considerations for Sanitary Equipment Design

 

Bearings and Shafts:

 

 Moving parts such as driveshafts should be sealed with
self-lubricating bearings that do not leak. Lubricants should not be applied
so heavily that they leak onto product surfaces [20].

 

Equipment Legs and Frames:

 

 

 

If the frames have rolled edges, they should
not exceed 180

 

°

 

 to prevent moisture and soil deposition. If they already
exceed this tolerance, close them all the way and weld-seal them to prevent
niche sources. Equipment legs may need to be adjustable to facilitate level-
ing; however, they should have minimal penetrations. The base should not
be a source of contamination at the floor junction and may require sealing
or the use of cone covers to prevent irregular niche areas (Figure 6.10).

 

Repairs

 

Repairs in food plants should be permanent and sanitary. Temporary repairs
should be avoided whenever possible. Temporary repairs are just that —
temporary. Unfortunately, they have a way of becoming permanent if there
is no follow-up. It is understood that temporary repairs may need to be made
on occasion; however, the plant must have a system to track the date of the
temporary repair and a means to follow up with a permanent repair. For
example, a minor leak from the roof or an overhead pipe might be repaired
by hanging plastic sheets to catch water from the leak or to direct it away
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from production areas and to drains. The date the plastic is hung should be
written on the plastic with a marker pen and must be replaced each day
until a permanent repair can be implemented. Under no circumstances
should repairs be made with duct or plastic tape as this becomes a trap for
soil and microorganisms. Avoid the use of temporary repairs with paper or
plastic-coated twist ties, as these are difficult to clean and become a potential
physical product hazard.

Caulk has limited application for either permanent construction or tem-
porary repairs. It can be functional when sealing along fiber wall paneling
to prevent water from entering seam joints. It may also be used around
ceiling panels used in a track system as a means of preventing dust and soil,
which collects above the panels, from dropping down onto the product zones
below. However, keep in mind that it may eventually dry and shrink, result-
ing in its becoming loose and necessitating replacement over time. When
using caulk, it must be compatible with the substrate and the surface must
be clean and dry when it is applied [6] (Figure 6.11).

Careful planning can provide greater assurance of food safety. Cross-
functional training of staff in sanitary facility and equipment design can
enhance evaluation of existing structure and plant equipment or to facilitate
expansion and improvements. This can be accomplished through use of
available literature, or more effectively, through training courses offered by
experts in the field. Use a cross-functional design team comprising Produc-
tion, Quality Assurance, Maintenance, and Sanitation to establish require-

 

FIGURE 6.10

 

Equipment bases such as this will be difficult to clean and may create a bacterial harborage niche.
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ments of sanitary design, the desired outcome being a facility and equipment
that support food safety, quality, and productivity.

There are many other benefits to effective design that can offset expendi-
ture on sanitary materials and equipment. Materials used in facility design
can be durable, reducing repair and maintenance costs. The same is true of
equipment design. Both can have an impact on sanitation expense by reduc-
ing the amount of chemical needed to clean and sanitize, as well as mini-
mizing labor and overtime. Sanitary design makes cleaning faster and more
efficient. The easier the facility and equipment are to clean, the better the job
will be done. However, the most important factor, product protection, is the
most compelling reason for following basic sanitary design principles. In the
long run this will be a benefit to the company and, thus, sanitary design can
be made part of the overall plant food safety system.
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Incomplete application of caulk is insanitary, creates potential bacterial niches, and is unaesthetic.
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Since QA is making us clean our tools, they should pay for the chemicals!

 

 — A plant maintenance employee upon finding out he has to clean
and sanitize his tools

 

Why clean the plant? The time used in cleaning a food plant is time away
from production, and it is production that makes money for the company,
correct? Production and sale of finished product does make the company
money, provided the production is wholesome, unadulterated, and of such
a quality level that people will continue to buy it. Without a sanitation
process in a food plant, it is likely that none of these expectations will be
met. Sanitation is basic to food safety and quality, and it is a vital component
of an integrated food safety system with strong links to regulatory compli-
ance, quality, hazard analysis critical control points (HACCP), good manu-
facturing practices (GMPs), and pest control.

The process of sanitation has many facets that make it vital in a food plant,
not the least of which is that it allows food companies to meet regulatory
standards. Of course, the primary function is to remove contaminating soils,
prevent film buildup, and prepare the food surface for sanitizing. It is also
necessary to prevent insect and rodent infestation and harborage by remov-
ing sources of attraction and nutrition. Effective sanitation also plays an
important role in preventing allergen cross-contamination and foreign mate-
rial inclusions. The benefits of effective sanitation are the production of safe
product, improved product shelf life, and reduction of off flavor, odor, and
color. To an extent it will also prevent equipment deterioration and increase
production efficiency. Finally, it can be a source of pride and morale to
employees, who prefer to work in a clean location.

Food plants operate under federal regulations regarding the maintenance
of sanitary processing conditions. Facilities that do not maintain those con-
ditions may have their products retained, their production delayed, or their
operations suspended. It is essential to remove soil and microorganisms
during the sanitation process to prevent the manufacture of food under
insanitary conditions, rendering it unfit or injurious to health and leaving
the company open to regulatory enforcement action. The cost of poor sani-
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tation is product on quality hold, increased storage costs, customer order
shortage, production stoppage, material disposal, customer/consumer com-
plaints, potential liability and associated costs, and possible product recall
or seizure. Facilities must operate under sanitary conditions and in a manner
that ensures product will not be adulterated. For most operations this means
that the plant equipment and environment should be cleaned at least daily
(within a 24-h period) or as frequently as needed to prevent insanitary
conditions or product adulteration.

Product safety and quality are highly dependent on sanitation, as
improper sanitation will result in reduced shelf life and increased loss due
to spoilage. Sanitation is a prerequisite to HACCP and is intended to reduce
the incidence of microbiological, chemical, and physical hazards in the food
manufacturing environment. The most effective sanitation program can be
nullified if employees do not follow good manufacturing practices, thus
creating contamination conditions. Conversely, strong sanitation programs,
incorporating multiple interventions and integrated with other critical food
safety systems, will enhance overall product safety. This chapter will intro-
duce the basic needs for effective sanitation and the need for a strong linkage
to other food safety programs in the plant. It will touch on the benefits and
incentives for a food company to implement robust sanitation practices and
link them with the total food safety system. This chapter will provide basic
operational guidelines pertaining to sanitation practices and sanitation
employee expectations for properly cleaning a food plant, its equipment,
utensils, and structure.

 

Who Is Responsible for Sanitation?

 

Although the primary focus is typically on the sanitation department, effec-
tive sanitation involves a combination of efforts by multiple departments.
Sanitation actually begins with the implementation of sanitary design of the
plant and manufacturing equipment, and sanitary design involves cross-
functional efforts between Engineering, Maintenance, Sanitation, Quality,
and Operations. Sanitation continues with the development of an effective
sanitation plan, and then the implementation of that plan, which also
involves several of the plant or company departments. However, the plant
manager is ultimately responsible for the implementation and enforcement
of sanitation requirements. He or she controls the budget for sanitation
supplies, training, and equipment. It is the plant manager who usually
initiates the process for capital expenditures for new sanitation equipment
or physical plant improvements that can make sanitation more effective.
Top-down management support is vital to set the tone for the perception of
sanitation priority within the plant, and if a commitment to sanitation and
the sanitation crew is demonstrated, management’s direct reports will gen-
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erally recognize sanitation as a priority as well. Management also should
take responsibility to ensure that all plant personnel understand their role
and responsibility to sanitation and product safety.

Quality Assurance (QA) provides guidance in the development of sanita-
tion procedures and verifies that procedures are followed and that the man-
ufacturing environment is clean. QA must be provided with the authority
to reject equipment, lines, or rooms deemed as not meeting sanitary require-
ments, without reprisal or intimidation. QA is usually responsible for col-
lecting microbiological swabs to verify the cleanliness of equipment; thus it
has access to data regarding sanitation performance. These data should be
shared with plant management and sanitation management to let them know
where performance is satisfactory and where improvement is needed. This
will be covered in greater detail in Chapter 8. The sanitation manager/
supervisor is responsible for training of the sanitarians, the implementation
of the requirements of the sanitation operation procedure and the master
sanitation schedule, and the verification of sanitation efficacy.

 

Sanitarians

 

The sanitation department is one of the most important departments in a food
manufacturing facility. How can you start your plant on time in the morning
unless it is clean? How can you expect to have acceptable product quality and
shelf life without a sanitary environment? And how are you going to be certain
that your products are safe for consumption without an environment nearly
free of pathogens? You cannot do it without the actions of a group of indi-
viduals willing to work in the dead of night, often in wet conditions, their
work usually not being noticed unless something goes wrong.

The sanitation department depends on structure to be effective. This begins
with a strong sanitation supervisor or manager; someone with good leader-
ship attributes, technical skills, and problem-solving ability. It continues with
the selection, hiring, and training of sanitarians who implement the sanita-
tion process. How can Sanitation be made the most important department
in the plant? Start by hiring a staff that is physically able to do the job, that
can work the hours required, and that can handle the conditions (wet and
involving chemicals). Interview potential sanitation department candidates
just as you would candidates for any other position. When interviewing the
prospective candidates, look for associates who will be conscientious, take
pride in their work, and be safety conscious. They must also have the knowl-
edge to be able to work with chemicals and mixing. It may also be necessary
to hire sufficient sanitorians to account for vacations or illnesses as well as
people who decide not to work on this shift [13]. The sanitation job is
challenging enough, and a shortage of staff would complicate matters. As
with any other position in the plant, it is also a good idea to cross-train
sanitarians to ensure that they can function in different roles when the
department is short-staffed.
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Sanitarians must be well trained to do their jobs, including knowing how
to perform their tasks safely. Appropriate personal protective equipment must
be provided for and used by associates, such as rain gear, aprons, boots, and
gloves and goggles or face shields. Inappropriate garments should not be
allowed (i.e., street clothes, garbage bag coverings, or flammable material), as
these can result in poor safety or sanitation conditions. Do not just give sani-
tarians the personal protective gear without telling them why it is necessary
for them to wear it; train them to understand why it is important to wear
such gear. In one plant the writer observed that plant sanitarians wore street
clothes, had no gloves or goggles, and used trash bags to fashion covers to
keep themselves dry. When asked why they did not have appropriate rain
gear, the plant manager explained that it was too expensive. A review of the
plant records revealed a high frequency of reportable accidents from chem-
ical burns and irritations among the sanitation staff, resulting in a high
insurance premium, lost time, and late plant startup. It did not take long to
calculate that providing the appropriate gear was less expensive than the
dollars spent on insurance and lost productivity. The plant manager relented
and bought the appropriate equipment, but it was unfortunate that people
had to be injured before he took action. In another plant, the manager used
written procedures and pictures to teach sanitarians about lock-out and tag-
out procedures, what they are, and why they are important. He made sure
that they knew about and had access to material safety data sheets (MSDS)
and that they had access to chemical spill kits. Not surprisingly, this plant
not only has had minimal injuries and expenses for the sanitation staff, but
it also starts on time and has one of the lowest frequencies of microbiological
failures, both environmental and product.

The sanitation process is defined for sanitarians through concise sanitation
operating procedures. It is vital to provide sanitarians with clear, written
procedures for each area and piece of equipment to be cleaned so that they
understand plant expectations of cleanliness. This manual is a valuable tool
for training of sanitation personnel. It can be very effective to incorporate
photos to show proper technique. If your company has an intranet, digital
photos and even video can be incorporated into the online procedures for
even more effect. The plant sanitation supervisor should be the person to
conduct training sessions for new employees as well as to provide ongoing
(updated) training to the existing crew. The chemical supplier’s representative
and QA manager can also assist in training sanitation crew members. When
writing sanitation procedures, involve personnel from the sanitation crew as
they are the most familiar with the plant cleaning process and equipment.
This gives them a sense of ownership and helps to standardize the processes.
Use this information to ensure that you have provided your sanitation crew
with all that it needs to continue to be the most important department in the
plant. The same expectations are true of the members of the day sanitation
crew. Although they may not use cleaning chemicals, they are often respon-
sible for knowing how to monitor and change the sanitizer in hand dips or
shoe dips. However, keep in mind that training is at many levels and involves
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more than a lecture, plugging in a video, or providing some reading material.
Training encompasses all senses: hearing and seeing, hands on, feedback, and
follow-up. Training records for each person must be up-to-date, signed by
the associate, and readily available for audit at all times. These will be main-
tained by plant human resources or sanitation supervisors.

Some plants choose to use an outside contract cleaning and sanitizing
company to perform sanitation activities. There are certain advantages to
using these resources as they are responsible for providing the crewing,
which can be helpful when local resources are scarce. There may be a finan-
cial benefit to outsourcing that the company will have to explore. The con-
tract crew can be used to help maintain the sanitation standard operating
procedures (SSOPs); however, the company is ultimately responsible for
compliance with all sanitation requirements and regulations.

The sanitation process is greatly enhanced through the use of sanitary
techniques to effectively clean the food plant environment as well as house-
keeping in auxiliary storage and office areas. When possible, separate sani-
tarians so that part of the crew is dedicated to cleaning raw areas while
others are dedicated to cleaning RTE areas. Make sure that they are aware
of and comply with the GMPs identified in Chapter 9. Provide information
on integrated pest control processes and the sanitation department’s role in
pest control, as identified in Chapter 10, as this function is often the respon-
sibility of the sanitation department and is closely linked to sanitation efforts.

Provide sanitarians with an environment and equipment that will be rel-
atively easy to clean (sanitary equipment design, solid floor surfaces, and
no spot welds, etc.) in the time allowed. Steam fog due to inadequate exhaust
is not conducive to cleaning and inspection and is also a potential safety
hazard, so make sure that the facility has adequate ventilation for the sani-
tation process. Provide the tools to effectively clean and sanitize and give
them the training and direction on how to use these tools to do the job
properly. Do not stint on equipment or chemicals. Approximately $0.80 of
each dollar spent on sanitation is spent on sanitation labor [9], so invest in
sanitarians and do not cut sanitation expenses to balance the plant budget.
Give them enough time to clean the environment you have provided.

 

 

 

In
other words, make sanitation easy or the sanitarians will by taking shortcuts
that may have a negative impact on sanitation and, ultimately, on product.
Give them the opportunity to meet with the sanitation chemical representa-
tive and let them discuss technique, the best chemicals for the job, and
equipment needs. Let the sanitarians help make decisions on the best equip-
ment for the job that they are doing (e.g., belt washers and “clean out of
place” [COP] or “clean in place” [CIP] systems).

Provide the sanitation department with the right people, the right tools,
and the right training and you are well on your way to an effective program.
But do not forget to give them recognition also. They often miss out on the
parties and the company lunches and do not see management or hear about
the status of their company. Give them feedback on how they are performing
(timely startup, microbiological levels, product shelf life, etc.) to give them
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a sense of contribution. It is also valuable to spend some quality time on the
night shift, provide pizza or cater holiday meals, celebrate monthly birth-
days, review microbiological swab data with them, let them know how their
company is performing, and remind sanitation associates how important
they are and that you support their efforts. This applies to the plant manager
as well as the QA manager. Remember, if they are successful, your business
will be successful.

 

Written Cleaning Procedures

 

Before preparing the sanitation manual, it is best to start by making sure
that all plant management, including Production, Maintenance, QA, and
Sanitation, understand the basics of food plant sanitation. Sanitation is essen-
tial to food safety and quality, and is the foundation for all food safety
programs. Sanitation improves operational efficiency, productivity, and qual-
ity, as well as promoting employee safety. It can be an indication of how well
an operation is run. The objective is to remove soil and microorganisms from
the manufacturing environment to prevent manufacture of foods under
unsanitary conditions. If done correctly, the result is the destruction of micro-
organisms, including pathogens, spoilage, and indicators. When this is
accomplished, you are more likely to (1) prevent food-borne illness,
(2) reduce product spoilage, and (3) increase product shelf life. Each of these
elements should contribute to the company reputation and earnings.

Each plant should have a complete written sanitation manual to cover all
cleaning processes, whether by hand, COP, CIP, or other method. This man-
ual also should cover cleaning of the entire plant environment, in addition
to processing equipment. It likely will be more detailed than SSOPs and can
be used as a training manual for sanitarians as well as for plant employees.
Ideally, the manual should be in English, but it may be necessary to provide
copies in the other languages used by the employees in your plant. These
procedures must be accurate and realistic, given the nature of the operation.
The manual will define the procedures to be followed to destroy vegetative
organisms of public health significance (pathogens), reduce the numbers of
undesirable organisms (spoilage, indicators), and eliminate the conditions
that allow their growth. It should begin with basic safety practices for san-
itation employees, including the following:

• Use of personal protective equipment, and when and how to wear it
• Lock-out–tag-out procedures
• Basic plant safety precautions (no running, safe lifting procedures, etc.)
• Chemical safety procedures (proper mixing and application, proper

storage, proper container labeling, etc.)
• Basic first aid for chemical exposure
• Procedures for chemical spill control
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Procedures will include a complete layout of the plant and equipment, map
of drain location (drains being numbered) and common drains, and the
responsible personnel for each area. They will also identify the locations of
hose stations or chemical hookups, and include a listing of chemicals, their
usage levels, a copy of their labels, and MSDS sheets. The manual will provide
detailed cleaning instructions for each piece of equipment: the need for dis-
assembly, handling of parts in a COP tub or on a cleaning rack, processes for
CIP systems and the processes by which cleaning is accomplished. Diagrams
or photographic materials can be used to facilitate description, provided the
photos are treated as confidential. The manual may also include nondaily
cleaning procedures that are part of the master sanitation schedule (Table 7.1).
A master sanitation schedule lists daily, weekly, monthly, quarterly, etc., clean-
ing tasks and is prepared and maintained by Sanitation. It will show the
cleaning task, scheduled cleaning date, completion date, and sanitarian
signoff to indicate that the procedure was implemented. Procedures will
include instructions for the cleaning and storage of sanitation equipment.

 

Considerations for Effective Cleaning

 

When developing sanitation procedures, as when selecting cleaning com-
pounds, there are several factors that must be considered: first, the type of

 

TABLE 7.1

 

Master Sanitation Schedule

 

Cleo’s Foods Master Sanitation Program

Task Description Frequency
Date 

Scheduled
Date 

Completed Sanitor

 

Clean overhead pipes 
and beams

Weekly

Clean locker rooms Monthly

Rod and flush drains Quarterly

Clean electrical panels Weekly

Clean refrigeration 
units

Weekly

Clean ceilings and 
overheads

Weekly

Remove and soak 
conveyor belts

Monthly

Scrape ice in freezers Monthly

Empty and clean 
coolers

Monthly

Empty and clean 
outside storage tanks

Semiannually

Scrub warehouse floor Quarterly
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soil to be cleaned; second, the function of various chemicals in the cleaning
process; and finally, the condition of the plant water.

 

Soils

 

There are many types of soils that may be encountered in food plants,
depending on the types of product being made. Each different soil has a
different level of solubility. There is no general-purpose cleaner to address
all soils; no “one size fits all.” Cleaners or detergents are selected specific to
the needs [2]. Table 7.2 illustrates the solubility of various soils typically
found in food processing plants [2–4].

 

Chemical Functions

 

Another important factor to consider when setting up the sanitation program
is the functionality of chemicals; that is, what they do when used. The
following are functions that cleaning chemicals perform when used in a
sanitation system [2]:

• Emulsification: The breaking up of fats and oils to allow them to
mix in water. Once this is accomplished, they remain suspended in
water until rinsed away.

• Saponification: The process of making fat soluble and easier to
remove. Alkali cleaners react with animal or plant fat, creating soap
that is suspended for rinsing.

• Sequestering/chelating: The process of removing mineral hardness
from water and making water softer for cleaning. Polyphosphates
are examples of sequestering/chelating agents.

 

TABLE 7.2

 

Food Soil Solubility and Recommended Cleaners

 

Food Soil Solubility
Impact of Heat on 

Solubility
Recommended 

Cleaning Compound

 

Carbohydrates Soluble in water, 
usually easy to 
remove

Heat caramelizes 
carbohydrates and 
makes them more 
difficult to remove

Alkali

Proteins Less soluble in water 
when undenatured

Heat denatures protein 
and makes it more 
difficult to remove

Alkali; acid may also be 
used

Fats Least soluble in water; 
breakdown with heat

High heat makes fats 
more difficult to 
remove

Soluble in alkali; 
emulsified by 
phosphates

Minerals Insoluble in water and 
alkali

Heat and water 
hardness increase 
difficulty in removal

Acid removes mineral 
films (milk stone and 
calcium oxalate)

 

4197_book.fm  Page 132  Tuesday, April 18, 2006  12:45 PM

Copyright © 2006 Taylor & Francis Group, LLC



 

Sanitation Best Practices

 

133

• Wetting agents: Used to lower the surface tension of water, helping
the water to contact all surfaces of the soil and the equipment.

• Penetration: Needed for effective soil wetting and occurs as liquids
enter materials through pores and channels in porous material.

• Dissolving: This chemical reaction produces water-soluble product
from water-soluble soils. Some soils, such as alkali deposits, form
strong bonds with surfaces. Acid will solubilize these soils for removal.

• Dispersion: Also known as 

 

deflocculation

 

, this is the breaking up of
aggregates into separate particles that are easily suspended and
removed.

• Suspension: Once insoluble particles are in solution, suspension will
allow them to be flushed away, preventing them from settling and
resulting in deposits. 

• Peptizing: Similar to dispersion but more applicable to protein
soils. This is the formation of solutions from soils that are only
partially soluble.

• Rinsing: The condition of solution or suspension that will allow soils
to be flushed from a surface. This is done by reducing water surface
tension (wetting).

 

Water

 

Water used for sanitation must be potable whether it is from a private well
or a municipal source. Potable means that it is fit for human consumption
without further treatment [15]. Under no circumstances should nonpotable
water be considered for cleaning. In addition, plant water lines should have
backflow prevention or vacuum break devices installed to prevent back-
siphonage of nonpotable water into potable water systems. In all situations,
sufficient boiler capacity is needed to provide enough hot water for the entire
cleaning process. Cold water will not dissolve fats, so the plant must supply
enough hot water to facilitate the entire sanitation process. Water hardness
can have an impact on the effectiveness of cleaners and sanitizers as well as
on the performance of plant equipment. All water contains some level of
hardness because of minerals. Water hardness occurs when rainwater passes
through the atmosphere and picks up levels of carbon dioxide (CO

 

2

 

), creating
a mild carbonic acid solution. Then as the moisture passes through the soil,
it dissolves alkaline materials such as calcium and magnesium [4]. It is the
minerals present in the water that cause hardness. Water hardness is typically
measured in grains per gallon (gpg), and levels of hardness are described in
Table 7.3 [4].

Some of the problems with hard water are reduction in effectiveness of
cleaners and sanitizers, reduction in the effectiveness of heating equipment
(i.e., boilers or cookers) as scale forms on transfer surfaces, and contribution
to the formation of biofilm on equipment. One means of softening the water
is through the use of sequestering and chelating agents in cleaning systems
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to reduce hardness [3]. However, this can be more expensive than softening
the water in the plant system. This can be done through the addition of
chemicals (hydrated lime and soda ash) to precipitate the hardness. This is
especially effective for boilers [4]. Another means to soften plant water is
through ion exchange in which sodium ions are exchanged for calcium and
magnesium, making the water more compatible with cleaning solutions.

 

Cleaning Chemicals

 

When selecting cleaning chemicals and sanitizers, it is also important to
match the type of material used for the processing equipment so that the
equipment does not deteriorate. Soft metals such as aluminum can pit from
harsh chemicals such as acids or unbuffered alkali, and the pitting can
become harborage for bacteria, supporting the formation of biofilms. They
must be safe for use and easily rinsed from equipment [3]. Common cleaners
or detergents are listed in the following text:

• Alkali: Soil displacing, emulsifying, saponifying, and peptizing
agents. They also prevent mineral scale. These are some of the most
commonly used detergent compounds and they include sodium
hydroxide and caustic soda (lye). They can be corrosive to aluminum
and galvanized steel. Lye is especially strong, results in corrosion,
and is difficult to rinse. Trisodium phosphate (TSP) is milder, less
corrosive, and does not precipitate hardness [2,4].

• Phosphates: Emulsify and peptize soil, soften water, and prevent
soil deposits and mineral precipitation. They condition water and
are a source of alkalinity [2]. Use of phosphates depends on hardness
of the water.

• Wetting/surfactants:

 

 

 

Promote wetting or precipitate soil and rinse
well [2]. They emulsify, disperse, and suspend soil such as oil as
small droplets in water [4]. These agents are noncorrosive, soluble
in cold water, and are not affected by harshness. They are stable in
acid or alkali conditions. There are thee types of these agents:
• Anionic — pH neutral, compatible with acid or alkali.
• Nonionic — better for oils, marginal effect of hard water, some

will depress foam.

 

TABLE 7.3

 

Water Hardness Measurements

 

Hardness
Grains per Gallon

(gpg)

 

Soft 0–3.5
Moderately hard 3.5–7.0
Hard 7.0–10.5
Very hard >10.5
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• Cationic — wetting agents, typically quaternary ammonia com-
pounds, which do not react favorably with mineral soil but have
some antimicrobial action.

• Acids: Good for cleaning alkali soils and removing minerals, especially
calcium and magnesium, can condition water. There are two types:
• Inorganic — strong and corrosive, not recommended for food

plant use. Examples are phosphoric acid, hydrochloric acid, and
sulfuric and nitric acids.

• Organic — most useful in food plants as they are not as corrosive.
Examples are acetic acid, tartaric acid, and lactic acid.

• Chlorinated cleaners: Increase peptizing and minimize mineral stone
as well as make alkaline cleaners more effective. This is not a sani-
tizing agent when used in a cleaner, therefore a separate sanitizing
step is still required.

• Chelating agents: Also known as sequestering agents, these control
mineral deposits (such as calcium ions) through water softening and
displace soil through peptizing. They are stable to heat and prevent
precipitation of hardness. The most common is ethylene diamine
tetra acetic acid (EDTA).

The sanitation chemical supplier should be a source of technical assistance
in the use and application of cleaning chemicals, not just a chemical sales-
man. The most effective supplier representatives will conduct a plant survey
to determine products, soils, equipment, facility flow, and personnel needs.
They will participate in setting up the cleaning procedures but will not set
up the procedures themselves. They will provide chemical safety training
and training on application and cleaning technique, and should have suffi-
cient microbiological knowledge to understand which organisms are of con-
cern, given the products made, and to assist with selection of sanitizers to
control these organisms. They should also provide an MSDS sheet for all
cleaning and sanitizing compounds and verify that these materials are listed
in the 

 

Proprietary Substances and Non-Food Compounds

 

 publication. They will
ensure that recommendations for any new compound are reviewed with and
approved by QA and Sanitation. The scope of their visits should include
chemical use and expenses, cleaning effectiveness, safety, and procedure
review. All visits should be documented in a report provided to the plant.

 

Cleaning Systems and Equipment

 

Central systems provide hot water and chemicals to stations placed around
the plant. They can be automatically set to deliver various combinations of
water pressure and volume for specific soils. The systems can be set to deliver
chemicals directly into the water or be equipped with a mixing valve to add
chemical from a central dispenser. The advantage to the mixing valve is that
the same hose can be used for prerinse and final rinse of equipment with
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the valve off to prevent flow of chemical [15]. If this type of system is used,
it is important to provide a sufficient number of hoses and hook-up stations
for the size of the plant and to have sufficient pump size to deliver the water
or chemical needed for the distance and number of units to be run at any
time. Spray guns for the cleaning system must be of sufficient size to deliver
the chemical to the areas being cleaned. If equipped with a nozzle with a
15

 

°

 

 spread, this should be sufficient for most applications [15]. Nozzles are
available to alter the spray pattern for varying cleaning jobs.

An alternative to a central system is individual hose stations. These stations
have a supply of hot and cold water or steam injection for creation of hot
water. They require a gauge for direct reading of water temperature and will
also be provided with individual backflow prevention devices [15]. As they
operate with city water pressure, the hoses will have adjustable nozzles for
stream flow or mist spray. Hoses must be made of material that is able to
handle the temperature and pressures for the system, and be lightweight,
flexible, and nonporous so that they can be cleaned.

Portable equipment can be used for wet cleaning of hard-to-reach areas.
It may require hot-water feed or have built-in heaters to create hot water. In
addition, it can incorporate detergent and create foam.

Wet/dry vacuums are valuable in any food plant environment on account
of their versatility. They can be used for small cleaning jobs and are highly
portable. Plants may also find value in purchasing floor scrubbers. Although
they need space to operate, they are good for cleaning warehouse floors
and aisles.

 

The Cleaning Process

 

The frequency with which the plant is cleaned will depend greatly on the
operation and the types of soils involved. Dry-mix plants are often contin-
uous, with ongoing cleanup or a full cleanup at the end of a week. Slaughter
and further process plants now have flexibility from FSIS to determine what
is appropriate provided there is no insanitary condition or no production of
adulterated product. A rule of thumb for plants is to clean once within a
24-h period and after the following product changeovers: between allergenic
ingredients for food safety, between animal species (i.e., when changing from
chicken to beef to prevent economic adulteration), and between spices for
quality reasons (i.e., from more colorful or flavorful spice blends to less
intense blends). Consult with the plant sanitarians and the QA department
to determine the appropriate cleaning frequency. Decisions to clean equip-
ment or rooms less than every 24 h must be supported by sufficient scientific
documentation to prove that this will not result in insanitary conditions and
the production of adulterated product. This may come in the form of micro-
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biological testing, scientific literature, or validation by a process authority.
Environmental cleaning of areas such as walls, floors, ceilings, drains, etc.,
should be conducted daily or as often as necessary (i.e., during midshift
cleanup, between shifts, etc.) to prevent product or contact-surface contam-
ination. Nonproduction areas should be cleaned as frequently as needed to
prevent transfer of insanitary conditions to production areas.

The following steps are basic procedures for effective cleaning and sanitiz-
ing. Each step in the process depends on effective completion of the prior step.

The sanitation process starts with a dry pickup of scrap, paper, packag-
ing, and product or ingredient spills. This should be ongoing during the
manufacturing shift to prevent excess buildup and prevent insanitary
processing conditions. Evening sanitarians can be assisted by having pro-
duction personnel conduct the dry pickup at the end of their shifts to save
time and effort. The use of squeegees and shovels are preferred for floor
cleaning over brooms or brushes. Squeegees are easier to clean than
brooms, which can become encrusted with food material [12]. Avoid the
use of air hoses to prevent blowing contaminants into product or product
streams (Figure 7.1).

Break down equipment into component parts or open equipment panels
to clean inside. Cover electrical panels or motors with plastic and secure the
plastic to prevent forcing water into areas that may result in damage. Lock
out or tag out moving equipment, such as blenders, to prevent injury
(i.e., equipment someone may have to reach into). Do not place equipment

 

FIGURE 7.1

 

Dry pickup is the first step in the plant sanitation process.

 

4197_book.fm  Page 137  Tuesday, April 18, 2006  12:45 PM

Copyright © 2006 Taylor & Francis Group, LLC



 

138

 

Food Plant Sanitation

 

parts on the ground (floor) or on stairs or platforms where there is foot traffic,
as this may only create more bacterial niches and result in recontamination
of clean parts (Figure 7.2).

Instead, have racks or COP tanks for these parts as specified in “Specialized
Cleaning Procedures and Equipment” below.

Follow dry cleaning with a hot-water rinse to break up fat, remove visible
soils, and combine with mechanical action to prepare surfaces for cleaning.
Water temperature for cleaning is very important, depending on the soils
present. Generally, the water temperature used is approximately 5

 

°

 

F above
the melt point temperature of fat [4]. This means that the recommended
temperature will be between 130 to 160

 

°

 

F. As proteins denature and bind to
surfaces, making removal more difficult, do not let the water temperature
reach 185

 

°

 

F or higher. The rinse process will proceed as follows:

• Rinse equipment or facilities from top to bottom so that soil moves
from the equipment surface to the floor.

• Reduce water pressure to prevent atomization. It is recommended
that the water be delivered at high volume (9 gal. per min or
greater) and low pressure (<600 psi) rather than at high pressure
(600 to 800 psi) [15]. High water pressure can atomize contami-
nated soils into the air that will then settle on equipment. It can
also drive contaminated moisture into sealed areas that can then
come back out onto product surfaces or product. If there is a need
to use higher pressure because of the nature of the soil, it is at this
step that higher pressure should be used, before the application
of detergent and in a controlled manner to reduce overspray as
much as possible [13].

• Avoid heavy spray on floors and into drains as this can create aero-
sols that can be a potential source of microorganism contamination
from noncontact surfaces to contact surfaces.

 

FIGURE 7.2

 

Placement of parts on the floor during sanitation or at any time should be discouraged.
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Dry pickup and rinse are very important steps to remove as much soil as
possible as most chemical cleaners are not designed to remove excess soils
or gross contamination [12].

Wash all equipment and environmental surfaces with detergent and hot
water. Here again, the water temperature is most effective between 130

 

°

 

F
and 160

 

°

 

F, depending on the cleaning chemicals used. Cleaning may involve
several steps and cleaning compounds used may contain several ingredients,
depending on the soils to be removed, hardness of the water, and prevention
of scale formation [5]. The chemicals used will be selected to control soils
identified in Table 7.2. Chemical mixing, if not done by an automatic dis-
penser, is very important to cleaning effectiveness and cost control. Train
sanitors to properly mix chemicals, and if verification of chemical strengths
is required, use test strips, titration chemicals, or pH/conductivity probes
available with some ATP devices. Ensure that they understand that excess
chemical will not make cleaning easier; in fact, it may make it more difficult
by harming equipment, leaving chemical film, and wasting money [7]. Con-
versely, too little chemical does not save money as it is not going to clean as
effectively and will ultimately result in failures such as reduced shelf life
and quality, microbiological problems, or regulatory noncompliance reports
(NRs), or control action. A pumping system with pressurized air is an effec-
tive means of applying cleaning compounds with the creation of foam.
Foaming cleaners are most effective when large areas need to be cleaned,
and they should be left on the equipment long enough to break down soils
but not long enough to dry, making removal more difficult (Figure 7.3).

Once the chemical has been applied to the surface, it will require contact
time to penetrate and break up soil, but not so long that it begins to dry. Use
mechanical action as needed to remove soil and prevent buildup that can
contribute to biofilm formation. As a rule, scrub contact surfaces on a daily
basis and indirect surfaces such as frames at least once a week [13]. Unfor-
tunately, some chemicals are represented as “no-scrub” and touted as being
effective without mechanical action. Experience and scientific data have
shown that scrubbing is required to prevent the formation of biofilms. Scrub-
bing, however, should not be so intense as to cause scratches or gouges in
the surface being cleaned as these then become harborage niches for bacteria
and biofilms may begin to form. In this instance, softer scrub pads or soft
bristled brushes may be a better alternative to “green pads” (Figure 7.4).

In no instance should steel wool or copper scrubbers be used as these are
very coarse and can score equipment. Formation and control of biofilms was
explained in greater detail in Chapter 5.

During the process of rinsing and applying cleaning compounds, run
conveyors or other equipment at slow speeds to ensure that all surfaces are
contacted. The frequency of removal of belts for scrubbing and soaking must
be identified by the plant in the master sanitation schedule. Cleaning must
include the undersides of the belts, and if the conveyor guides have remov-
able UHMW runners, identify the frequency with which they need to be
removed for cleaning and soaking. Do not allow sanitation employees to
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FIGURE 7.3

 

Chemical foam application on production equipment.

 

FIGURE 7.4

 

Scrubbing of equipment is necessary to remove soils, prevent the formation of biofilms, or
remove established biofilms.
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stand on top of conveyors or product surfaces, as their boots may be a source
of contamination that can be ground into equipment. Provide them with the
appropriate ladders or lifts to reach high spots.

Once the cleaning process is completed, the rinsing process will remove
soils suspended in detergent. Rinse all surfaces with hot (130 to 160

 

°

 

F) water
to remove all soap. Use care to avoid overspray or water spray into floors
and drains that might result in the creation of aerosols.

 

Specialized Cleaning Procedures and Equipment

 

COP is conducted when there are many small parts that come off a piece of
equipment. They may be placed on a rack for cleaning or into a COP tank.
The advantage of the COP tank is that the parts may be cleaned without a
sanitarian handling each one and that can translate into time and labor
savings. Ideally, the vat or tank is heavy-gauge stainless steel [15] and suf-
ficient size to fully submerge all parts. It will also not be a source of con-
tamination itself and will have smooth welds and no dead spots (Figure 7.5).

After dry-cleaning major soil off the parts, place them in the tank. Water
is added to the tank, which is either hot (125 to 130

 

°

 

F) or will have steam
injected to achieve that temperature. Create turbulence in the tank, either by
steam or mechanical means, to aid in loosening soil. Add the chemical cleaner
determined to be most effective for the soil and parts, and start the cleaning
cycle. When parts are clean, rinse them thoroughly with clear potable water,
inspect each part, and apply sanitizer. Cleaned and sanitized parts may either
be reassembled or stored on a rack until ready for use.

A good place to locate the COP tank is in a designated cleaning room. This
room must be made of materials that can withstand a wet environment and
the use of cleaning chemicals. It should have adequate drainage to prevent
pooling of water and be well lit so that the sanitarian can see the equipment
being cleaned. The room must provide all the necessary tools for cleaning,

 

FIGURE 7.5

 

A COP tank is convenient and saves sanitation time by not having to clean each part of complex
equipment.
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such as hoses and hangers, chemical tanks or access to the central cleaning
system, storage for brushes or scrub pads, and racks or shelves to hold
cleaned parts or utensils. Racks or hangers will be of a material that will
facilitate drying of the cleaning utensils (Figure 7.6).

The room will also have adequate ventilation to pull off steam generated
from cleaning. Another example of COP automation that may be beneficial
is a pass-through basket or tote washer. Dry-cleaned totes or baskets are
conveyed through the system, where they are rinsed, cleaned, and rinsed
again. They can then be stacked for inspection and sanitizing. Cost, space,
and effectiveness are factors to consider when deciding whether to use this
type of system.

CIP is often found in processes in which liquid or flow-type materials such
as juice and dairy products are being manufactured. This type of automated
cleaning is generally done with large tanks, kettles, or piping systems in
which there are smooth surfaces. It follows the basic cleaning process involv-
ing prerinse, soap, rinse, and sanitize [15]. CIP involves circulation of deter-
gent through equipment by use of a spray ball or spray nozzle to create
turbulence and remove soil. It is effective at removing soils and cost-efficient
because it requires less labor and, where an automated dispensing system
is used, is very effective at containing chemical costs. The typical CIP system
follows the basic steps for cleaning and sanitizing. There is an initial phase
with removal of any small parts that cannot be cleaned within the system,
followed by a cool temperature (<80

 

°

 

F) rinse phase. Rinse water is flushed

 

FIGURE 7.6

 

A well-designed cleaning room facilitates sanitation and sanitary storage of equipment and
utensils.
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from the system, and the cleaning solution is circulated throughout for the
time required to remove soil. There is a final rinse, followed by the applica-
tion of sanitizer [19].

There are several requirements for CIP systems to be effective:

• The chemical solution must be capable of reaching all surfaces, and
the surfaces are ideally made of stainless steel, not softer metals.

• The internal surfaces are round or tubular, not flat, and there are
no ledges or recesses to prevent accumulation of soil that cannot
be removed.

• Sanitary design includes smooth and continuous welds.
• The vessel is self-draining to remove all cleaning and sanitizing

chemicals. 
• Pump sizes are sufficient for the size of the tank or length of pipes

to be cleaned. The rule of thumb is that the pump can produce a
flow rate 4 to 5 times the rate of the product flow. The flow rate is
recommended at 5 ft./sec to achieve a scrubbing effect. To calculate
the flow rate needed for sufficient volumes of cleaner, double the
tank circumference. This will provide the minimum flow required
in gallons per minute [19].

• The system is run by computer, in a prescribed manner to control
the flow, mixing and diversion, temperature, and time of the chem-
icals for cleaning and sanitizing.

• There are a sufficient number of tanks for the various solutions used,
and they can contain sufficient quantity, about 50% more solution
than required.

• It is recommended that cleaning solution be changed approximately
every 48 h. Foaming-type solutions are not recommended for this
application.

The plant should have a written program to monitor temperature, flow
rates, or velocity in open systems, pressure in closed systems, and cycle
times. This program shall include procedures and frequencies for monitor-
ing. In addition, it is wise to physically evaluate the conditions of compo-
nents — for example, the spray balls — to ensure that they are not damaged
or plugged from mineral, thus affecting their ability to generate sufficient
spray [19]. Monitoring records for the CIP process and inspection must be
maintained to document findings and determine if corrective or continuous
improvement actions are required (Figure 7.7).

 

Baking Equipment

 

This has become a specialized practice in some RTE meat and poultry plants
as a supplement to cleaning and sanitizing. In this process, product-contact
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equipment such as sausage peelers, slicers, racks, and tables are cleaned and
then broken down to remove any parts that would be negatively impacted
by high temperature (i.e., motors, gaskets, soft metals, etc.). The equipment
is then placed in a smokehouse and cooked to raise the surface temperature
to a lethal level of approximately 160ºF for approximately 20 to 30 min [16].
This process also heats internal and hard to reach areas for an effective
microbiological kill and has proven to be an effective means of control for
both pathogens and spoilage organisms.

 

Deep Cleaning

 

This is a specialized cleaning concept that is similar to baking. Again, com-
plex equipment is taken apart to clean all components and remove as much
soil as possible. Once this is done, dry steam is used to heat the metal to 180
to 185

 

°

 

F and penetrate deep into cracks, crevices, and pores. It is effective
because steam under pressure is hotter and drier and penetrates better than
water and larger-molecule chemicals [10]. It is important to remember that
the equipment must be cleaned first (otherwise the steam will simply bake
on soils) and to understand that this is only effective if the surface is brought
to a temperature between 180 and 185

 

°

 

F to kill microorganisms.

 

Floors and Floor Drain Cleaning

 

Floors and drains present a special challenge to sanitation as well as to
manufacturing, especially in cooked RTE meat and poultry plants. Plant

 

FIGURE 7.7

 

CIP spray balls will require periodic inspection to determine if they are plugged or damaged,
thus limiting effectiveness.
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floors are exposed to most sources of contamination in the food plant, start-
ing with shoes, unless the plant provides captive shoes or uses floor foamers.
They are exposed to raw materials or food products, heat and cold, and
harsh cleaning chemicals. They are also subject to the movement of materials
in vats or on pallet jacks or forklifts and to moving or vibrating equipment.
Because they take a lot of abuse, they are hard to keep sealed and nonporous
and that makes them good locations for microbial harborage [6]. They require
special cleaning procedures to eliminate soil, bacteria, and biofilms that may
be present in cracks and crevices. Dry cleaning is the first step to removing
heavy soils from ingredients or food products. To accomplish this, squeegees
and shovels are recommended as bristled brooms are not as effective at
moving wet or fatty materials. In dry areas, however, brooms and shovels
may be appropriate. Once the majority of the heavy soils are removed, rinse
the floor with low-pressure and high-volume water. It is important that soils
and bacteria on the floor are not sprayed onto equipment or atomized
through the use of high-pressure water spray. Follow this with the applica-
tion of a cleaner that will break up soils on the floor. It is also effective to
scrub the floor with a mechanical scrubber or a stiff, bristled brush to help
break up biofilms. The final rinse to remove all detergent and suspended
soil will be at high volume but low pressure to prevent aerosols that can
carry bacteria. Squeegee or vacuum the floor to remove as much standing
water as possible, and then sanitize the floor at a higher level than for
product-contact surfaces, such as 800 to 1000 ppm.

Floor-drain-cleaning procedures are especially important in RTE meat and
poultry plants, in which 

 

L. monocytogenes

 

 is a concern, as the organism grows
very well in floor drains. This is not a problem if the organism stays in the
drain; however, occasional backups occur, and at times spray from hoses is
directed into the drain, atomizing bacteria-laden moisture. Begin cleaning
drains by opening the covers and removing the strainer baskets and quat
blocks or rings. Remove any debris from the drain that may have gotten
through the strainer, and then prerinse with clear warm water at low pres-
sure. Apply foam cleaner to the drain and around the drain. Powdered
caustic cleaner is very effective both in and around the drain. Scrub with a
brush specifically designated for floor drains, as deep into the drain as
possible. Following the scrubbing process, rinse with low-pressure potable
water and inspect prior to sanitizing. As with the floor, sanitizing at a higher
level, 800 to 1000 ppm, is recommended. Drains usually have P-traps to
prevent backup of sewer gases, so it is also recommended that the water in
the trap be replaced with an equal amount of sanitizer. This usually requires
about a gallon of sanitizer to be poured into each drain trap (Figure 7.8).

Brushes used for floors and drains must be identified as such and not used
for any other cleaning process to prevent cross-contamination from these
areas. As a practice, they should also be kept separate from brushes or items
used to scrub equipment surfaces. As an added measure of cross-contami-
nation prevention, separate brushes used for raw and RTE product area
drains and separate brushes used for raw and RTE equipment surfaces.
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All cleaning equipment and utensils must be maintained in a sanitary
condition. Squeegees, brushes, and floor scrubbers should be cleaned to
prevent accumulation of soils that will reduce their cleaning effectiveness.
They should be stored in a manner that will prevent their contamination
and allow them to dry between uses.

 

Sanitizing

 

There are two things that can be done prior to the application of sanitizer
to clean surfaces. The first is to remove all condensation from overhead
surfaces. This is best done by blotting rather than wiping, which can cause
the condensate to drop onto clean surfaces. Several methods are identified
in Chapter 6 to control and prevent condensation. There are several effective
tools that can be used to remove condensate when it forms. For ceilings,
there are extension poles with sponges or paper towels or even unused paint
rollers that have been dipped in sanitizer. As with all cleaning utensils, these
must not come in contact with the floor and should be stored to prevent
their contamination, either on wall-mounted holders or in sanitizer buckets
where they will be accessible for use to blot condensation that may form
during operations. Second, it is recommended that pre-op inspection be
conducted of food-contact surfaces to ensure that they are free of visible food
particulate and soils. Inspection is a critical element of sanitation as it pro-
vides assurance that your procedures are effective and have been properly

 

FIGURE 7.8

 

Effective drain cleaning can minimize the risk of listerial harborage in these locations.
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administered. It is also required as part of the SSOP plan. It begins before
sanitation is even completed by observing sanitarian’s practices and provid-
ing them with guidance on technique. Once they have completed their
procedures, have sanitarians inspect equipment before QA conducts pre-op
or with QA as part of pre-op so that they can be shown the tough spots to
clean and know where contamination can accumulate. 

Once cleaning is complete and prior to application of sanitizer, it is a good
idea to conduct basic monitoring, beginning with organoleptic inspection:

• Look in, around, and under equipment and structures for indications
of soil removal.

• Does the environment smell clean or are there sour or musty odors?
• Feel equipment surfaces for grease or grit from incomplete soil

removal.

Provide the proper tools to monitor, including a flashlight, mirror (no glass)
for inspecting difficult-to-reach locations, test strips or kits to monitor clean-
ing and sanitizing solutions, thermometer for checking water temperature,
a ladder or lift to inspect high equipment, and overhead structures and a
notepad and pen to record findings. Inspection findings should be noted as
they are observed, clearly describing the condition and detailing corrective
actions, as well as effectiveness of the corrective actions. These findings
should be tracked to determine if trends are occurring. It is far better for the
plant to identify trends and take corrective or preventive actions than for
FSIS to identify poor sanitation trends.

Although this will be covered in greater detail in Chapter 8, it is very
important that sanitarians be trained to conduct inspection of their work,
and this inspection should also incorporate the use of ATP bioluminescence
technology to verify cleaning effectiveness. This technology does not indicate
the presence of microorganisms; rather, it measures the presence of organic
material, indicating an environment in which microbes can live and grow.
Thus, if used in conjunction with visual inspection, it provides sanitarians
with immediate feedback on the efficacy of their cleaning efforts. 

The final step in the process is to apply sanitizer to all cleaned and rinsed
surfaces to destroy hidden microorganisms. Effective use of sanitizers is inte-
gral to controlling microorganisms for the purpose of food safety and product
shelf stability. It must be understood that sanitizing does not replace thorough
hand washing or equipment and facility cleaning. Factors such as organic
materials, especially protein, decrease the effectiveness of sanitizers against
microorganisms. Therefore, plant employees must be trained to properly wash
hands and clean equipment/facilities, and to remove all carbohydrate, fat, and
protein soil and biofilms prior to sanitizing. The sanitizing step will supple-
ment effective cleaning through the reduction of microorganisms to a level
considered safe. This differs from disinfection, which is the complete removal
of pathogens and reduction to the lowest level of other microorganisms.
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The selection of sanitizers will be determined to a great extent by the micro-
organisms to be controlled in the operation, as well as corrosiveness and cost.
Table 7.4 identifies many of the common sanitizers for food plant use. An
effective sanitizer will pass an efficacy test requiring that 99.999% of harmful
microorganisms be killed within 30 sec [1]. All sanitizers used in the plant must
be listed in the USDA Approved Chemical Compound

 

 

 

book, and an MSDS
must be provided for each sanitizer and be available to employees. Sanitation
employees handling sanitizers must be trained to properly handle and prepare
them at the appropriate effectiveness level and be provided with strips or
chemical kits to test them. They must also be trained to clearly identify any
container bearing sanitizer with the type that it contains.

If the sanitation effort is effective, sanitizing will give an extra measure of
microbiological control. The environment to be cleaned and the organisms
of concern will again dictate selection of sanitizers. It is also recommended
that the maximum amount of sanitizer at a no-rinse level be applied to
surfaces for the maximum effect. 

As indicated in Table 7.4, chlorine is most effective against Gram-negative
bacteria (

 

Salmonella

 

) and is one of the least expensive sanitizers. However,
it is unstable in warmer water and can be hard on some metals if used
exclusively. It is also impacted by impurities such as mineral and organic
material in water. Use of this sanitizer requires the application of break-point
chlorination. As chlorine is added to water, it is bound by the impurities in
the water up to a point. Once the chlorine demand of the impurities is met,
(i.e., the break point), the amount added beyond this point is free residual
and available for sanitizing surfaces [4].

Quaternary ammonia is most effective against Gram-positive bacteria (

 

List-
eria

 

) and is much more stable in warm water. Quat is the preferred primary
sanitizer in cooked RTE meat and poultry facilities for equipment and envi-
ronmental surfaces as it is most effective against 

 

L.

 

 

 

monocytogenes

 

. It is not as
effective against 

 

Salmonella

 

 [17]. The maximum level of quat permitted on
product-contact surface, without rinse, is 200 ppm; however, because it has
a residual, it is also a good idea to apply quat after cleaning on the last day
of the week at a level of 800 to 1000 ppm that should not be rinsed off [18].
Prior to the subsequent start of operations, rinse product-contact surfaces and
reapply quat at 200 ppm with no further rinse. Sanitize walls, floors, drains,
and overhead structures (e.g., air units) with 800 to 1000 ppm quat, and use
quat in shoe sanitizer mats or floor foamers at a level of 800 to 1000 ppm. 

It is also recommended that plants alternate sanitizers during the week to
prevent bioresistance or proliferation of specific flora [5]. As some sanitizers
are more effective against Gram-positive organisms, using them exclusively
can eliminate the Gram-positive organisms but will eliminate the competi-
tion for the Gram-negative organisms, and they might flourish. So alternat-
ing sanitizers will prevent the elimination of one organism only to allow the
proliferation of another. As an example, in a 5-d production week, use quat
on four days and chlorine on one day. The progression of alternating sani-
tizers would be: quat on Monday and Tuesday, chlorine on Wednesday, quat
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TABLE 7.4

 

Food Plant Sanitizers

 

Sanitizer Organisms Controlled
Usage Level Without 

Rinse Residual Corrosiveness Stability

 

Chlorine (sodium 
hypochlorite)

Gram-negative, spores, 
bacteriophage; quick kill

200 ppm without rinse None Very corrosive especially 
to soft metals; pungent

Unstable in hot water, 
presence of organics

Quat (quaternary 
ammonium)

Gram-positive, inhibits 
mold; not effective on 
spores, fungi, or 
bacteriophage

200 ppm without rinse Slight Minimal Stable even at high 
temperatures and wide 
pH; affected by some 
mineral content

Iodophores (iodine and 
stabilizing agent)

Gram-positive and Gram-
negative but not effective 
against spores or 
bacteriophage

25 ppm with no rinse 
required on contact 
surfaces

Slight Minimal (except for 
galvanized) and 
nonirritating; can stain 
belts and PVC 

Stable below 120

 

°

 

F but 
loses stability between 
120 and 140

 

°

 

F

Ozone Gram-positive, Gram-
negative, viruses, 
protozoa; effective 
against biofilms

Can be applied directly to 
foods

None Mild Unstable; quickly breaks 
down

Peracetic acid, 
Peroxyacetic acid

Gram-positive, Gram-
negative, wide spectrum 
but not effective against 
spores.

Quick kill

None Corrosive to soft metals, 
but not stainless

Stable

Chlorine dioxide [8] Wide spectrum; very 
quick kill; can penetrate 
biofilm

None Pungent Breaks down to water, 
oxygen, and NaCl
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on Thursday and Friday and on the last day of the week if weekend work
is conducted. The use of chlorine one day per week will not affect equipment
if it is applied at appropriate levels. Alternating quat and chlorine to maxi-
mize bacteria-killing effect is a good idea; however, for safety reasons never
mix quat and chlorine together, as they can produce a dangerous reaction
and a toxic gas. 

Fogging with quat or chlorine can be an effective means of getting the
sanitizer into pores and crevices. However, do not fog facilities with quat or
chlorine while personnel are present, as the mist is highly irritating. People
must be thoroughly trained to conduct fogging, areas must be secured to
prevent access while fogging, and protective gear must be provided.

 

Ozone

 

Ozone is gaining wide acceptance in the food industry as a primary sanitizer
or as an alternate sanitizer where a “multiple-hurdle” sanitizing approach
is used. We often associate ozone with the clean air smell after a thunder-
storm, when electrical charges pass through the air and create ozone gas. It
can also be created in food manufacturing plants by passing high-voltage
electricity through air, creating a triatomic form of oxygen (O

 

3

 

). It has been
used in Europe for purifying drinking water and is also used in the U.S. to
purify city water in many areas. In June 2001, the U.S. FDA officially granted
GRAS (Generally Recognized as Safe) status to ozone for use in food-contact
applications and in December 2001, the USDA approved the use of ozone
for contact with meat and poultry products [11].

Ozone is a disinfectant because it is an extremely strong oxidizer, which
also accounts for its effectiveness. It works against a very wide range of
organisms, both Gram-positive and Gram-negative viruses and protozoa
and because it works as an oxidizer of bacterial cells, they do not develop
resistance as they may with other sanitizers. Ozone has several other attrac-
tive advantages compared to other sanitizers. First, it is generated as needed
using specially designed equipment; therefore, the plant does not need to
store sanitizing chemicals on the premises. Ozone is not a very stable mol-
ecule and ultimately breaks down and releases the additional oxygen atom,
and this is important because it means that it can be applied directly to
contact surfaces without the need for a rinse. This is also important because
although like quat it does not leave a residual, it is more environment
friendly. Second, as it breaks down, it does not add to the biological oxygen
demand (BOD) or the chemical oxygen demand (COD) in the plant effluent,
which can reduce treatment surcharge if the plant is on a city system. Finally,
because it is approved for direct product contact, it is also effective as rinse
water for vegetables and can be misted onto slicer blades or other equipment
used with RTE products. 

One caveat is that because ozone is a powerful oxidizer, it is important to
monitor the amount of gas that may be present in the environment and to
protect employees from potential lung irritation. Although it can kill

 

4197_book.fm  Page 150  Tuesday, April 18, 2006  12:45 PM

Copyright © 2006 Taylor & Francis Group, LLC



 

Sanitation Best Practices

 

151

organisms in the air and has been used successfully in produce operations
to extend shelf life, it should not be used for air treatment unless there are
no people present at the time and there is time to air out the plant before
people enter.

 

Operational Sanitation

 

It is very important to maintain a plant operational environment that will
ensure the production of safe food products during operations and the
prevention of conditions that may lead to product contamination. This is
part of the requirement of the SSOPs as described in Chapter 1. Although
this is a regulatory requirement, it should also be an objective of the plant
to ensure that product does not become contaminated from the effects of
operational processes:

• GMPs: These are covered in great detail in Chapter 9 and are possibly
the most important factor in the maintenance of sanitary operating
conditions. These include employee dress, hand washing and main-
tenance of hand-wash facilities (providing hot water, soap, and tow-
els), prevention of employee traffic from raw- to cooked-product
areas, food and tobacco control, and disease control. These controls
must be enforced with plant visitors as well.

• Spill control: All areas within the building, storage and office areas,
as well as processing areas, must be kept clean, neat, and free of soil
or spills. Ingredient spills in storage or manufacturing areas must
be cleaned up immediately. Excess accumulation of spilled product,
ingredient, or other material (i.e., grease) in or around the production
area must be cleaned up for food safety and employee safety.

• Operational soil buildup: Remove buildup of food soils on equip-
ment, especially in product flow zones to prevent possible bacterial
growth. Single-use, disposable towels are preferred to multiple-use
towels for wiping down equipment surfaces. Towels used should
be wetted with sanitizer before use to provide an additional micro-
biological control benefit.

• Trash/inedible bins control: The insides of trash or recycling bins will
be kept closed with lids secured or emptied frequently to prevent
overflow. Inedible carts will be emptied frequently and cleaned no
less than daily. No trash or solid waste will be stored within the plant
except in covered containers. Waste containers at packaging machines
may be uncovered during the operation of such equipment. 

• Idle equipment control: Idle equipment, not currently in use, will be
covered to prevent contamination from ongoing operations, main-
tenance, or sanitation activities. If not covered, equipment will be
washed on a daily basis and, in all cases, washed and sanitized prior
to use in production.
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• Floor mats or foamers: Foamers are the preferred means of delivering
sanitizer on the floors. They will be maintained to deliver quat at 800
to 1000 ppm and set to create thick foam rather than a liquid pool. If
floor mats or baths are used, they must be maintained at optimum
sanitizer strength. Use 800 to 1000 ppm quat for all floor mats. 

• Overhead control: Overhead structures (i.e., pipes, beams, lights, etc.)
are to be clean, free of condensation as well as dust buildup, and rust
and flaking materials (paint, silicone, tape, and plastic). Place over-
heads on the master sanitation schedule to prevent buildup of soils
that can drop onto product surfaces or product. 

• Packaging control: Direct product-contact packaging (i.e., film and
bags) will be covered while in storage areas to prevent accidental
contamination. Packaging materials returned to storage will be dry,
clean, and sealed. 

• Door control: Doors (including silos, compactor areas) should remain
closed during operations unless they have operating air curtains to
prevent the entry of pests and outdoor dust or soil.

• Maintenance control: Food-contact equipment contaminated by
maintenance activity before or during operations should be properly
cleaned and sanitized before contact with food product or packaging.

 

Midshift Cleanup

 

Many meat and poultry product plants conduct midshift or between-shift
cleaning processes. This involves a stoppage of work, follows the basic
sanitation process and use of sanitarians. It may be worthwhile for a plant
to evaluate the need for a thorough sanitation process at midshift by con-
ducting a microbiological monitoring of indicator organisms over the course
of production. If there is an indication that a dry cleaning is sufficient, there
may be a savings of labor, chemical, and energy (hot water) dollars. In
addition, it is always desirable (from a microbiological growth standpoint)
to keep the process as dry as possible. If it is determined that wet cleaning
is necessary, do not clean while other lines are running unless they are
screened or otherwise segregated. Do all that you can to avoid overspray
from lines being rinsed during cleanup, the creation of condensate from
overhead surfaces, and especially aerosols from spraying water into drains.

 

Inspections

 

As stated earlier in this chapter, the plant manager is responsible for main-
tenance of sanitary conditions in the plant. As such, the plant manager should
make regular routine operational sanitation tours of the location to determine
the effectiveness and adequacy of local housekeeping programs. Each plant
is required to make a documented daily operational sanitation inspection to
fulfill requirements of SSOPs. However, at least once per quarter, the plant
manager should conduct a review of the facilities and grounds, evaluating
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operational sanitation, maintenance, food protection, and GMP conformance.
This review should be made with a cross-functional plant team, composed
at a minimum of the following personnel: plant manager, QA manager,
maintenance manager, and at least one hourly employee (preferably a lead
person). Those items that are corrected at the time of the review are docu-
mented on a review report. Those items that cannot be corrected at that time
should be noted on the report for follow-up correction with an assignment
to an individual or department and a timeline for completion. The team
should also evaluate the FSIS noncompliance report (NR) results to correlate
with their findings, in the event there are any repeated deficiencies, and to
identify opportunities for improvement to reduce frequency of NRs.

An effective sanitation program depends on many factors: sanitarian selec-
tion and training, effective procedures for daily and regularly scheduled
cleaning, selection of the right chemicals for cleaning and sanitizing, imple-
mentation of standard cleaning processes, and maintenance of operational
sanitation conditions. In addition, plants should evaluate inspection reports,
microbiological results and, as applicable, NRs to periodically assess sanita-
tion performance. The objective is to drive continuous improvement in the
sanitation process, whether it be retraining of sanitors, rewriting the sanita-
tion procedures, or redesigning plant equipment for more effective cleaning.
If all these processes are implemented, they will go a long way in ensuring
the safety, wholesomeness, and quality of the plant’s products.

 

References

 

1. Stauffer, J.E., 

 

Quality Assurance of Food, Ingredients, Processing and Distribution

 

,
Food and Nutrition Press, Trumbull, CT, 1994, p. 132.

2. Gould, W.A., 

 

CGMP’s/Food Plant Sanitation

 

, CTI Publications, Baltimore, MD,
1994, p. 189.

3. Troller, J.A., 

 

Sanitation for Food Processing

 

, Academic Press, New York, 1983,
chap. 6.

4. Katsuyama, A.M., 

 

Principles of Food Processing Sanitation

 

, Food Processors In-
stitute, 1993, Washington, D.C

 

.

 

5. Gregerson, J., Clean sweep sanitizers and disinfectants are only as good as the
SSOP’s that govern them, 

 

Meat Mark. Technol.

 

, 53–58, 2005.
6. Castaldo, D.J., The enemy below, cleaning and sanitizing floors present unique

challenges for controlling pathogens and other filth,

 

 Meat Process.

 

, 32–36, 2005.
7. Anon, When it comes to sanitation, training makes the difference, 

 

Food Saf.
Mag.

 

, 2005

 

.

 

8.

 

 

 

Anon, 10 reasons why you should be using chlorine dioxide, 

 

Food Saf. Mag.

 

,
2005

 

.

 

9. Carlsberg, H., Can sanitation be considered technical?, 

 

Food Qual.

 

, 76, 2005.
10. Bjerklie, S., Going deep, U.S. meat processors are beginning to explore deep

cleaning equipment with dry heat, 

 

Meat Process.

 

, 34–36, 2004.
11. Rice, R.G., Dee, M.G., and Matt, T.L., Recent ozone applications in food pro-

cessing and sanitation, 

 

Food Saf. Mag.

 

, 10–17, 2002.

4197_book.fm  Page 153  Tuesday, April 18, 2006  12:45 PM

Copyright © 2006 Taylor & Francis Group, LLC



154 Food Plant Sanitation

12. Stier, R.F., Cleanliness is next to godliness and essential to food safety, Food Saf.
Mag., 30–65, 2004.

13. Redman, R., Basic elements of effective food plant sanitation, Food Saf. Mag.,
2005.

14. Frank, H.K., Dictionary of Food Microbiology, Technomic Publishing Company,
Lancaster, PA, 1992, p. 94.

15. Imholte, T.J. and Imholte-Tauscher, T.K., Engineering for Food Safety and Sanita-
tion, Technical Institute of Food Safety, Medfield, MA, 1999, pp. 267–270.

16. Tompkin, R.B., Control of Listeria monocytogenes in the food processing envi-
ronment, J. Food Prot., 65, 720, 2002.

17. Mustapha, A. and Liewen, M.B., Destruction of Listeria monocytogenes by sodi-
um hypochlorite and quaternary ammonium sanitizers, J. Food Prot., 52, 306,
1989.

18. Anon, Guidelines to Prevent Post-Processing Contamination from Listeria
monocytogenes, National Food Processors Association, April 1999, p. 9.

19. Stier, R. and Michael, C., Top tips to make your CIP and COP systems work
for you, Food Saf. Mag., 14–18, 2005.

4197_book.fm  Page 154  Tuesday, April 18, 2006  12:45 PM

Copyright © 2006 Taylor & Francis Group, LLC



 

155

 

8

 

Verification of Sanitation

 

Now that we have got low micro results, can we cut down on the testing
to save money?

 

 — A former plant manager

 

Once the sanitation process has been completed, everything in the plant is
ready for production to begin and there is no further action to be taken,
correct? As expressed in a recent car commercial, “Not exactly!” Equipment
may appear to be clean and free of gross soils and contamination; however,
there may be organic buildup and microorganisms not visible on the surface
or hidden in niches. Assurance that sanitation is effective requires a moni-
toring system that encompasses steps involving verification and validation.
The processes of verifying and validating sanitation are very different. In
verifying, you are making an immediate determination that sanitation was
effective for that prior process. However, with validation you are determin-
ing that the process is effective over a period of time.

 

Verification

 

No sanitation system would be complete without means of verifying effec-
tiveness. Verification may be done in several ways, ranging from simple and
relatively inexpensive to slightly more expensive and complex. The least
expensive and easiest to implement is visual/organoleptic examination of
the postsanitation and pre-operation environment. Organoleptic pre-op
inspection is required as part of the plant sanitation standard operating
procedures (SSOPs), and there is no regulatory requirement to incorporate
other investigative tools. However, additional investigative tools and docu-
mentation provide extra insight into the thoroughness of the sanitation pro-
cess. ATP/bioluminescence measurement is an extremely effective, relatively
inexpensive tool that many food manufacturers employ for rapid verification
feedback about sanitation. Microbiological testing is a tool used by many
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companies as a means of both verification and validation of sanitation.
Several verification methods will be explored in this section with the intent
of addressing the decision-making process on the type and volume of tests
conducted. Documentation of sanitation verification findings will be pre-
sented as a means of tying together the elements of sanitation with the other
critical components of an integrated food safety system.

 

Organoleptic Verification

 

This verification method involves all of the senses with the exceptions of
taste and hearing. It is typically done during pre-op inspection following
the sanitation process. It involves inspection of the equipment, obviously
using the sense of sight to look for any indications of food material left on
equipment, such as grease, dough, or produce, depending on the products
being handled in the plant (see Figure 8.1).

To facilitate inspection the processing areas should have sufficient lighting,
as described in Chapter 6. However, this lighting may be supplemented with
the use of a flashlight for areas that are semienclosed or where lighting is
not sufficient. Other tools that may be of value to pre-op inspectors are a
mirror (polished stainless, not glass) on an extendable rod to look at the
undersides of equipment and avoid excessive bending. A ladder or lift may
be utilized to look at high areas such as overhead pipes and refrigeration

 

FIGURE 8.1

 

Verification of sanitation starts with an initial visual evaluation of equipment to verify cleanliness.
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units. When using a ladder or a lift, always follow recommended safety
practices to avoid injury. During pre-op inspection, other senses will also be
employed. Touch the equipment to find any greasy residue, possibly from
food or grit resulting from inadequate soil removal. Look and feel for the
development of slimy surfaces that may indicate the growth of bacteria [20].
Smell around the plant and equipment for any sour odors that may be
coming from niches that are not easily or frequently cleaned and may be
harboring spoilage bacterial growth.

The plant must take primary responsibility for pre-op inspection that
identifies needs for corrective action following sanitation. There is a problem
when the plant relies on the USDA inspector to find sanitation problems and
point them out to the plant. Training of sanitation inspectors allows the plant
to discover deficiencies and take corrective actions and avoids the “bucket
brigade” of sanitation personnel following the inspector and correcting defi-
ciencies he or she finds. An effective inspection process relies on the sanita-
tion department to monitor its own work, with Quality Assurance (QA)
providing verification and release of a department before USDA conducts
its inspection. It is a good idea to develop a notification system when the
plant is released for USDA to conduct a regulatory inspection. Some plants
employ a tagging system to notify USDA and Production when an area has
been inspected and released by Sanitation and QA. A “Released by QA” tag
is hung, providing indication that the area is ready for USDA inspection or
production setup to begin. Production and maintenance personnel must be
trained not to enter a production area to begin setup of equipment until
Sanitation and QA have had sufficient time to conduct their inspection. This
training must be enforced for pre-op inspection to be effective. It is generally
understood by QA personnel that production departments need to start on
time to be efficient and meet production goals; however, cleaning and inspec-
tion time must be built into the manufacturing time frame to ensure that QA
has time for inspection to verify the plant has a clean and safe environment
for production.

Documentation of pre-op inspection should be prepared in real time, that
is, while the inspectors are on the floor and immediately after observation
of a finding. It is not a good idea to take the report back to an office or break
room to record the results. Reports will be completed while findings are
fresh in the inspector’s mind, so he or she can provide accurate details of
the finding and the action taken by the plant. Reports will include informa-
tion pertaining to the sanitation deficiency, product control action, actions
to restore sanitary conditions (i.e., recleaning and sanitizing) and actions
taken to prevent recurrence. As identified in Chapter 1, pre-op sanitation
records will be maintained on site for at least 48 h before they are moved to
an off-site location. They must be retained for a minimum of 6 months,
although it is recommended that they be retained for a year past the shelf
life of the product. It is acceptable to maintain records on computer provided
precautions are taken to prevent altering or tampering.
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ATP Bioluminescense

 

Bioluminescense is a technology that has been used successfully by food
companies for several years now. The science behind bioluminescense is
based on the chemical adenosine triphosphate, or ATP. All living cells contain
ATP as part of their cellular makeup. ATP powers energy-consuming reac-
tions [20]. Microorganisms contain ATP, as do food products from nonmi-
crobiological sources, whereas inorganic materials do not have ATP. The use
of ATP measuring devices, called 

 

lumenometers

 

, relies on a reaction that
occurs between ATP and the chemical luciferase to produce light. The light
output, measured by the device, in lumens, indicates the level of ATP present
(see Figure 8.2).

The process of ATP evaluation starts by identifying equipment with a
number or a bar code to track and trend performance from ATP swabs. Many
devices come with data management software to download data from the
device so you can enter the swab location number and identification into
the device. When an ATP test is done, a swab is collected on a visually clean

 

FIGURE 8.2

 

The Lightning MVP is an example of a luminometer used to measure presence of ATP on
equipment as a means of further verification of sanitation. (Photograph courtesy of Biocontrol.)
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surface and placed into the swab tube. The tube bears a liquid containing
luciferin. When luciferin comes in contact with ATP, it converts to luciferase,
which produces as much light as a firefly. When the swab tube is placed into
the luminometer, it measures the level of light output from the
luciferin–luciferase conversion. The light output (lumens) is measured by
the meter, and it then provides a readout of the light output, measured in
relative light units (RLU) on the LED display on the face of the meter [6].
This, along with a Pass, Warning, or Fail readout, indicates the amount of
ATP present on the surface of the equipment being evaluated. Levels for
these readout indicators are usually preset by the manufacturer; however,
they can be adjusted by the company as sanitation levels improve. A low
reading means that there is an insignificant amount of organic material
present. Because bacteria gain sustenance from organic material, low reading
levels are a good indication that bacteria are not present or have no nutrient
source on which to grow and that Sanitation has done a good job. In this
instance, the device will give a “Pass” reading. Higher levels of ATP indicate
that there is more ATP present and thus more opportunity for microbial
growth. When the level indicates “Warning,” the implication is that the ATP
level has not exceeded the preset “Fail” level, but that it is higher than what
is expected, and it may be necessary to evaluate the cleaning procedure or
the cleanability of the equipment. Once the ATP level results in a “Fail”
reading, the ATP present is high enough to support significant bacterial
growth. In this instance, the piece of equipment should be immediately
recleaned and the procedure for cleaning it reviewed for acceptability. Again,
the piece of equipment should be evaluated for cleanability and the sanitar-
ian may be observed to ensure that there is a complete understanding of the
cleaning process and that it is being carried out as defined. What makes this
device so convenient is that it gives these results in a minute or less and
provides immediate feedback. This is valuable, considering microbiological
swabs may take 24 to 48 h for results, and 1 to 2 d of production on a piece
of equipment that is not completely clean may result in spoilage or loss of
shelf life. The other advantage is that these devices normally store the data
collected and are provided with software for data download and manage-
ment. This means that various pieces of equipment may be tracked for
results, and the results may indicate cleaning trends.

Does the ATP device indicate the level of bacteria present? Yes and no.
Because bacteria is a living organism, it has levels of ATP, so the device may
be reading ATP from bacteria, organic soils (meat, fat, etc.) or a combination
of both. However, different bacteria have differing levels of ATP. For exam-
ple, somatic cells have 3000 times the ATP of yeast, whereas yeast has 10
times the amount of ATP as coliform [12]. So the ATP device is not a good
tool to identify levels of bacteria, nor will it identify the type of bacteria
present. Therefore, higher results may be from food residue, different types
of bacteria at varying levels, or a combination. Lower results, however, are
an indication that sanitation has effectively reduced the levels of food soil
and bacteria.
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The cost of ATP devices varies according to several factors; the number of
devices purchased or the number of swab tubes used may help in price
negotiations. Furthermore, some devices can be purchased with measuring
probes for temperature, pH, or conductivity. These probes are great tools for
the sanitation team to measure water temperatures or strength of chemical
cleaners and sanitizers. Primarily, they are used to ensure that compounds
are at their effective level without exceeding recommended usage rates. This
can reduce waste by preventing overuse of cleaners or sanitizers so that they
are not above the no-rinse level. They are more accurate than test strips and
quicker than titration [1]. The value of the technology is that it provides real-
time results and requires minimal training to use (see Figure 8.3).

The devices usually have a central database, from which data are logged
and downloaded for analysis and continuous improvement action [11].

 

FIGURE 8.3

 

Probes that come with the Lightning MVP can be used during the sanitation process to verify
the accuracy of preparation of cleaning compounds and sanitizers. (Photograph courtesy of
Biocontrol.)
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Microbiological Testing

 

Even with the use of an ATP luminometer for daily sanitation verification,
there is real value to microbiological monitoring of equipment for additional
verification as well as validation. At regular intervals, swabbing of cleaned
equipment and the environment should be performed to confirm the effec-
tiveness of the sanitation program. Any deficiency that is noticed must be
corrected immediately and followed up with a recheck.

Before beginning a microbiological testing program, a company should
ask itself four questions:

1. Why do we want to conduct microbiological testing?
2. What tests or test methods will be used?
3. What locations will be sampled and at what frequency?
4. How will the data be collected and analyzed, and what actions will

be taken based on the data?

 

Why Test?

 

There are several good reasons for a plant to conduct microbiological testing.
The primary purpose is to gather data to establish verification of sanitation.
Taking generic swabs of equipment and the environment provides an objec-
tive determination of the efficacy of the cleaning and sanitizing process.
Results can be used to identify pieces of equipment that are difficult to clean,
either due to equipment design or the design or implementation of the
sanitation procedure. Microbiological counts can be used to help establish
cleaning frequency cycles (i.e., every 24 h, at midshift, etc.) for rooms or
equipment. Data will also be used for continuous evaluation of improvement
of shelf life and product performance, which may result in fewer customer
and consumer complaints, less store spoils, and increased sales. Testing and
verification data are also employed to support food safety systems [7] with
a view to avoidance of consumer illness, recall, and regulatory action.

 

What Tests?

 

Determining what types of microbiological testing procedures to use and
the methods to follow depends on the plant, equipment, and products. It
may be necessary to employ a combination of tests and materials. Some of
the methods available to food manufacturers are as follows:

Contact plates: These are plates that can be purchased, that are already
prepared with media. This is an advantage as there is no preparation
time. They are easy to use, with little training needed. The user
simply removes the lid from the plate, presses the plate against the
surface to be tested, and places the cover back on the plate. They
are incubated according to the manufacturer’s instructions for the
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specific agar, and the results are recorded as counts per area. They
provide estimates of micro

 

 

 

counts, because some contaminants do
not adhere to the agar [6]. One limitation is that they are best used
on flat solid surfaces.

Dipsticks: As with contact plates, these require no preparation time as
they are already prepared with media on a flexible stick or paddle.
The paddles are in a storage tube attached to a screw top. Unscrew
the top to remove the paddle and place it against the surface to be
tested. Return the paddle to the tube and screw the top tight. Incu-
bate according to the manufacturer’s recommendations and read as
a direct count per area [6]. They are easy to use, with little training
required (see Figure 8.4).

Petrifilm or pour plates: Petrifilm is also relatively easy to use and
requires less preparation than pour plates. Both can be used for air
or for sample dilutions, and petrifilm can be used for direct contact
with surfaces to verify sanitation. Pour plates or petrifilm may also
be used for hand-contact testing as a means of verifying hand-
washing effectiveness (see Figure 8.5).

When using a sterile swab for sample collection and analysis on
petrifilm, it is best to use a template for the area to be swabbed.

 

FIGURE 8.4

 

Dipsticks are ready to use and provide results for verification of surface cleanliness. (Photograph
courtesy of Biotrace.)
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This ensures consistency of the sample area for data analysis. The
template must be sanitized before use and between applications
to prevent cross-contamination from one site to another (see Fig-
ure 8.6).

Protein or carb analysis: These are test strips that can be used to contact
production surfaces. Once the strip has been in contact with a
cleaned surface, it is exposed to chemicals; there will be a color
change if proteins or carbohydrates are present. It is used, similar
to ATP, to detect the presence of these materials from products on
product surfaces. Presence of protein or carbohydrate indicates that
the surface is not clean, the protein has been baked on, or a biofilm
may be forming [6].

Rinse test: This is used to measure the entire surface of small equipment
parts and involves pouring or soaking the part with rinse water
that is collected and analyzed. It is difficult to use with larger parts
unless the entire rinse solution can be collected [20]. There may be
application of this method with difficult-to-reach portions of equip-
ment. Again, the entire amount of rinse solution must be collected
for analysis.

Air-testing methods: Microorganisms may become airborne as passen-
gers on dust or moisture particles. Yeast and mold may be carried
by air. Two of the means of testing are passive and employ mechanical

 

FIGURE 8.5

 

Petrifilm may be used as a contact plate for surfaces or for hand contact as verification of hand-
washing efficacy.
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methods. When deciding to conduct air testing, consider the location
and the climate. The U.S. southwest has a dryer climate, and thus is
less conducive to yeast and mold. The southeast, with higher humid-
ity, has a higher incidence of mold. Also consider the product that is
being made; flour-based processes will have a higher likelihood,
whereas meat and poultry processing have a lower likelihood of
mold. Use air testing to verify the effectiveness of air filtration or if
there are unusual findings in the plant [6] (see Figure 8.7).

Consider the product type made in the plant and the organisms that may
be associated with the product when determining the type of testing to be
conducted. For example, testing surfaces where product with natural cheese
is handled or testing products containing natural cheeses for APC may yield
high results for microorganisms because of the cheese culture. This type of
test may not produce data useful as indicators of quality. However, testing
for coliform may be better for product or for environmental swabs as an
indicator of cleanliness and sanitary manufacturing. Conducting 

 

Staphylo-

 

FIGURE 8.6

 

Templates used for microbiological swabbing provide consistency of sample size but should
be sanitized between samples.
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coccus aureus

 

 testing for hand swabs can provide good indicators of efficacy
of hand washing.

 

What Locations?

 

Consider the proximity of the production line to areas that can contribute to
insanitary conditions. These areas include trash docks, loading docks, etc. A
good sampling plan is required for the plant; otherwise, negative or low results
will give the plant a false sense of security [6]. The sampling plan should be
science based, with the objective of producing a set of results representing the
conditions that are suitable for analysis. Samples not representative of the
source are of little use. Furthermore, consider if the samples will be individual
swabs, composites, product, or rinse. Too often, a company does not consider
the number needed for the information it requires, and if the sample size is
too small, the chance of detecting a problem is reduced [9]. For statistical
relevance, between 5 and 25 samples are required [8]. Test sample size is
important; too small a size means that the probability of detecting a problem

 

FIGURE 8.7

 

Air sampling may be valuable in locations where there is higher humidity or heavy air con-
tamination from food ingredient dust such as flour. (Photograph courtesy of Biotrace.)
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is small. Determine if the swabs are to be conducted on a regular basis or if
they are for a specific project and have a beginning and end point for collection.

 

How Are Data Collected and Used?

 

Once the samples are analyzed, the data are collected in a format that allows
for analysis. This may be in the form of a spreadsheet or graph to demon-
strate plant performance. Data collection alone — without analysis — is not
sufficient, because it would mean you have not answered the initial question
of why samples are collected. The data should be used to determine if
cleaning procedures are sufficient, if extra training of sanitarians is needed,
if plant GMPs are adequate or in need of revision, or if employees require
refresher training. The data may also provide insight into the facility and
equipment design for continuous improvement. Data can be used to estab-
lish performance of product during shelf life and whether the current posted
shelf life can be supported.

 

Validation

 

Microbiological evaluation of equipment is an effective means of validating
the efficacy of the sanitation process but may require more time than veri-
fication. Validation uses data gathered over time to determine if there is
consistency to established processes or procedures.

 

Environmental Monitoring

 

 

 

of

 

 Listeria

 

 

 

Listeria monocytogenes

 

 is one of the most significant illness-causing microor-
ganisms for the ready-to-eat (RTE) meat and poultry products industry. It is
estimated that there are 2500 food-related illnesses per year with almost 500
deaths from listeriosis [20]. Significant outbreaks occurred in 1998 and 1999
in hot dogs and deli meats, and again in 2002 in turkey deli meats, which
drew attention to the types of products that may be most impacted by 

 

Listeria
monocytogenes

 

 [18]. In 2001 the FDA released a risk ranking of RTE foods
associated with listeriosis, and they included deli meats, hot dogs if not
reheated, and pâté/meat spreads [21]. Prevention of cross-contamination is
the primary means of protecting RTE products, and plants must have very
strict sanitation and GMP requirements to avoid product contamination.
However, detection of this ubiquitous organism is also important. It is in the
best interest of industry for all RTE meat and poultry product manufacturers
to implement aggressive testing programs. The cost of a single 

 

Listeria

 

 out-
break can be staggering to the company responsible, but it also has reper-
cussions across the industry. Eating habits of consumers change, safety rules
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are reevaluated, and activist groups, acting more on emotion than science,
push for tighter regulations. 

 

Listeria

 

 testing for RTE products is a critical and
high-profile concern for food manufacturers. Companies have to be vigilant
because their products have to be safe when they leave their facilities, and
they cannot rely on the consumer to make it safe.

In 2003 FSIS reissued Directive 10,240.4, providing direction to the agency
inspection force for the implementation of regulations in 9 CFR 430, Interim
Final Rule, Control of 

 

L. monocytogenes

 

 in RTE Meat and Poultry Products
dated June 6, 2003. In October of that year, USDA conducted briefings around
the country explaining the rationale and expectations for the rule and pro-
viding guidance to industry on preparation of a science-based environmental

 

Listeria-

 

monitoring program. FSIS expectations are that every plant produc-
ing RTE meat and poultry products will have an environmental 

 

Listeria

 

-
monitoring program for the purpose of identifying and controlling microbi-
ological niches that may harbor and support the growth of 

 

L. monocytogenes

 

.
The new rules require manufacturers of RTE meat and poultry products to
develop written programs to control 

 

L. monocytogenes

 

 and to verify the effec-
tiveness of those programs through testing. The rule also states that estab-
lishments must share testing data and plant-generated information relevant
to their controls with FSIS and encourages all establishments to employ
additional and more effective 

 

L. monocytogenes

 

 control measures. The FSIS
ruling results in the addition of direct contact surface testing for 

 

Listeria

 

 to
the environmental monitoring program. Companies have avoided direct
contact testing in the past, waiting to see what the USDA’s ruling would be,
but the regulations provide some leeway for swabbing the surface and
providing 

 

Listeria spp

 

. or 

 

Listeria

 

-like results initially. The rule gives manu-
facturers an opportunity to determine if contact surface contamination poses
a hazard and to deal with it before a problem occurs.

RTE products are defined by meat and poultry standards of identification,
labeled to represent themselves as RTE, or expected to be RTE by the consumer.
The rule defines RTE products as follows: A meat or poultry product that is
in a form that is edible without additional preparation to achieve food safety
and may receive additional preparation for palatability or aesthetic, epicurean,
gastronomic, or culinary purposes. RTE product is not required to bear a safe-
handling instruction (as required for non-RTE products by 9 CFR 317.2(l) and
381.125(b)) or other labeling that directs that the product must be cooked or
otherwise treated for safety, and can include frozen meat and poultry products.

Briefing documents provided by FSIS include a section that gives RTE
product examples. The categories of RTE products, with individual exam-
ples, listed in Appendix 3 of the briefing manual are identified in Table 8.1.

Not-ready-to-eat (NRTE) meat and poultry products are not covered by
this rule. These are products that may contain an RTE component but by
their nature would not be eaten as is by the consumer. They may include a
component that requires cooking to make the product safe, for example fully
cooked meat patties with an uncooked batter/breading coating. These types
of products must bear labeling that clearly identifies to the consumer that
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the product must be fully cooked prior to consumption. Examples of this
type of labeling include “ready to cook” and “cook and serve.” Cooking
directions on the package must also be validated to ensure that, if followed,
they will provide adequate lethality for product safety. Finally, the label must
include the safe handling statement.

 

TABLE 8.1

 

RTE Meat and Poultry Products

 

Category Products

 

Deli meats Bologna
Cappicola
Chicken bologna
Cotto salami
Lebanon bologna
Pepperoni
Roast beef

Dinner Dinners have at least

 

 

 

Entrees Burritos
Chicken breast
Chili
Gyros
Meat loaf
Pasta with meat sauce
Ravioli
Stews

Hot dog products Chicken franks
Turkey franks
Weiners
Other nonsliced sausage

Snacks/hors d’oeuvre Beef sticks

 

Carne seca

 

Meat/poultry jerkey

 

 

 

Thermally processed,
commercially sterile products

Canned spaghetti and meatballs
Canned chicken salad

 

Source:

 

 From U.S. Department of Agriculture, 

 

Listeria Monocytogenes

 

Workshop, Washington, D.C., 2003.

 

s

 

Label as described in Code of Federal Regulations, title 9, parts 317 and 381.

Safe Handling Instructions
This product was prepared from inspected and passed meat and/
or poultry. Some food products may contain bacteria that could
cause illness if the product is mishandled or cooked improperly.
For your protection, follow these safe handling instructions.

Keep refrigerated or frozen.
Thaw in refrigerator or microwave.

Keep raw meat and poultry separate from other foods.
Wash working surfaces (including cutting boards),
utensils, and hands after touching raw meat or poultry.

Cook thoroughly.

Keep hot foods hot. Refrigerate leftovers
immediately or discard.
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Alternatives

 

Plants producing RTE products and implementing a required program will
also identify the process by which their products will be maintained safe for
consumption. These processes fall into one of three alternatives:

 

Alternative 1

 

: Products in this alternative apply both a post-lethality
treatment and an antimicrobial agent or process to control the
growth of 

 

L. monocytogenes

 

. A post-lethality treatment is applied to
the finished product or product sealed in a package. Examples of
post-lethality treatment are steam or hot water pasteurization, high
hydrostatic pressure treatment, and use of ozone (i.e., on franks after
peeling). These treatments may be dependent on factors such as
temperature or exposure time. Antimicrobial agents are used in the
product formula to reduce, eliminate, or suppress the growth of

 

L. monocytogenes

 

 through the shelf life of the product. Two more
common antimicrobial ingredients are potassium lactate and sodium
diacetate. An antimicrobial process such as freezing may not kill the
organism but will suppress growth as 

 

Listeria

 

 does not grow below
31ºF. All treatments and processes must be validated for effectiveness
through testing or scientific literature. Post-lethality treatment must
be included in the hazard analysis critical control points (HACCP)
plan as a critical control point (CCP), and the antimicrobial agent or
process must be included in the HACCP plan, SSOP or a prerequisite
plan. FSIS has indicated that products falling into Alternative 1 will
receive the least amount of regulatory testing as they are considered
to be at a lower risk than Alternatives 2 or 3.

 

Alternative 2:

 

 Products in this alternative include either a post-lethality
treatment similar to that described in Alternative 1 or an antimicro-
bial agent or process described in Alternative 1. The post-lethality
treatment must be included in the HACCP plan and must be vali-
dated for its effectiveness in killing 

 

L. monocytogenes

 

. When an anti-
microbial agent is used, it must be included in the HACCP plan,
SSOP, or prerequisite program to document that the agent suppress-
es growth. If only an antimicrobial agent or process is used, then the
plant must maintain effective sanitation because antimicrobial
agents are not as effective at high levels of contamination [22]. The
plant must also include testing programs for food-contact surfaces
for 

 

Listeria monocytogenes

 

, 

 

Listeria 

 

species

 

,

 

 or 

 

Listeria

 

-like organisms
in the post-lethality environment. The testing program must identify
the swab site locations and swab size, the frequency of swabbing
and justification as to why the frequency is sufficient, and procedures
for holding and testing product in the event of a positive 

 

Listeria
monocytogenes

 

 on a direct product-contact surface. FSIS has indicated
that products falling into Alternative 2 will receive less regulatory
testing than Alternative 3. Refer to the boxed text later in this sections
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Alternative 3:

 

 Products in this alternative do not incorporate any of the
previously identified intervention strategies and rely on sanitation
for the prevention of post-lethality contamination of product. Be-
cause 

 

Listeria

 

 is continually introduced to the food environment and
can reestablish and then be transported through the environment, it
is vital that interventions be implemented. FSIS considers multiple
interventions more effective than single interventions [22]. There-
fore, it considers products in Alternative 3 to be at the highest level
of risk. Thus, direct product-contact testing is required in the SSOP
for these products. As with Alternative 2, the testing program must
identify the swab site locations and swab size, the frequency of
swabbing and justification as to why the frequency is sufficient, and
procedures for holding and testing product in the event of a positive

 

L. monocytogenes

 

 on a direct product-contact surface. A positive for

 

Listeria 

 

species or 

 

Listeria

 

-like organisms will require corrective ac-
tions and testing verification that the actions were effective. A second
positive result on a follow-up test will require additional corrective
action and a test-and-hold procedure for production lots until the
deviation is corrected. Lots in the test and hold may be released if
they are sampled with a program that will show a 95% statistical
confidence. Any positive for 

 

L. monocytogenes

 

 on a direct product-
contact surface results in the product being considered adulterated
and subject to rejection. FSIS has indicated that products falling into
Alternative 3 will receive the most regulatory testing.

For all three alternatives, FSIS expects the establishment to maintain sanita-
tion in the post-lethality environment. However, FSIS assumes that sanitation
is only 85% effective at controlling 

 

Listeria 

 

in the environment, so the plant
must demonstrate that its sanitation program is more than 85% effective [22].

Testing for 

 

Listeria

 

-like refers to the process of identification of organ-
isms found in the environment as Gram-positive bacilli. This involves
collecting a swab and enriching it in Fraser broth for 24–48 hr. If during
this time the broth turns dark, it is Gram-stained for further identification.
A result of Gram-positive bacilli may or may not be due to a 

 

Listeria

 

organism as there are other bacteria that fall into this category such as
Staph and Bacillus. However, it is an indication that the environment
provides conditions that will support the presence and growth of 

 

Listeria.

 

The advantages of 

 

Listeria-

 

like results is that it takes less time for identi-
fication than to species, meaning that corrective and preventive actions
can be implemented sooner and it may be more cost effective [17].

Testing to 

 

Listeria species

 

 indicates the possible presence of all strains
and also means that the environment can support eh presence and growth
of 

 

Listeria monocytogenes

 

 but does not mean that the organism is present
[13]. Both findings indicate that corrective actions are needed.
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If 

 

L. monocytogenes

 

 control measures are included in the HACCP plan or plant
SSOPs, the plant should validate and verify the effectiveness of the measures.
If a plant determines that 

 

L. monocytogenes

 

 is not a hazard reasonably likely
to occur in the post-lethality environment and is thus not a CCP in the HACCP
plan, then it must have a prerequisite microbiological testing program to detect
niches, or places where the organism can hide, live, and multiply. If the plant
opts for a prerequisite program, it must maintain documented results and
make the program and results available to agency personnel.

Testing for 

 

Listeria

 

-like organisms refers to the process of identification of
organisms found in the environment as Gram-positive bacilli. This involves
collecting a swab and enriching it in Fraser broth for 24 to 48 h. If during
this time the broth turns dark, it is Gram-stained for further identification.
A result of Gram-positive bacilli may or may not be due to a 

 

Listeria

 

 organism
as there are other bacteria that fall into this category, such as staphylococcus
and bacillus. However, it is an indication that the environment provides
conditions that will support the presence and growth of 

 

Listeria

 

. The advan-
tages of 

 

Listeria

 

-like results are that it takes less time for identification than
testing for species, meaning that corrective and preventive actions can be
implemented sooner and it may be more cost effective [17].

Testing for 

 

Listeria 

 

species indicates the possible presence of all strains and
also means that the environment can support the presence and growth of

 

L. monocytogenes

 

 but does not mean that the organism is present [13]. Both
findings indicate that corrective actions are needed.

 

Prerequisite Monitoring Program

 

The plant must develop a science-based environmental 

 

Listeria

 

-monitoring
program to track the effectiveness of sanitation and other preventive pro-
grams and confirm that control measures are sufficient to maintain a sanitary
environment in the RTE production area where finished product is stored,
processed, or packaged [18]. The program will meet the requirements out-
lined in the final rule and should include the following information [13]:

Identification of post-lethality swab locations
Means of swab site selection
Collection of swabs
Analysis of swabs
Data collection and management
Corrective actions
Test-and-hold scenarios

The company goal should be zero tolerance for 

 

Listeria 

 

in the environment.
This goal may not be achievable because of the ubiquitous nature of the
organism; however, it is an aggressive goal that can help reduce the fre-
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quency of findings in the environment, which can translate to minimal
findings in finished product.

 

Identification of Swab Sites

 

Identification of swab sites involves a logical approach that includes under-
standing the processing plant’s history with 

 

Listeria

 

 and seeking locations
where the organism can reside and thrive. If the testing program is effective
in identifying these harborage sites, action can be taken to eliminate them.
Over the years, the plant can build and hone an aggressive environmental
monitoring program that can reduce the presence of 

 

Listeria

 

. To organize the
testing program, a cross-functional team that includes the plant QA manager,
Production, Maintenance, and Sanitation should break the facility down into
thee categories: direct product-contact sites, indirect contact sites, and non-
contact sites. For regulatory requirements, the program only requires testing
of direct product-contact surfaces, but to be effective the entire plant should
be swabbed to establish the harborage locations that can eventually contrib-
ute to contamination of direct product-contact surfaces. Each category is then
broken into separate target sites, which are then numbered for identification.
Examples of the target sites in each category are direct contact surfaces such
as conveyor belts, fill hoppers, and scoops that come in direct contact with
the product; indirect contact surfaces, such as table legs, control panels, or
broom handles that are in close proximity to products or might be used by
someone who incidentally handles the products; and noncontact surfaces,
which include walls, floors, drains, overhead pipes, or any surface that does
not have contact with products but may harbor pathogens.

Should drains be swabbed? Yes. Drains usually are harborage sites for

 

Listeria

 

 because they are damp and contain sufficient nutrients. This would
not be a problem if the moisture in the drain stayed in the drain; however,
this is not always the case. Drains can back up, resulting in contaminated
material being forced into the plant, which can then be transferred to contact
surfaces. At times during the sanitation process, the drain can be hit with
high-pressure water, creating an aerosol mist that can contaminate lines. For
these reasons, there should be some level of testing the drains, even if it is
less frequent than other sites (see Figure 8.8).

 

Commando Swabs

 

When setting up the initial program, a plant may not have a sufficient
amount of data if the plant is new or has not previously conducted an
environmental program. One way of developing a significant number of
samples in a short period of time is to conduct what is referred to in the
industry as 

 

commando swabs

 

. The writer is not certain of the origin of the
term, but it fits with Webster’s definition of commando as a small raiding
party operating within enemy territory. If the plant is the territory and
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L. monocytogenes

 

 is the enemy, then a small group of people within the plant
will conduct commando swabs.

To begin with, the group will evaluate the flow of product, equipment, and
people. It will use this evaluation to establish where in the plant there is
exposed in-process or finished RTE product and identify areas where there can
be cross-contamination. Broadly, swabs can be collected from any location to
get an overview of conditions in the plant. With the exception of the raw-
product-handling areas, there are no areas of the plant that cannot be swabbed.
Sites will be identified with a number and corresponding description prior to
swab collection. Depending on the plant size, this method may involve approx-
imately 100 swabs/d over a 2- to 3-d period. Each day the same locations will
be swabbed and the swabs analyzed either for 

 

Listeria

 

-like or 

 

Listeria 

 

species.
Once the results are obtained, they will be evaluated to identify repeated
positive areas or potential trouble spots, and the sites for the routine sampling
program can be identified. This writer likes to use this method in plants in
which there is a positive product or contact surface finding as it provides a
broad investigative tool. It is also effective for use on an annual basis as plants
or processes change to determine if there are new or evolving niche areas.

 

Swab Frequency and Selection of Sites

 

Once the sites have been identified, they will be scheduled for testing with
the frequency identified by the plant. The rule recommends the following
frequencies for each alternative [10]:

 

FIGURE 8.8

 

Drains present a particular challenge and should be part of the swabbing process.
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• Alternative 1: at least twice per year because of the use of multiple
implementation strategies

• Alternative 2: at least four times per year because of the use of only
one intervention

• Alternative 3: monthly if the plant produces non-deli or non-hot-
dog type products, four times per month for large-volume deli or
hot dog producers, or twice per month for small-volume deli or hot
dog producers

The frequency of testing may also be a function of the processing environ-
ment. For example, manufacturing in wet areas may be tested more fre-
quently because wet areas support Listeria growth better than dry ones, until
a baseline can be established. The number of samples collected and the
frequency may be adjusted based on the results over time. Frequent negative
results at a swab site may support elimination of that site from swabbing in
favor of another location that may be suspected to harbor Listeria. Swabs
may be composited when scientifically appropriate; however, no more than
five samples should be composited [17]. Whichever frequency a plant deter-
mines that it will use, the plan will include an explanation of why the testing
frequency is sufficient to ensure the effective control of L. monocytogenes or
the indicator organism. Each site should have an equal opportunity for
selection. One means of ensuring the randomness of site selection is through
the use of a Microsoft Excel spreadsheet to select random numbers. Once
the site locations are organized by category, the site numbers are placed in
a table on the spreadsheet; and when the formula is input, it will generate
random number selections using the RANDBETWEEN(N,N) formula. “N”
represents the site numbers previously identified by the cross-functional
team, and the expression in the brackets represents the range of site numbers
identified for the plant. This means the plant does not have to pull the
numbers out of a hat to be sure they are random.

An example of the random site generator is illustrated in Table 8.2. The
spreadsheet can also be programmed to randomly select the day of the week
and the shift when samples are to be collected.

Collection of Swabs

The spreadsheet can be programmed to identify when during the day the
sampling will be done, either at pre-op or during operations. The agency
prefers that samples are collected during production operations; however,
there is great value to collecting the samples at pre-op to verify and validate
the effectiveness of cleaning. This writer suggests that the plant should not
assume that cleaning has been totally effective in eliminating Listeria organ-
isms; swabs should be collected at pre-op to validate the sanitation process.
When swab samples are collected during operation, the equipment should
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have been running for at least 3 h as this will make a hidden source more
detectable [24].

Sites can be swabbed with a sterile sponge or sterile gauze. However,
Q-tips are usually not recommended, as they can be fragile and limit the
amount of material that can be picked up compared to sponges or gauze.
Q-tip-type swabs are helpful for small recesses or holes into which a sponge
cannot reach. The swab material should be premoistened with neutralizing
buffer to limit the effect of sanitizer used in the plant [18]. This can be done
at the time the sample is being collected, or sterile sponges can be purchased
in resealable sample collection bags that include the neutralizer. They may
also be purchased with a separate attached bag with sterile gloves. Prior to
collection, the person conducting the swabbing must wash and sanitize his
or her hands and put on a clean smock and hairnet to prevent unintended
contamination of the swab.

Sample bags should be identified with the date, plant ID, site number,
and time. This should be done with an indelible marker, so that the infor-
mation does not rub off the bag. Grasp the sample bag in one hand, and
push the sponge to the top of the bag with the other hand. Open the top of
the bag, and then put on sterile gloves. Grasp the sponge with a gloved

TABLE 8.2

Sample Random Site Selection Generator

Cleo’s Foods Environmental Monitoring Program

Random Site Selection Generator

Zone Site Week Ending 10/18/2004

1 10 Day

6 5 Pre-Op/Op

6 Key 2

17 1 = Monday Key

19 2 = Tuesday 1 = Pre-op

2 44 3 = Wednesday 2 = Op

34 4 = Thursday

26 5 = Friday

26

3 53

47

4 66

Zone Key Examples

1 = Direct contact conveyor belts, hoppers, filling tubes, scoops, tables

2 = Indirect contact frames, drive rollers, utensil handles

3 = Noncontact floors, walls, wheels

4 = Auxiliary welfare room floors, raw-product areas, corridors
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hand, and swab the sample site. The area swabbed will be approximately
1 ft. by 1 ft. depending on the size of the swab site. Rub the sponge across
the area vertically, horizontally, and diagonally to cover the entire surface
(see Figure 8.9).

Return the sponge to the sample bag, and securely seal the bag. Dispose
of the gloves prior to collecting the next sample.

Once the swabs have been collected, they should be refrigerated until they
can be analyzed or shipped to the designated third-party laboratory for
analysis. If they are being shipped to such a laboratory, they should be placed
in a Styrofoam shipping container and secured with newspaper or other
packing material. A sufficient number of frozen ice packs should be included
to keep the samples adequately refrigerated. If dry ice is used, ensure that
the ice does not come in direct contact with the samples, as this may damage
the sample bag and render the sample useless. Include a laboratory sample
submission form identifying the company name, sample identification num-
bers, date of collection, and testing required. An example of a sample sub-

FIGURE 8.9
Use a sterile sponge with sterile gloves and neutralizing broth for the collection of an environ-
mental swab sample. (Photograph courtesy of Biotrace.)
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mission form can be found in Table 8.5. Samples should be shipped the same
day that they are collected but not later than the next production day. Air-
freight shipments should be for overnight delivery, and the laboratory is to
be directed to begin setting the samples on the same day of receipt, even if
it happens to be a weekend day.

Analysis

Whether testing in the plant or at a third-party testing laboratory, the method
used will be the current USDA/FSIS targeted method for analysis of samples,
and this reference should be identified in the plant program. The plant may
choose to have the initial swab samples analyzed only to Fraser results, and
this testing should be referred to as “Listeria-like” for the environmental
samples. Negative Fraser results indicate that the area represented by the
swab is clean and free of Listeria. Fraser positives are Gram-stained; Gram-
positive bacilli indicate that conditions would support the growth of Listeria.
As previously indicated, Listeria-like findings do not confirm the presence
of Listeria, but indicate that a Listeria species, including monocytogenes, could
be present. The advantage of Listeria-like testing is that the result comes to
the plant faster, and this means that the plant may act on the result quicker.

The plant may also choose to confirm that the organism is a Listeria species.
This would demonstrate the presence of a Listeria organism, but would not
confirm whether it is pathogenic monocytogenes or one of the other nonpatho-
genic strains. Lastly, the plant may opt to have the test carried out to species
identification. However, it must keep in mind that any finding of L. monocy-
togenes on a direct product-contact surface means that the product run across
that surface is considered by USDA to be adulterated and subject to disposal.

Pathogen Testing: In-Plant or Outsource?

Plants conducting environmental Listeria monitoring have a choice of several
testing methods that can be employed in-house. These include the use of
pour plate, petrifilm, and lateral flow devices or more complex equipment
using polymerase chain reaction (PCR) technology. As part of good labora-
tory practices, the laboratory should maintain positive controls to verify the
accuracy of test results. The problem with in-plant testing is the potential for
contamination from laboratory samples or the possibility of positive controls
being transferred to the manufacturing plant. If the testing laboratory is
physically separate from the plant, there is a margin of safety. However, if
the laboratory is attached to the manufacturing facility or is inside it, there
is reason for concern and strict control measures must be taken to prevent
contamination from the laboratory being transferred into the plant. Although
it may be more expensive, this writer recommends that pathogen testing be
conducted at a third-party laboratory that has A2LA or ISO certification.
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Data Tracking

Using Microsoft Excel spreadsheets, a plant can develop a simple yet com-
prehensive data-tracking system for every Listeria test result obtained inside
the plant. The spreadsheets identify trouble spots early on, track percentages
of positive Fraser results, and most important, create documentation verify-
ing that potential hazards have been dealt with and corrected. With a spread-
sheet program such as Microsoft Excel, you can log data results, calculate
the number and percentage of positive tests, and document your actions
taken, all in one document.

Fraser-positive results are noted as “ones” in the spreadsheet. When a
Fraser positive shows up, the swab area is identified, recleaned, and exam-
ined for possible damage or harborage areas. If the positive is in an indirect
or direct contact zone, after being cleaned and sanitized the area is retested
thrice a day for three days — before the morning shifts begin, 3 to 4 h into
the first shifts, and 3 to 4 h into the second. A program will identify the
number of Fraser negatives required to prove that the problem area has been
dealt with effectively.

The spreadsheets provide the company with enough data to see at a glance
which sites might have problem areas or require extra attention and which
areas show a history of contamination, enabling it to target potential hazards
long before they get out of control.

TABLE 8.3

Sample Environmental Monitoring Spreadsheet

Cleo’s Foods Environmental Monitoring

Zone key:

1 = Direct contact

2 = Indirect contact

3 = Noncontact

Result key:

0 = Negative

1 = Fraser positive Date 10/1/03 10/9/05

2 = L. spp. positive Pre-op or Op Op Op

Test
Site Site Name Zone

Fraser
(%)

L. spp.
(%)

Retest
Y/N

1 Peeler horn 1 0.00 0.00 0 0

2 Product conveyor 1 0.00 0.00 0 0

3 Conveyor frame 2 50.00 0.00 1 0

4 Peeler housing 2 50.00 50.00 0 2

5 Floor 3 0.00 0.00 0 0

6 Drain #3 3 0.00 0.00 0 0
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These results, combined with daily organoleptic evaluations and equip-
ment testing using ATP bioluminescence technology to identify the presence
of organic material, also provide information on the sources of environmen-
tal contamination, the extent to which contamination is present, and provide
information on equipment design and sanitary operations in post-lethality
areas. This cumulative information allows the plant to take corrective action
to eliminate potential growth spots. If repeated positives appear, the equip-
ment is examined for scratches or crevices that make proper cleaning diffi-
cult. The daily testing helps identify problem areas before bacterial growth
can occur. Use the data to validate the efficacy of the sanitation program.

Corrective Actions

The corrective actions should specify the cleaning procedures of equipment
with positive direct food-contact results. This includes the dismantling of
equipment. More intensive cleaning procedures or activities should be
described for repetitive positives. Corrective actions should not only include
the retesting of positives but also the expansion of the testing areas and the
inclusion of more site-specific testing in the immediate area of the positive.
Corrective actions for the indirect contact areas should include general area
cleaning to keep the surrounding product and non-product-contact surfaces
from being contaminated. Review and repair of any deficiencies in equip-
ment or facilities should both be considered. Corrective actions should
include the investigation of the causes and the program changes that may
be required to prevent repetition. This should specify a review of prerequi-
sites other than sanitation items, such as employee hygiene, the maintenance
program, and product handling (see Table 8.4).

All the corrective actions, from the cleaning to the repeated swabs, can be
noted in a spreadsheet’s comment tab. This is an important part of the
process because it is not enough to have volumes of data that point to
problem areas. There must be documentation showing how the problem was
addressed and proof that corrective actions were effective.

As an example, if a company tests to Listeria-like, then Fraser-positive
findings will require corrective/preventive action and retesting based on the
location and proximity to product. Noncontact location Fraser-positive
results may require investigation as to the cause of the positive result. This
may include, but is not limited to, review of cleaning and sanitizing proce-
dures, intensified cleaning action, observations of sanitation personnel to
verify procedures are adequate, and observation of physical conditions and
repair of findings of damage resulting in organism harborage.

Indirect contact site Fraser-positive results may require further investiga-
tion as to the cause of the positive result. This may include, but is not limited
to, review of cleaning and sanitizing procedures, intensified cleaning action,
observations of sanitation personnel to verify that procedures are adequate,
and observation of physical conditions and repair of findings of damage
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TABLE 8.4

Sample Corrective Action Plan

Cleo’s Foods Environmental Monitoring Program 
Corrective Action Plan

Date
Site Number

ID Result Corrective Action
Action 
Date Responsibility Effectiveness

10/1/2005 3 Fraser + Frame evaluated for pits or damage, 
recleaned, and sanitized at higher 
concentration of quat (800 ppm).

10/4/2005 Sanitation Follow up swabs 
tested negative

10/9/2005 4 L. spp. + Peeler evaluated for pits or damage, 
recleaned, and sanitized at higher 
concentration of quat after baking 
in the smokehouse.

10/14/2005 Follow up swabs 
tested negative
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resulting in organism harborage. In this case, follow-up swabs of positive
indirect contact locations will be collected on the day following corrective
action to provide verification that the action was effective. Follow-up swabs
can be collected at pre-op, during first-shift operation, and during the second
shift. If all swabs are negative, the site location will return to normal (ran-
dom) testing frequency. Positive swabs may require additional corrective
action to be taken and the area to be swabbed again. If these swabs are Fraser
positive, tests will be carried out to determine if they are Listeria species
positive. If the reswabs are negative for Listeria spp., the sites will return to
normal (random) testing frequency. If sites are positive for Listeria spp.,
further corrective action is to be taken to identify and eliminate the source
of the contamination, and the site will be reswabbed. If the reswab is negative
for Listeria spp., the site will return to normal (random) testing frequency.
However, if it is positive for Listeria spp., the test will be continued to identify
the species. If the test confirms the presence of L. monocytogenes, the equip-
ment will be taken out of service until the source of contamination is iden-
tified or eliminated. Once the source is identified and eliminated, the
equipment will return to normal (random) testing. Additional investigative
swabs, outside the parameters of the positive test site, may be taken to aid
identification of source and cause. These steps are not required by the rule;
however, they represent an aggressive program geared toward preventing
the organism from becoming established in the environment and eventually
contaminating contact surfaces.

Because of the implication to product, direct product-contact Fraser-posi-
tive results will require the greatest amount of investigation as to the cause
of the positive result. This should include, but is not limited to, review of
cleaning and sanitizing procedures, intensified cleaning action, observations
of sanitation personnel to verify that procedures are adequate, and observa-
tion of physical conditions and repair of findings of damage resulting in
organism harborage, as well as dismantling of equipment for aggressive
cleaning. Follow-up swabs of positive contact sites should be collected the
day following corrective action to verify effectiveness of such actions. Swabs
may be collected at pre-op to verify effectiveness of sanitation and during
first-shift or second-shift operations if moving equipment is suspected as the
source of contamination. All swab results must be negative before normal
sampling protocol can be resumed.

If any results are positive for L. monocytogenes during the retesting phase,
the equipment should be removed from service for a thorough evaluation
until the source of the positive result is identified and eliminated. Taking
equipment out of service is an aggressive approach because the line cannot
run. It is better that the line does not run than send out suspect or contam-
inated products. Once the equipment is returned to service, collect swabs to
continue to verify that corrective actions were effective. If the program dic-
tates that product sampling is required, the product from the line tested is
placed on QA hold, from cleanup to cleanup on the line tested, until accept-
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able results are obtained. All these additional actions are documented in the
spreadsheet as well.

The program must clearly state that results produced by implementation
will be maintained in the documentation required under 9 CFR 417.5 and
that the results will be available upon request to FSIS inspection personnel.

Test and Hold

To further comply with 430.4, “Control of L. monocytogenes in Post-Lethality
Exposed RTE Products,” if the plant employs only an antimicrobial process
or agent to suppress the growth of L. monocytogenes, then the plant will test
food-contact surfaces in the post-lethality environment, and the program
must also include identification of the conditions under which the establish-
ment will implement test-and-hold procedures following a positive test of
a food-contact surface for L. monocytogenes or an indicator organism. As an
example of this circumstance, if the initial contact surface test result is pos-
itive for L. monocytogenes or an indicator organism, the plant must undertake
corrective measures targeted at the specific site and additional surrounding
sites deemed necessary to ensure effectiveness of the corrective actions. If
there is a second positive test result at the targeted site, then the plant should
implement a test-and-hold procedure until the site is clear [22].

Product made on the line, if there is a positive result at the site, must be
tested for L. monocytogenes or an indicator organism using a sampling method
that will provide sufficient statistical confidence that the lot is not adulterated
with the microorganism. In the “Compliance Guidelines to Control L. mono-
cytogenes in Post-Lethality Exposed Ready-To-Eat Meat and Poultry Prod-
ucts,” FSIS provides reference to the International Committee for
Microbiological Standards for Foods (ICMSF) sampling plans as dictated by
cases [22]:

• Case 13 conditions reduce the hazard (i.e., product will be cooked
or contain an inhibitor). Collect 15 product samples for analysis.
Release if there are no positive test results.

• Case 14 conditions result in no change to the hazard (i.e., frozen or
shelf-stable products). Collect 30 samples for analysis. Release if
there are no positive results.

• Case 15 conditions may increase the hazard (refrigerated product
supports L. monocytogenes growth). Collect 60 samples for analysis.
Release if there are no positive results [22].

Special Event Sampling

Although this is not identified as a requirement in the rule, plants should
consider the potential hazard created by dust and traffic during construc-
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tion and include this testing in their protocols. During periods of construc-
tion, aggressive sampling should be conducted as determined by the plant
QA manager and plant manager with maintenance input. The normal (ran-
dom) line sampling should continue during this period, with additional
environmental samples collected in the vicinity of the construction. Sam-
pling of floors, walls, and drains (noncontact), as well as indirect sites
adjacent to the construction area, will be conducted upon commencement
of construction. Listeria-like or Listeria-spp.-positive swabs will require doc-
umented corrective action and immediate reswabbing to verify effective-
ness. Repeated abnormal findings will result in additional cleaning and
sanitizing, as well as reinforced GMP training for contractors, crews, and
plant employees.

FSIS Testing

In Directive 10240.3, FSIS identified four types of testing it will conduct for
deli types of products [24]:

1. Intensified: FSIS will collect multiple samples of contact and indirect
contact surfaces and will conduct increased record verification.

2. Targeted: FSIS will randomly select one product at a time for testing,
but will not collect environmental swabs or conduct record review.

3. Low targeted: FSIS will sample product at a lesser frequency than
targeted testing.

4. Nontargeted: FSIS will sample as necessary.

If the USDA collects product samples for any pathogens (e.g., Listeria,
Salmonella, E. coli O157:H7, etc.), all production from the line sampled
(cleanup to cleanup) will be placed on QA hold pending acceptable (nega-
tive) results. Verify that product is placed on QA hold at distribution. Pre-
shipment paperwork will be signed when all required CCP monitoring and
verification is completed. Request the regulatory agent to provide a sample
log number and a copy of the government laboratory results as quickly as
possible. Do not split samples or analyze duplicate samples. In the event of
a pathogen positive result from the regulatory agency, product will be dis-
posed of as soon as possible in a sanitary landfill.

FSIS may also collect swabs from the post-lethality production environ-
ment or of finished product. If FSIS collects environmental Listeria swab
samples, particularly direct product-contact surface samples, all production
from the line sampled (cleanup to cleanup) will be placed on QA hold
pending acceptable (negative) results. Verify that product is placed on QA
hold at distribution. Do not release product until negative results are received
from FSIS. FSIS views positive L. monocytogenes results on a direct contact
surface as an indication that product produced on that surface is adulterated.
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Product from lines with Listeria-monocytogenes-positive contact swab results
must be destroyed by disposal in a sanitary landfill. Positive results from
indirect or noncontact surfaces will require follow-up corrective action to
prevent further incidents of positive results. Notify the plant manager and
quality assurance when samples are collected, when results are received,
and if product is targeted for sanitary landfill disposal.

Product Testing for L. monocytogenes

The question of whether or not to collect product samples for L. monocyto-
genes analysis is a subject of debate. According to Henning and Cutter [13],
it is one of the best methods to verify the environment and safety of the
product. However, because only a small sample size is collected, the organ-
ism may not be detected and the result may provide a false sense of security
about product safety [13]. Because Listeria is not uniformly distributed in
product and is not found frequently there, product testing may not be a
reliable indicator that L. monocytogenes contamination has not occurred [17].
Product testing will not indicate the mode or source of contamination if there
is a positive result, whereas environmental testing will indicate potential
sources that can be targeted for corrective action [24].

If product samples are collected, they must be protected from incidental
sampling contamination. Product packaged for retail sale (i.e., 8-oz. sliced
vacuum-packaged deli meat, 1-lb. vacuum-packed hot dogs) must be collected
intact in the original package for shipment to the laboratory. Product that is
bulk-packed (i.e., bulk-cooked meat patties, bulk burritos) will be collected in
a slack-filled container. That is, if the product is normally packed in a poly-
lined box, the liner will be only partially filled, with approximately 1 lb. of
product, and the liner removed and sealed. This is the product that will be
sent to the laboratory. When conducting this type of sampling, aseptic collec-
tion techniques (washing hands, use of sanitized gloves) must be employed.

A company may have customers who require finished-product pathogen
testing, may conduct the testing as part of its environmental program, or
may have samples collected by the USDA. When finished-product testing is
conducted for any pathogen, all product from the line, from cleanup to
cleanup, becomes the sampled lot and will be placed on hold until acceptable
results are obtained [18]. The plant may opt to stop production after the
sample is collected to reduce the amount of product retained or may choose
to clean and sanitize the line, to provide an intervention step, before begin-
ning production again. If the plant chooses to conduct a full clean-up, make
sure that product or production lines in close proximity are protected from
overspray. If the product sample is collected by the regulatory agency, the
HACCP preshipment review must be conducted and signed before the
inspector can send out the sample. It is also prudent for the company to
make sure that all the product is under its control when the sample is
collected and that none of the product has already begun to leave its juris-
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diction. In this instance, the inspector should not take a sample but should
reschedule collection to a time when product is still under company control.
If, however, the company is collecting the sample, it is recommended that it
not conduct and sign the preshipment review. Signing this document indi-
cates that all CCPs have been met and that the product is acceptable for
release to commerce. However, until the product has cleared pathogen test-
ing, it may not be suitable for release to commerce; so the prudent approach
is to not sign the preshipment review.

Through the efforts of industry and the regulatory agencies, random FSIS
samples for the period of January 1 through September 30 showed a 25%
decline in L. monocytogenes positives [21]. Companies that take food safety
very seriously can be proud of that. In some companies, food safety is just
lip service, but companies that walk the walk, beginning with the president
and through to operations personnel, have an advantage over the companies
that merely test to meet a regulatory requirement. Constant efforts to identify

TABLE 8.5

Sample Laboratory Sample Submission Form

Laboratory Sample Submission Form

Client Information
Company name: Cleo’s Foods
Contact name: Cleo Katt
Address: _____________________________________________________________
City, State, Zip: _____________________________________________________________
Phone number: _____________________________________________________________
Fax number: _____________________________________________________________

Submit to (check one):

Food Testing Laboratory Services, Ltd.

Purchase order number: _________________ Date: _________________

Sample Identification 
and Description

Analysis to be
Performed

Method of
Analysis

Product
Specification

Special
Instructions

4197_C008.fm  Page 185  Saturday, May 6, 2006  12:47 PM

Copyright © 2006 Taylor & Francis Group, LLC



186 Food Plant Sanitation

and battle pathogen growth give a company confidence that Listeria will not
be a problem. Although vigilance is what makes the system run smoothly,
industry partnerships can help a company put the most effective program
together. Along with guidance and advice from trade association members,
consultants and FSIS personnel can help interpret the regulations. For those
companies with limited internal resources, partnerships can provide peace
of mind. The value of verification and validation of sanitation cannot be
stressed enough as a valuable part of the total plant food safety system.
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… There was simply no such thing as keeping decent, the most careful
man gave it up in the end and wallowed in uncleanness. There was not
even a place where a man could wash his hands, and the men ate as
much raw blood as food at dinnertime.

 

 — 

 

The Jungle 

 

by

 

 

 

Upton Sinclair

 

Rationale for Good Manufacturing Practices (GMPs)

 

Once the plant has been cleaned and sanitized, it is important to maintain
this condition during production, when there are exposed ingredients, in-
process materials, and finished products present. Plant personnel are one of
the most significant potential sources of microbiological, physical, and chem-
ical food hazards. Because employees frequently move throughout the man-
ufacturing facility, they can spread food hazards from area to area. For
example, employees working in a raw meat area can track spoilage or patho-
genic bacteria to the cooked-product department, or employees wearing
uncovered jewelry can be a source of physical contaminants. For this reason,
persons working in direct contact with food, food-contact surfaces, or food-
packaging materials must conform to hygienic practices while on duty. These
hygienic practices include, but are not limited to, hand cleaning, the wearing
of hair covering and clean outer garments, jewelry control, food and tobacco
control, disease control, and control of employee traffic.

In order to document the requirements for personnel practices, food man-
ufacturing facilities should establish and implement a good manufacturing
practices procedure, commonly referred to as a 

 

GMP policy

 

. The GMP policy
should be based on the local code of regulations — this would be the Code
of Federal Regulations (21 CFR, Part 110.10) in the U.S. The FDA uses GMPs
to control contamination of foods by preventing introduction of microbio-
logical, chemical, and physical contaminants [1]. This regulation sets require-
ments for food processing operations including employee training, facility
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design and construction, maintenance, sanitation, operations, testing, and
recordkeeping [2]. The plant GMP program is written to include guidelines
for employee requirements, expectations for visitors, and an effective self-
assessment program to verify compliance. Once GMPs have been presented
to employees, through initial training, they are expected to follow them to
provide a measure of product protection. It is of utmost importance that
plant management set the example for implementation of GMPs. Manage-
ment must follow the policy without exception if it expects all plant person-
nel, including sanitation and maintenance, to comply with GMPs to prevent
product contamination during manufacturing. All visitors to the plant —
contractors, suppliers, and regulatory personnel — should be informed of
and are expected to follow plant GMPs to prevent incidental process or product
contamination. In most instances, regulatory personnel will follow GMPs if
instructed to do so and are expected to do so by their supervisors. If com-
pliance is an issue, take it to the next regulatory level for enforcement.

The following are some of the more common compliance criteria for food
plant GMPs. Although all of these may not apply to every food plant oper-
ation and some may not be included because of the specifics of additional
customer requirements, they can be reviewed for application in each man-
ufacturing environment.

 

Basic Good Manufacturing Practices

 

The following GMP information is a compilation from many of the references
used in writing this chapter and years of working in the food industry. Many
of these are basic and common to all references [1,3–7].

 

Hand Washing

 

According to the Centers for Disease Control and Prevention (CDC),
unwashed hands are the second leading cause of food-borne illness and that
hand washing is the single most effective means of preventing food contam-
ination. Approximately 20% of food-borne illness outbreaks can be traced to
infected employees through the fecal–oral route due to food handlers not
washing their hands after using the bathroom or handling raw ingredients
[12]. Organisms that cause food-borne illness such as 

 

Salmonella

 

, Hepatitis
A, 

 

E. coli

 

 O157:H7, and 

 

Staphylococcus aureus

 

 can all be traced to the hands
and skin. For this reason, hand washing is one of the most critical GMPs
and one of the most important to enforce.

In the food manufacturing environment, it is vital to ensure that all persons
entering food manufacturing and handling areas wash their hands. To
accomplish this, it is important to provide a sufficient number of hand-wash
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and hand-sanitizing stations to accommodate the number of people going
to the line, to prevent production delay. Hand-wash stations should be
conveniently located throughout the plant, in the path of personnel travel
and in work pattern areas, not just where space is available. As an example,
locate sinks near the time clock or where smocks and hairnets are passed
out when employees enter the processing plant. It is especially important
that the washing facilities be positioned prior to the return from the restroom
to the production line [4]. They should have hands-free operation (knee, foot
pedals, or automated with electronic eye) so that employees do not have to
handle knobs, and they should have suitable drying devices and be stocked
with an adequate quantity of soap. Signs should be present to differentiate
hand-wash sinks from equipment- and utensil-wash or meat-wash sinks.
The hand-wash sinks should not be used for meat or utensil wash and,
conversely, the meat- and utensil-wash sinks should not be used for hand
washing, to prevent possible cross-contamination.

Signs shall be located in the processing areas, which direct employees to
wash and sanitize their hands before work, after each break, and when their
hands become soiled or contaminated owing to handling raw meat, pallets,
or materials on floors (Figure 9.1).

Employees should wash hands (including fingernails) with soap and hot
water, and use a hand sanitizer prior to commencing plant functions and
as often as may be required to remove soil and contamination. They should

 

FIGURE 9.1

 

Signs such as this will be present at all hand-wash sinks as well as in restrooms to remind
employees to wash hands before returning to their workstations.

 

4197_book.fm  Page 191  Tuesday, April 18, 2006  12:45 PM

Copyright © 2006 Taylor & Francis Group, LLC



 

192

 

Food Plant Sanitation

 

be trained to understand the importance of washing their hands after touch-
ing their faces, blowing their noses, coughing or sneezing, scratching their
heads, or any other activity that might result in bacterial contamination of
their hands or fingers. When training employees to wash their hands,
explain that it is much like cleaning the plant: rinse, soap, scrub, rinse, and
sanitize as illustrated in Figure 9.2 through Figure 9.5. Step 1 is to rinse the
hands with warm, clear water. Step 2 is to apply soap. Step 3 is washing
hands including the palms, the backs of the hands, between the fingers,
under the nails and around the cuticles

 

.

 

 All of these areas need to be cleaned
for hand washing to be most effective. Work the lather from the soap into
the hands so that it will penetrate into the pores of the fingers and hands.
Step 4 involves rinsing the hands again with clear water to remove all traces
of soap and suspended soil.

When training employees to wash their hands, it is most effective to
demonstrate first, then have them wash their hands while you observe and
provide guidance or correction as needed. Exposure time to the soap is also
important, at least 20 sec, and some plants train their employees to sing a
song such as “Happy Birthday” while washing hands!

Hot water provided at wash stations is defined as water that reaches 110ºF
within 30 sec. FDA requires a water temperature of 100

 

°

 

F for hand washing,
and this is in the Food Code. The USDA does not list this as a requirement
but as a good guideline for effective cleaning [10]. Use of a bacteriostatic
soap, such as a USDA-E2-rated soap is strongly recommended. Once hands

 

FIGURE 9.2

 

Hand-washing Step 1: rinse with warm, clear water.
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FIGURE 9.3

 

Hand-washing Step 2: apply soap.

 

FIGURE 9.4

 

Hand-washing Step 3: scrub hands with soap, including palms, backs, and fingernails and
cuticles.
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are washed, they should be dried with single-use disposable towels or electric
air dryers. Continuous roll cloth towels can be a source of contamination
because they absorb moisture and roll up against themselves. If they are not
advanced by each user, the subsequent users may be drying their hands with
a contaminated surface. They are not acceptable and must be prohibited from
use. Be sure to provide sufficient waste containers for paper towel disposal
at sinks so that towels are not thrown on the floor (Figure 9.6 and Figure 9.7).

Sanitizers for hands, after washing, range from chlorine to quat, and iodine
to alcohol. Care must be taken to ensure that the hand sanitizer provides the
necessary level of bacterial destruction without creating skin irritation. Chlo-
rine sanitizers can be harsh on the skin and lead to drying and cracking,
resulting in subsequent sores and infection. Quat (at a level of 150 to 200
ppm) and iodine (at a level of 25 ppm) seem to result in less irritation but
have to be checked regularly during the production shift to ensure that they
are sufficiently strong. They may be checked using the appropriate type and
level of test strip or with titration devices (Figure 9.8).

Hand sanitizer dips should be replaced if they begin to fall below 75% of
their effective level. If used in hand-dip tubs, the tubs must be labeled to
identify contents (i.e., “Quat Hand Sanitizer”) and must be cleaned and
sanitized daily as are other plant equipment and utensils. When choosing
hand sanitizers, consider the organisms to be controlled and plant conditions
that may impact employee skin condition. In addition, remember that iodine
can result in staining of porous types of containers, which does not reduce

 

FIGURE 9.5

 

Hand-washing Step 4: rinse off all soap with warm, clear water.
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FIGURE 9.6

 

After washing hands, dry them with a clean paper towel or use an automatic air dryer.

 

FIGURE 9.7

 

Provide employees with sufficient trash receptacles to dispose of used paper towels.
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the sanitizer efficacy; however, some regulatory inspectors may balk at dis-
coloration even if it is from a sanitizer (Figure 9.9).

Alcohol sanitizers, with skin softeners such as lanolin, seem to be preferred
for their effectiveness and ease of use. They have been shown to be effective
as they reduce levels of bacteria, dry quickly, and are thus less irritating to
the skin. Because they can be purchased premixed, they do not require
monitoring for effective level, although they do need to be monitored and
replaced when they run low. They can be wall-mounted with hand-operation
levers or used with floor stands that can also speed people through the hand-
wash and sanitizing process, preventing delay in getting to their work areas.

Getting people to wash their hands is very important, and there are several
approaches that may be taken to verify that this is being done. The simplest
means is to station a production supervisor or QA inspector at the sink
location as personnel return to food-handling areas from break or lunch and
visually observe as they wash. One plant that the writer has worked with
uses video cameras located in the plant to verify that hand washing is being
done. Although some view this as bordering on “Big Brother,” it is simply
a tool to ensure compliance. Visual verification allows for an opportunity to
take corrective training action if it is observed that employees are not wash-
ing their hands, or washing them improperly. Other available technology
includes the use of swipe cards or radio-frequency identification tags to
activate sinks and automatically log compliance, providing a record for all

 

FIGURE 9.8

 

A titration kit is one method of checking the strength of sanitizers in the plant. Test strips may
also be used depending on the sanitizer and the concentration.
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employees of the number of times that they wash their hands. This log can
then be evaluated to identify whether employees are washing hands as
required or need further training or discipline.

It is important to verify hand-sanitation effectiveness through collection
of hand swabs, usually for indicator organisms such as coliform or possibly

 

Staphylococcus aureus

 

. On a regularly scheduled basis, employee hands
(including fingertips and nails) can be swabbed as they return to their work-
stations to assess how thoroughly they are washing their hands (Figure 9.10
and Figure 9.11).

These data can be charted and used to determine if the soap, sanitizer, and
hand-washing techniques are effective in removing soils, generic bacteria,
and potential pathogens. It can also be used to identify personnel who will
need additional training on proper hand-wash techniques.

 

Employee Welfare Rooms

 

Before entering the production plant, many employees start their shifts in
the plant locker room and connected welfare room. These rooms provide
areas where employees can prepare for their work shift in a clean, comfort-
able, and sanitary environment. These places are usually connected to wel-
fare areas for personal use. It is important for sanitary purposes to maintain
welfare areas in a clean condition to prevent potential contamination from

 

FIGURE 9.9

 

Signs such as this are good visual reminders to employees to sanitize their hands, even if they
are wearing gloves.
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FIGURE 9.10

 

Taking hand swabs is a good means of monitoring the consistency and effectiveness of hand
washing.

 

FIGURE 9.11

 

After the swab is collected, it is returned to the media tube for incubation.
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these areas getting into the production area and to prevent conditions that
might attract pests. Construction of the welfare rooms should be such that
they do not open directly into the production area, and the air pressure
should be negative in washrooms to prevent potential contamination from
entering the production facility [8].

Welfare rooms should be washed and sanitized, and maintained in a
sanitary condition during production when they are most often being used.
Strict requirements must be established to maintain these conditions. Before
entering welfare areas, employees must be trained to remove outer work
clothing such as frocks, aprons, and gloves. Ideally, hairnets will be removed
if it is possible to store them, to prevent contamination.

Because many food plant employees come from areas

 

 

 

where plumbing is
not as efficient as in the U.S., they must be trained periodically that toilet
paper is to be flushed after use. It is not acceptable, and highly undesirable,
for used toilet paper to be placed on the floor or in “waste” containers. Hand-
wash signs must be posted in the welfare areas in all applicable languages
or as pictures, instructing all employees to thoroughly wash and sanitize
hands after visiting the restroom and before returning to work.

 

Locker Storage and Sanitation

 

Locker rooms provide plant employees with a secure area to store coats,
shoes, and personal items restricted by GMPs such as jewelry. It also provides
them an area in which to prepare for their shifts; so it is important to make
available a changing room that is both comfortable and well equipped. In
order to keep production and ingredient as well as packaging and food
storage areas free of personal items, employees should be provided with
personal storage areas or lockers. Lockers should not, however, be used for
storage of food or drink or production equipment as this may lead to pest
infestation and insanitary conditions. Cleanliness of the lockers and locker
area is an integral part of the plant sanitation and housekeeping program to
promote a food-safe environment. If provided, lockers require regular clean-
ing and Sanitation will ensure that locker cleaning is part of the master
sanitation schedule. Regular inspection will be conducted to ensure that
there is no food stored there, that they are maintained in a clean condition,
and that no production equipment is stored there. During these inspections,
report any findings of insect or rodent activity to the licensed pest control
applicator for corrective actions. In addition to regular cleaning and inspec-
tion, it may be necessary to conduct periodic fogging to prevent the growth
of pest insects or eliminate those that may be present. Fog the lockers with
a nonresidual insecticide, never with a residual product, then clean and
sanitize them afterward.

Quality Assurance, along with a cross-functional management team and
Sanitation, will arrange for frequent, announced locker inspections. As with
all other GMPs, plant management must ensure that the locker storage and
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inspection policy is effectively communicated to all plant employees.
Announced locker inspections should be conducted on a (minimum)
monthly basis. Plant employees should be notified in advance to remove all
personal items and locks the night before the inspection. Locks not removed
should be cut off and personal items removed and stored in a plastic bag
identified with the employee name. Document all findings, including storage
nonconformance, damage, or evidence of insects or rodents. Findings should
be reviewed with the plant manager and HR manager for appropriate cor-
rective action, including retraining of plant employees.

 

Gloves

 

Use of gloves for food handlers is a subject of debate; however, it is highly
recommended that employees who handle food products wear gloves as an
extra barrier of protection between the clean, sanitized hands and food prod-
uct. As indicated in the section on hand washing, almost 20% of food-borne
illness outbreaks can be traced to contamination from the employee’s hands.
So the general thinking often is, cover the hands with gloves and the problem
is eliminated. It is easy to get lulled into a false sense of security that gloved
hands are totally safe. However, if the gloves become contaminated through
touching raw material, the floor, or the skin, or if the gloves tear, the protection
offered can be compromised. Employees sometimes store personal gear such
as gloves in places where it is convenient for them, such as on top of electrical
panels or between walls and piping, but these areas may not be sanitary.
Thus, rules of use must be in place if gloves are to be worn by food handlers.

Glove users must wash and sanitize their hands before putting on gloves,
and gloves are not to be used as an excuse for not washing hands. If used,
the gloves must be washed and sanitized, as are hands (Figure 9.12).

Disposable latex gloves must be changed when they are torn or damaged,
after absence from the workstation or when potential contaminants are han-
dled. If single-use gloves are used, they must be disposed of when soiled
and not reused [9]. Nondisposable rubber gloves must be washed and san-
itized after breaks, after handling potential contaminants, or as frequently
as needed. Cloth gloves may be worn but must be covered by a latex or
rubber glove. Whatever type of glove is chosen, be sure to train employees
not to store them in locations that are likely to result in contamination.

Select gloves that are durable enough for the work tasks to be done so that
they do not rip or tear. In an effort to prevent potential physical contamina-
tion, consider using colored gloves so that the material will be more easily
detected in food if they tear or get into the food process flow. Additionally,
employees or visitors with nail polish or fake nails on their fingers must be
required to wear latex or rubber gloves. Although this is mostly to prevent
foreign material (false nails) from entering the product stream, false nails
can also be a source of bacterial contamination as nails and cuticles are
difficult to clean.
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Hair and Beard Covers

 

All persons, both associates and visitors, in or near processing, manufactur-
ing, packaging, and warehousing areas are required to wear clean hairnets
to cover head hair. Even those employees who are balding or choose to
shave their heads should be required to wear a hairnet to ensure consistent
application of this GMP in the plant. The best type of hair cover is the closed
white cover, not the mesh or dark cover. The closed white covers ensure
that hair will not get out between the strands and also make it easier to
confirm that the person is wearing the net. A clean hairnet must be worn
in such a manner so as to contain all hair. With some individuals, two nets
may be required to enclose all their hair. If the plant requires the use of
earplugs for noise abatement, it is best to cover the entire ear and plugs
with the hairnet. Hairnets and beard covers are not to be worn outside the
manufacturing plant.

In addition, those persons with facial hair (i.e., beard, goatee, or mustache)
must wear beard nets. Hair and facial hair (i.e., beard) must be clean and
neatly trimmed for safety and sanitary purposes. For consistent application
of the policy, limits for facial hair length and coverage should be provided.
A clean beard net must be worn in such a manner as to contain all facial hair
(i.e., beard) as shown in Figure 9.4 with the exception of small mustaches,
eyebrows, and eyelashes. A small mustache covers the upper lip area only
and does not require a cover. Facial hair in excess of the upper lip area shall

 

FIGURE 9.12

 

Employee wearing gloves applies sanitizer before going to the workstation.
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be covered with a beard net.

 

 

 

Mustaches may be trimmed neatly and above
the corners of the mouth, otherwise wear a beard guard. Sideburns that
extend beyond the lobe of the ear should also be covered with a beard guard.

 

Clothing and Footwear

 

Although it is desirable for all plant employees to wear clean clothing in the
plant for their work shift, there is no guarantee that street clothing is clean
enough to prevent product contamination. Plants may provide clean uni-
forms or smocks for employees working with or around ingredients or
finished products and require visitors or contractors to wear smocks in
processing, manufacturing, packaging, and warehousing. Smocks, where
required, must be clean and hygienic. Companies may want to consider if
they want to control cleaning of smocks or contract with an outside service
for the smocks to be cleaned, sanitized, and delivered to the plant.

Smocks should have snaps for closure and not buttons, which can come
loose and create a physical hazard in product. When employees’ smocks
become excessively soiled with food or other substances, they must replace
them with clean smocks. Smocks that become torn or shredded should be
removed from use to prevent string or thread from entering product.
Employees involved in processing, manufacturing, packaging, and ware-
housing should not store any items in shirt pockets or any other pocket
above the waist. Smocks will not have any pockets above the waist, so that
items that are commonly stored there, such as pens or thermometers, do not
fall out into product streams. Any smocks with a pocket above the waist
must have such pockets sewn shut or removed. As with hair and beard
covers, smocks should be removed when leaving the building and should not
be worn outside the plant. The wearing of shorts or skirts should be discour-
aged for all plant personnel regardless of whether a smock is worn. Skin has
a microbial flora that may carry both spoilage and pathogenic bacteria, so it
is important to keep as much of the skin area covered on plant personnel as
possible. The use of color-coded smocks for different job areas is a good idea
to provide visual differentiation of employees in the plant shown in Figure
9.15. Darker colors should be discouraged as dirt is not always visible when
they are soiled.

In many fully cooked ready-to-eat (RTE) meat and poultry plants, the use
of aprons and plastic sleeves is required as an extra means of protection.
Gloves, aprons, and sleeves must be maintained in a clean and sanitary
condition during production and should be changed frequently or as they
become soiled. If the aprons are the disposable type, they will only be used
for one production shift and will then be disposed of. If they are the type
that can be reused, they must be washed, sanitized, and dried at the end of
the shift before being hung in employee lockers. Plastic sleeves, if worn, are
also to be maintained in a clean and sanitary condition during the shift.
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Appropriate foot covering must be worn in processing, manufacturing,
packaging, and warehousing areas. Foot covering should protect the plant
from contamination and also the wearer from injury. Open-toed shoes, high
heels, or sandals are prohibited for employee safety as well as for sanitary
reasons. Employees should sanitize their boots prior to proceeding to their
workstations.

In most cooked RTE meat and poultry plants, there is a captive shoe policy.
This policy requires that plant employees wear shoes that meet certain cri-
teria for food and personal safety. The requirements include defining foot-
wear as consisting of no canvas or leather shoes, sneakers, open-toed shoes
or sandals, and no porous material. It is best to have footwear that is water
resistant for comfort, especially where foot dips or floor foamers are used.
Rubber boots with good traction and cleanable bottoms are also preferred
for personnel and food safety. Captive boots may be stored in lockers if they
are provided, but they must be cleaned and sanitized prior to storage.

An added measure of protection in the plant and a part of overall sanitary
plant practices includes the use of floor sanitizer foamers or sanitizer foot-
baths (dips). The objective of foamers or dips is to sanitize shoes or boots of
employees and visitors before they enter exposed product areas. Foamers
are preferred to footbaths because the latter can build up food and scrap
material over the course of a day and have often been described as “bacterial
soup.” Once organic material builds up in the dips, their effectiveness is
reduced. If they are not changed, cleaned, and recharged with fresh sanitizer
on a regular basis, they can create rather than prevent a bacterial hazard. If
used, they should be deep enough so that the entire sole of the shoe and
half the foot are covered. The sanitizer level should be between 800 to 1000
ppm and quat is preferred in operations in which 

 

Listeria

 

 is a concern. In
operations in which 

 

Salmonella

 

 is a greater concern, chlorine would be the
recommended sanitizer. One advantage of boot dips is that they often have
rubber tips at the bottom of the dip, which will help remove material that
collects in the tread of shoes and boots.

Floor foamers are most effective if they are placed strategically in the plant
and operated correctly. The best locations for floor foamers are where
employees or equipment enter production areas and where there is crossover
traffic between raw and cooked areas. The floor foamers should be set to
deliver 800 to 1000 ppm sanitizer and aerated to form thick, wide foam. The
foam should be wide enough so that a person cannot step over the stream
and also such that, as wheeled vehicles pass through the foam, they will
complete at least one revolution. The foamers should be timed to go off
frequently enough to ensure that there will be a consistent quantity of foam
during the production hours, especially during heavy foot- and wheeled-
traffic times. It is prudent to evaluate floor condition when deciding between
using floor foamers and foot dips. Floors should provide traction so that the
wet conditions that will be created from the sanitizer will not pose a safety
hazard to employees (Figure 9.13).
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Jewelry

 

Jewelry control is done more for prevention of foreign material contamina-
tion than for sanitary purposes, but no GMP procedure is complete without
at least addressing this issue. However, bacteria can hide under watches and
bracelets, making them a potential source of contamination [11]. Jewelry for
purposes of GMPs includes wristwatches, earrings, necklaces or chains, and
rings and any employee or visitor in any processing, manufacturing, packag-
ing, and warehousing area should be prohibited from wearing them. Some
plants allow rings without stones; however, some bands have texture that
will be difficult to clean and should be discouraged. A solid wedding band
no wider than 

 

7

 

/

 

16

 

 in. and with no stones may be worn. Glove protection may
be worn if a wedding band with a stone cannot be removed. One exception
to this rule may be medical alert bracelets or chains; however, every precau-
tion should be taken to prevent them from getting into the product. Other
personal decorative items that should be considered for control are false
eyelashes, false nails, or exposed nail polish, which can become physical
contaminants in food products.

A recent phenomenon, especially among younger employees, is tongue
piercing, among various other locations similarly pierced such as lips, noses,
and eyebrows. Obviously, the employee should not be allowed into the plant
unless the piercing is removed. However, what should the plant position be
with regard to a pierced tongue? As an industry best practice, employees

 

FIGURE 9.13

 

Effective implementation of a floor foamer in a plant. The foam crosses the entire path of
employee travel after washing and sanitizing hands.
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with pierced tongues should not be allowed to work in the plant. It is best
not to allow any piercing that is not covered by clothing. Granted, the mouth
can be covered by a beard guard; however, if you would not let someone
wear pierced earrings even with a hairnet, it stands to reason that you would
not allow someone to wear a tongue piercing in the plant even with a beard
guard. The key is to ensure a consistent application of the intent of the policy.

 

Disease Control

 

In an effort to prevent the spread of illness-causing bacteria into product, no
person affected with any disease in a communicable form, or while a carrier
of such disease, should work in the manufacturing plant in any capacity which
would bring that person into contact with the processing, handling, storage,
or transportation of food products. Any person who has boils, sores, an open
lesion, wound, or any other abnormal physical condition that can be related
to microbiological contamination should be excluded from any operation that
may result in product contamination. Employees who display symptoms of
illness such as fever, sore throat, jaundice, or flu should not be allowed to
work with ingredients, food, or packaging until the illness is resolved.

All employees whose hands come in contact with product and product
packaging and who have open wounds or sores must wear adhesive bandages
or tape on fingers, hands, or forearms. All bandages must then be covered
with a nonporous covering such as a latex or plastic glove or a plastic sleeve.
It is also recommended that the bandages be of a bright color or one different
from that of the food being produced so that they can be easily spotted if they
accidentally make their way into product. Some bandages are made with thin
metal in them so that they can be picked up by plant metal detectors.

 

Food and Tobacco

 

Drinking, eating, gum chewing, spitting, and the use of tobacco in any form
(i.e., chewing tobacco) by any person in production, warehouse, storage, and
maintenance areas is strictly prohibited during production as well as non-
production days. These activities should be restricted to areas specifically
identified by plant management for such activities. In addition, eating or
drinking in the plant on nonproduction days by maintenance or sanitation
personnel should also be prohibited. This is to prevent food spills or leaving
empty food or beverage containers in production or storage areas, which
can attract pests and create unsanitary conditions.

 

Raw and Cooked Separation

 

To prevent contamination of cooked products, employees working in raw-
product areas will avoid traveling through cooked-product areas.
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Additionally, cooked-product employees must avoid traveling through raw-
product areas if they are to return to cooked-product areas. The same will
apply to plant equipment (i.e., conveyors, gondolas, vats, pallet jacks, fork-
lift, and metal detectors). Equipment used for raw product should not be
used for cooked RTE product even if that equipment is cleaned between use.
The chances of cross-contamination from raw to cooked areas are very great
if the equipment has cracks, hollow material, hard-to-clean areas, or has the
potential for biofilm buildup.

Individuals must not be permitted to move freely from one type of process
area to another without a garment change, where the possibility of cross-
contamination exists (e.g., from a raw- to a cooked-process area), and outer
garments must be clean at the start of each shift. One way of preventing
personnel from moving from raw to cooked areas, or 

 

vice versa

 

, is to have an
internal color-coded smock policy for raw and cooked areas. This provides a
very good visual indicator that people are where they should be and are not
where they should not be. In addition, plant equipment can be labeled to
designate usage in raw or cooked areas and should not be interchanged
between the areas.

 

Visitors and Contractors

 

Visitors and contractors are also required to comply with company GMPs
if they are to enter the production plant. Visitors and contractors should
be restricted from entering production areas during processing unless
they have been informed of and conform to plant GMPs. Visitors include
regulatory representatives; in fact, FSIS employees are required to follow
the establishment protocol for GMPs provided they have been informed
of the expectations. Do not assume that visitors are fully aware of the
requirements or know what practices will protect product. Provide them
with training if they are not certain how to wash their hands or wear
protective gear.

One means of communicating GMPs to visitors is to have a GMP sign-
off sheet that delineates your expectations. By signing the sheet they are
saying that they agree to follow your requirements regarding smocks, hair-
nets, jewelry, etc. This can be done in conjunction with signing a nondis-
closure or confidentiality document as demonstrated in Table 9.1. Provide
visitors or contractors with hairnets, smocks, and captive boots as required
by your plant, and show them how they are to be worn. Instruct them to
remove all jewelry, and show them where and how to wash and sanitize
their hands. When in the plant, show them how to use foot dips or sprays
if these are present. Unless they are working on a specific piece of equip-
ment, they should not handle product or equipment used for product
contact. They should be escorted during their visit for food safety, personal
safety, and security reasons.
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FIGURE 9.14

 

A plant employee shown wearing designated plant attire: hairnet, beard guard, earplugs (for
safety), and a colored smock for raw processing (brown).

 

FIGURE 9.15

 

Plant employees wear a different-colored smock for work in ready-to-eat production areas
(white).
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TABLE 9.1

 

 

 

Sample GMP Sign-Off Sheet and Nondisclosure Document

 

Cleo’s Foods Requirements for Visitors and Contractors

 

All visitors and contractors to Cleo’s Foods plant are to comply with the following policies.
Failure to comply with these policies will be considered noncompliance and grounds for
removal from the plant or termination of our agreement. Failure to follow Cleo’s Foods policies
will result in removal from the property. Visitors and contractors will be held liable for any
damage to Cleo’s Foods property.

 

Food Safety

 

1.

 

Smocks:

 

 Approved smocks, provided by Cleo’s Foods, will be worn in the production and
warehouse areas of the plant. Smocks must be removed before going outside or entering
restrooms.

2.

 

Hairnets:

 

 Approved hairnets, provided by Cleo’s Foods, will be worn in the production and
warehouse areas of the plant. All hair must be covered. Hairnets must be removed before
going outside or entering restrooms.

3.

 

Beard nets:

 

 As needed, approved beard nets, provided by Cleo’s Foods, will be worn in the
production and warehouse areas of the plant. All facial hair must be covered. Beard nets
must be removed before going outside or entering restrooms.

4.

 

Food and drinks:

 

 

 

Food and drinks are not to be consumed, except in approved areas (the
lunchroom). All refuse must be properly disposed of. Gum or candy is not permitted in the
production area.

5.

 

Jewelry:

 

 

 

No jewelry is to be worn in the plant at any time. This includes watches, rings,
earrings or exposed piercings, bracelets, and necklaces. Medic Alert jewelry is allowed.

6.

 

Product contamination prevention:

 

 

 

Contractors are not allowed to touch any product at
anytime. Contractors are not allowed to touch any of the production equipment when it is
being used for production unless otherwise instructed by the Cleo’s Foods representative.
No glass is allowed in production areas. This includes glass containers, meters, tools, or
utensils of which glass is a part.

7.

 

Smoking and tobacco:

 

 

 

Smoking or the use of any tobacco product (chewable, snuff) is not
allowed anywhere in the plant. Smoking is only allowed in designated areas. Do not throw
cigarette butts on the ground. The butts must be properly disposed of.

8.

 

Spitting: 

 

Spitting is prohibited in all areas.
9.

 

Outside doors:

 

 All outside doors must remain closed at all times and will not be kept open
by contractors.

 

General Safety

 

1.

 

Lock out–tag out: 

 

When working on equipment, lock it out and place a tag on the equipment
indicating who locked it out and why. Make sure that before you leave you remove the lock
if the job is complete or let a Cleo’s Foods representative know the status and when you
expect work on the equipment will be finished.

2.

 

Hearing protection:

 

 Hearing protection must be worn anytime you are on the production floor.
3.

 

Forklifts:

 

 Contractors are not permitted to use forklifts without the proper training from
Cleo’s Foods, or written permission from a manager.

 

Sanitary

 

1.

 

Hand washing: 

 

All contractors must wash and sanitize their hands after using the restroom
and before entering any production area.

2.

 

Tools:

 

 All tools used on production equipment must be clean and sanitary before use.

 

Continued
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Maintenance GMPs

 

Maintenance of facility and equipment is a daily necessity to keep a plant
operating efficiently and safely. Maintenance personnel work on equipment
at all times in the plant, and in some instances, assist the sanitation depart-
ment with tearing down equipment for cleaning or reassembling equipment
for production start-up. They may also work on equipment during produc-
tion. Because of the nature of maintenance work, there is the potential for
them to accidentally contaminate product-contact surfaces and, thus, product.
In order to avoid this type of contamination, maintenance employees must
follow all GMPs required to be complied with by product-handling personnel.

There is also a need for Maintenance to have its own set of GMPs related
to its job and its equipment to minimize potential for product contamination.
These include the following:

• Personnel: Obviously, maintenance personnel should wear hairnets
and smocks when working in production areas. They should be
provided with separate, unique-colored smocks for maintenance, or
be required to wear the color or designation of the department they
are working in. There may be a need for maintenance employees to
work on low portions of equipment or even underneath equipment;
however, they should not be lying directly on the floor. To accom-
plish this, it is important to place a barrier, such as a plastic tarp or
layer of cardboard between the maintenance employee and the floor
so that contaminants from the floor are not picked up and transferred
to equipment. If possible, designate specific personnel to raw and

 

Security

 

1. All visitors and contractors will check in with the Cleo’s Foods representative who requested
the work. When they are done for the day, they must check out with that representative
before leaving the facility.

2. Visitors and contractors agree that there are formulas, equipment, or processes that are
proprietary to Cleo’s Foods that will not be disclosed outside the company or to competitors.
Picture taking or recording will not be done without prior approval of Cleo’s Foods
management.

This indicates that the visitor or contractor has read and agrees to follow the policies as outlined
on the Requirements for Visitors and Contractors for Cleo’s Foods.

 

Visitor and Contractor Information

 

Company Name: ________________________________

Company Representative: _________________________ Date: ________________

 

Note:

 

This form will be kept in the main office for verification and review.

 

TABLE 9.1

 

 (Continued)

 

Sample GMP Sign-Off Sheet and Nondisclosure Document
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others to fully cooked RTE areas to avoid cross-contamination. When
this is not possible, maintenance personnel must follow very strict
decontamination procedures such as hand washing, changing
smocks, and cleaning and sanitizing shoes when leaving a raw area
and entering a cooked one to work.
Tools: When possible, these should be of a sanitary design as iden-

tified in the AMI recommendations. They should never have
wooden parts as wood is porous, not readily cleanable and may
have bacterial harborage crevices. There should not be cracks in
plastic grips that can harbor bacteria. There should be a sanitary
location for storing tools such as a tool locker or toolbox. These
should be maintained in a sanitary condition and cleaned and
sanitized with an established frequency, which means that they
must be made of materials that can withstand water cleaning
and sanitizer contact. Some maintenance personnel are con-
cerned that repeated exposure to sanitizer may deteriorate tools.
Alcohol wipes can be used as an effective sanitizer; they dry
quickly and limit corrosion or deterioration. Leather tool pouches
should not be used, as these are not easy to clean and in micro-
biological tests have tested positive for environmental organisms
of concern. Tools‘ must not be stored in lockers or taken from
the plant for personal use. Segregate tools and utensils between
raw and cooked areas so that tools used for raw equipment are
not used on fully cooked or RTE product equipment.

• Equipment: Tools and utensils used in the maintenance process
require proper storage. Tools coming in contact with product-han-
dling or product-contact equipment should never be placed on the
floor, as contaminants from the floor may be transferred to the tool
and then onto equipment that is being worked on. Parts or equip-
ment pieces should never be placed on the floor when they are
removed from larger pieces of equipment for maintenance. Carts
should be used for smaller parts or equipment racks for larger pieces
of equipment.

• Cleaning and sanitizing: Food-contact equipment or surfaces con-
taminated by maintenance activity before or during operations
should be properly cleaned and sanitized before contact with food
product or packaging. Some plant operations use a tag system to
identify pieces of equipment that have been handled by mainte-
nance. Once the equipment has been cleaned and sanitized, it is
inspected by QA before the tag is removed, releasing the equipment
to production.

Regardless of the overall procedures required by the plant, make the main-
tenance department a participant in maintaining a food safe environment. It
can be a valuable asset in the prevention of food product contamination.
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Training and Implementation

 

Once the GMP program has been written, it is vital to communicate the
program to all plant employees, both current and new employees. Training
is a complex process that requires multiple approaches to be effective. It is
not enough to simply hand people a copy of the GMPs and expect them to
be understood and followed, nor is it sufficient to just show a video. Audio-
visual aids are an effective tool but not by themselves; they are best used in
conjunction with an explanation as to why GMPs are to be followed and a
demonstration as to how they are to be implemented. This may require a
demonstration to show, e.g., the proper way to put on a smock or a hairnet.

One of the most effective means of training demonstrations is through the
use of hand-wash kits with fluorescing oil or powder and UV light to dem-
onstrate hand-washing effectiveness. The process involves putting the oil or
powder on the employees’ hands, then having them wash their hands. Once
their hands are washed, use the UV light to evaluate the hands. If they were
washed correctly and all of the oil or powder is removed, they will not show
up under the UV light. However, if they were not washed correctly, the UV
light will show where the fluorescing material is still present, and further
training will be required to ensure that hand washing is effective at removing
all of the material.

Maintain records of initial and ongoing associate training with signatures
from each employee. Following initial GMP training, it is important to follow
up with training approximately every 6 months. Again, this training should
be documented with a sign-off sheet for all participants. Some plants hold
daily line meetings just prior to the start of production to review the schedule
or productivity requirements, whereas others hold monthly department
meetings. These are opportune times to also review a GMP, especially if there
is one that is frequently deviated from. It is also a good idea to post visual
aids in employee areas as reminders of GMP responsibilities.

 

Monitoring and Enforcement

 

During the initial training of personnel, it is important for them to under-
stand that compliance with GMP requirements is essential and that they are
ultimately responsible for conformance. It should also be explained that
regular monitoring will be conducted to verify compliance. Production leads
or supervisors are responsible for monitoring employee conformance with
GMPs on a regular daily basis, using a form similar to the example in Table
9.2. Monitoring will give them an opportunity to conduct additional training
or counseling to ensure that the expectations are clearly understood and to
correct behavior that does not conform to expectations. They will also verify
that employees are aware that nonconformance to GMPs may result in disci-
plinary action.

GMP self-assessments should be conducted on a monthly basis to docu-
ment employee compliance to the policy. Although normally conducted by
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TABLE 9.2

 

Sample Monitoring Checklist

 

Cleo’s Foods GMP Monitoring Checklist Date ___________________

 

The checklist is to be completed by Quality Assurance a minimum of twice per shift. Place a “Y”
for “Yes” or an “N” for “No” in the block after the GMP comment. A “No” response for any item
will require a comment in the section below. Two “No” responses will require further action by
QA up to and including production stoppage until the deficiency is corrected. Have the supervisor
or line lead sign after each check.

 

Time #1
Y/N

Time #2 
Y/N

Time #3 
Y/N

Time #4 
Y/N

 

1 Water temperature is 110ºF within 30 sec.
2 Adequate soap, paper towels, and trash 

cans are present at sinks
3 Employees wash their hands when 

returning to work.
4 Hand sanitizer strength is 150–200 ppm 

(50 ppm for iodine)
5 Hairnets and beard nets are properly 

worn
6 Jewelry is removed and not worn in the 

plant
7 Gloves are worn by product handlers and 

are clean
8 Aprons are worn and are clean
9 Smocks are worn and are clean

10 Appropriate, clean shoes are worn
11 Floor sanitizers are operating and at 

proper levels
12 Food, beverage, and tobacco use is 

restricted to specified areas
13 Raw- and cooked-product employees 

remain in designated areas
14 Employees appear to be free of illness or 

infections
15 Maintenance is following all GMPs
16 Maintenance personnel keep tools off the 

floor
17 Locker rooms are free of food or beverages
18 Visitors (if present) are appropriately 

attired
19 Supervisor or lead initials
COMMENTS:
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________

AUDITOR: _________________________________________________________________________

Confidential Commercial Information
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the QA department, a cross-functional team is recommended, composed of
the following personnel: the plant manager, QA, Maintenance, and a pro-
duction employee. The team should tour the plant and evaluate employee
conformance with GMP requirements, taking corrective action if deviations
are found. All findings or corrective actions should be documented to pro-
vide a guide for follow-up training with groups or individuals.

 

Operational Sanitation

 

Each USDA-inspected meat and poultry plant is required to make a daily
operational sanitation inspection to fulfill requirements of SSOPs. In non-
USDA plants, this may be referred to as a housekeeping inspection. House-
keeping and sanitation are integral to the operation and closely linked. These
are additional practices that will aid in the prevention of product contami-
nation while maintaining safe and sanitary plant conditions. In general,
additional housekeeping practices include some of the following steps to
provide for sanitary food plant operations:

• Ingredient spills should be cleaned up quickly in storage areas to
prevent accumulation that creates insanitary conditions and can
attract pests. Product spills in the manufacturing areas should be
removed to prevent buildup that creates insanitary conditions or
personnel safety hazards.

• Authorized sanitation personnel, cleaning the plant during produc-
tion and using water hoses, will avoid splashing water from unclean
surfaces (such as floors and drains) onto exposed product or prod-
uct-contact surfaces. If possible, reduce the water pressure to prevent
overspray from product surfaces or creation of atomized particles
from drains.

• Production sanitation personnel responsible for emptying trash,
cleaning floors, and picking up scrap will be trained to avoid touch-
ing product or product-contact surfaces.

• All product packaging, both primary and secondary, and packaging
supplies will be used only for packaging. Similarly, food ingredient
or in-process material containers must be used only for ingredient
or food product storage. They should not be used for chemicals,
washing compounds, spare parts, tools, or any other similar nonfood
use, i.e., paper, form storage, etc. This is necessary to prevent phys-
ical or chemical contamination of ingredients or product.

• Containers bearing compounds (i.e., cleaning chemicals, sanitizer,
white oil, etc.) shall be identified as to contents, as shown in Figure
9.16. Use dual language (English and Spanish) as necessary, depend-
ing on the plant associate language base. Unlabeled containers
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should be removed and disposed of. Again, this is done to prevent
chemical contamination of product.

• Walking on or climbing over ingredients or product must be pro-
hibited. This includes packaged goods or exposed ingredients or
product. Because of space constraints, some plants have steps or
provide access over product streams. These need to be designed in
a way that they do not contribute to product contamination.

• All idle equipment stored within the plant or auxiliary buildings
should be covered or otherwise protected to prevent contamination
by dust, condensation, etc. If it is to be used for production, it must
be fully cleaned and sanitized prior to use. If it has been stored in
an off-site location, inspect it as it is brought into the plant for any
damage or design that might contribute to insanitary conditions.

As with any other plant food safety or quality program, the GMP program
should be updated periodically to reflect emerging food safety hazards or
changes in the plant products or processes. If properly developed and imple-
mented, GMPs can be an extension of the sanitation program by ensuring
that product or process contamination does not occur through employee
actions after the plant has been cleaned. Getting employee support and

 

FIGURE 9.16

 

Containers for chemical compounds, in this case sanitizer for storing a thermometer, are clearly
identified as to their contents to prevent chemical contamination of product.
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cooperation is critical, and monitoring of practices can confirm that the
program is working as designed.
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… but with the hot weather there descended upon Packingtown a veri-
table Egyptian plague of flies; there could be no describing this — the
hoses would be black with them.

 

 — 

 

The Jungle

 

 by Upton Sinclair

 

It is fortunate that conditions such as those described in Upton Sinclair’s
classic novel about the meat-packing industry can be easily avoided, given
all that has been learned over the years about sanitation and pest control.
The food plant environment is attractive to pests as it provides ideal condi-
tions for pests to thrive: food, water, warmth and temperature, security, and
absence of natural predators. Insects and rodents are attracted to odors from
food plants and lighting used both inside and outside the facility. Pest control
is part of the overall sanitation plan; in fact, a major part of pest control is
sanitation. It is intended to prevent contamination of ingredients and food
products and is a requirement for conformance to federal regulations. The
Code of Federal Regulations, Current Good Manufacturing Practices (21 CFR
110.35) makes it very clear that pests are to be excluded from food plants:

 

(c) Pest control. No pests shall be allowed in any area of a food plant.
Guard or guide dogs may be allowed in some areas of a plant if the
presence of the dogs is unlikely to result in contamination of food, food-
contact surfaces, or food-packaging materials. Effective measures shall
be taken to exclude pests from the processing areas and to protect against
the contamination of food on the premises by pests. The use of insecti-
cides or rodenticides is permitted only under precautions and restrictions
that will protect against the contamination of food, food-contact surfaces,
and food-packaging materials.

 

Pest infestation results in product adulteration, which can lead to product
loss, possible recall or regulatory control action, and potential loss of busi-
ness. In order to control pests, it is important to know how they operate in
the environment. Some pests are beneficial to the environment; for example,
bees pollinate flowers and trees and flies serve as food for certain animals,
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recycle manure nutrients into the soil, and they help decompose carcasses.
However, it is also recognized that many pests carry disease or spread
microbes, damage ingredients, and infest products. For example, mosquitoes
carry diseases such as malaria; flies and roaches spread microbes because
of the environment they feed or breed in; beetles can infest seasonings or
flour, rendering them unusable; and rodents and birds can transmit disease
and filth.

Some of the most common food plant pests are flies and beetles, roaches,
rodents, and birds. The approach most recommended for control of pests is
integrated pest management (IPM). IPM is a multiple-hurdle approach that
thwarts pests on several levels. It begins with the recognition that pests have
three basic needs to survive: food, water, and shelter [8]. IPM uses
approaches to control conditions that allow pests to survive. These
approaches include: elimination of breeding and harborage, exclusion from
access to plant, sanitation, and extermination. One advantage of IPM is that
insecticide use is a treatment of last resort, thus, chemical use is minimized.

As a means of facilitating pest control, learn about the specific pests in
your region and about the conditions that pests tolerate. For example, insects
cannot thrive in cold (less than 40ºF) but rodents can tolerate cold temper-
atures, even those inside freezers. Some insects have specific habitats (bee
hives, bird nests), whereas others have no specific habitat but adapt to the
environment encountered. This chapter will identify some of the pests of
concern to food plants and discuss control measures focusing on sanitation.

 

Pests of Concern to Food Plants

 

Insects

 

It is estimated that there are between 800,000 to 1 million species of insects
on Earth. As stated before, many of them are significant and necessary in
the environment. However, there are many pests that are of concern in a
food manufacturing plant. The most common include flies and flying insects,
roaches, and beetles. Flies are seasonal in most parts of the country, and the
housefly (

 

Musca domestica

 

) is the most common fly in the world because it
is a prolific breeder. They can be found almost anywhere, but they prefer
warm temperatures. Adult flies feed on a variety of food, garbage, and
manure; thus they can carry many disease-causing organisms. They use a
sponging mouthpart to vomit on a food source. This begins to dissolve the
food, which they then suction up using the mouthpart. Signs of flies, other
than visual sightings, are dark specks of fecal material. Congregation areas
and their concentrations can be identified by placing white paper on walls
or beams for a period of time. As they settle on the paper, they will leave
trace specks, indicating their presence. Control of flies includes exclusion
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and elimination of food and ingredient wastes. Sanitation is important
through the removal of debris or food buildup under or around equipment
legs or frames. Fruit and phorid flies can breed in large numbers in the
presence of accumulation of moist organic debris, such as in drains. Organic-
matter film must be removed from drains to eliminate fly larvae. Merely
treating the drain with hot water or chlorine is not enough [1]. Breeding
spaces in walls and pits must be dried and the source eliminated, coupled
with ultra-low-volume (ULV or space) treatment with a nonresidual to kill
adults. Termites, although not a major threat to food, can cause severe dam-
age to building structures. The primary indicators of termites are swarms
that last only a few days. Once the swarming has stopped, it is important
to find their nests and eliminate them at their source.

In the disaster film 

 

The Day After

 

, broadcast in 1983, the effects of nuclear
war on a rural Kansas town are portrayed. One of the scenes involves the
late actor Jason Robards looking at a cockroach and commenting that cock-
roaches were on Earth before humans and they will likely be on Earth after
humans are gone. Although roaches may not survive a nuclear holocaust,
this scene underscores the idea that roaches are prolific and hard to eliminate,
and this is one of the reasons why they are a challenge for the food industry.
The three most common types of roaches found in the U.S. are the German
roach, the American roach, and the Oriental roach (Figure 10.1). They differ
in both color and size. German roaches, the most common, are about 3/4 in.
in length and are yellow brown in color with two dark stripes behind their
heads. American roaches are the largest variety, about 2 in. long and brown
in color. Oriental roaches are about 1 in. in length and are dark brown to
black [4]. All feed on various food sources such as ingredients and finished
product, dead insects or other roaches, and human waste. Hence, they are
a significant source of bacteria, including pathogens. They prefer to feed in
solitude and darkness, so if they are seen during the day it is a good indi-
cation that they have infested an area. Roaches are difficult to eliminate once
established, and chemicals that kill adults may not kill the egg cases. The
primary means of control are exclusion through inspection of incoming boxes
and pallets, treatment and sealing of cracks and crevices where they hide,
and elimination of wet areas.

Beetles are another species of insect that are considered beneficial to the
environment. Some feed on insect pests of plants, others pollinate flowering
plants, and many help with the decomposition of plants, animals, or animal
feces. They are one of the earliest groups of higher insects to evolve and
adapt to the changing environment. Their hard shell provides protection
from predators. There are approximately 110 to 115 families of beetles, with
the 5 largest families containing more that 20,000 species [2]. Unfortunately,
they are also a pest of crops and stored products. The listing of stored-
product pests includes the red flour beetle, granary beetle, sawtooth grain
beetle, and the Indian meal moth. Once they have been detected in a food
plant, it is likely that they have already infested ingredients or foods. If this
is the case, it is imperative to remove the infested materials and dispose of
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FIGURE 10.1

 

Cockroaches. From left to right, the German roach, the American roach, and
the Oriental roach
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them. Identification of the beetle will aid in determination of the most effec-
tive means of control. It is also vital to inspect other materials stored in close
proximity to determine if the infestation has spread. If this is not the case,
then it is a matter of preventing reintroduction into the environment or
elimination if they are elsewhere in the plant. To eliminate a major source
of attraction, clean floors, racks, and pallets on a regular basis to remove
spilled ingredients (Figure 10.2). As they may also be found in walls, air
ducts, and on I-beams, it is important to keep these areas clean and free of
food dust or residues [2].

Seal floor cracks to eliminate accumulation of spilled materials. Inspect
incoming ingredients to verify that they are not infested, and use them on
a first-in-first-used (FIFU) basis. If they must be stored for an extended
period, then inspect them frequently or place them in a freezer if they might
become infested. If chemical application becomes necessary, treat cracks and
crevices with a residual and seal them after application. Space treatment or
fumigation of storage areas or infested goods in bins or on trailers may have
to be conducted.

 

Rodents

 

From a regulatory standpoint, the presence of rodents or rodent evidence
violates section 402(a) of the Food, Drug and Cosmetic Act. Even if ingredients

 

FIGURE 10.2

 

A clean and orderly warehouse, with spills cleaned up quickly, provides an environment that
will not attract pests.
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or product are not contaminated, they could be subject to regulatory control
action if rodent presence is detected. FDA has reported that approximately
90% of complaints against food establishments are for rodents and that about
90% of those are for mice. From an economic standpoint, rodents are respon-
sible for costly damage to ingredients, products, and the facility. They are
carriers of disease, and their presence usually leaves behind excrement and
urine. Rats and mice belong to the order Rodentia and suborder Myomorpha.
There are three primary types of rodents that food plants in the U.S. may
have to deal with [4]. One of two rats is the Norway rat (

 

Rattus norvegious

 

),
which includes the Norway, brown, barn, sewer, and gray rats. This rat
burrows, lives in holes, and has prominent incisors on the upper and lower
jaw for gnawing. It is a poor jumper and climber and generally regarded as
clumsy. The second rat is the roof or black rat (

 

Rattus rattus

 

). This lives above
ground in storage spaces and wall spaces and is an agile climber. The house
mouse (

 

Mus muscullus

 

) is a problem for both the food industry and for
consumers in their homes. This rodent is mostly nocturnal, an excellent
climber, and adapts very easily to varying temperature conditions [13]. It is
smaller than a rat and usually dark grey on the back and light grey on the
abdomen with large protruding ears. Because the roof rat and house mouse
are good climbers, they can access roofs through walls or rain gutters. On the
plant roof around air vents, grease and food residue can accumulate and can
be an attractant to rodents. These areas need to be maintained in a clean
condition, and gutters will have to be screened to prevent rodents from using
them as an access path. Rodent IPM involves sanitation, rodent proofing, and
rodent prevention using a combination of external bait stations, on the perim-
eter of the property and on the exterior of the facility, and internal traps. Signs
of rodent entry into the plant include evidence of gnawing, droppings, and
smears from body oils as they travel. They also frequently leave urine, which
glows under fluorescent light and which can be detected using black light.

 

Birds

 

Birds provide benefits: they may be kept as pets, for aesthetic reasons, and
they also eat insects. Some birds, however, are pests and present a threat to
crops such as grains, fruits, and vegetables. They also carry disease-causing
organisms such as salmonella and fungi that come from droppings, and they
carry parasites such as mites and ticks [3]. Birds are attracted to facilities on
account of food spillage and potential roosting sites. Two of the primary bird
pests encountered by food manufacturers are pigeons and sparrows. These
birds are not solitary and tend to congregate, meaning their presence may
result in buildup of excreta on or below surfaces where they roost. Their
habitats include flat surfaces of roofs, ledges, and rafters, where they like to
build their nests. Once they have established themselves in an area, they and
their offspring tend to return to the same area. Their nests are also a source
of contamination from filth associated with nest material such as feathers
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and straw. If nests are found, they must be removed. Exclusion of birds
includes the use of various IPM control measures such as habitat elimination,
exclusion, and sanitation as well as chemical treatments.

 

Pest Control Measures

 

Pest Control Program

 

One of the first steps that food plant owners and managers can take to control
pests is to create a written pest control program. This program outlines
minimum guidelines for implementation of IPM strategies as a means of
prevention. Remove or neutralize all pest harborage, attractants, and breed-
ing places within all buildings and property so that facilities and property
may be pest free. Any signs or evidence of pests, whether young or mature,
in or on all buildings or property and regardless of proximity to food prod-
ucts and processing, will be considered a potential for contamination. A well-
written pest control program must include at a minimum, the elements
considered in the following subsections.

 

Management Commitment and Responsibility

 

The responsibility for implementation and enforcement of the pest control
program will lie with the local plant management. Plant management will
identify an individual, by name, who will be the specific employee to coor-
dinate the local pest control program. This individual should maintain a
valid pest control license. All plant personnel are to be trained to observe,
note, and report all signs of pests. Plant quality assurance personnel are to
monitor, advise, and guide management as to pest control practices and
findings. The plant may want to identify other departments, such as sanita-
tion or maintenance, and their specific responsibilities.

 

Definition of Pests

 

Pests are defined as follows for the purposes of this policy, but not limited
to, all rats, mice and rodents, all insects, all birds, and vermin. Signs of pest
activity are defined for the purposes of this policy, but not limited to, live
pests, dead pests, rodent droppings or urine trails, footprints or tracks, nests
or evidence of roosting, and evidence of feeding or gnawing. Again, the
plant may want to include pests specific to its region.

 

Inspection and Reports

 

The plant plan should identify facility and grounds monitoring on a prede-
termined basis (ideally, weekly). The inspection is intended to identify evi-
dence of pest activity as detailed earlier. Inspection should include the
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outside of the facility, including the roof, the inside of the facility, and all
pest control devices. Sticky boards, bait stations, catch-all traps, and insect
electrocutors are to be inspected at least twice a month. A record of findings
should be prepared and submitted to the plant management that identifies
all findings of facility condition or pest activity that require corrective action.
Signs of pest activity are to be entered in a pest-sighting log — a permanent
record of all pest sightings. The findings report and sighting log shall include
actions taken to correct findings from the prior report as well as their effec-
tiveness. If a pest control operator is utilized, he or she will check the sighting
log during every service call.

 

Map of All Devices

 

Prepare a plant diagram showing the entire perimeter of the plant and all
walls and doorways. Mark on the diagram the exact location of insect light
traps (electrocutors), bait stations, pheromone traps, catch-all traps, bait
stations, and bird-control devices. Each location will have a unique location
number that identifies the type of control device. The location number will
be referenced on the plant pest inspection report.

 

Treatment Materials

 

If plant employees apply treatments, they will be trained and licensed in the
application in accordance with state or local regulations. Samples, labels,
and material safety data sheets (MSDS) of any chemicals or baits that are
applied will be maintained as part of the program.

It may be the choice of a plant or a company to utilize the services of a
licensed pest control operator (PCO), someone with specific training in the
identification, prevention, and treatment of pests. If the decision is made to
use a PCO, the company or plant will want to make certain that it has a total
program that meets the following minimum requirements. The choice of
PCO should be made by the local plant management, with the assistance of
the QA manager to verify credentials and ensure that there will be a good
working relationship. The PCO will normally provide the company with a
written service agreement or binder and a listing of services provided along
with a current copy of the PCO license. The service agreement should include
a list of all materials to be used by the PCO, and they must comply with
USDA/FDA regulations. Chemical labels and MSDS are to be submitted to
the plant and maintained in a binder with all pertinent rodent program data
and reports. The PCO will perform all services as per the applicable federal,
state, and local laws and regulations.

Following each visit, the PCO will provide the plant with a detailed written
report [8] that will include, but not be limited to, the following:

1. All services performed during the visit.
2. All locations where the service was performed by their specific iden-

tification. Document all chemical applications in an insecticide usage
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log as shown in Table 10.1. Information on the log will include the
specific treatment applied (i.e., insecticide, rodenticide, or avicide),
the target pest, the quantity applied, the location where applied, the
method of application and dosage, and the date and time of appli-
cation. The document will be signed by the PCO upon completion
of application.

3. All findings of activity and types of pest activity found and the
specific locations where they were found. In addition to the preced-
ing, the PCO will note on the report (extra pages may be used as
needed) all conditions and areas to be corrected by the company to
ensure pest-free facilities. The PCO will list on all reports any prac-
tices observed that encourage pest entry, harborage, or attraction.
This will include all possible pest entry points in all buildings, all
possible pest attractants on all plant property, and all possible pest
harborage points both within buildings and on the outside.

4. Date of inspection and service including exact time in and time out.
5. Name and signature of the individual making the inspection.
6. Physical condition of bait stations, traps, or insect electrocution

devices.

All items in number 3 of the preceding list should be listed on all subsequent
reports until the problem is corrected or resolved with local plant manage-
ment; also, the solution is noted on the PCO report.

The PCO should prepare the report before he or she leaves the facility,
copies will be distributed at this time. At the completion of each service call,
the report for that service will be reviewed by the PCO with the plant
manager or QA representative. Following this review, the plant manager or
QA representative will sign the report, and a copy of all service reports will
be left with the plant manager or QA representative at the time of the service
call. Effective communication with the PCO will lead to a clear understand-
ing of plant needs to facilitate a pest-free environment. A copy of all service
reports will be sent to the personnel at the location that the plant manager
may designate for follow-up or corrective action. Ideally, the PCO will pro-
vide a quarterly trend report showing frequency of service of bait stations
or catch-all traps. This information will be used to determine areas that
require greater attention for control activities. Service reports should be
maintained by the facility for 1 year.

 

Habitat Elimination

 

The first line of defense against pests is the perimeter of the plant. Elimina-
tion of possible sources of pest harborage outside the plant reduces the
possibility that they will be available to get inside the plant. This means
creating an environment that is not hospitable to pests as well as erecting a
barrier that keeps them away from the plant.
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TABLE 10.1

 

Insecticide Usage Log

 

Cleo’s Foods Insecticide Usage Log

Applicator Name: Applicator Address: Certification No.:

Name of 
Insecticide 

and EPA 
Registration

Target 
Organism Quantity Used Where Applied

Method of 
Application

Rate of 
Application Date Treated

Applicator 
Signature

 

Confidential Commercial Information 
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Storage

 

Plants may have areas outside the plant where surplus equipment, empty
ingredient containers, or pallets are held. These areas are often referred to
as the 

 

boneyard

 

. The boneyard area must be maintained such that pests will
not be provided harborage. All machinery and other equipment, if stored
outside, should be stored in such a manner so as not to be or become a pest
attractant or harborage. They must be kept off the ground by placement on
racks or pallets to facilitate visual inspection for signs of nesting. Pipes or
conduit should be capped at the ends so that they cannot be used for nesting.
This area is to be inspected periodically to verify that there is no harborage
(Figure 10.3).

All empty food containers stored outside, such as cans, buckets, drums,
etc., should be placed in a pest-proof debris bin (must be food grade or
stainless) or be washed in such a manner as to remove all food material both
inside and out. All pallets, regardless of condition, that are kept outside
should be stacked only on paved or concrete surfaces. In addition, they
should be stacked no less than 6 ft. from open soil. When pallets, drums,
buckets, etc., are stored outside, they should be stacked in such a manner
as to minimize the harborage and attractant potential. As a general rule, this
will be in widths not exceeding 5 ft., lengths not exceeding 10 ft., and with
2-ft. spacing in between.

 

FIGURE 10.3

 

Although stronger caps are preferred, taping will suffice to keep pests from nesting in pipes.
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Foliage

 

All plant growth on the property should be cut, pruned, and trimmed to
minimize pest harborage. Weeds should be chemically treated or removed.
Plant growth should be treated, as needed, with insecticides to ensure they
are as close to pest free as possible. If there are other buildings or grounds
surrounding the plant, they must be well maintained to prevent pest har-
borage or breeding sources. If they are not well maintained, consider a
physical barrier, such as a solid fence, to prevent pest access.

 

Trash Containers

 

Outside of the building eliminate food sources from trash cans or dumpsters.
They must be pest-tight bins or cans, have less than 1/16 in. gap when closed,
and must remain closed. Trash carts, dumpsters, and inedible bins kept
outside the facility for disposal are to be adequately covered to prevent bird
attraction (Figure 10.4). Dumpsters may be uncovered; however, they must
be emptied every 24 h while processing and must be cleaned after every
processing day.

 

Standing Water

 

Make sure that plant grounds are well drained to prevent stagnant water or
pools of water on grounds or on flat roofs, that can become harborage areas.
For mosquito control, eliminate standing, stagnant water, stock fish ponds

 

FIGURE 10.4

 

This outdoor trash can is not covered sufficiently to prevent attraction of pests.
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with mosquito-eating species, and use antimosquito bacterial agents that
will not affect the environment or aquatic life.

 

Bird Nesting and Roosting

 

Study the habits of local birds and modify the external habitat to prevent
bird roosting. For example, sparrows like to sit on ledges, signs, and light
fixtures to roost. Use of netting can prevent roosting on beams and rafters
as a low-cost and long-term solution in large areas. Monofilament and steel
lines can also be used to prevent roosting on ledges; use coiled wires or
spikes. Barrier strips and wires are used to prevent roosting on beams, pipes,
ledges, or light fixtures (Figure 10.5).

Most wires do not impart a shock; however, some provide a mild electrical
current. Gels and pastes applied to flat surfaces where birds roost act as
repellents, because birds do not like to step on sticky surfaces. These mate-
rials are nontoxic and are diminished by dirt, debris, and wet weather and
will have to be replaced frequently. Sound-generating devices or visual repel-
lants (laser lights or predator models) work temporarily, but birds will even-
tually get used to them and their effectiveness will decrease over time.

 

Exclusion

 

One of the primary means by which sanitary design works is to exclude
pests, deny access to food, warmth, moisture, and shelter. In other words,

 

FIGURE 10.5

 

Wires on light posts will prevent birds from roosting.
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the objective of sanitary design is to keep pests out of the facility, eliminate
the ones that get in, and prevent damage by the ones that have gotten in,
and minimize their movement through the plant. The exterior of the plant
is the first line of defense and should be evaluated to prevent the attraction
of pests to the facility and prevent entry to the facility. All buildings that are
used for product ingredients, finished product, and food-contact packaging
should be pest proof in construction and operations to prevent pest entry
and harborage.

 

Lighting

 

Outside the plant, select sodium vapor lights instead of mercury vapor as
the former tends to attract fewer flying insects because of their wavelengths.
Move lights away from the building; illuminate the building rather than
place lights on it, so that insects are not attracted to the building [8].

 

Rodent Runs

 

Gravel strips around the building eliminate harborage and runways, and
make for open areas that rodents do not like. A 30-in.-wide and 4-in.-deep
trench with pea gravel around the plant perimeter will deter rodent burrow-
ing (Figure 10.6)

 

.

 

 Rodents won’t burrow through the gravel, because it caves
in behind them.

 

FIGURE 10.6

 

A gravel strip around the plant eliminates a path for rodents, prevents them from burrowing,
and provides a location for easy access to bait boxes.
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Plant Roof

 

Avoid stone ballast on the plant roof as this can hold contaminants. It is best
to use single-membrane rubberized roofing as described in Chapter 6.

 

Pest Proofing

 

Seal all wall penetrations to prevent insect or rodent access. This includes
all openings inside and outside the facility (e.g., cracks, joints, open conduits,
or utility lines). As a general rule, openings that are in excess of 1/8 in. or
larger (at the smallest dimension) constitute harborage and should be sealed
or covered with pest-proof material. Key sizes to remember for openings are
the following: a 1/2-in.-square or round opening and smaller is rat-and-
large-bird-proof, a 1/4-in. square or round opening and smaller is mouse-
and-small-bird proof, and 22-mesh and finer screening for windows and
doors is fly-and-insect-proof. In order to ensure that pest access is prevented
at loading docks, load leveler pits must be sealed and free of debris.

 

Bird Proofing

 

Take measures to prevent bird nesting and roosting on or around facilities.
Humane measures of preventing roosting and nesting, in compliance with
state and federal environmental guidelines, should be incorporated in the
plant IPM plan. Measures of bird proofing may include: screening (approx-
imately 

 

π

 

-in. square), predator bird models (owls or raptors), or chemical
controls (i.e., Avitrol as applied by a PCO).

 

Door and Window Control

 

The most common and easiest access for pests is through open or poorly
sealed doors and windows. As a general rule to be pest proof, doors and
windows should remain closed and must be sealed so that no light is visible
around them. If doors are to remain open, they should be effectively screened
to prevent pest access and for plant security as indicated in the 2002 FSIS
document entitled 

 

FSIS Security Guidelines for Food Processors 

 

[10]. Use plastic
strips or air curtains for those doors that must be opened for any period of
time. If plastic pest-proof strips are used, they should be clean and function-
ing. Shipping and receiving dock doors must be tightly sealed and closed.
Otherwise, hang the plastic strips at loading docks to prevent pest entry, or
use a hood to form a seal around trailers. If an air curtain is used, the area
must be under positive pressure with the air blowing toward the outside or
insects may be sucked in. Air curtains require a velocity of 1600 ft./min
(approximately 18 mph) to be effective (Figure 10.7). To be most effective,
air curtains should be equipped with auto switches so that they will be on
at all times when the door or window is open [7].

 

Inside the Plant

 

To prevent accumulation of food or harborage of insects, caulk seal cracks
at floor–wall junctions or at seams of walls. It is important to repair leaky

 

4197_C010.fm  Page 231  Saturday, May 6, 2006  12:50 PM

Copyright © 2006 Taylor & Francis Group, LLC



 

232

 

Food Plant Sanitation

 

faucets and squeegee floors after sanitation or in wet operations to prevent
standing water, which will attract pests. False ceilings are not recommended
because of the potential for accumulation of dirt and dust and for pest access
and harborage. Air makeup systems pulling air in from the outside must be
filtered at a dimension that will not allow entry of insects or other pests.

 

Sanitation

 

Poor internal housekeeping or outdoor sanitation can lead to attraction and
breeding of pests, which can eventually make their way into the manufac-
turing facility. Regular cleaning will prevent the attraction, breeding, or
infestation of pests.

 

External

 

Maintain the grounds of the facility in a clean condition. Trash and refuse
should be maintained at least 50 ft. from the building and in a sanitary
condition. All spilled product within 50 ft. of the exterior of all buildings
should be cleaned and removed immediately, and these areas are to be hosed
and scrubbed once each processing or operating day. All spilled product
more than 50 ft. from the exterior of each building is to be cleaned as required.
It is recommended that all such paved areas on the property be hosed every
week. In animal slaughter operations, it is necessary to clean holding pens
and chutes or live hang areas to remove all animal waste. Offal areas that

 

FIGURE 10.7

 

This plant employs an automatic closing door, an overhead air curtain, and plastic strips to
prevent pest entry.
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open to the outside will require regular cleaning to eliminate materials that
will attract pests. Daily removal of trash and offal will prevent attraction or
harborage of pests. Clean up spills around dumpsters as well as storage
tanks (flour, corn, syrup, and oil).

 

Internal

 

It is important to eliminate sources of food to starve out pests in the inside
of all buildings. This means that trash containers should be emptied no less
than once every 24 h and must be clean, inside and out of a production area.
They may be left uncovered if they are emptied and scrubbed once every
24 h. Scrap and inedible containers should be emptied of all foodstuffs as
frequently as necessary to prevent pest and bird attraction. All areas around
the garbage or debris bins must be cleaned every day. All spilled product
and food items within all buildings should be cleaned and removed as
quickly as possible. Overhead beams and structures, especially in dry or
milling operations and seasonal operations must be kept clean or they may
become an attractant to pests. Food should not be stored or consumed in
locker rooms, and lockers should be inspected as identified in Chapter 9 on
employee GMPs. Food or beverages must not be allowed in the plant on
nonproduction days or during maintenance shifts, again as described in
Chapter 9.

 

Warehousing

 

Visually inspect all incoming ingredients and packaging for signs of infesta-
tion and reject any that are not pest free. Inspect the condition of delivery
trailers for signs of pests, and reject trailers if they show signs of pest activity.
Dock areas must be kept clean inside and out, especially around load levelers.
All nonrefrigerated storage areas must have a rodent-control strip. This strip
shall be no less than 18 in. on the floor and 18 in. on the adjacent wall. This
strip is to be painted white along the exterior walls only. Every two weeks
this strip must be inspected with a black light to detect the presence of rodent
droppings and other signs of pests. Maintain 18-in. perimeters around stor-
age racks or floor storage for cleaning and observation [8]. Rotation of ingre-
dients (FIFU) is very important, especially in dry areas [14]. Reinspect dry
goods for insect or rodent activity if they are stored for periods of time longer
than three months. Address product spills immediately in storage areas to
prevent accumulation and pest attraction. All damaged or returned product
must be inspected upon receipt for indications of pest activity and should
be stored under pest-proof conditions until it is disposed of.

 

Extermination

 

Insect Traps

 

There are several different means of capturing and eliminating insects from
plant areas. These include light traps such as insect electrocutors, stealth or
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pheromone traps for flying insects, and sticky boards for crawling insects.
Stealth or pheromone insect units are preferred because they do not electro-
cute flying insects. Insect electrocutors may be used in the facility but are not
allowed in ingredient or product areas. Electrocution units rely on the use
of ultraviolet (UV) light sources to attract flying insects. As they fly toward
the light and into the unit, they come in contact with an electric grid and are
“zapped.” Because of this electrocution, units are to be kept away from stored
ingredients or out of pathways for ingredients and in-process materials,
because insects coming into contact with the electrical grid may “explode,”
resulting in parts flying in several directions. Insect light grill openings must
be large enough to provide light output to attract flies but not so open as to
create a personnel safety hazard. It will be necessary to change UV lights
annually in spring as they lose their effectiveness over time. Other types of
traps only stun the flying insect, and they fall on to a sticky board. Others
have no electricity; light attracts insects to a sticky board where they become
trapped (Figure 10.8)

 

.

 

 To be most effective, all units using UV light for
attraction are to be placed with the lights located away from doors or win-
dows, as the lights’ location will attract insects toward the building.

Light traps must be away from other competing light sources such as the
sun or security lights to be effective and placed near locations where flies
congregate. Bulbs are to be checked frequently and changed as required to
maintain effectiveness. Place these devices on the plant master sanitation
schedule so that catch pans are emptied frequently or sticky boards replaced,
to prevent accumulation or overflow of dead flies. In general, the cleaning
frequency is weekly in peak seasons and monthly during cooler times of the
year when there is less flying-insect activity. Light traps attract both male
and female Indian meal moths, whereas pheromone traps attract males,
relying on the female scent for attraction [9]. Reduction of the male popula-
tion by trapping will reduce mating and production of young insects. Use
pheromone traps around dry ingredients, where moths are more often a
problem. Whichever type of trap is used, it is a good idea to monitor the
contents for the amount of activity and the type of insects captured. This
will give you a good idea of the effectiveness of your exclusion program and
the types of control measures to apply. Keep in mind that insect light traps
will only eliminate the adult population and will not control larvae or pupae.
Also remember that different flying insects fly at different heights. For exam-
ple, houseflies typically travel at 3 to 6 ft., whereas moths fly at 8 to 10 ft. [1].
For that reason it may be necessary to vary the height of your light traps,
depending on the type of flying insects you need to control. In addition, they
are best located approximately 12 to 15 ft. from doors or entrances to give
flies an opportunity to get the light into their line of sight. Avoid using
hanging flypaper, which results in exposed insect carcasses.

Sticky traps can be used on the ground to catch crawling insects. Similar
to rodent catch-all traps, they must be protected from damage and must be
placed along floor–wall junctions, along the typical paths of insects. For
protection, they may be placed inside a piece of PVC with screws inserted
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FIGURE 10.8

 

This light trap does not electrocute but relies on attraction to the light; flies are then caught on
a sticky pad. This pad shows how effectively flying insects can be caught.
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to keep the PVC in place and keep it from rolling. If sticky boards or traps
are used, they must be checked on a regular basis and replaced as soon as
they become filled.

 

Rodent Control

 

Placement of rodent bait traps along the perimeter of the plant property as
well as along the immediate exterior of the facility, is a step that provides
for exclusion as well as extermination. The intent is to provide bait to kill
those trying to get onto the property or those that make it past the perimeter.
External bait stations will be placed approximately every 30 to 50 ft. [7].
They should be made of a material that will withstand varying weather
conditions, have locked lids to prevent tampering, and be secured to prevent
removal. Rodent bait should not be used inside the plant; however, there
are nontoxic feeding blocks that can be used to monitor rodent activity if
rodents are suspected to be present inside the plant.

If rodents do get into the plant, traps will be positioned 20 and 40 ft.
apart and on either side of doors leading to the outside, to catch them
before they can get into ingredients or product. As rodents tend to travel
along walls, this is where traps should be located (Figure 10.9). The trap
must be positioned so that the opening is close to the wall, maximizing the
chances of capture. Traps must be protected from damage by pallets, fork-
lifts, or other equipment.

 

FIGURE 10.9

 

Placement of the bait station will be against the perimeter wall with the openings close to the
path of rodent travel.
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All bait stations and spring-loaded traps will be numbered and located on
the plant map (Figure 10.10). These devices will be inspected, serviced, and
cleaned on a regular basis, and the person conducting the service will date
and initial the service record that will be maintained inside the device. Sticky
boards may also be used for trapping mice just as they are for trapping
insects. Snap traps, however, are not recommended as they are not self-
contained and may result in spillage of blood or other bodily fluids when
rodents are caught. Keep in mind that mice can transmit Hanta virus and
rodents carry other parasites and disease, so it is vital to handle them with
care when removing them from catch-all traps. Carefully remove dead
rodents from traps, using protective equipment such as gloves to prevent
virus spread; dispose of the carcass properly and wash hands thoroughly
afterward. Some plants have noted that feral cats on the premises help control
the numbers of rodents; however, cats can be sources of disease and should
not be considered part of the plant pest control program (Figure 10.11).

 

Bird Control

 

The most effective means of bird control is through the elimination of their
nesting areas and exclusion from the plant. Sanitation of outside areas and
the removal of trash will eliminate their food sources. Revolving yellow
lights bother birds’ eyes, but they are most effective indoors and in dark
areas [8]. Another means is through the use of sound-generating devices or

 

FIGURE 10.10

 

Proper positioning of spring-loaded rodent traps, on either side of a door. They are protected
from damage by pallets or forklifts with metal covers.
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predator models. The problem with these is that the birds tend to become
accustomed to them and eventually will not be driven away.

 

Chemical Interventions

 

Insecticides and Alternatives

 

As stated previously, one of the intentions of IPM is to use methods that will
reduce the need for chemical application. As much as possible, chemical use
should be a last resort or a minor supplement to the comprehensive plant
program [1]. The Federal Insecticide, Fungicide and Rodenticide Act (FIFRA)
is administered by the Office of Insecticide Programs under the Environmen-
tal Protection Act (EPA). This regulates the registration and use of insecti-
cides. If they are used, they must be registered chemical compounds and
must be used only for the intended purpose in compliance with EPA regu-
lations. Plants are to have on file, a copy of all labels for insecticides, roden-
ticides, or avicides used. It is best for insecticides not to be stored on the
plant property; however, if chemicals are stored on site they must be secured,
held at proper temperatures, and away from food items. Insecticide contain-
ers must be fully and accurately labeled. Disposal of insecticides must be
consistent with label directions and regulations.

 

Residual and Nonresidual Insecticides

 

Some insecticides contain harmful chemicals, whereas others become inert
on contact or within a brief amount of time. Residual chemicals kill both

 

FIGURE 10.11

 

Cats are not part of the IPM program. This cat would not be an effective mouser.
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immediately and over time. Because they continue to act, they must only be
used outside the food facility in areas where plant employees will not be
traveling so that they do not track pesticides into the food manufacturing
facility. Their use is restricted by federal regulation. Included in this group
are Baygon, malathion, Carbaryl (Sevin), chloropyrifos (Durisban), diazinon,
and lindane. Nonresiduals are synthetic pyrethrins or dichlorvous (DDVP)
with a synergizer, and they degrade readily [5]. Pyrethrum only works on
contact and needs to be applied in a small space (i.e., trash room or vestibule).
These pesticides do not leave a residual kill and do not kill over time. There
should be separate applicators, clearly identified, for residual and nonresid-
ual chemicals.

 

Insecticide Application

 

Spray or fog application of insecticides is best conducted only by a licensed
PCO. If a PCO is not used to apply chemicals, the employee performing
application must be fully trained and licensed where required by state law.
There are three primary means of insecticide application: crack-and-crevice
treatment, fogging, and fumigation. Most often, residuals are used for crack-
and-crevice treatment, especially where insects are suspected or known to be
colonizing. Because residual insecticides are effective for several days, crack
and crevice treatment is to be followed by sealing of the treated crack and
cleaning of the entire treated area. Although residuals are not recommended
for fogging, they may be applied to larger areas such as floors at wall junctions
where insects are tracking, or outside the plant to treat walls or floors in
dumpster areas where flies might congregate or rest. With any residual appli-
cation, all regulations for use must be followed for safety reasons.

Nonresidual insecticides are most often used for fogging or space spraying
to knock down adult insects. Nonresidual sprays may be used in production
or personnel welfare areas, provided there are no ingredients, food products,
or employee uniforms present. If nonresiduals are used in food-contact areas,
food should be removed and contact surfaces covered and cleaned following
use. If fogging with a nonresidual spray, follow up with a clean-and-sanitize
procedure of all work areas, lockers, and equipment.

Fumigation is used in the whole plant or sealed trailer application, typi-
cally with dry ingredients or grains, to destroy infestations of stored-product
pests. The material most commonly used has been methyl bromide; however,
this is being phased out by the year 2010. Alternatives include phosphine
gas, aluminum phosphide, and magnesium. Studies are being conducted on
the addition of carbon dioxide to these gases to improve efficiency and
reduce dosage. Fumigation is a very technical and complex process that is
best done by a trained professional. This individual will evaluate the material
or area to be fumigated, calculate the gas dosage required, and have the
needed containment and application and protective materials.

Battery-operated or plug-in auto mist machines are not very effective in
large areas or where air recirculation is heavy. They should be avoided in
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bathrooms or office areas as they may create discomfort for employees. It is
recommended that plants alternate poisons to prevent pest tolerance. Fly
bait may be used in dumpster areas if this tends to be an area of flying-insect
feeding and congregation during operations. If fly bait is used outdoors, it
must be reapplied after a rain as it is usually diluted and washed away. In
all instances, in which chemicals or insecticides are used, personal protective
equipment (PPE) such as gloves, masks, goggles, respirators, boots, etc., must
be worn to protect the applicator from chemical exposure.

 

Alternatives to Chemical Insecticides

 

An alternative to chemical use is heat treatment, known as 

 

hypothermic treat-
ment

 

. In this process, the room temperature is raised to 126 to 131ºF in
increments of 5 to 10ºF per hour. Although this treatment may take 8 to 30 h,
there is a 100% kill at all insect life stages, and death comes from dehydration
and destruction of key enzymes and proteins [11]. In some plants, edible oil
is used for spot treatment to knock down flies that get into storage or
production areas. This is quick and efficient, does not require chemicals or
cleaning, and is not as messy as using a flyswatter.

Larvae of drain flies or common nuisance flies, fruit flies, phorid flies, and
moth flies thrive on organic buildup in drains, sewage filters, p-traps, and
disposals (decaying organic material). These can also be breeding grounds.
In addition to treating with sanitizers, there are environmentally friendly
materials that break up organic material in the drain, eliminating food
sources and helping to promote effective drainage.

 

Rodenticides

 

Rodenticides are poisons that typically thin the blood of rodents, resulting
in internal bleeding until death. They have to be used with precautions and
according to instructions, to prevent food contamination. One of the advan-
tages of rodenticides is that the mouse or rat feeds on the bait and returns
to its nesting area, where it dies. One of the disadvantages is that rats and
mice feed differently. Rats will gnaw and feed for longer periods, whereas
mice tend to nibble and may not ingest a fatal dose. Also, rodents tend to
be suspicious of changes in their surroundings, including the introduction
of food. Introduction of bait stations may result in suspicion and the rodent
only taking small, less-than-lethal amounts of bait at initial feeding. If the
rodent becomes ill but does not die, this may cause even greater avoidance
of the poison bait. For this reason, it may be necessary to use a nonpoison
bait initially until the rodent gets more comfortable with feeding, and then
switch to a poison bait. Bait stations should only be placed externally and
must be sealed, numbered, and anchored in place to prevent removal by
animals and unauthorized personnel [12]. Rodent bait stations that are
placed outside will be between 50 and 100 ft. apart [7]. Rodenticides should
not be used inside the facility except under special circumstances. If used
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inside, they will be placed in secure stations and all human food and ingre-
dients will be removed for the day. The bait will be removed before start-
up and be accounted for. In all cases, a log of bait feeding or replacement
frequency will be made to trend activity and identify problem areas that
may require additional control measures.

 

Bird Control

Avicides — 

 

Bird control must not expose protected species under the Endan-
gered Species Act of 1973. A special permit may be required for control
methods that involve killing birds. The Endangered Species Act (ESA) iden-
tifies those species that are in danger of extinction; thus, they are protected.
ESA regulates the use of insecticides where endangered or threatened species
(those likely to become endangered) are concerned. Avitrol is one of the more
commonly used bird-control chemicals. It is mixed in with feed and usually
does not kill the bird. It causes the bird to act in a very unusual manner that
causes other birds to become scared and leave the feeding area.

 

What Do You Do if a Bird Gets in the Plant? — 

 

If your pest prevention meth-
ods are effective, then this should not be a problem; however, it is likely that
eventually a bird will make its way into storage or production areas, so it is
a good idea to have a plan to address capture and removal. There may be a
temptation to shoot the bird; however, shooting birds is dangerous and may
be unwise, especially if the bird is a protected species. In the event that a
bird enters the facility, it should be isolated to one area (through a door
closure, etc.). If it is in a production area, all production in that area should
cease. All exposed product and packaging should be covered. The bird must
be captured and trapping may be the best option, unless the bird can be
driven out of the room or out of the plant by the use of water hoses. Any
equipment and personnel contaminated by bird droppings should be washed
and sanitized. All contaminated product and packaging should be destroyed.

 

Conclusion

 

Preventing pests from entering the plant and infesting ingredients, product,
or the facility requires the application of multiple strategies, starting with a
written pest control program and including habitat elimination, exclusion,
sanitation, and elimination. If all elements are incorporated, the plant and
the company can avoid product contamination that may lead to expensive
losses of product and business.
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Why are we worrying about allergens all of a sudden? We haven’t killed
anyone yet!

 

 — A food company employee

 

Chemical Hazards

 

The above statement was actually uttered by a food company employee who
was upset that certain procedures were being put into place to manage the
handling of allergens within the plant. Fortunately, this employee left the
company and such attitudes are few and far between. Chemical contamina-
tion in the plant may occur from several sources, including the inappropriate
use of lubricants, cleaning compounds, and sanitizers. For this reason, specific
plant operating procedures will be developed to ensure that all chemicals are
controlled, all containers for cleaning and sanitizing compounds are clearly
labeled, and instructions for use are present. However, the chemical hazard
that has been gaining increased recognition is that of food allergens. Food
plants must recognize the ingredients used in their products that are consid-
ered allergens and control the handling and labeling of, as well as sanitation
procedures applicable to, these ingredients. To do so, it is important to under-
stand causative agents of food allergy and food allergen management.

 

True Food Allergy

 

Food normally does not provoke a response from the human immune sys-
tem, the body’s defense against microbes and other threats to health. In food
allergies, two parts of the immune response are involved, according to
researchers at the National Institute of Allergy and Infectious Diseases. One
is the production of an antibody called immunoglobulin E (IgE), which
circulates in the blood. The other part is a type of cell called a mast cell [13].
Mast cells occur in all body tissues but especially in areas that are typical
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sites of allergic reactions, including the nose, throat, lungs, skin, and gas-
trointestinal tract.

People usually inherit the ability to form IgE against food. Those more
likely to develop food allergies come from families in which allergies such
as hay fever, asthma, or eczema are common. A susceptible person must first
be exposed to a specific food before IgE is formed. As this food is digested
for the first time, the body for some reason sees tiny protein fragments as
harmful and prompts certain cells to produce specific IgE against that food.
The IgE then attaches to the surface of mast cells. The next time the particular
food is eaten, the protein interacts with the specific IgE on the mast cells and
triggers the release of chemicals such as histamine in an effort to protect the
body from the protein. It is this release that produces the symptoms of an
allergic reaction [1]. If the mast cells release chemicals in the nose and throat,
the allergic person may experience an itching tongue or mouth and may
have trouble breathing or swallowing. If mast cells in the gastrointestinal
tract are involved, the person may have diarrhea or abdominal pain. Skin
mast cells can produce hives or intense itching. The most severe bodily
reaction is 

 

anaphylaxis

 

, a Greek word meaning protection. Anaphylaxis is a
generalized shock reaction and may result in a multiple-symptom response
and even systemic failure. Anaphylactic shock reaction can be fatal if not
treated quickly. Allergen foods that are associated with fatal reactions break
down as follows: 60% peanuts, 30% tree nuts (Figure 11.1), and 10% milk
and fish.

 

FIGURE 11.1

 

Examples of tree nuts.
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True food allergy is caused by specific proteins in foods, such as gluten in
wheat. The food protein responsible for an allergic reaction is heat and pH
stable and is not eliminated by cooking or frying or by stomach acids or
enzymes that digest food [10]. There are eight primary food items associated
with severe allergic reactions in a certain segment of the population, and they
are listed in Table 11.1. It is estimated that about 90% of food reactions come
from the “Big Eight” [2]. The items listed in Table 11.1 are the cause of most
food allergic reactions in the U.S. These must be managed in the manufacturing
environment and clearly labeled on product packaging.

 

Food Intolerance

 

In addition to food allergy, there are other reactions to foods that are not
immune mediated. Food intolerance is a metabolic disorder due to an enzy-
matic deficiency resulting in inability to metabolize certain materials [10].
Celiac disease or celiac sprue results from the inability to metabolize wheat
gluten, the major protein of wheat. The injurious proteins that cause this are
primarily from wheat, rye, barley, and oats. These proteins are not present
in rice or corn; so foods made from these grains are safe for celiac patients.
Celiac disease is generally not fatal; however, exposure to gluten causes damage
to the cilia of the small intestine. This damage can result in malnutrition in
the individual and, in rare cases, in intestinal tumors [11].

Another metabolic disorder is lactose intolerance, the inability to metab-
olize milk sugar, or lactose. Dairy products are associated with lactose intol-
erance, which typically causes intestinal discomfort but is not life threatening.
There are over-the-counter treatments for lactose intolerance; however, the best
course of action for persons with lactose intolerance, or with celiac disease, is
avoidance of the foods that cause problems [10].

 

TABLE 11.1

 

The Big Eight Food Allergens

 

Allergen Food Common Ingredient Names

 

Milk (dairy) Casein, whey, butter, custard, nougat
Eggs Albumin or albumen
Peanuts
Tree nuts
(Figure 11.1)

 

a

 

Almonds, cashews, Brazil nuts, walnuts, pistachio nuts, macadamia nuts, 
pecans, hazelnuts (or filberts), pine nuts (or pinõnes)

Soybeans Textured soy protein, textured vegetable protein
Wheat Gluten
Fish Cod, trout
Crustacea Crab, shrimp, lobster, crawfish

 

Note:

 

In Europe, celery is also recognized as a food allergen. In Canada, sesame seed is
recognized as a food allergen.

 

a

 

Each tree nut is a distinct allergen and must be treated as unique. (From Virginia, D. and
Murphy, L.B., Writing and implementing an allergen control plan, 

 

Food Saf. Mag.

 

,
2003–2004.)
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A third area of food response for manufacturers to consider is food idio-
syncrasies. These are responses to foods or food additives resulting from
unknown mechanisms. Examples of idiosyncrasies are sulfite-induced
asthma, monosodium glutamate (MSG) sensitivity, and hyperactivity from yel-
low food coloring [10]. Approximately 150,000 people in the U.S. are susceptible
to asthmatic reactions to sulfites at a level greater than 10 ppm. Sulfiting agents
are used in food products or a preservative of a bacterial inhibitor. For example,
in winemaking, sulfites are used to inhibit the growth of undesirable yeasts or
other bacteria. If the sulfite level exceeds 10 ppm, the product label must bear
the statement, “Contains sulfites.”

MSG is added to foods to enhance flavors, and there is a great debate over
the true potential effects of MSG on people. Studies have proved inconclusive
on the ability of MSG to produce reactions in “sensitive” people. Reaction
in sensitive individuals is not life threatening; however, they sometimes
develop headache and flushing, which gradually subsides over time. The
product must be labeled when MSG is present in foods because of the
potential for consumer reaction and in view of federal regulation. Yellow
dye #5 (tartrazine) labeling is also required because of the perceived effects
of hyperactivity in children. Although several recent studies have raised
questions about the impact of yellow dye #5, federal regulation still requires
labeling if it is present in food products. As with foods that result in true
food allergies or metabolic reaction, the sensitive consumer is better off
avoiding the food or products containing the food. However, manufacturers
still have an obligation to produce products that will not expose consumers
to sensitizing agents without their knowledge.

 

Regulatory Requirements

 

Over the past 10 years, there has been increasing regulatory activity in the
area of allergens. This may be partly due to the statistics surrounding aller-
gens in foods. It is estimated that approximately 7 million Americans suffer
with food allergies. This breaks down to about 2% of adults and 3% of
children. In addition, there are almost 30,000 emergency room treatments
and 150 to 200 deaths each year related to food allergens. As a result, there
is an increasing awareness of allergen cross-contamination on the part of
industry and regulatory agencies. This awareness has increased the number
of food recalls due to allergens from 0 in 1988 to approximately 124 in 2003
(FDA

 

)

 

. The reasons for the increase in recalls are production cross-contam-
ination and mislabeling of the product by the producer. However, consumers
also have indicated that they are sometimes confused by the use of unfamil-
iar ingredient names on food labels. The use of labeling statements such as
“free from” (i.e., free from soy), “may contain” (i.e., may contain soy), or
“made in a plant/on a line that uses (allergen)” has actually caused confusion
among consumers. Consumers say they do not find these statements bene-
ficial. For these reasons, both primary food regulatory agencies, Food and
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Drug Administration (FDA) and U.S. Department of Agriculture (USDA),
have taken a more active role in food allergen management.

In 2004 both houses of Congress approved the Food Labeling and Con-
sumer Protection Act, which goes into effect in January 2006, and will amend
the Federal Food, Drug, and Cosmetic Act (21 USC 343). The act will stipulate
requirements for both food manufacturers and government agencies. Indus-
try is obligated to provide clear and accurate ingredient labeling. The pri-
mary objectives of the act are to provide easy-to-understand labeling for
consumers, analyze the means by which foods are unintentionally contam-
inated with allergens, and advise industry on best practices to prevent cross-
contamination, among other provisions to assist consumers and industry.

In July 2005, FSIS issued Notice 45-05 entitled “Verification of Activities
Related to an Establishment’s Controls for the Use of Ingredients of Public
Health Concern.” The notice gave guidance to inspection personnel on
verifying plant procedures to control ingredients of public health concern,
whether they trigger allergenic response or metabolic intolerance. USDA’s
rationale for the issuance of the notice was the increasing number of prod-
uct recalls resulting from misbranding or undeclared allergen ingredients
in meat and poultry products. The notice provides inspection personnel
with concise information that they need regarding ingredients (the Big
Eight) known to cause immunologic and metabolic reactions in sensitive
individuals. It also identifies ingredients that have potential to cause
adverse reactions such as MSG, sulfites, and yellow dye #5 [6]. For the
purpose of identification in this section, all of these ingredients will be
referred to as allergens.

Food Safety Inspection Service (FSIS) Notice 45-05 instructs inspection
personnel to evaluate plant hazard analysis critical control point (HACCP)
plans and verify that a plant has addressed allergens in the flow diagram
and risk assessment. It further instructs them to verify that the establishment
has adequately incorporated allergen management into its food safety sys-
tems either through inclusion in HACCP plans, sanitation standard operat-
ing procedures (SSOP), or prerequisite programs. If the plant uses a
prerequisite program to control allergen ingredients, inspectors are to verify
that an enforcement, investigations, and analysis officer (EIAO) has assessed
the establishment’s food safety system. If the plant has not addressed aller-
gens in its control programs, has not followed its own procedures, or has
mislabeled product, the inspector is to issue a noncompliance report [6].

The question that has arisen is how to address allergens in the HACCP
plan. First, they may be addressed in a listing of ingredients used by the
plant, as shown in Table 11.2. Second, they can be identified in the process
flow diagram at the receiving stage and at the point in which they are
introduced in the production process. An example of this can be found in
Table 11.3. Finally, they should be included in the hazard analysis for deter-
mination if they are a hazard reasonably likely to occur, as demonstrated in
Table 11.4.
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Allergen Management

 

Among the scientific community there is no consensus on a defined threshold
level for allergens because some individuals are sensitive at extremely low-
level exposures. From a regulatory standpoint, neither the USDA nor FDA
has set an acceptable limit for allergenic materials as there is no known limit
to the amount of allergenic protein needed to elicit an allergenic response.
FDA’s Threshold Working Group is currently evaluating the potential of
establishing a minimum level that may be applied to allergens in foods.
However, many scientific, analytical, and legal issues, as well as risk issues,
must be resolved before this can be established [9]. For these reasons, it may
be wise for a company to establish zero tolerance for allergen cross-contam-
ination and implement an allergen management program.

The purpose of the allergen management program is to employ multiple-
hurdle practices that will prevent the cross-contamination of products with
allergens and ensure that products containing allergens are clearly labeled.
There are several strategies to be employed by manufacturers. However,
they can be broken down into five

 

 

 

distinct areas within the manufacturing
plant: ingredients, production, packaging and labeling, sanitation, and con-
sumer feedback.

 

TABLE 11.2

 

Cleo’s Foods HACCP Plan for Fully Cooked Non-Shelf-Stable 

 

Bologna, Cooked Salami, and Luncheon Loaf

 

Incoming Ingredients and Packaging Examples

 

1. Meat ingredients Pork, Beef
2. Nonmeat food ingredients:

Spices/flavorings

Restricted ingredients

Allergen ingredients

Preservatives and acidifiers

Salt

 

a

 

Dextrose
Water

 

b

 

Black pepper
Nutmeg
Coriander
White pepper

Nitrite

Casein
Soy

Salt

 

a

 

3. Other Inedible casing
4. Direct contact packaging material Plastic film
Management signature _________________________ Date __________
Confidential Commercial Information

 

 

 

a

 

Salt is listed under both nonmeat food ingredients and preservatives
and acidifiers.

 

b

 

Water is used for functional purposes during the manufacturing process.
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TABLE 11.3

 

Process Flow Diagram

 

Management signature _________________________ Date __________
Confidential Commercial Information

 

 

 

a

 

Allergens used include dairy and soy.

Meat receiving Non-meat-
ingedient
receiving

Nonmeat
ingedient
storage

Ingredient weigh
and blend

Allergen
ingredient
weighing

Allergen
ingredient
storing

Allergenica

ingredient
receiving

Packaging
receiving

Packaging
storage

Meat storage

Meat grinding

Weigh and blend

Stuff

Cook

Chill

CCP # 2C

CCP # 3C

Packaging Shipping
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TABLE 11.4

 

Cleo’s Foods HACCP Plan for Fully Cooked Non-Shelf-Stable Bologna, Cooked Salami, and Luncheon Loaf — Hazard Analysis

 

Process Step Food Safety Hazard

Whether
Reasonably

Likely to Occur Basis

If Yes (Column 3), 
Measures That Could Be 

Applied to Prevent, 
Eliminate, or Reduce the 
Hazard to an Acceptable 

Level

Whether a
Critical Control

Point

 

Meat receiving Biological: pathogens, 

 

Listeria monocytogenes, 
Salmonella, Staph, 

 

parasites,

 

 
Trichina

 

Yes

No

Raw meat and poultry have 
been associated with 
pathogens;
plant uses certified 

 

Trichina

 

-free pork, COA

There is a later step in the 
process designed to reduce 
or eliminate pathogens

No

Chemical: pesticides, drug 
residues

No Supplier letter of guarantee No

Physical: foreign material, 
broken needles, buckshot, 
hooks, knife blades, wood

No No evidence of any 
historical occurrence at this 
location

No

Non-meat-ingredient
receiving

Biological: none
Chemical: none
Physical: foreign material, 
glass, metal, wood

No No evidence of any 
historical occurrence at this 
location; visual inspection 
of incoming materials

No

Allergenic ingredient 
receiving 

Biological: none No Supplier letter of guarantee
Chemical: allergen No Plant prerequisite program No
Physical: none

 

Management Signature _________________________ Date __________
Confidential Commercial Information
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Ingredients

 

One of the very first areas of allergen control and management is receiving
and handling of ingredients. Companies should provide clear directions to
their suppliers that they are not to change ingredients, especially in multiple-
component ingredients (i.e., spice blends) without adequate notification,
especially if the change introduces an allergen. As a means of verification,
it is prudent to establish a process to evaluate labels of incoming raw mate-
rials with respect to their material specification, especially with compound
ingredients, to ensure that there have been no changes that have introduced
an allergen. Auditing of the suppliers is also recommended to establish the
adequacy of their allergen management programs. If it is not possible to
conduct audits of all suppliers because of numbers, cost or location, it is
reasonable to expect them to have a third-party audit by a reputable firm
that includes allergen management in its audit process.

Another area of control is to provide clear and secure storage of allergenic
food items. Do not store allergen-containing ingredients above nonallergenic
or different allergenic ingredients (Figure 11.2). If the plant does not have
the space to provide adequate separation between pallets of allergenic ingre-
dients and nonallergenic, or different allergenic ingredients, it is helpful to
shrink-wrap pallets of allergenic ingredients to provide separation.

Clear identification of pallets of allergenic ingredients with stickers helps
plant personnel immediately recognize those ingredients and provides easy
visual verification when pallets are stored properly. This can be accom-

 

FIGURE 11.2

 

Improper storage of an allergenic ingredient (wheat) over a nonallergenic ingredient (starch).
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plished by applying stickers with a capital A to identify the ingredients as
allergens, or for greater clarity, by applying a sticker that identifies the
specific allergen as identified in Table 11.5 (see Figure 11.3 and Figure 11.4).

Clear identification of pallets of allergen ingredients with stickers helps
plant personnel immediately recognize those ingredients and provides easy
visual verification when pallets are stored properly. This can be accom-
plished by applying stickers with a capital “A” to identify the ingredients
as allergens, or for greater clarity, by applying a sticker that identifies the
specific allergen as identified in Table 11.5.

 

TABLE 11.5

 

Allergenic Ingredient Identification

 

Allergen Sticker Identification

 

Soy As
Wheat Aw
Eggs Ae
Dairy Ad
Peanuts Ap
Tree nuts At
Fish Af
Crustacea Ac

 

FIGURE 11.3

 

Illustration of a plant using stickers to identify a specific allergen category (wheat) to aid in
storage and handling.
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Because of the nature of food manufacturing plants, which employ ingre-
dient storage on pallets, and forklifts and pallet jacks to transport ingredi-
ents through the plant, it is almost certain that there will be packaging tears
and ingredient spills. When this happens, it is vital as part of the plant
operational sanitation program to have a defined cleanup and disposal
procedure for damage to allergenic ingredient packaging materials or spills
at receipt, during storage, and when transporting within the plant. This
procedure will address cleanup of the allergenic ingredient that will remove
the hazard without potential cross-contamination of other ingredients or
in-process product.

 

Production

 

Food manufacturers have a responsibility to protect food-allergen-sensitive
consumers and must understand hazards inherent in their processes and
how they can be prevented or minimized. For this reason, it is vital that the
plant conduct an allergen risk assessment to determine at what stage in the
process allergen cross-contamination may occur. Some of the greatest chal-
lenges to the allergen management program occur in production. This is
because there are many people involved, many ingredients that are brought
together, and multiple processes that occur at the same time. It is important
to address all of these items to control and prevent contamination.

 

FIGURE 11.4

 

Illustration of a plant using stickers to identify a specific allergen category (dairy) to aid in
storage and handling.
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1. People: Human error is a consideration that should be addressed by
thorough training. All employees, including sanitation and mainte-
nance, are to be trained regarding food allergens, in general, and
those specific to their job functions, in particular. They are to be
made aware of the allergenic ingredients used in the facility, trained
how to handle them to prevent cross-contamination, and to report
incidents when cross-contamination has occurred. Maintenance will
be made aware of allergens and their role in allergen management,
such as employing sanitary design to prevent niches in which aller-
genic ingredients may become entrapped. When possible, dedicate
trained personnel and processing and packaging lines to handle or
process specific allergenic ingredients [2].

2. Sanitary design: As described in Chapter 6, sanitary design of plant
equipment is extremely important for the prevention of microbio-
logical contamination. This is also true of prevention of allergen
contamination. It is important to have equipment that is designed
to avoid niches that can harbor ingredients or products that can
result in cross-contamination. Equipment should be nonabsorbent
to prevent harborage of allergenic ingredients [4]. The equipment
should be made for easy and thorough cleaning to remove all food
residues. When designing manufacturing lines, it is important to
avoid conveyors that cross over one another, so that allergenic mate-
rials from the upper line do not drop down and contaminate mate-
rials on lower lines.

3. Segregated equipment: Ingredient bins containing allergenic ingre-
dients and scoops or other utensils used for allergenic ingredients
will be clearly identified. They will be dedicated to the specific
allergenic ingredients and will not be shared with nonallergenic
ingredients [3].

4. Scheduling: If production lines are shared between products that do
not contain allergens and those that do, it is preferable to run the
products that do not contain allergens first, immediately after the
sanitation shift. Ideally, product scheduling is done so that allergens
are run last on the lines each day, just prior to cleanup. Also, when
possible, schedule long, continuous runs of products containing aller-
gens in order to minimize changeovers [2]. When this is not possible
or when a changeover results in going from a formula with an allergen
to a formula with a different allergen, initiate thorough cleanup
between the production runs. Cleaning will vary depending on the
types of ingredients or finished products. In a dry product plant, such
as for cereal or crackers, wet cleaning is not recommended, and thus
a dry-clean procedure will be used. This may involve scraping, brush-
ing, or vacuuming to eliminate residue of allergens. In plants with
“wet” products, such as meat and poultry, wet cleaning can be done
with soap and water to remove the protein residue. Although there

 

4197_book.fm  Page 254  Tuesday, April 18, 2006  12:45 PM

Copyright © 2006 Taylor & Francis Group, LLC



 

Chemical and Physical Hazard Control

 

255

are some rapid test methods for certain allergens, the standard may
have to be “visually clean” for equipment where there is no rapid test
method to ensure that allergenic residues are removed from food
sources. A plant may also employ what is referred to as “push
through,” using inert materials (salt or flour) to flush the system
between ingredients or blends. The push-through material is then
labeled to identify the specific allergenic ingredient and stored for
use in a future production of similar allergen blends [1].

5. Work in process (WIP) and rework: Certainly, product formulas
containing allergenic ingredients will be clearly identified for plant
employees, especially those handling ingredients or working in
kitchens. It is also vital that those individuals handling WIP mate-
rials and rework have a clear understanding of the allergens in the
products they are handling. Food processing plants should develop
a clear, sensible rework policy to prevent cross-contamination with
allergens. The best advice is to use only “like into like” where rework
is concerned [2]. One means to facilitate this is to create a rework
grid, as illustrated in Table 11.6, to indicate which products may be
used as rework into other products.
It is also recommended that rework be labeled to identify the specific
allergens present and, further, to distinguish how it can be used.
WIP materials are those items that may not go into finished pack-
aging for various reasons but are stored until ready to be packaged.
Whether they are stored on racks, in vats, or in boxes, it is highly
recommended that they be labeled as to the item and contents,
especially the allergenic ingredients, so that they are not mislabeled
when they are brought into the production area for packaging.

6. Third-party auditing: this is an extremely valuable tool that is used
to validate the entire allergen management program. The use of a
third-party auditor, especially one who is experienced in allergen
management as well as plant manufacturing processes, can provide
valuable insight into the construction and implementation of an
effective allergen management program [3].

 

TABLE 11.6

 

Rework Usage Grid

 

Item Code 12345 67890 13579 24680

Contains Wheat Soy Wheat Wheat, soy

Use in:

12345 Yes No Yes No

67890 No Yes No No

13579 Yes No Yes No

24680 Yes Yes Yes Yes
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Packaging and Labeling

 

Finished product labels are required by federal regulation to disclose all
allergenic ingredients in the finished product in the ingredient statement. As
indicated previously, allergenic ingredients should be listed by their common
names either parenthetically (i.e., whey [milk]) within the ingredient state-
ment or at the end of the statement with a “contains” declaration
(i.e., contains milk). See Table

 

 

 

11.7 for a sample label

 

.

 

It is vital that labeling accuracy be verified during label preparation, at
printing, and finally, during packaging at the plant level. One way to do this
is to have a trained individual prepare the ingredient statement for the label
based on the formula provided by Product Development. This information
is then submitted to a label printer, if labels are not printed in the plant, and
the labels are prepared. Once the label has been printed, the plant can have
the printer send an out-of-run sample to the plant for evaluation to ensure
that the ingredient statement is accurate. Check formulas against packaging
at least twice per year or when approved formula changes are made to ensure
allergens are declared. Have a daily check procedure to ensure that the correct
packaging is used on products containing allergens. Obsolete packaging that
does not have product allergens listed cannot be used and should be placed
on QA hold and segregated for disposal [2].

 

TABLE 11.7

 

Sample Label with the Allergens Listed Parenthetically in the Ingredient Statement 

 

and with a “Contains” Declaration at the End of the Ingredient Statement
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Note: Some packaging materials contain wheat-based release agents. Deter-
mine from packaging suppliers if packaging contains such agents. A letter
indicating that no such agents are present will be provided when none are used.

 

Sanitation and Allergen Control

 

As indicated earlier, there are several causes of allergen cross-contamination
that can be controlled through an effective management program. Some
product cross-contamination may be the result of inadequate cleaning of
shared equipment; this may be prevented by effective sanitation. Certainly,
equipment design is critical and equipment should be engineered for clean-
ing access. In addition, a well-designed sanitation program written with
allergen cleanup in mind is important for prevention.

Sanitation plays a major role in addressing allergen cleanup based on the
ingredient and the equipment surface. When possible, conduct a wet cleanup
between allergens and nonallergens. Wet cleaning is preferred as allergen
proteins tend to be soluble in hot water and can be removed by detergents [1].
In case wet cleaning is not conducted in a plant, the alternative procedure
may involve scraping, brushing, or sweeping of dry allergenic ingredients
to remove them from the equipment and environment. Use of air hoses to
clean equipment is not recommended as these tend to spread allergens by
blowing them to different areas. Instead of using air hoses, consider using a
vacuum cleaner for dry ingredient removal [1].

Some plants use a “visually clean” standard when conducting inspection
cleanup between production runs involving allergenic ingredients. This
means that if the surfaces look clean, they are considered clean. There are also
test kits available to food manufacturers to verify cleaning. ELISA-based test
kits are available for sanitation validation of some allergenic compounds [1].
In addition, the plant can conduct a laboratory analysis of the “first through”
product. This means that as it changes from a product containing an allergen
to one not containing the allergen, the first 1 to 2 lbs. will be taken out of the
product flow (i.e., out of a stuffer or a fill pipe). This quantity will be disposed
of, and material from the subsequent fill will be tested for the allergenic
ingredient in question. If the prior fill has done the job of flushing out the
system, the subsequent filling will not test at a detectable level for the aller-
genic ingredient.

 

Consumer Feedback

 

As consumer complaints are received, it is important to have a trained
individual handle the calls and evaluate them for indications of problems
with allergens. This person should understand that consumers, especially
those who have family members with food allergies, are getting more and
more sophisticated regarding food manufacturing processes and product
labeling. They want a considerate individual who can provide concise
answers to questions and assistance with understanding products that they
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or their families can consume. This individual may also evaluate complaints
and trend data to establish whether there are repeat problems or problems
with a similar root cause.

 

Disposition/Liability

 

Products suspected to contain undeclared allergens or those cross-contami-
nated with allergenic ingredients are considered adulterated and should be
rejected and placed on QA hold. If those products containing undeclared
allergens are in distribution, they are subject to recall. The class of the recall
may be determined by the potential health risk associated with the allergen.
The more severe the risk from the allergen, the higher the class of recall. As
indicated earlier, peanut allergen has been associated with fatal reactions in
susceptible individuals. Therefore, undeclared peanuts in a food product
would result in a Class I recall as this is a situation in which there is a
reasonable probability that the use of, or exposure to, a violative product
will cause serious adverse health consequences or death.

Cross-contamination with wheat, which has not been identified with fatal
reactions, would more likely fall into a Class II recall as this is a situation in
which use of, or exposure to, a violative product may cause temporary or
medically reversible adverse health consequences or in which the probability
of serious adverse health consequences is remote. It is not likely that unde-
clared allergens would fall into a Class III recall. Despite the recall class, no
company wants its product involved in a recall because of the potential harm
to consumers, the expense, and the loss of business associated with this action.

Manufacturers would also be well served to understand the liability they
bear if their products result in injury or illness to consumers. Manufacturers
are responsible for damages caused under strict liability laws. In certain
instances, negligence does not have to be demonstrated. Most liability is
under state rather than federal law, and liability law may vary from state to
state. However, most states do allow consumers to sue manufacturers for
damages resulting from injury or illness caused by food allergies. The plain-
tiff may sue, under product liability theory, for a variety of claims, including
negligence, strict liability, breach of warranty, and failure to warn [12].

In the case of

 

 

 

negligence

 

, the plaintiff alleges that manufacturer negligence
caused harm. For example, if the manufacturer uses the same equipment for
allergenic and nonallergenic products and fails to clean between runs, the
plaintiff may sue for the manufacturer’s failure to clean between allergenic
and nonallergenic runs even though it knows that it should have [12].

A case of

 

 

 

strict liability

 

 occurs when manufacturers are held liable regard-
less of whether negligence on their part is established or not. The manufac-
turer is liable simply because the product in commerce caused harm [12].

In a

 

 

 

breach of warranty

 

, the plaintiff claims that the manufacturer warranted
that the product would cause no harm when sold. If the product caused harm,
then the manufacturer breached the warranty and is liable for damages [12].
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Product mislabeling may result in a failure to warn claim. The plaintiff
argues that the manufacturer knew or should have known of allergens in its
product. The manufacturer had a duty to warn consumers of allergens in
the product through notice (i.e., labeling). The manufacturer is liable for
failure to inform of the allergens. When the presence of allergen or sensitiv-
ity-producing food is obvious, the manufacturer does not need to provide a
warning. Examples of situations in which the presence of allergens would
be obvious are a bag of peanuts or a carton of milk. The problem generally
arises when the food item contains an allergenic ingredient as a result of
cross-contamination, but that is not reasonable to expect in the food, and the
ingredient is thus omitted from being declared.

Examples would include a restaurant that includes peanut butter in chili
or a company that makes a product enclosed in a flour wrap and uses egg
to seal the wrap but does not declare the presence of egg [12].

In a liability claim, the plaintiff may bring all four causes of action into
the suit when seeking damages for injuries for alleged “defects.” The dam-
ages awarded to the plaintiff may be compensatory, punitive, or both. Com-
pensatory damages provide compensation for injuries and may include
medical expenses, lost wages, and “pain and suffering.” The pain and suf-
fering are typically three to five times the plaintiff’s out-of-pocket expenses
but may be higher depending on the findings of the court. Punitive damages
are liability for the company’s failure to warn if adjudged to be as a result
of “actual malice” or “reckless disregard.” In other words, the defendant
was aware of dangers posed but took no action to eliminate the hazard. In
addition to damages paid, the company will suffer because of negative
publicity and loss of customers. For these reasons, as well as for protection
of consumers, inclusion of allergen management in food safety and sanita-
tion is of paramount importance [12].

 

Physical Hazards

 

Physical hazards are hard objects of specific size that present potential for
injury to consumers. The FDA defines physical hazards as hard objects
between 7 and 25 mm, as this size is considered to be most likely to cause
a dental injury or choking hazard. They are materials that are not part of the
product or expected by the consumer to be found in the product. Examples
of true foreign material that can constitute a physical hazard are wire, metal,
glass, stones, plastic, and wood. By their nature and size, they could cause
severe injury to the consumer’s teeth and gums, they can become lodged in
the throat causing choking, or they can penetrate the soft tissue of the
esophagus resulting in infection. Thus, these objects must be excluded from
the food being manufactured. Other foreign objects such as paper, hair, or
soft plastic do not pose as significant a hazard; however, all effort must be
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taken to keep them from entering food products as they are certainly not
desirable for consumers (see Figure 11.5 and Figure 11.6).

Naturally occurring material, although undesirable, is different from for-
eign material in that it may be associated with a food product or might be
expected in the product. Examples of naturally occurring materials are stems
in spice, gristle in meat, or seeds in fruits. These items can become hazards
depending on their size and hardness; for example, olive or cherry pits in
the range of 7 to 25 mm can damage teeth or bone, injure the mouth, or
constitute a choking hazard. As such, it is a good idea to have an inspection
program for these types of materials if you make them as finished products
or use them as ingredients.

There are several measures that a plant can take to prevent product con-
tamination with physical hazards. Use of bone collection devices on meat
grinders can remove a significant portion of bone material and some of the
connective tissue such as tendon (Figure 11.7).

Sifters on flour lines can remove some of the hardened material that may
be associated with flour milling. Magnets, one of the oldest devices for
removing metal from foods, can be used to remove fine magnetic (i.e., fer-
rous) materials and some grades of stainless steel from dry or free-flowing-
liquid ingredients [7]. Good manufacturing practices (GMPs), as identified
in Chapter 9, can prevent introduction of pens, jewelry, or hair to the product,
and operational sanitation inspection can identify opportunities for materials
to enter product streams. Of course, metal detection is very common in the

 

FIGURE 11.5

 

Hard foreign material such as metal nuts and hard plastic can result in injury to teeth or soft
tissue.
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FIGURE 11.6

 

Soft foreign materials such as cardboard are less likely to cause injury but are undesirable for
consumers.

 

FIGURE 11.7

 

Bone collector on meat grinder.
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food industry and has application at the beginning of the line as well as at
the end of the line. Poultry plants have begun using x-ray technology to
detect bone in “boneless” products, and x-ray equipment can be used to
detect foreign materials in foods such as glass, metal (ferrous and nonfer-
rous), stones, hard dense plastic, and certain rubbers [7]. All these devices
require monitoring during production to establish that they are working
properly and require cleaning to function effectively and not pose a micro-
biological hazard to product.

 

The Role of Sanitation in Physical Hazard Prevention

 

Physical contamination can also occur when hardened material such as
dough or starch builds up and gets into food streams. Sanitation procedures,
as identified in Chapter 7, will be designed to remove soils specific to the
product and the potential physical hazards presented. Contamination can
come in the form of equipment parts, plastic or metal shavings, welding
spelter, or wire that are left in product streams because of poor maintenance
practices. As such, Sanitation and Maintenance both play a significant role
in preventing foreign material inclusions.

Detection equipment must meet the same sanitary design requirements as
with all other food-handling equipment. This means that the equipment will
be made of nonabsorbent material and have no cracks or seams and no dead
spaces. There should be no parts that might fall off into product during
operation. The equipment will also be easily cleanable to a microbiological
level and provide access for cleaning and inspection.

Sanitation procedures for detection devices will vary based on the type of
equipment and the environment. For example, magnets used in a dry flour
or spice process will most likely require brushing or vacuuming but not wet
cleaning. In fact, cleaning of magnets will depend on the magnet type and
whether they are provided with mesh sleeves that are removed for cleaning,
whereas drum magnets are often self-cleaning as they rotate [7]. Other
devices, such as metal detectors, may be able to withstand wet cleanup and
sanitizing, provided low pressure is used to prevent water from entering the
detector casing. In all cases, it is advisable to consult the equipment manu-
facturer for any specific cleaning requirements or restrictions. It is important
to know if the equipment requires “lock out or tag out,” protection from
liquid, or only wipe-down cleaning; or whether it can withstand standard
wet cleaning.

Finally, the sanitation crew can participate in prevention of foreign material
contamination through participation in those GMPs controlling objects such
as pens, jewelry, and buttons [8]. In addition, they can keep equipment under
observation, looking for loose or missing parts or damage from wear. Sani-
tation, working in harmony with Maintenance and Production, can be an
effective means of preventing foreign material inclusions.
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