














thus, moisture content is critical in deter-
mining whether proliferation occurs. Lower
moisture content (especially below 12%) of
foods discourages insect growth.

Several forms of radiation, such as radio
frequencies, microwaves, infrared and ultra-
violet light, gamma rays, X rays, and acceler-
ated electrons can effectively disinfect food
products, but not all of these methods are
effective and practical. Gamma rays, X rays,
and accelerated electrons have commercial
applications for insect disinfection.

Chemical Methods

Pesticides and other chemicals, such as
repellents, pheromones and sticky materials
for traps, barriers, or repellency are incor-
porated when needed. Whoever applies
pesticides must be trained to know the safe,
approved, and effective use of each chemi-
cal. Application of restricted-use pesticides
requires state certification of the applica-
tion. IPM targeted establishments have been
treated with nonvolatile, low-toxic methods
such as gel bait formulation, hydramethyl-
non, which is safe for commercial food
handling areas. When applied among cock-
roach populations, these insects consume
the bait and return to harborage, where they
excrete feces containing fipronil, another
active ingredient in the formulations. Con-
sumption of the contaminated feces by
other cockroaches gives them a lethal dose.
When the cockroaches die, others may
consume the carcasses and die as well
(DeSorbo, 2004).

The EPA classifies pesticides as being
either for general use or restricted use. Those
classified as restricted use are more likely to
adversely affect the environment or to injure
the applicator. Thus, these pesticides can be
purchased and used by only certified appli-
cators or by persons directly under a certi-
fied applicator’s supervision. Through an

EPA-approved program, states train and cer-
tify applicators.

The pesticide storage area should be large
enough to store normal supplies of pesticide
materials adequately and neatly. This should
be in a separate building, if possible, or stored
in isolated areas from food. The area should
be equipped with power ventilation exha-
usting to the outside and should never be
cross-ventilated with food processing or food
container storage areas. This storage area
should be totally enclosed by walls, and the
door should be locked to prevent unautho-
rized entry. The storage environment should
be dry, with the temperature controlled suffi-
ciently to protect the pesticides. Pesticide con-
tainers should be stored with the label plainly
visible and a current inventory maintained.
Pesticide handling and application equipment
should include rubber gloves, protective
outer garments, and respirators such as dust
masks or self-contained breathing apparatus
(SCUBA) equipment.

Chemosterilants offer potential for the
control of rodents. A single oral dose of
alpha-chlorohydrin (which is effective in sex-
ually mature male rats) high enough to cause
sterility is effective within four hours. As an
acute toxicant, it compares favorably with
similar rodenticides. After ingestion, rats
and mice rapidly degrade alpha-chlorohy-
drin. Thus, there is no danger to non-target
species that may eat rats or mice killed by
this compound. Since there is no secondary
or cumulative toxicity, alpha-chlorohydrin is
biodegradable and poses no known long-
term danger to the environment.

Although more costly than conventional
methods, IPM principles will be applied to
future pest control programs because of the
success of this program and increased envi-
ronmental concerns associated with the indis-
criminant use of chemical insecticides. The
control of insects in commodities by the IPM
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technique influences the overall infestation
levels in plants processing these materials in
foods.

Insect-Resistant Packaging

Insect-resistant packaging is a control
strategy that may not always be incorporated
when considering non-chemical control or
exclusion techniques. Stored product insects
vary in their ability to contest packages
(Arthur and Phillips, 2003). These pests may
be penetrators, capable of boring through
packaging materials or invaders that can
enter through seams or openings. Insects
may vary in their ability to enter packages at
different life stages (Mullen, 1997). Packag-
ing films may vary in their ability to prevent
insect entry. For example, polypropylene
films are more resistant to insect entry than
those manufactured from a polyvinyl chlo-
ride polymer.

SUMMARY

Pests of major significance to the food
industry include the German cockroach,
American cockroach, Oriental cockroach,
housefly, fruit fly, Norway rat, house mouse,
pigeon, sparrow, and starling. Control of pests
can be most effective through prevention of
entry into food establishments and the elimi-
nation of shelter areas and food sources for
subsistence and reproduction. If pests become
established, pesticides, traps, and other control
techniques are essential. These eradication
devices should be considered a supplement to,
rather than a replacement for, effective sanita-
tion practices. Because pesticides are toxic,
these compounds should be selected and han-
dled carefully. Precautions during use, storage,
and disposal are essential. Although a trained
employee can handle pesticides, a professional
exterminator should be employed for complex
and hazardous applications.

STUDY QUESTIONS

1. What adverse effects do cockroaches
have on a food facility?

2. How are cockroaches best controlled?
3. Why are flies so unsanitary?
4. How are flies destroyed most effec-

tively?
5. What is the difference between a resid-

ual and a nonresidual insecticide?
6. How does an insect light trap destroy

flies?
7. What are insect pheromones?
8. How are rats and mice controlled

most effectively?
9. How are birds controlled most effec-

tively?
10. What is integrated pest management?
11. What are the merits of integrated pest

management?
12. What are pheromones?
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C H A P T E R 1 4

Sanitary Design and Construction 
for Food Processing

New and renovated food processing and
foodservice facilities should be planned to
enhance a hygienic operation and effective
cleaning. Because most equipment and facil-
ities are designed to feature functionality,
hygienic design and construction principles
should be emphasized to ensure a sanitary
operation. A hygienically designed facility
can enhance the wholesomeness of all foods
and improve the effectiveness and efficiency
of a sanitation program.

SITE SELECTION

Site selection plays an important role in
the development of a hygienic operation.
Food facilities should not be constructed
near chemical plants that emit noxious
odors, or near salvage or water disposal
operations. Food products that are rela-
tively high in fat will readily pick up bad
odors and flavors, and pathogenic microor-
ganisms can be picked up by the wind and
blown on the manufactured products unless
special filters are added to the intake air
systems. Drainage is important, as sites
located close to standing water with poor
drainage are more likely to have Listeria
monocytogenes in the facility and on manu-

factured products. Large bodies of water
will attract scavenger birds that carry Sal-
monella. Standing water provides a breed-
ing environment conducive to insects and
provides water to sustain the lives of rodents
and other pests. A food-manufacturing
facility should not be located near existing
pest harborages for further protection
against pathogenic microorganisms.

Troller (1993) suggested that the location
of a food plant near small streams and
drainage ditches should be avoided, as
should locations near refuse dumps, land-
fills, and equipment storage yards. Land
reclaimed from swampy ground or disposal
areas for refuse should not receive serious
consideration.

The selected site should permit future
expansion. Overcrowded facilities are ineffi-
cient and pose a sanitation-related liability.
Water availability and adequate waste dis-
posal facilities should be considered. Trees
and foliage that provide food and/or harbor-
age for birds should not be planted close to
the buildings, and existing growth should be
removed. Parking lots should be paved to
prevent dust and should be well drained to
facilitate prompt removal of rainwater.
A perimeter chain-link type fence that sur-
rounds the property should be considered.
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SITE PREPARATION

Graham (1991a) recommended that toxic
materials be removed, if present at the site,
to prevent potential contamination. The site
should be graded to prevent standing water,
which provides breeding sites for insects
(especially mosquitoes). Storm sewers should
be provided. Many municipalities demand
landscaping for aesthetic reasons; however,
shrubbery should be at least 10 m from
buildings to eliminate protection for pests
such as birds, rodents, and insects. Grass
should not be present within 1 m of building
walls so that a pea gravel strip 7.5- to 10-cm
deep can be laid over polyethylene or the
equivalent to discourage rodent entry.

BUILDING CONSTRUCTION
CONSIDERATIONS

Walls

The foundation and walls of a food pro-
cessing or foodservice facility should be
impervious to moisture, easily cleaned, and
constructed to prevent rodent entry. Gra-
ham (1991b) recommended that a slab floor
contain footers constructed with a rodent
flange 60 cm below grade, extending 30 cm
out at right angles to the foundation to pre-
vent rats from burrowing under the floor
slab and gnawing their way into the build-
ing. If a basement or cellar is planned, the
floor should be tied directly to the solid wall
foundation to create a solid box as a pest
barrier.

The most appropriate walls are poured
concrete, troweled smooth to a maximum of
nine holes per square meter, none of which
exceeds 3 mm. Poured concrete is more
expensive and requires on-site construction
of forms and finishing, but it does not have
seams that require the caulking that is
needed for precast or tilt-up construction.

An alternative material is notched beams,
notched precast wall panels, and double-tee
precast roof panels. This technique involves
precasting the wall panels and the roof sup-
port beams, complete with notches large
enough to accommodate the precast double
tees of the roof panels. By fitting inside the
notch, dust-collecting flat surfaces on top of
the beams or wall panels are eliminated.
Caulking the spaces around the double tees
creates a hygienic structure. Caution about
precast, tilt-up, and concrete block construc-
tion is important. Use of a parting agent to
enhance the removal of the panel or block
from the form necessitates that the agent be
tested to ensure compatibility with any wall
covering (i.e., paint and epoxy). Incompati-
bility results in paint peeling.

If concrete block wall construction is
incorporated, it must be a high-density type.
Less porous material reduces moisture
absorption and reduces microbial growth.
An effective sealer can close pores to
improve hygienic design. Graham (1991b)
recommended that when concrete block is
laid, the first course should have the center
core filled with mortar to provide an effec-
tive seal against insects entering through the
joint created at the junction with the founda-
tion. Walls should be covered at the floor, to
a minimum radius of 2.5 cm. Concrete
blocks should be capped off to prevent
access by rodents and insects.

Corrugated metal siding is not recom-
mended because it is not reliable in stopping
the entry of insects and rodents, and because
this material is damaged easily. If corrugated
metal is incorporated, the outside corruga-
tion must be blocked and caulked at the top
and at the foundation to discourage pest
entry. Wall penetration for access by utilities
should be sealed the same day that this oper-
ation is performed to reduce pest invasion.

Wet processing areas should have glazed
ceramic tile or baked-on enamel-insulated
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metal paneling to enhance the ability to
clean inside walls. This material is resistant
to food, blood, acid, alkali, cleaning com-
pound, and sanitizer. Tile walls are expensive
to install but inexpensive and easy to main-
tain. Epoxy paints over a compatible sealer
provide additional protection.

Loading Dock

Loading docks and platforms should be
constructed at least 1 m above the ground.
The underside of the dock opening should
be lined with a smooth, impervious material,
such as plastic or galvanized metal, to pre-
vent rodents from climbing into the building.
Rodent access should be denied through a
dock or platform overhang of 30 cm that will
not permit a roosting location for birds. Pest
entry is discouraged through truck door
seals and air curtains.

The truck dock area should be equipped
with dock seals. This design prevents the
entrance of insects and if the plant is under
positive pressure with air flowing out of the
openings that do occur around the seal dust
contamination is reduced. Dock seals can
replace overhead canopies that require con-
stant monitoring to prevent pest entry, espe-
cially birds.

Roof Construction

A logical roof type for precast concrete
wall panels is a precast double tee. This
design is attractive and hygienic. Pitch and
gravel roofs should not be installed over food
processing or preparation areas, as they are
difficult to clean. Low-moisture materials,
such as grain, starch, and flour, can be car-
ried out through vents and will attract birds
and insects and encourage the growth of
weeds, bacteria, molds, and yeasts. Graham
(1991c) has recommended smooth mem-
brane-type roofs because they can be swept,
hosed, and kept clean more effectively than
other roofs. Roof openings for air handling

or other uses should be screened, flashed, or
sealed to prevent the entry of contaminants
such as insects, water, and dust. Roof open-
ing caps and mounted air-handling units
should be insulated with sandwich panel
insulation, as open insulation is difficult to
clean and can become infested with insects.

Windows

Effective environmental control and ade-
quate lighting negates the need for windows,
which can present a sanitation hazard, due
to breakage and contamination from pests,
dust, and other sources. Windows increase
maintenance through required repair, clean-
ing, and caulking. If windows are installed,
it is best if they cannot be opened and if they
are constructed of unbreakable polycarbon-
ate material (Graham, 1991c). Furthermore,
the sill on the outside should be sloped at a
60° angle to prevent roosting and debris
accumulation. The next best design for win-
dows is to place them flush with the outside
wall and to use the same slope for the inside
sill. Some municipalities require windows to
conform to local fire codes.

Doors

Doors provide an entry for pests and air-
borne contaminants. A double-door entry
reduces airborne and pest contamination.
The exterior of the doors should be
equipped with air curtains. Air curtains
should have enough air velocity (minimum
of 500 m/minute) to prevent the entry of
insects and air contaminants and should
extend completely across the opening with a
down-and-out sweep. Air curtains should be
wired directly into the door-opening switch
to permit air movement simultaneous with
the door opening and closing.

Ceilings

False ceilings are discouraged because the
area above can become infested with insects
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and other contamination. If a dropped ceil-
ing is installed, it should be constructed as if
it is another floor sealed off from the pro-
cessing area below and should contain utility
runs, air-handling ducts, and fans. Construc-
tion usually includes catwalks so that the
maintenance crew can service the equipment
or lines passing through the area. This area
should be kept pressurized to avoid dust
infiltration. The exposed side of a suspended
ceiling is attractive and easy to clean. Day-
to-day operations beneath the ceiling can
continue in a sanitary and efficient manner
independent of what occurs above the ceil-
ing. Isolation of pipes, electrical, and other
services improves hygiene. Walk-on ceilings
have merit because installation work can be
completed above and below the ceiling
simultaneously.

Ceiling construction should be a smooth
concrete slab of exposed double tees with
caulked joints. If exposed structural steel is
used over processing areas, it should be
enclosed in concrete, granite, or the equiva-
lent to avoid overhead areas that collect dust
and debris or provide rodent runways or
insect harborage. Metal panels should not be
installed because their high heat transfer rate
can cause moisture condensation. Further-
more, the metal expansion and contraction
complicates the maintenance of seals at the
joints, resulting in harborages for insects.
Fiberglass batting should not be installed, as
rodents live and thrive in it. Preferred insula-
tion is Styrofoam, foam glass, and other
insert materials. The hazards of asbestos
prohibit its use.

Floors

Floors may range from plain, sealed
concrete in warehouses to acid brick in high-
impact, high-temperature, high-chemical-
exposure areas. However, plain concrete floors
spall (Graham, 2004) and the exposed aggre-
gate creates protection for microorganisms.

Monolithic floors are gaining in popularity
because they are seamless, easier to apply,
and less expensive than brick or tile. These
floors are both epoxy- and polyurethane-
based and are either rolled or troweled on by
hand. Floors in food facilities should be
impervious to water, free of cracks and
crevices, and resistant to chemicals. Although
tile floors provide an acceptable surface, with
heavy wear, grouting loss can occur, which
results in the penetration of water. Plastic or
asphalt membranes may be laid between the
underlying concrete surface and the tile or
brick. Acid brick floors deserve considera-
tion because of their durability and ease of
replacement in case of breakage and their
reduced moisture accumulation under cracks
and holes. If a concrete floor is retained dur-
ing renovation, it should not be spalled.

PROCESSING AND DESIGN
CONSIDERATIONS

Appropriate facility design incorporates a
product flow that permits finished items
from making contact with raw materials or
unprocessed products. The ideal flow pro-
vides for raw materials and adjuncts to enter
the process near the receiving dock, flowing
sequentially into the preparation area,
process area, packaging area, and to the
storage. Graham (1991d) has supported this
design flow because it permits proper air
pressure conditions to the overall plant effi-
ciency. Some personnel doors support this
concept because they are designed so that
workers must pass from a “clean” to “less
clean” area. Return to the cleaner area may
require a uniform change and a sanitizing
step, followed by entrance through an air
lock or pressurized vestibule.

Processing equipment should have 1 m of
clear space around it to facilitate mainte-
nance and cleaning. A minimum of 0.5 m of
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clearance over each piece of equipment
should be provided to permit effective clean-
ing. Floor-mounted equipment should be
either sealed directly to the floor or mounted
at least 15 cm from the floor. The processing
layout should permit the location of equip-
ment for accessibility to maintenance, sanita-
tion, and inspection. Areas that are difficult
to reach and clean are less likely to be
cleaned frequently and thoroughly.

Stainless steel incorporated in equipment
and facility construction should be protected
from corrosion and potential microbial con-
tamination. Corrosion resistance is enhanced
through passivation-a cleaning and corro-
sion protection treatment for stainless steel
and other metals accomplished with an acid
solution that removes contaminants from the
metal surface and coats the surface in a pro-
tective film.

According to Stanfield (2003), equipment
openings and covers should be designed to
protect stored or prepared food from con-
taminants and foreign matter that may fall
into the food. If an opening is flanged
upward and the cover overlaps the opening,
contaminants, especially liquids are pre-
vented from entering the food-contact area.
Failure to provide parts that extend into the
food-contact areas with a watertight joint at
the point of entry into the food-contact area
make cause liquids to contaminate the food
by adhering to shafts or other parts and run-
ning or dripping into the food. An apron on
parts extending into the food-contact area is
an acceptable alternative to a watertight seal.
If the apron is not properly designed and
installed, condensation, drips, and dust may
gain access to the food. Equipment contain-
ing bearings and gears that require lubri-
cants should be designed and constructed to
prevent lubricant leaks, drips, or entry into
food or onto food-contact surfaces. Con-
denser units that are an integral component
of equipment should be separated from the

food and food-storage space by a dust-proof
barrier. A dust-proof barrier between the
condenser and food storage areas of equip-
ment protects food and food contact areas
from dust contamination that is accumulated
and blown about during the condenser’s
operation.

Airborne contamination is attributable to
the cause of some pathogenic contamina-
tion. Unfiltered air and negative air pressure
in areas where the product is exposed con-
tribute to microbial contamination in the
plant environment. Thus, airflow design is as
important to hygiene as is the design and
construction of floors, walls, and ceilings.
The zone with the highest pressure should be
the area where the product is last exposed to
the open air and packaged. The airflow from
this zone is outward to the processing/prepa-
ration area and on to the storage zone. Dust
collection is more effective if conducted
under a positive pressure.

If an air handling system is currently
designed, the opening of an outside door
provides an air stream exiting the building;
whereas, in a negative air pressure situation,
an opened door causes an incoming breeze
containing outside contamination. The con-
tinual influx of unfiltered air complicates the
overall cleaning of a plant, equipment, over-
head pipelines, and other structural features.
An air filtration system with a nitrogen gen-
eration unit is being installed in high mois-
ture food plants to improve hygienic
conditions. Sterile filters can remove more
than 99.99% of 0.01 mm diameter particles
and 100% of all visible particles. Membrane
nitrogen generators convert air into nearly
pure nitrogen that is injected into packages
to eliminate oxygen that can reduce storage
life.

Appropriate design is essential to prevent
growth niches. There are many possible
mechanisms: aerosols, stress cracks (caused
by fluctuating pressures) in walls covered
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with other materials such as stainless steel
or glass board, jacketed vessels, and heat
exchangers. These mechanisms result in
microbial transfer to growth niches. Further-
more, microbial biofilms are involved in this
transfer.

Design Practices to Prevent Pest Infestation

The best way to keep birds out of a food-
processing facility is through a proper
design. Since birds will utilize small gaps and
cracks, or protected sites for entry, nesting,
or resting sites, spaces under corrugated
roofs should be blocked to preclude such
activity. Materials for this purpose may
include hardware cloth, expandable foam,
sheet metal, and bird netting. If foam is
selected, a precision foam gun should be
incorporated to prevent gaps. Marsh (1997)
suggested that signs from the side of build-
ings should be removed or placed tightly
against the side of buildings to prevent nest
building. If sign removal is not possible or
placement is not flush, the gaps between the
building and sign should be blocked with an
appropriate netting or screening material.

Gingrich and Osterberg (2003) suggested
that when designing new dock areas and
protected overhangs, the use of tubular
supports (square or oval) should be consid-
ered instead of I-beams. This practice
deserves serious consideration because I-
beams provide abundant nesting and roost-
ing areas. The ends of the tube members
should be completely sealed to prevent pest
entry into the interior area. Potential exclu-
sion materials are hardware cloth, expand-
able foam, and sheet metal. Overhangs in
loading/receiving dock areas should be con-
structed using a cantilever design that limits
the number of open supports. If horizontal
supports are required, they should be tube
members instead of I-beams. Window ledges
and other similar structures should be elimi-
nated it possible to avoid roosting and nest-

ing. Openings into the building and areas
under corrugated roofs must be sealed.

Lights should be erected on poles dis-
tanced from the building and directed
toward the area to be illuminated to elimi-
nate roosting and nesting sites for birds and
attraction of light to flying insects. Since
insects are attracted to the area of greatest
light intensity, they will gravitate toward the
light itself located several meters from the
building. Birds may be repelled from lights
through the installation of metal or plastic
“bird spikes” affixed to the light with a high
quality weather resistant adhesive. Building
lights should be sodium vapor lamps instead
of mercury vapor lamps since the former are
generally contracted to insects, while the lat-
ter are highly attractive.

Equipment Design for Ready-to-Eat
Processing Operations

Stout (2003) presented the following prin-
ciples for equipment design in ready-to-eat
processing operations:

1. It is important that food processing and
handling equipment be designed and
constructed to ensure that it can be
effectively and efficiently cleaned.

2. Construction materials must be com-
pletely compatible with the product,
environment, cleaning and sanitizing
compounds, and cleaning and sanitiz-
ing methods. Equipment construction
materials must be inert, corrosion
resistant, nonporous, and nonabsorbent.
Through elimination of incompatible
materials in the construction of pro-
cessing equipment, the processor
reduces the likelihood of creating an
environment conducive to microbial
proliferation.

3. All parts of the equipment shall be
accessible for inspection, maintenance,
cleaning, and/or sanitation. Disassembly
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and assembly should be facilitated by
the equipment design to optimize sani-
tary conditions.

4. Elimination of product or liquid collec-
tion through self-draining equipment
that will ensure that debris, water, or
product liquid does not accumulate,
pool, or condense on the equipment or
product zone areas.

5. Hollow areas of equipment (e.g., frames
and rollers) must be eliminated if possi-
ble or permanently sealed. Bolts, studs,
mounting plates, brackets, nameplates,
junction boxes, end caps, sleeves, and
other such items must be continuously
welded to the surface of equipment
and not attached by grilled or packed
holes.

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

7. During normal operations, the equip-
ment must perform so it does not con-
tribute to unsanitary conditions or the
harborage and growth of bacteria.
During processing, moisture and prod-
uct buildup should be minimal in dif-
ferent product zones. Modular plastic
belts with “Cam-link” or equivalent
hinges, which open wide around
sprockets to maximize cleaning access,
but stay closed on the conveyor bed to
prevent debris from clogging the belt,
merit consideration. Plastic should be
nonporous, and underside drive bars,
channel away water and debris.

8. Maintenance enclosures (e.g., electrical
control panels, chain guards, belt
guards, gear enclosures, junction boxes,
pneumatic/hydraulic enclosures) and
human machine interfaces (e.g., push-
buttons, valve handles, switches,

touch screens) must be designed, con-
structed, and maintainable to ensure
that the product, water, or product liq-
uid does not penetrate into, or accumu-
late in or on the enclosure and
interface. Equipment with bearings and
gears that require lubricants should be
designed and constructed so that the
lubricant cannot leak, drip, or be
forced into food or onto food contact
surfaces. The physical design of the
enclosures should be sloped or pitched
to avoid use of the storage area.

9. Design of equipment must ensure
hygienic compatibility with other equip-
ment and systems (e.g., electrical,
hydraulics, steam, air, water). The
hygienic compatibility to the equip-
ment with other systems is both a
processor and equipment manufacturer
responsibility.

10. Procedures for cleaning and sanitizing
must be written clearly and validated.
Compounds recommended for clean-
ing and sanitizing must be compatible
with equipment and the manufacturing
environment.

According to Butts (2003), the food man-
ufacturer must either remove by design or
manage microbial growth niches as part of
the production and sanitation process for
ready-to-eat foods. Identified factors respon-
sible for growth niches include poor equip-
ment design, debris working its way into an
uncleanable location, mid-shift cleanup, and
existing product characteristics that cause
excessive rinsing such as producing sticky
products.

Ten sanitary design principles that are
adapted from those provided by Seward
(2004) are as follows:

Principle 1: Identify Distinct Hygienic
Zones Established in a Facility. A distinct
separation should be maintained to reduce
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the transfer of hazards throughout the
plant.

Principle 2: Control Personnel and Mater-
ial Flow to Reduce Hazards. Traffic and
process flow should be established to control
the movement of employees, visitors, sup-
plies, product, and rework, to reduce food
safety risks.

Principle 3: Control Water Accumulation.
To reduce microbial growth, design and con-
struction should reduce water accumulation
through effective floor drainage and the
absence of pockets, ledges, and nooks.

Principle 4: Control Temperature and
Humidity. Heating/ventilation and air condi-
tioning (HVAC)/refrigeration systems serv-
ing processing areas should maintain
specified room temperatures and control the
room’s dew point and prevent condensation.

Principle 5: Control Air Quality and Flow.
Air movement should be from cleaner to less
clean areas. Incoming air should be filtered.
Outdoor makeup air should be provided to
maintain specified airflow, and pressurized
and source capture exhaust should be pro-
vided to manage high concentrations of
heat, moisture, or particulates generated.

Principle 6: Provide Site Accommodations.
Access control is essential to rigid sanitation.
Adequate lighting and water management
systems are necessary to facilitate sanitary
conditions.

Principle 7: Provide Building Envelope for
Sanitary Conditions. The building envelope
(skin or shell) should be constructed to pre-
vent pest entry and facilitate easy cleaning
and ongoing inspection.

Principle 8: Provide Interior Spatial Design
Conducive to Rigid Sanitation. The design
should facilitate cleaning and maintenance
of building components and processing
equipment.

Principle 9: Incorporate “Sanitation
Friendly” Construction Materials and Util-
ity Systems. Construction and renovation

materials should be designed to prevent
contamination, should be impervious, easy
to clean, and resistant to corrosion and
wear.

Principle 10: Incorporation of an Integrated
Sanitation System. Food facilities should
have an integrated sanitation to control the
introduction of hazards such as hand sinks,
sanitizers, doorway foamers and/or foot-
baths, hose stations, Cleaning-out-of-place
(COP) equipment, and equipment washers.

There has been a trend toward using a
“clean room” design for the past two
decades. Increased emphasis on sanitation
has resulted in more interest in surfaces
(including wall panels and walkable stainless
ceilings) made from stainless steel as a con-
struction material. There is a need to walk
up around the ceiling panels to repair pipes
and the electrical systems. Additional con-
cepts that are being promoted include the
integration of entry and exit vestibules with
garment changing facilities for traffic into
and out of exposed ready-to-eat product
areas. Also, there is a trend toward the
removal of all refrigeration coils from ready-
to-eat areas and the utilization of more roof
mounted refrigeration air units and to duct
the air into the necessary spaces. This prac-
tice is being conducted to reduce dirt or dust
accumulation.

Additional construction trends include
expanded polystyrene (EPS) panels and
doors for walk-in coolers and freezers, food
processing areas, and low-temperature dis-
tribution warehouses. EPS insulation manu-
factured from small, uniform polystyrene
beads contains only stabilized air, to ensure
stable and consistent settings. In addition to
stainless steel construction, fiberglass rein-
forced plastic finishes for the packaging area
and vestibule is being incorporated (Petrak,
2002).

The following belt conveyor design con-
siderations (Anon., 2004) are appropriate:
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1. Hinges that open wide around the
sprockets maximize cleaning access to
the hinge area, but close on the con-
veyor bed to prevent debris from clog-
ging the belt.

2. Hinge openings should be large enough
to permit spray to reach the top and
bottom surfaces.

3. Belts should permit catenary sag to
enable more effective cleaning because
the extra space enhances water spray
penetration to loosen soil and scraps in
the hinge area.

4. Belts should include drive bars under-
neath to channel water and debris to
the side away from the production line.

5. Belts should be compatible with the belt
lifters. When lifting the belt, a belt-
lifting device whether portable or frame
mounted, should lift the belt evenly
across its width without causing damage.

6. Belt designs should be tested to validate
or improve hygienic features.

PEST CONTROL DESIGN

The topography near a food facility
should be sloped to permit water flow away
from the building without the formation of
puddles. Puddles provide available water for
pests and attract them close to the facility.
A rodent lip installed 60 cm down on the foun-
dation and extending out 30 cm prevents rats
from burrowing under the slab and entering
the plant by chewing through felt expansion
joints or through drains inside the building.

Cavities within walls should be avoided
because they become nests for rodents and
insects. All parts of the structure should
allow easy cleaning of ledges, scale pits, and
elevator pits. The installation of electric
lines, cables, conduit, and electrical motors
should eliminate harborage sites. Motor
housings provide ideal nesting sites for mice.

Ventilation stacks should be equipped with
adequate screening to prevent pest entry as
mice can enter through a hole approximately
6 mm in diameter, and the Norway rats (the
largest rat) can go through a 12-cm hole.

Locker rooms and eating areas are vulner-
able to pest entry because of traffic, food
particles, and moisture. These facilities
should be designed and constructed with
interiors that can be cleaned, covered
wall/floor junctions, and smooth, water-
impermeable walls and washable floors.
Drinking fountains, vending machines, and
other fixtures should be mounted far enough
from the walls for access to routine cleaning
or mounted on casters for moving during
cleaning. Locker tops should contain a 60°
slope to avoid debris accumulation. These
facilities should not open directly into a pro-
cessing room or any area with exposed food.
The toilet facilities should have a negative air
pressure, and the internal air should be
exhausted directly to the outside.

Renovation Considerations

Preparation for renovation should involve a
plan for the reduction of the spread of parti-
cles from the contaminated construction site
to the processing and/or storage area. Thus,
the new site should be sealed off before con-
struction through building false walls, either
taped-down sheet plastic or a temporary wall
out of plywood on the renovation side. An
ideal arrangement is the erection of stud walls
with insulation. Fiberglass reinforced panels
on the production/storage side with caulked
joints provide an impervious barrier to con-
struction debris and other contamination.

A plant-wide air balance study to deter-
mine how to maintain positive pressure in the
processing area should be considered (Stahl,
2004). Positive pressure may be obtained
through a ventilation system that pumps a
higher volume of air into the production
side. Further hygienic considerations involve
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ventilation of the construction area to the
outside without location of the exhaust too
close to the plant’s fresh air.

CONSTRUCTION MATERIALS

Stainless steel is the preferred material for
food contact surfaces. This inert material
resists corrosion, abrasion, and thermal
shock; is cleaned easily; and is resistant to
sanitizers. The high chromium content (12%
or more of the steel) provides corrosion
resistance. The most commonly used stain-
less steel is type 304 of the 300 series. Type
316 contains approximately 10% nickel
instead of the usual 8% and is used more fre-
quently for corrosive products such as fruit
juices and drinks. Type 316b offers more
resistance to high-salt-content products.

SUMMARY

Sanitary design and construction of food
facilities is essential to maintain a hygienic
operation. A sanitary design begins with a
site free of environmental contamination
such as polluted air, pests, and pathogenic
microorganisms. Site preparation is necessary
to attain proper drainage and the reduction
of contamination from the environment. All
portions of a food facility must contain
smooth, impervious surfaces that discourage
pest entry. An appropriate process design
incorporates a flow that prevents finished
items from making contact with raw materi-
als and unprocessed products.

STUDY QUESTIONS

1. Why is site selection important when
building a food facility?

2. What site selection considerations
should be adopted when building a
food facility?

3. What site preparation should be con-
ducted before building a food facility?

4. What are the desired characteristics
for the walls of a food facility?

5. Why is corrugated metal siding not
recommended for food facilities?

6. What roof construction is preferred
for food facilities?

7. Why are windows not recommended
for a food facility?

8. Why should air curtains be installed?
9. Why are false ceilings not recom-

mended in food facilities?
10. What is the best flow design for food

products?
11. What is the importance of positive air

pressure in a food plant?
12. How can the welfare facilities of food

facilities be designed to reduce pest
entry?

13. Why is stainless steel superior to other
materials for food facilities?

14. What are monolithic floors and why
are they popular?

15. Why should pea gravel be located
within 1 m of building walls of food-
processing plants?
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C H A P T E R 1 5

Low-Moisture Food Manufacturing 
and Storage Sanitation

As with other food manufacturing facili-
ties, an effective and practical sanitation pro-
gram is essential for low-moisture food
manufacturing plants. It is necessary to
ensure that the operation complies with the
U.S. Food and Drug Administration (FDA),
state, and local requirements. Furthermore,
rigid sanitation in low-moisture food manu-
facturing operations is needed to ensure that
consumers are provided with safe and whole-
some foodstuffs. Effective sanitation in low-
moisture food manufacturing is essential to
maintain an acceptable operation. A tidy
operation can, be more efficient, assist in the
promotion of branded products and com-
pany image, and determine whether an oper-
ation remains profitable or even stays in
business. Failure to exercise proper sanita-
tion can lead to customer dissatisfaction,
decreased sales, and damage to a firm's rep-
utation.

The Office of the Inspector General of the
Department of Health and Human Services
has indicated that low-risk food operations,
such as bakeries, bottlers, and food ware-
houses, are becoming riskier because of inef-
fective inspection. Although firms engaged in
interstate commerce are regulated by the
FDA and subject to inspection by state and
local authorities, where inspections are made,
the surveillance is often cursory, with pri-

mary emphasis on birds, rodents, and insects.
Firms operating under unsanitary conditions
put the population's health at risk.

SANITARY CONSTRUCTION
CONSIDERATIONS

Site Selection

Walsh and Walker (1990) suggested that
sites should exhibit the following hygienic
characteristics:

● Nearly level to a slight slope with ade-
quate drainage

● Free of springs or water accumulation
● Accessible to municipal services

(sewage, police, and fire)
● Remote from incinerators, sewage treat-

ment plants, and other sources of nox-
ious odors, or pests

● Located within an air quality district
tolerant of emissions from thermal pro-
cessing

● Located away from areas prone to
flooding, earthquakes, or other natural
disasters

Exterior Design

The exterior should incorporate smooth,
tight, walls impervious to water, and free of
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ledges and overhangs that could harbor
birds. They should also contain sanitary
seals against rodents and insects. Driveways
should be paved and free of vegetation,
trash, and water accumulation areas. Regu-
lar sweeping should be conducted to keep
dust from blowing into storage areas. Other
exterior design considerations may be found
in Chapter 14.

Interior Design

Walls and Framing

Exposed structural members may be satis-
factory in non-product areas, as long as they
can be kept clean and dust free. Reinforced
concrete construction is preferred for prod-
uct areas, and interior columns should be
kept to a minimum. Personnel doors should
be fitted using self-closing devices (hydraulic
or spring hinges) and screened. Gaps at door
bases should not exceed 0.6 cm, and 20-mesh
(minimum) screening should be incorpo-
rated.

Walls should be free of cracks and
crevices, and impervious to water and other
liquids to permit easy and effective cleaning.
Wall finishes should consist of food
approved materials, as dictated by the func-
tion of each area. Glazed tile for surface fin-
ishes on processing area walls should be
considered, with Fiberglass reinforced
plastic panels painted with epoxy or coated
with other materials meeting the company
and regulatory standards. Alternatives to
painting in food areas should be considered
because, although paint is inexpensive, it
tends to crack, flake, and chip with age, and
requires frequent maintenance replacement.

Insulation should be installed carefully in
bakery facilities because it constitutes a
potential dust and insect harborage. Even
though inert, it should be applied to the out-
side of the building.

Ceilings

The use of suspended ceilings is satisfac-
tory in nonfood areas if the space above the
ceiling can be inspected and kept free of
pests, dust, and other debris. Ceiling panels
must be sealed into the grid but be easily
removable. This feature is difficult to accom-
plish with most designs.

Suspended ceilings are not recommended
in food production or handling areas. They
can become a shelter for pests and may
become moldy if wet, thus providing a source
of contamination. In flour handling areas of
bakeries, dust may accumulate above the ceil-
ing very rapidly, leading to insect, microbial,
fire, and even explosion hazards.

Walsh and Walker (1990) recommend that
overhead structural elements, such as bar
joists and support members, be avoided
whenever possible. Precast concrete roof
panels provide a clean, unobstructed ceiling.
Precast panels can be fabricated with a
smooth interior surface, coated to resist dust
accumulation, and easily cleaned. Overhead
equipment supports; gas piping; water,
steam, and air lines; and electrical conduits
should be designed to avoid passing over
exposed food areas, cluttering the ceiling,
and dripping dust or moisture onto people,
equipment, and product. A mechanical
mezzanine to house utility equipment above
can result in an easily cleaned ceiling, free
from horizontal pipe runs and ductwork
(Figure 15–1).

Floors

Floors in wet-washed areas must be
impervious to water, free of cracks and
crevices, and resistant to chemicals and
acids. Yeast food solutions are particularly
corrosive. Floor joints must be sealed, and
wall junctions must be covered and sealed.
Expansive concrete should be used whenever
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possible to minimize the number of joints.
Floors should be sloped to drains with a
pitch of 21 mm/m (approximately 2% grade)
for proper wet cleaning and drainage.
Process equipment should be connected to
drain lines, and drip pans should be used to
control floor spillage.

A perimeter setback of 0.5 m should be
provided around all storage areas. White
painted floor striping of setback spaces
should be provided. Stored food must be seg-
regated from nonfood items. Examples of
products that must be segregated to avoid
cross-contamination are bulk or palletized
agricultural commodities and biologically
active materials (i.e., pesticides, petroleum
products, paints, cleaning compounds, and
aromatic hydrocarbons).

The ideal floor material depends on the
operation and type of traffic. For packaging
and oven areas of bakeries, reinforced con-

crete, coated, or hardened to prevent dust,
may be adequate. However, areas such as
those for liquid fermentation and dough
handling that are often wet-cleaned and
exposed to hot water, steam, acids, sugar,
and other ingredients or sanitizing chemicals
should have a surface composition tailored
to the use and abuse the floor is expected to
receive.

Chemical resistant floors are most appro-
priate for wet areas. Monolithic materials,
such as epoxies or polyester, and tile or brick
are recommended and are often less expen-
sive. Toppings bonded directly to a sub-
strate, such as concrete, should be used.
They function as a resistant, watertight
barrier protecting the concrete. However,
they will crack if the same happens to the
substrate, allowing liquids to enter. Only
materials with proven success should be
considered.
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Figure 15–1 Specially designed mechanical mezzanine separates ductwork and utility support equipment
from the bakery mixing room. This arrangement reduces the need for overhead cleaning, improves access for
equipment maintenance, and enhances product safety.



“Dairy” tile or pavers should be consid-
ered for areas with heavy traffic and those
that come in contact with product or clean-
ing solutions. This material, when properly
installed with acid resistant bonds, is very
durable and has minimal sanitary problems.
It is cleaned easily and can be manufactured
with a non-slip finish. It is an expensive
option but can be the most economical.

Floors in specialized areas, such as coolers
and freezers, must be constructed with
appropriate materials designed for their
intended uses and be properly insulated and
ventilated. An uninsulated freezer floor will
eventually permit the ground beneath to
freeze deep and hard enough to cause crack-
ing or buckling of the freezer floors, with
resultant jamming of the doors.

Ventilation and Dust Control

Dust control is very important.
Although organisms from unprocessed
low-moisture materials are usually harm-
less, they have been found to contain Sal-
monella, pathogenic mold spores, and other
undesirable organisms. The manufacturing
process, by heating the product above the
pasteurization temperature, usually kills
vegetative organisms, but spores may sur-
vive in the interior, especially in relatively
soft, high-moisture baked foods. Further-
more, finished food can become contami-
nated from raw material dust within the
plant, especially in coolers and packaging
equipment.

To maintain acceptability, facilities must
be designed so that finished foods are not
contaminated. This requires a superb sani-
tation design and follow-through proce-
dures, proper equipment arrangement, and
proper ventilation and dust control. The
proper selection of temperature/humidity
controls will minimize the opportunity for
bacterial growth.

Equipment Considerations

Equipment features that will enhance pro-
ductivity include separating heating and
cooling equipment from the process areas by
using a mechanical mezzanine, high-effi-
ciency motors and electrical equipment (see
Figure 15–1), the latest technology in con-
trols and automation to the maximum
degree that is cost-effective, and flexible
modular design for responding to changing
markets and business demands. Further-
more, all equipment should meet the latest
requirements from regulatory or advisory
agencies.

Sanitary Considerations

Because an operation such as bread mak-
ing is a fermentation process, it is necessary
for facilities such as bakeries to be easily
maintained in a sanitary condition. Natu-
rally occurring organisms must be prevented
from fermenting the dough in competition
with the desired yeast inoculum. An ineffec-
tive sanitary facilities design can result in the
growth of wild microbial strains such as
Bacillus subtilis or mesentericus “rope” form-
ers, which can degrade product acceptability.
Once established in the facility, these organ-
isms are very difficult to remove totally and
to control.

Sanitation features that are integrated
into plant design were given increased
emphasis by the FDA's promulgation of
Good Manufacturing Practices (GMPs).
For low-moisture food products, current
(CGMPs) as they relate to the design and
construction should:

1. Provide adequate space for equipment
installation and storage of materials.

2. Provide separation of operations that
might contaminate food.

3. Provide adequate lighting.
4. Provide adequate ventilation.
5. Provide protection against pests.
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The best way to achieve these objectives is
to keep the plant interior spaces simple and
uncluttered. This characteristic facilitates
sanitation, cleaning, and inspection. Plant
sanitation criteria and engineering specifica-
tions should be thoroughly integrated into
the layout by the design team, including the
plant's technical and engineering staff, and a
contracted design and engineering firm. A
representative from the production staff
should be consulted.

The following suggestions should be con-
sidered for a viable sanitation program:

1. A full or part-time experienced sanitar-
ian should be incorporated.

2. Cleaning records should be maintained
and kept current.

3. Employees should be trained in and
practice Good Manufacturing Prac-
tices.

4. The sanitation program should be peri-
odically evaluated to verify program
effectiveness.

Other Considerations

Walsh and Walker (1990) suggested the
following design considerations to comple-
ment Chapter 14:

● Locate the plant management office and
the laboratory centrally for proper
supervision and quality control.

● Locate ingredients storage near the mix-
ing and use areas.

● Locate secondary equipment, such as
boilers and refrigeration machines, to
minimize pipe and utility runs.

● Arrange manufacturing equipment for
convenient cleaning-in-place (CIP).

● Use proven equipment or allow time for
testing any equipment or process that
does not have a known track record.

● Apply state-of-the-art controls and
automation to the greatest extent that is

cost-effective. Be prepared to update the
system as capabilities climb and prices
fall.

● Check plant design for compliance with
federal, state, and local regulations.

RECEIPT AND STORAGE 
OF RAW MATERIALS

Sampling for Acceptability

Because it is impractical to sample all of
the raw materials being received, a sampling
protocol should be devised to determine
whether products should be accepted or
rejected. A statistically valid sample is neces-
sary to determine acceptance or rejection
with reasonable confidence. More informa-
tion about statistical sampling and statistical
quality control is provided in Chapter 8.

Transport Vehicle Inspection

Inspection of low-moisture raw materials
should begin with examination of the trans-
port vehicle before, during, and after unload-
ing. The overall condition of the vehicle
should be appraised, and it should be
checked for dead areas where product and
dust can collect and harbor insects, whether
the containers are full or empty. Areas adja-
cent to doors or hatches should be observed
for insects. This inspection is accomplished
by examination for crawling or flying insects
and their tracks. It is important to check for
nesting materials, odor, and fecal material.
Pellets and odors may indicate rodents, and
feathers or droppings may reveal contamina-
tion by birds.

Product Evaluation

An effective food warehouse sanitation
program requires that the materials received,
including foods and their packaging materi-
als, must not be exposed to contamination
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from insects, birds, rodents, or other vermin
or through the introduction of filth or other
contaminants. To reduce contamination
from raw materials being received, product
evaluation is essential. Although moisture
content may be determined objectively
through the analysis for percentage of mois-
ture, a subjective evaluation should also be
conducted. A sour or musty odor can result
from mold growth, which indicates high
moisture content in products such as cereal
grains. Such a discovery indicates that addi-
tional inspection should be conducted, with
sampling to identify the specific characteris-
tics of the problem. Cereal grains above
15.5% moisture should not be put in long-
term storage because of potential insect
development and mold growth. Evaluation
of products being received should also
include checking for pesticide odors that
may be associated with the presence of
insects. The inspection process should also
determine whether the pesticide has made
the product unacceptable.

Samples taken when materials are received
should be evaluated to determine the
amount of individual kernels that are dam-
aged by insects. Further examination should
be conducted to determine amounts of dust
and other foreign material, webbing, evi-
dence of molds and odors, live and dead
insects, rodent droppings, and rodent-dam-
aged kernels. These defects can be deter-
mined through visual inspection. Internal
infestation in the form of immature insects
inside of the kernels can be determined with
X-ray equipment or by cracking-flotation
methods. Samples should also be examined
for rodent filth, such as droppings and hair.

The inspection of inbound goods is an
appropriate prevention measure to reduce
pest damage because incoming items can
contaminate the end product. Because pests
or their contamination can enter buildings as
“hitchhikers,” incoming ingredients, packag-

ing materials, pallets, and machinery should
be inspected. A food processor has the right
to reject any materials coming into the plant
or to hold any questionable shipment for fur-
ther evaluation. Decisions related to rejec-
tion should be made by qualified personnel.

Product Storage and Stock Rotation

Foods and other materials should be
received into a processing plant or ware-
house for handling or storage in a way that
will facilitate cleaning and the implementa-
tion of insect, rodent, and other sanitary
controls. Effective procedures for stock rota-
tion appropriate to the specific food should
be adopted and implemented. Damaged
foods should be promptly detected, identi-
fied, and separated from other products for
additional inspection, sorting, and disposi-
tion. If any product is determined to present
a contamination hazard to other foods, it
should be removed from the facility
promptly.

Many of the low-moisture food processing
plants store material such as grain for pro-
cessing. According to Troller (1993), grain is
the commodity stored in the greatest volume
in the United States. Unfortunately, when
grain is stored, it initially contains mold
spores and insect eggs in enough quantity to
infest and damage the product if specific
environmental conditions occur. Physical
damage to the kernel itself can allow entry of
infesting or infecting agents. Biological dam-
age from insects through penetration of the
kernel permits fungal entry through inocula-
tion of the inner tissues.

Grain to be placed in storage for more
than 1 month should receive special treat-
ment. In addition to being inspected for ver-
ification that infestation and infection has
not occurred, it is necessary to maintain a
maximum of 13.5% moisture content. These
authors suggest that cleaning the grain
before storage using aspiration or other
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methods can remove dockage, external
insects, weed seeds, and foreign materials,
and can improve its storability. Furthermore,
as grain is being stored, chemical grain pro-
tectants can be applied to provide residual
protection against insects.

Grain may be fumigated through the use
of a modified atmosphere, such as carbon
dioxide and nitrogen. Fumigation by inert
gases is receiving more attention because of
increased restrictions on the use of chemi-
cals. Although inert atmospheres do not rep-
resent a residual hazard, the environment in
a storage bin with an inert gas can be as
deadly to humans as if it contained a lethal
concentration of a chemical fumigant. Insect
feeding and reproduction can be reduced in
temperate regions if storage bins are
equipped with aeration systems.

Control of dust in handling and storage of
low-moisture foods can improve housekeep-
ing and pest control. The containment of
dust production reduces deposits on floors,
walls, ledges, overhead objects, and equip-
ment, with a resultant decrease in cleaning
time. Dust control is enhanced through suc-
tion (reduced pressure) on grain handling
equipment such as conveyors, receiving hop-
pers, bucket elevators, and bins, as well as at
points in the handling system where product
is transferred from one piece of equipment
to another (e.g., from spout to conveyor belt,
conveyor to bin, and bin to conveyor).

The application of highly refined oils to
grain as it goes to storage is an effective way
to reduce dust when handling grain. Oil,
which may be added to levels of up to 200
ppm, should be applied to the grain as
closely as possible to the point of discharge
from the transport vehicle to reduce dust
formation and to provide a grain protectant
treatment.

Although the sanitation of root crops,
such as potatoes, during storage is not as
critical as for other foods, storage conditions

must be controlled to prevent Fusarium
tuber rot and bacterial soft rots. Well-venti-
lated storage rooms with concrete floors
have enabled the potato storage industry to
exert adequate control over its product.
According to Troller (1993), 80% to 90% of
the potatoes harvested each year are stored
in such facilities.

The bulk storage of oils and shortenings
normally occurs in large carbon steel or
stainless steel tanks. Thus, appropriate sani-
tation can be attained by proper cleaning of
these containers—washing with a strong
alkaline solution or alkali and detergents
before use. Hygiene conditions can be
enhanced further through the nitrogen blan-
keting of process and deodorized oils. How-
ever, precautions are essential during the
bottling and emptying of unprocessed,
processed, and deodorized oils to prevent
excessive splashing and agitation, which can
potentially promote oxidative deterioration.
Cleaned bulk tanks (especially carbon steel
tanks) should be recoated with oil to seal
them for rust prevention.

Pest Control

Since pest management and control is dis-
cussed in Chapter 13, only stored product
insect pests will be discussed here. Stored
product pests are classified into two groups,
based on characteristics of their life cycle.
Internal pests spend most of their life cycle
within a whole seed or kernel of grain and
rarely feed in processed foods. External pests
normally feed on processed foods and spend
most of their lives on milled grains and
grain-based food products. Adults of some
species can utilize nonfood products, espe-
cially pollens and molds.

Internal Feeders

Weevils Adults of rice, maize, and granary
weevils range from 0.3 to 0.6 cm long. Adult
weevils or commonly called snout beetles
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because the head is elongated into a “snout”
that contains the mouthparts. The larvae are
small, white, legless grubs that spend the
entire larval stage inside whole kernels of
grain. Rice maize weevils are capable of
flight; whereas, granary weevils cannot fly.

Lesser Grain Borer The adult lesser grain
borer is a cylinder-shaped, dark brown beetle
approximately 0.3 cm long. Its head is tucked
so far under the prothorax that it is not visi-
ble from above. It specializes in consuming
grain and grain products and is most com-
monly found in wheat and wheat-based
products, but its eggs can infest corn, rice,
and barley. Adults live 4 to 5 months and are
strong fliers.

Angoumois Grain Moth The adult Angou-
mois moth is a small, buff-colored insect
with a wingspan of approximately 0.125 cm.
The most distinctive identification of this
moth is the long hairs on the fore and rear
wings that give them a fringed appearance.
Larvae bore into the kernels where they feed
and develop. Corn, barley, rice, rye, and oats
are their preferred foods. Adults do not feed
on grain or other food products and do not
cause damage. Larvae may be found devel-
oping in caked material. Pheromone traps
are very effective for monitoring adult male
populations.

External Feeders

Indianmeal Moth: The adult indianmeal
moth has a wingspan of approximately 0.125
cm. The copper-colored band of scales on
the forewings identifies this species. The lar-
vae feed on most grain-based products but
also on chocolate, beans, spices, cocoa, nuts,
and dried fruit. Larvae leave webbing behind
as they feed, frequently causing particles of
dry food to clump. The webbing may contain
frass (feces) that bind equipment such as
motors and augers. Their tendency is to
crawl up vertical surfaces, making observa-
tion of this insect easier than many other

pests. The presence of larvae can identify an
emerging pest population or locate one in
existence. Pheromone traps are effective in
monitoring adult male populations.

A characteristic of this insect and many
other stored product moths, is the ability to
diapause. This period of slowed or sus-
pended growth or dormancy can be initiated
in response to cold temperatures, large pop-
ulation levels, or short photoperiod. An
unheated warehouse that cools during the
winter may give the appearance that control
has been achieved, when in fact the larval
population has diapaused and will resume
activity, typically in the spring, when envi-
ronmental conditions favor growth (Mason,
2003).

Mediterranean Flour Moth: The wingspan
of the adult Mediterranean flour moth is
approximately 2.5 cm. The forewings are
pale gray with transverse black lines and
flecks; whereas the hind wings are gray to
dirty white. Other characteristics, including
diapause, are similar to the Indianmeal
moth. Pheromone trapping is very effective
for this insect.

Flour Beetles: Adult red flower beetles
and confused flour beetles are approxi-
mately 0.3 to 0.5 cm long. Each antenna of
the red flour beetle ends abruptly in a 3-seg-
mented club, while the antennae of the con-
fused flour beetle gradually enlarge. The
sides of the red flower beetle’s thorax are
curved; whereas sides of the confused flower
beetle’s thorax are nearly straight. Red
flower beetles are not strong flyers but have
that capability while confused flour beetles
do not fly. These beetles are major pests of
flour. They rely on other insects or rodents
to first damage the kernels, since they can-
not feed on whole grains. Flour beetles may
be found in grain fines, peas, beans, other
vegetables, dried fruit, chocolate, spices,
rodent baits, botanical drugs, dried milk,
peanuts, and forest products. Both species
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are capable of breeding year-round in
heated buildings. In unheated buildings,
only the adults are likely to be observed dur-
ing cold weather. The confused flower beetle
is more common in the cooler areas of the
world, while they red flour beetle is more
prevalent in warmer climates. However,
both species have become widely distributed
and can sustain populations in any geo-
graphic location. When large beetle popula-
tions exist, both species give flour and other
processed foods a grayish tint. Both species
produce secretions that impart foul odors to
food products. Since the flour beetles live for
over three years, their persistence is impor-
tant in pest management.

Drugstore Beetle: The adult drugstore bee-
tle is 0.15 to 0.35 cm long, light brown to
red-brown, hump-backed, with an invisible
head when viewed from above. The wing
covers have pits arranged in longitudinal
rows or grooves. The antennae have a 3-seg-
mented club. In wooden pallet storage areas
where food residues are absent, identification
should focus on a wood-boring beetle. The
larva is capable of feeding on a whole kernel
of grain, but is more likely to consume
processed grain products. These larvae also
feed on leather, wool and other textiles,
spices, tobacco, and botanical drugs. Since
these larvae can perforate tinfoil and sheet
lead, many kinds of packaging are readily
penetrated. These beetles fly and are
attracted to light.

Cigarette Beetle: The adult cigarette beetle
is 0.15 to 0.35 cm long, light brown with a
humped shape and is similar in appearance
to the drugstore beetle except for smooth
wing covers and saw-like antennae. The eggs
are leading in or near food. The larvae avoid
light through harborage within the food
source. Although this is a pest that attacks
tobacco, it also feeds on grain products, veg-
etables, dried fruits, textiles, spices, botanical
drugs, dried flowers, and books. This insect

is known for its ability to penetrate packages
and is a strong flyer with peak flight activity
in the late afternoon and early evening.

Grain Beetles: The sawtoothed grain beetle
and the merchant grain beetle are similar in
appearance but can be distinguished from
other food pest insects by the six sawlike pro-
jections on each side of the prothorax. The
sawtoothed grain beetle is distinguished
from the merchant grain beetle by its smaller
eyes and the area behind the eyes is larger.
The merchant grain beetle is a weak flyer
and the sawtoothed grain beetle cannot fly.
Since these beetles are not attracted to light,
light traps are not effective monitoring tools.
If a large population develops within a food
ingredient, the resulting food product will
have an off flavor that is objectionable to
humans.

Other grain beetles include the flat grain
beetle and the rusty grain beetle. Both of
these are approximately 0.15 cm long and are
among the smallest grain-infesting beetles.
The antennae of male flat grain beetle are
about the same length as the body; whereas
the female flat grain beetles and both sexes
of the rusty grain beetles have short anten-
nae. The geographic range of the flat grain
beetle is restricted by low temperature and
low humidity and the rusty grain beetle is
more abundant of the two in the wet tropics.
Although these insects cannot feed on intact
grain kernels, those with very small cracks or
defects are vulnerable to attack. The larvae
also feed on dead insects.

Spider Beetles: There are various kinds of
spider beetles that are so named because of
their very small head and prothorax and
large abdomen, causing a resemblance to spi-
ders. They are 0.075 to 0.475 cm long with
voluntary legs that also make them look sim-
ilar to spiders. They are scavengers that are
found feeding on milled or processed grains,
dried fruits, dried meats, animal droppings,
textiles, dead insects, and vertebrates. They
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remain active during freezing temperatures
and pose a problem in unheated facilities
during the entire year.

Mealworms: These are among the largest
beetles closely associated with the food
industry. Adult mealworms are oval shaped
with 11-segmented antennae. Dark meal-
worms are black, and yellow mealworms are
shiny dark brown to black. They thrive on
old, moldy, off-condition grains or grain
products, but will feed on cereals, crackers,
and meat. The ingestion of mealworm eggs
can cause severe gastrointestinal illness.
They can fly and are attracted to lights.

Structure-Infesting Pests

The structure-infesting pests, cock-
roaches, and flies are discussed in Chapter
13. Other structure-infesting pests include
psocids, commonly called booklice. Psocids
are 0.75 to 6.25 mm long, colorless to gray
or light brown insects with scale-like wings
(usually nonfunctional). Adults survive 1 to
3 months and feed primarily on molds.
They can also feed on starches, starchy
glues used in bookbinding, and dead
insects. Raw grains and finished food prod-
ucts are vulnerable to this pest if they
become moldy or are stored under humid
conditions. Many species reproduce by
parthenogenesis. Dry conditions or low
humidity stops or retards development or
causes desiccation or death. During hot
humid weather, the psocid population
increases on composite fiber “slip-sheets”
used to separate palletized stacks of
recently manufactured metal cans. Without
the use of plastic slip-sheets or sterilization
of these cans before use, some of these
insects can be canned with the product. An
effective way to eliminate psocid infestation
is to reduce the relative humidity to less
than 50%, increase air movement to
increase moisture evaporation, and disin-
fect to reduce mold growth. Psocids con-

taminate food products by their presence,
but usually cause minimal direct damage to
bulk grains.

Insect-Resistant Packaging

Insect-resistant packaging is a strategy that
should be considered when nonchemical con-
trol or exclusion techniques are addressed. It
is possible to evaluate effectiveness of packag-
ing materials to determine which will protect
the product during storage and shipment.
Research results have demonstrated the
potential for incorporation of natural chemi-
cal repellents into packaging material and
new glues and ceiling methods to improve the
structural integrity of insect-resistant packag-
ing (Mullen and Pederson, 2000). Packaging
films differ in their ability to prevent insect
entry (Arthur and Phillips, 2003). Research
has indicated the potential for the incor-
poration of natural chemical repellents into
packaging material and new glues and sealing
methods to improve the structural integrity
of insect-resistant packaging (Mullen and
Pederson, 2000).

Housekeeping During Product Storage

Unsanitary conditions may be prevented
through effective maintenance and house-
keeping. Bulk storage areas (especially inte-
rior areas) should be maintained so that they
are free of cracks or ledges that collect dust
and other debris, which provide an environ-
ment conducive to insect growth, whether
full or empty. Empty bins or other storage
containers should be inspected for residues
of product stored previously and for overall
condition. Any residual material that can
harbor or support insect growth should be
removed before products are stored.

Tunnels, gallery floors, and associated
areas of storage bins or similar facilities
should be maintained in a sanitary condition.
Periodic inspections are an essential part of
effective sanitation for stored products. As in
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other areas, inspectors should examine the
dust on the floors and walls for insect tracks,
as well as for resting or flying moths. Mills
and Pedersen (1990) suggested that inspec-
tion include examination for damp lower
areas that collect dust and provide conditions
conducive to the proliferation of molds,
mites, and fungus-feeding insects. Further
inspection should include checking for any
unusual odors that could indicate mold,
insects, or chemicals. It is especially impor-
tant to inspect handling equipment, such as
elevators and conveyors that may harbor
residual product. Unused equipment may
retain residual material that will encourage
insect growth and subsequent migration to
storage areas or contamination of new
product.

Storage areas require regular inspection to
observe for live insects on product surfaces,
floors, and walls. Thermocouple cables
should be used for grain in extended storage
so that temperature can be monitored.
Increased temperature during storage should
be investigated. Samples should be taken
with probes or as the product is transferred
to another location to determine whether the
temperature rise could cause developing
populations of insects or molds. Mold
growth can normally be controlled through
drying or blending with other dry products.
If insects are present, treatment or fumiga-
tion should be conducted. Heating from
insect infestation can also cause moisture to
spread, with resultant mold development.
Inspection should be accompanied through
a complete record of inspections, cleaning
and fumigation, or other corrections admin-
istered.

Sanitation requirements for product stor-
age are similar to those for bulk storage. An
orderly storage arrangement is essential to
ease inspection and cleaning, and to reduce
the potential for sanitation problems.
According to Marriott et al. (1991), records

of regular inspections and housekeeping are
essential. Inspectors and other employees
should be aware of the presence of pests and
of eradication methods.

Storage practices suggested by Mills and
Pedersen (1990) should be followed to ensure
an effective sanitation program. They recom-
mend that bags and cartons be stacked on
pallets and spaced away from the walls and
from each other for inspection and that the
surrounding area be cleaned. Stock should
be rotated to reduce insect infestation and
rodent entrance. Inspections should include
visual observation, using a light for looking
in dark corners, under pallets, and between
stacks. Insects may be detected while flying;
crawling on walls, ceilings, and floors; and
while hovering over bags and cartons. Prod-
uct spoilage should be sifted to detect insects.
(Information on insect and rodent control is
provided in Chapter 13.)

Cleaning and inspection frequency
depends on temperature and moisture condi-
tions. Under ambient temperature (25 to
30ºC) conditions, the life cycle of many
insects that infest low-moisture grains and
foods is approximately 30 to 35 days. Insect
reproduction normally ceases when the stor-
age temperature is below 10ºC. When storage
temperature increases, the cleaning and
inspection interval should be decreased. Raw
material or product temperature has more
influence on insect growth than does ambi-
ent temperature. Areas where high moisture
(humid) conditions exist will require more
frequent inspections and cleaning. High-
moisture conditions should be reduced
through proper ventilation. Moist materials
that remain static at room temperature or
above will increase immediate development
of molds, yeasts, and/or bacteria. Suction
can be used to remove moist air.

Ledges and other locations that can accu-
mulate static material should be eliminated.
External supports, braces, and other con-
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struction features and/or equipment should
be designed to prevent material accumula-
tion. Dust can adhere to moist surfaces and
provide an excellent habitat for molds.

Heat treatment (superheating) can combat
pests in dry storage and production areas
where unprocessed materials are stored.
However, this practice is energy-intensive
because of the amount of heat required to
kill insects, especially during cold weather.
Portable heating units may be used to super-
heat an individual piece of equipment that
may be infested with insects. When designing
new or renovated facilities, consideration
should be given to the potential for heat
treatment. Maintenance of a cold environ-
ment is less practical because of refrigeration
costs and possible equipment or facility
damage from freezing. It may be impractical
to maintain a moderately low temperature
that will retard insect inactivity.

Inspection of Raw Materials and Product
Storage Area

Inspections should be conducted and
reported. An inspection report format should
be developed with a numerical scoring sys-
tem. Scoring and rating values should be
defined, with a description for each value.
Foulk (1992) has suggested that warehouses
be rated on three levels.

● Acceptable if most of the requirements
are met.

● Provisionally acceptable when corrective
measures can and will be taken to attain
compliance with the established stan-
dards and upgrade to acceptable is pos-
sible.

● Unacceptable when any of several devia-
tions from standards occur that will
result in an unsanitary operation.

Inspection in the processing and storage
areas should emphasize the identification of
potential product contaminants and prompt

and proper corrective action to prevent con-
tamination. The lower minimum water activ-
ity (Aw) of low-moisture foods reduces the
chance of microbial spoilage; thus, more
emphasis should be placed on other forms of
contamination, which are discussed in the
following paragraphs.

Overhead areas should be examined for
flaking paint, obstructions to cleaning, dust
accumulation, and condensation. Ground
level, basement, and above-ground-level
inspection should focus on broken window
panes and absence of or damage to screens.
Open windows or other entry avenues for
pests are potential sources of contamination
and should be reported and/or corrected on
a continual basis. Evidence of pests, such as
insect trails in dust, rodent droppings, and
bird droppings or feathers should be identi-
fied through periodic inspection and inspec-
tion by employees on a continual basis.
Evidence of pests should be reported so that
appropriate action can be taken to identify
the problem source and correct it. All
employees should be alert for evidence of
pest activity.

Inspection of equipment exteriors is
accomplished on a continual basis through
operations personnel. Overhead equipment
should be inspected regularly. Equipment
interiors should also be examined periodi-
cally for sanitation-related problems during
maintenance inspection. Some equipment
contains dead spots where product can accu-
mulate. Therefore, inspection of equipment
should be performed routinely when the
equipment is not in operation. Equipment,
especially conveyors, should be constructed,
if possible, so that interiors are accessible
through clean-out openings or by easy disas-
sembly. Also, this design also facilitates
equipment cleaning during routine house-
keeping. If feasible, equipment not in use
should be removed from the facility. Equip-
ment that is used infrequently should be left
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“open” so that any product filtering into it
will pass through or will be observed easily.
The openness feature will also enable easy
and effective cleaning.

The condition of the facility itself should
exclude contaminating factors, such as
insects, rodents, and birds. Any defects dis-
covered should be reported and corrected
immediately.

CLEANING OF LOW-MOISTURE
FOOD MANUFACTURING PLANTS

Cleaning in the manufacturing area of
low-moisture food plants should be accom-
plished daily. Some of the cleaning should be
done while the plant is in operation to ensure
that the facility remains tidy, but most of the
equipment cleaning (especially equipment
interiors) should be done while the manufac-
turing portion is not in operation. Some of
the required cleaning can be combined with
routine maintenance operations. Easily
stored, conveniently located equipment
encourages employees to accomplish the
cleaning necessary to control infestation.

Dry cleaning is a preferred method for
low-moisture food processing plants
(Umland et al., 2003). When water is intro-
duced to a dry system, bacterial growth
starts where water does not dry or all mate-
rial is not removed from cracks and crevices.
Most of the cleaning equipment is easy to
use. Hand brooms, push brooms, and dust
and wet mops provide the basic equipment
used for cleaning. Brushes, brooms, and
dustpans remove the heaviest debris accumu-
lations and function well on semi-smooth
surfaced floors. Dust mops provide a more
rapid mans of cleaning on smooth floor sur-
faces with low levels of dust accumulation.
In many production areas, vacuuming pro-
vides the most acceptable means of equip-
ment cleaning. Vacuum cleaning provides

one of the most thorough methods of clean-
ing because it removes light and moderate
accumulations of debris from both smooth
and irregular surfaces. The dust is contained
and does not require a secondary means of
collection. Smaller operations can more
effectively utilize portable vacuum equip-
ment, whereas larger facilities can benefit
from an installed vacuum system. Central-
ized debris collection and disposal is more
convenient with additional access to diffi-
cult-to-reach areas. In large storage areas
with nonporous floors, a mechanical scrub-
ber or sweeper should be used to more effi-
ciently and effectively maintain a clean
environment.

Precleaning of utensils and food equip-
ment permits the removal of debris to facili-
tate further cleaning. Some heavily soiled
surfaces should be presoaked to facilitate
cleaning. Precleaning should involve the
scraping of debris on equipment and utensils
over a waste disposal unit, scupper, or
garbage receptacle or the debris should be
removed in a warewashing machine with a
prewash cycle. With heavy soil, utensils and
equipment should be preflushed, scrubbed
with abrasives, or presoaked. Wet cleaning is
conducted to remove completely loosened
organic soils through manual or mechanical
operations.

A compressed air line is widely used to
remove debris from equipment and other dif-
ficult-to-reach areas. Although Mills and
Pedersen (1990) did not consider this
method for cleaning facilities such as flour-
mills, they recognize that it provides easy
cleaning of inaccessible areas in plant facili-
ties and equipment. Furthermore, using
compressed air is safer than depending on
employees to work from a ladder with a
brush. However, compressed air disperses
dust from a specific location to a less con-
fined area and may spread an infestation if it
exists. Compressed air should be incorpo-
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rated at low volume and low pressure to min-
imize dust dispersal. Employees who use
compressed air should wear safety equip-
ment, such as dust respirators and safety
goggles.

Specialized tools are required for certain
equipment cleaning. Cylindrical brushes are
used for spouts. They can be either dragged
through spouts by rope or cords or operated
on flexible motorized shafts. Dough mixers
need to be flushed and then cleaned with an
alkaline cleaner that contains an emulsifier
to ensure that the fat will be removed (Stier,
2004).

The maintenance of a tidy operation
depends on proper organization and installa-
tion of equipment and on cleaning of indi-
vidual pieces of equipment and of the
surrounding area. Ingredients and supplies
should be properly stacked in a designated
storage area. Receptacles should be conve-
niently located for the disposal of bags, film,
paper, and waste products from manufactur-
ing, packaging, and shipping.

Shipping Precautions

Prior to loading, the truck, trailer, or rail
car interiors should be inspected for general
cleanliness and freedom from moisture and
foreign materials that may cause product con-
tamination or damage packaged products or
their containers. If necessary, the transporta-
tion equipment should be cleaned, repaired,
or rejected before loading is accomplished.
Care should be exercised during loading to
avoid product spillage or damage. The staging
area and loading dock should be free from
accumulations of debris and spillage.

Other Checkpoints

The plant and site should be kept free of
liquid or solid emissions that could be
sources of contamination. Materials that are
stored in the open should be stacked neatly
and away from buildings on racks above

ground level. Activities that may cause con-
tamination of stored foods with chemicals,
filth or other harmful material should be
separated from the storage and processing
operations. To conduct appropriate inspec-
tion, it is essential to know how to inspect
and what is needed to make a good inspec-
tion (Hui et al., 2003).

SUMMARY

Rigid sanitation practices are essential
in low-moisture food manufacturing and
storage facilities to maintain product
acceptability and to comply with regulator 
requirements. A sanitary operation should
be complemented with appropriate facility
site selection and hygienic design of the
building and equipment. Unprocessed mate-
rials should be sampled during the receiving
operation to verify that they are not infested
with insects, molds, rodents, or other unac-
ceptable contaminants. During storage,
unprocessed and manufactured products
should be protected from contamination
through effective housekeeping practices.
Storage areas require routine inspection to
observe for microbial and pest infestation.
Inspection and cleaning frequency of stor-
age areas depends on temperature and
humidity. Cleaning in the manufacturing
area should be done daily. Cleaning equip-
ment consists of basic cleaning tools for low-
moisture product areas, including vacuum
equipment, powered floor sweepers and
scrubbers, and compressed air for certain
applications.

STUDY QUESTIONS

1. What percentage slope should exist in
wet-washed areas of low-moisture food
plants?
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2. What chemical-resistant floors are
recommended in wet-washed areas?

3. What is the maximum percentage
moisture for cereal grains placed in
long-term storage to be protected
against insects and molds?

4. How can dust be reduced in low-mois-
ture food plants?

5. How can compressed air be used to
clean in low-moisture food plants?

6. What precautions are necessary if sus-
pended ceilings exist?

7. What is an unacceptable ceiling in
low-moisture food establishments?

8. What can happen if grain kernels are
physically damaged?

9. How often should cleaning in the
manufacturing area of low-moisture
food plants be conducted?

10. What is one of the most thorough
methods of cleaning in low-moisture
food plants?
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C H A P T E R 1 6

Dairy Processing Plant Sanitation

The dairy industry has the reputation for
being a leader in the food industry in
hygienic design and practices, as well as in
the implementation of sanitation standards.
Also instrumental in the leadership role has
been recognition by the industry of the pri-
mary need for good sanitation practices to
ensure improved stability and high quality of
dairy products that require refrigeration.

The physical and chemical properties of
dairy products, especially fluid items, have
made possible the automated cleaning of the
processing facilities. Some of the following
components have been developed that con-
tribute to automation:

● Permanent piping of nearly all “welded”
construction has been installed to reduce
the amount of manual cleaning of tub-
ing and fittings.

● Control systems based on relay logic,
dedicated solid-state controllers, small
computers, and programmable logic
controllers wired or programmed to
control complex cleaning sequences
have been developed.

● Automatically controlled cleaning-in-
place (CIP) systems have provided a
method to ensure uniformly thorough
cleaning of tanks, valves, and pipes on a
daily basis.

● Air-operated, CIP-cleaned sanitary
valves have eliminated the manual clean-
ing of plug-type valves and provided for
remote and/or automatic control of CIP
solution flow.

● Silo-type storage tanks and dome-top
processors have been designed for effec-
tive cleaning by CIP equipment.

● Processing equipment has been
designed for CIP cleaning (homogeniz-
ers, plate heat exchangers, certain fillers,
and the self-desludging centrifugal
machine).

These components function most effec-
tively when properly integrated into a com-
plete cleaning system designed and installed
for automated control of all cleaning and
sanitizing operations.

The source of the milk supply is of major
concern. Even the most effective pasteuriza-
tion cannot upgrade quality or eliminate the
problems created by undesirable bacteria in
the raw supply. Although pasteurization is
an effective weapon against pathogenic and
spoilage microorganisms, it is only a safe-
guard measure and should never be used to
cover up an unsanitary raw supply or
improper sanitation.

Polyphosphates and synthetic surface-active
agents have been responsible for changes in the
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cleaning operations to keep pace with new
materials and cleaning and sanitizing equip-
ment. These advances have enabled the formu-
lation of specific cleaning compounds that
adapt to water conditions, types of metals, and
soil characteristics. They also have the buffer-
ing ability to minimize corrosion. They have
opened up a new avenue of close union and
intimate association between cleaning com-
pounds and sanitizing agents to enhance the
value of both phases of sanitization.

ROLE OF PATHOGENS

Despite the industry’s reputation for
hygienic design and practices, pathogens have
continued to invade dairy products. During
1985, a large outbreak of salmonellosis
occurred in pasteurized milk. Other recent
foodborne illness outbreaks from the inges-
tion of dairy products have included staphylo-
coccal food poisoning caused by ice cream, the
implication of campylobacteriosis that has
occurred sporadically without a finite determi-
nation of the mode of transmission, and liste-
riosis from contaminated cheese. The latter
outbreak was responsible for several deaths.
As a result, the dairy industry has had to make
a large number of product recalls at great
expense. These events have brought the full
force of the regulatory agencies upon the
industry and motivated several dairy proces-
sors to invest heavily in the improvement in
sanitation of their production facilities. These
experiences have underscored the importance
and urgency of effective sanitation programs.
Because pathogens are discussed in Chapter 3,
only Listeria monocytogenes and Escherichia
coli O157:H7, the pathogens of greatest con-
cern in dairy products, will be discussed here.

Listeria monocytogenes

The discovery of L. monocytogenes in fer-
mented and unfermented dairy products has

prompted food manufacturers to renew their
concern about plant hygiene and product
safety. L. monocytogenes is widely distrib-
uted in nature and often carried in the intes-
tinal tract of cattle. Approximately 5% of
normal, healthy humans are fecal excretors
of this microorganism. Approximately 5% to
10% of raw bovine milk is contaminated
with L. monocytogenes. This microbe has
been isolated from improperly fermented
silage, leafy plants, and the soil-the latter
being a reservoir of Listeria organisms.

Listeria recalls of ice cream and cheese
products have precipitated major processing
and sanitation operation changes in dairy
processing plants. Many processors are volun-
tarily adopting Grade A standards required
for the production of pasteurized milk. The
importance of an effective sanitation program
to combat L. monocytogenes has contributed
to major increases in training, supervision,
total employee count, and salaries of sanita-
tion workers in dairy processing plants.

The epidemiologic implication of pasteur-
ized milk in the Massachusetts listeriosis
outbreak in 1983 and in the outbreak in Los
Angeles in 1985, attributable to a Mexican-
style soft cheese, led to the establishment of
the U.S. Food and Drug Administration
(FDA) standard methodology for detection
of this pathogen. These events also con-
tributed to a decision to conduct a large sur-
vey for pathogenic microorganisms in the
dairy industry. This survey revealed that, in
nearly all instances, post-processing contam-
ination was responsible for contamination of
L. monocytogenes.

Specific guidelines have been developed
for controlling L. monocytogenes in dairy
processing facilities in the United States.
These guidelines stress the need to: (a)
decrease the possibility that raw products
will contain Listeria organisms; (b) minimize
environmental contamination in food pro-
cessing facilities; and (c) use processing
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methods and sanitation techniques that will
reduce the probability that this pathogen will
occur in food.

Properly constructed and maintained
facilities and equipment are fundamental to
an effective cleaning and sanitation program
for the control of L. monocytogenes. Con-
struction characteristics that will be
described in this chapter and in Chapters 17,
18, and 19 should be considered when plan-
ning a program for the control of this
pathogen.

L. monocytogenes is sensitive to sanitizing
agents commonly employed in the food
industry. Chlorine-based, iodine-based, acid
anionic, and/or quaternary ammonium-
type sanitizers are effective against this
pathogen when used at concentrations of
100 ppm, 25 to 45 ppm, 200 ppm, and 200
ppm, respectively. Although these concentra-
tions may require adjustment to compensate
for in-plant use (as may oxidation-reduction
factors relating to water quality and hard-
ness), recommended concentrations should
not be markedly exceeded, as use of
extremely concentrated sanitizing solutions
heightens the danger to employees, increases
the risk of chemical contamination of food,
and in some instances, causes corrosion of
equipment.

Quaternary ammonium-based sanitizers
are not recommended for use on food-con-
tact surfaces and should not be used in
cheese factories, as lactic acid starter culture
bacteria are inactivated rapidly by small
residues of these sanitizers. In contrast, acid
anionic and iodine-type sanitizers are best
suited for equipment surfaces, with the for-
mer readily neutralizing excess alkalinity
from cleaning compounds and preventing
the formation of alkaline mineral deposits.
The use of steam should be discouraged (due
to energy costs) and, if used, should be con-
fined to closed systems because of potential
hazards associated with aerosol formation.

Sanitizing with hot water is not recom-
mended because of the energy costs of heat-
ing water and because high temperatures
cannot be maintained easily.

Effectiveness of a Listeria control program
can be measured by conventional and rou-
tine, preoperative microbial monitoring, such
as aerobic plate count and coliform count
(see Chapters 3 and 8). However, industry
experience has suggested that the most accu-
rate measurement relies on specific testing for
Listeria organisms in the plant environment.
Environmental sampling should be organized
to guide preoperative sanitation practices
and direct management toward a Listeria-
controlled operation.

Escherichia coli O157:H7

Outbreaks of this pathogen associated
with raw milk have challenged investigators
to further research this microorganism in
dairy products. This pathogen can grow in
cottage cheese and cheddar cheese but is
inactivated by the pasteurization of milk.

Buchanan and Doyle (1997) suggested
that alternative technologies to thermal pro-
cessing control E. coli O157:H7 while main-
taining the acceptability of dairy products.
A viable alternative technology for dairy,
meat, and poultry products is ionizing radia-
tion. This pathogen is relatively radiation-
sensitive, and radiation pasteurization doses
of 1.5 to 3.0 KGy appear to be destructive at
the levels that are most likely to occur in
ground beef (Clavero et al., 1994).

Salmonella

Milk and milk products have been identi-
fied as a vehicle for transmission in approxi-
mately 5% of salmonellosis cases, although
the sources of infection in Maine identified in
most cases (Center For Disease Control and
Prevention, 2000). Salmonellosis is commonly
diagnosed in dairy animals (Wells et al., 2001)
and there is evidence that it is shed from the
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mammary gland (Radke, 2002). Fecal con-
tamination is another alleged major source of
contamination in raw milk. Van Kessel et al.
(2003) evaluated the efficacy of a portable
real-time Polymerase chain reaction (PCR)
system for the detection of salmonella in raw
milk. They found that the portable real-time
PCR techniques yields results in 24 hours
compared with the 48 to 72 hours required for
a traditional culture.

SANITARY CONSTRUCTION
CONSIDERATIONS

The considerations most important to
dairy plant sanitation are drainage and waste
disposal. Storm and sanitary sewers must be
adequate and readily available. In rural areas
and municipalities with limited treatment
facilities, dairy processors frequently must
provide their own waste disposal facilities.
An adequate supply of potable water and
acceptable drainage and waste disposal are
essential. Other considerations are men-
tioned in Chapter 14.

Floor Plan and Type of Building

The layout and construction of a dairy
plant are subject to the approval of one or
more regulatory agencies. All equipment
and utensils should be purchased subject to
the approval of the various regulatory
authorities.

Ventilation is important, especially in
areas where excess heat produced during
processing must be removed. The ventilation
should be tailored to the different types of
rooms and should have the flexibility to meet
the needs of any future alterations in pro-
duction. It is frequently necessary to filter
incoming air, especially if the plant is located
in a heavy industrial area. Also, the control
of humidity, condensation, dust, and spores
should be considered.

Construction Guidelines

Unless construction is carefully planned,
the structure and equipment can contribute
to contamination. This problem can be
helped by reducing overhead equipment to a
minimum, which reduces contamination due
to maintenance of this equipment. Overhead
equipment is also difficult to clean. A sepa-
rate service floor that will accommodate
a major portion of the ducts, pipe works,
compressors, and other equipment should
be provided. This arrangement results in a
clear ceiling, which is easy to clean and keep
sanitary.

Some other design and construction char-
acteristics that are conducive to effective san-
itation are:

● All metal construction should be treated
to withstand corrosion.

● Pipe insulation should be of a material
that is resistant to damage and corro-
sion, and will endure frequent cleaning.

● Chronic condensation points should be
protected by the installation of a
drainage collection system.

● All openings should be equipped with
air or mesh screens and tight-fitting
windows.

Structural finishes should be of materials
that require minimal maintenance. Walls,
floors, and ceilings should be impervious to
moisture. Floor materials should be resistant
to milk, milk acids, grease, cleaning com-
pounds, steam, and impact damage. Epoxy,
tile, and brick are good choices. Paint should
not be used if suitable alternatives exist. If
paint is applied, it should be of a grade that
is acceptable for food plants. Floor drains
should be designed to control insect infesta-
tion and odors. A slope of approximately 2.1
cm/m is recommended to reduce accumula-
tion of water and waste on the floor, which
could hamper the sanitation and lead to
growth of L. monocytogenes.
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Floor drains and ventilation systems con-
tribute to contamination from airborne
microorganisms instead of acting as a sani-
tation barrier. A properly designed ventila-
tion system with air filtration can improve
air quality. Inexpensive filters remove dust
and other contaminants that would nor-
mally be drawn into these spaces or rooms.

Equipment should be designed and ori-
ented for easy cleaning and reduction of
contamination. Traditionally, equipment
layout has been important to operational
efficiency, with the effects on the sanitation
operation of only secondary importance.
The most critical considerations related to
equipment sanitation include a location to
permit sanitary operations between equip-
ment and walls or partitions, an exterior
with an easy-to-clean surface, and a design
to permit effective sanitation between the
equipment and floor. All equipment should
be accessible, easy to clean, and designed for
draining and sanitizing.

SOIL CHARACTERISTICS IN DAIRY
PLANTS

In the dairy industry, soil consists
primarily of constituents of minerals, lipids,
carbohydrates, proteins, and water. Other
soil constituents may be dust, lubricants,
microorganisms, cleaning compounds, and
sanitizers.

White or grayish films that form on dairy
equipment are usually milkstone and water
stone. These films usually accumulate slowly
on unheated surfaces because of poor clean-
ing or use of hard water, or both. Calcium
and magnesium salts precipitate when
sodium carbonates are added to hard water.
During cleaning, some of this precipitate
may adhere to equipment, leaving a film of
water stone. When proteins denatured by
heat adhere to surfaces and other compo-

nents absorb them, milkstone may form
quickly on heated surfaces. Because they
become less soluble at high temperatures,
calcium phosphates from milk are present
in large quantities. The nature of soil on
heated and unheated surfaces usually differs
in composition. Thus, each type of soil
requires a different cleaning procedure.
Milkstone is usually a porous deposit that
will harbor microbial contaminants and
eventually defy sanitizing methods. It can
be removed through an acid cleaner to dis-
solve the alkaline minerals and remove the
film. Heavy soil deposits require a stronger
cleaning compound than lighter soils. Also,
freshly deposited soil on an unheated surface
is more readily dissolved than the same
soil that has dried or has baked on a heated
surface.

Soil deposition can be reduced and subse-
quent removal eased by application of the
following principles:

● Generally, product surfaces should be
cooled before and immediately after
emptying of heated processing vats.

● Foams and other products should be
rinsed after the production shift and
before they dry.

● Where possible and practical, the soil
deposits should be kept moist until the
cleaning operation starts.

● Rinsing should be accomplished with
warm (not hot) water.

Soil deposition is increased in ultra-high-
temperature heaters if milk contains high
acidity and is complicated by low-velocity
movement and poor agitation during the
operation. Preheating and holding at a high
temperature reduce film deposition.

The nature of the surface determines the
ease or difficulty of soil removal. Pits in cor-
roded surfaces, cracks of rubber parts, and
crevices in insufficiently polished surfaces
protect soil and microorganisms from the
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effects of cleaning compounds and sanitiz-
ers. Soil to be removed determines the clean-
ing method and cleaning compound.

SANITATION PRINCIPLES

Cleaned and sanitized equipment and
buildings are essential to the production,
processing, and distribution of wholesome
dairy products. The major part of the total
cleaning cost is labor. Therefore, it is impor-
tant to use appropriate cleaning compounds
and equipment so that the sanitation pro-
gram can be effectively administered in a
shorter period of time and with less labor.

The sanitarian should know the time
required to clean each piece of equipment
with the mechanization and cleaning com-
pounds available. Cleaning tasks should be
assigned to specific employees, who should
be made responsible for the equipment and
area under their care. These assignments
should be made through official notification
or by posting the cleaning schedule or
assignments on a bulletin board.

Role of Water

The major constituent of almost all clean-
ers, including those used by dairy plants, is
water. Because most plant water is not ideal,
the cleaning compounds selected should
be tailored to the water supply or should be
treated to increase the effectiveness of the
cleaning compound. It is especially impor-
tant to reduce suspended matter in water to
avoid deposits on clean equipment surfaces.
Water hardness complicates the cleaning
operation. Suspended matter and soluble
manganese and iron can be removed only by
treatment, whereas small amounts of water
hardness can be counteracted by sequester-
ing agents in the cleaning compounds used
in the sanitation operation. If the water is
hard or very hard, it is usually more eco-

nomical to pretreat the water to remove or
minimize hardness.

Role of Cleaning Compounds

Like all other cleaning compounds, those
used in cleaning dairy plants generally are
complex mixtures of chemicals combined to
achieve a specific desired purpose. The fol-
lowing cleaning functions are related to the
role of cleaning compounds in dairy sanita-
tion operations:

1. Prerinsing is conducted to remove as
much soil as possible and to increase the
effectiveness of the cleaning compound.

2. The cleaning compound is applied to
the soil to facilitate subsequent removal
through effective wetting and penetrat-
ing properties.

3. Solid and liquid soils are displaced
through fat saponification, protein pep-
tizing, and mineral dissolution.

4. Soil deposits are dispersed in the clean-
ing medium by dispersion, defloccula-
tion, or emulsification.

5. Effective rinsing is conducted to pre-
vent redeposition of the dispersed soil
onto the cleaned surface.

The value of a cleaning compound is most
accurately determined by measuring the area
that can be cleaned efficiently with minimal
costs. High-cost cleaning compounds are fre-
quently the most economical because of
labor, energy, and cleaning compound sav-
ings. More discussion of cleaning com-
pounds is provided in Chapter 9.

Application of Cleaning Compounds

Identification of the optimal external
energy factors and application methods is
necessary to facilitate cleaning. If cleaning is
done by hand, strong acids and alkalies
should be avoided because they irritate
human skin. Instead, emphasis should be
placed on external energy, such as heat and
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force. Superb results depend on the use of cir-
culation cleaning and on whether it is done in
or out of place. Table 16–1 provides a guide
to the most appropriate cleaning compound,
cleaning procedure, and cleaning equipment
for the major cleaning applications.

Role of Sanitizers

After cleaning, sanitizers should be applied
to destroy microorganisms. Of the many
methods for sanitizing (see Chapter 10), those
most frequently used in dairy plants are
steam, hot water, and chemical sanitizers.

Steam Sanitizing

Steam sanitizing is accomplished by main-
taining steam in contact with the product-
contact surfaces for a designated time. The
effective procedures have been found to be 15
minutes of exposure when the condensate
leaving the assembled equipment is at 80°C.
This method of sanitizing has limited utility
because it is difficult to maintain a constant
required temperature and because the energy

costs are excessive. Steam application can
also be more dangerous than other sanitizing
methods and is not usually recommended.

Hot-Water Sanitizing

The Pasteurized Milk Ordinance requires
that for hot-water sanitizing, equipment sur-
faces must be exposed to a minimum of 77°C
water for 5 minutes. The International Dairy
Federation recommends 85°C for 15 min-
utes. FDA regulation, 21 CFR 129.80, estab-
lishes that hot-water sanitizing of enclosed
systems must be at a minimum of 77°C for at
least 15 minutes or at 94°C for at least 5 min-
utes. A proper time and temperature combi-
nation is essential.

Hot water is pumped through the assem-
bled equipment to bring the product surfaces
in contact with water at a given temperature
for a specified time. Water temperature main-
tained at 80°C at the equipment outlet for 5
minutes serves as the sanitizer. This tech-
nique is expensive because of the required
energy costs.
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Table 16–1 Optimal Cleaning Guides for Dairy Processing Equipment

Cleaning
Applications Cleaning Compound Cleaning Medium Cleaning Equipment

Plant floors Most types of self-foaming, Foam (high-pressure, Portable or centralized 
or foam boosters added low-volume should foam cleaning equip-
to most moderate to be used with heavy ment with foam guns
heavy-duty cleaners fat or protein for air injection into 

deposits) the cleaning solution
Plant walls and Same as above Foam Same as above

ceilings
Processing Moderate to heavy-duty High-pressure, Portable or centralized 

equipment alkalies that may be low-volume spray high-pressure, low-
and chlorinated or volume equipment;
conveyors* nonalkaline sprays should be 

rotary hydraulic
Closed Low-foam, moderate to CIP Pumps, fan or ball 

equipment heavy-duty chlorinated sprays, and CIP tanks
alkalies with periodic 
use of acid cleaners as 
follow-up brighteners 
and neutralizers

*Packaging equipment can be effectively cleaned with gel cleaning equipment.



Hot water is relatively inexpensive, easily
available, and effective in microbial destruc-
tion as well as having a broad antimicrobial
activity. It is generally noncorrosive and pro-
vides sufficient heat penetration into difficult
to reach areas such as behind gaskets, and in
threads, pores, and cracks.

The use of hot water has limitations since
it is comparatively slow and requires a
lengthy process involving: heat, hold, and
cool down, compared to chemical sanitizing.
Furthermore, it can cause film and scale for-
mation or heat fixing of any remaining soils,
making future cleanup more difficult. Hot
water can shorten equipment life because of
thermal expansion and contraction stress
and cause premature failure. Equipment
must be designed to withstand a temperature
in excess of 82°C and hot water in the system
creates condensation within the plant pro-
duction environment and water heated above
77°C is hot enough to cause serious burns.

Chemical Sanitizing

This method is accomplished by pumping
an acceptable sanitizer such as the halogens
(usually chlorine or iodine compounds)
through the assembly for at least 1 minute.
This technique requires contact of the sani-
tizer with all of the possible product sur-
faces. Because contact of the sanitizer with
the surface is essential, the application
method in dairy operations is important.

For large-volume, mechanized operations,
the sanitizer can be applied through sanitary
pipelines by circulation, or pumping of a
sanitizing solution through the system.
The appropriate amount of sanitizing solu-
tion is prepared in a container and pumped.
A slight backpressure should be built up in
the system to ensure contact with the upper
inner surface of the pipeline.

Small operations that cannot justify mech-
anization can sanitize by the submersion of
equipment, utensils, and parts in the sanitizer

solution. This process normally involves sub-
mersion for approximately 2 minutes, then
draining and air-drying on a clean surface.

Closed containers, such as tanks and
vats, are easily and effectively sanitized
through fogging. The strength of the sani-
tizing solution should be twice that of the
ordinary use solution and it should be given
at least 5 minutes of exposure.

If a sanitizer is applied through spraying,
all surfaces should be contacted and com-
pletely wetted. As with fogging, the sanitiz-
ing solution strength should be twice that of
the ordinary use solution.

If mechanized sanitizing equipment is
unavailable, large open containers, such as
cheese vats, can be sanitized by brush appli-
cation. All areas should be touched with the
brush. This method has high labor costs.

Sanitized surfaces should not be rinsed
with water; otherwise, equipment and uten-
sils can be recontaminated with aerobic
microorganisms that reduce product stabil-
ity. Furthermore, other recontamination of
the sanitized surfaces should be avoided.

Cheese ripening rooms possess an envi-
ronment that encourages mold growth.
Ozone is effective in the inactivation of air-
borne molds in this environment, but not
surface molds. Serra et al. (2003) indicated
that it was necessary to wipe the surfaces
with a commercial sanitizer to decrease the
viable mold load on these surfaces.

Cleaning Steps

Dairy operations require eight cleaning
steps:

1. Cover electrical equipment. Covering
material should be polyethylene, or
equivalent.

2. Remove large debris. This task should
be accomplished during the production
shift and/or prior to prerinsing.

3. Disassemble equipment as required.
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4. Prerinse. Prerinsing can effectively
remove up to 90% of the soluble mate-
rials. This operation also loosens
tightly bound soils and facilitates pene-
tration of the cleaning compound in
the next cleaning step.

5. Apply cleaning compound. This step can
be simplified through proper selection
and use of processing equipment and
cleaning equipment, proper location of
equipment, and reduction of soil accu-
mulation. Further reduction of soil
buildup is possible through use of the
minimum required temperature for
heating products a minimum amount
of time; cooling product heating sur-
faces, when practical, before and after
emptying of processing vats; and keep-
ing soil films moist by immediate rins-
ing of foam and other products with 40
to 45°C water and leaving it in the pro-
cessing vats until cleaning.

6. Postrinse. This step solubilizes and car-
ries away soil. Rinsing also removes
residual soil and cleaning compounds,
and prevents redeposition of the soil on
the cleaned surface.

7. Inspect. This step is essential to verify
that the area and equipment are clean
and to correct any deficiencies.

8. Sanitize. A sanitizer is added to destroy
any residual microorganisms. By destru-
ction of microorganisms, the area and
equipment contribute to less contamina-
tion of the processed products.

Other Cleaning Applications

When mechanized cleaning is not practi-
cal, hand cleaning should be done, following
these guidelines:

● Cleaning application should involve a
prerinse of water at 37 to 38°C.

● The cleaning compound used should
have a pH of less than 10 to minimize

skin irritation. The temperature of the
cleaning solution should be maintained
at 45°C. Solution-fed brushes can be
used effectively with hand cleaning oper-
ations. Filler parts and other parts that
are difficult to clean should be cleaned
with cleaning-out-of-place (COP) equip-
ment to move the surface lubricant and
other deposits more effectively.

● The postrinse operation should use
water tempered to 37 to 38°C, with sub-
sequent air-drying.

● The sanitizing operation should include
a chlorine sanitizer applied by a spray or
dip.

Table 16–2 classifies and summarizes spe-
cial considerations for various types of dairy
plant hand cleaning equipment.

CLEANING EQUIPMENT

Cleaning of dairy facilities involves physi-
cal removal of soil from all product contact
surfaces after each period of use, with subse-
quent application of a sanitizer. Although
surfaces that contact non-products are less
critical, they must be cleaned. The techniques
for cleaning dairy plants vary depending on
the plant size. The major portion of a large-
volume plant is cleaned by some CIP system.
This cleaning technique is the recognized
standard for cleaning pipelines, milking
machines, bulk storage tanks, and most
equipment used throughout the processing
operation. Because the normal period of use
for dairy processing plant equipment is less
than 24 hours, this equipment and the area
are cleaned daily. Longer and continued use
of piping and storage systems can reduce the
cleaning frequency to once every 3 days.

CIP and Recirculating Equipment

Effectiveness of the CIP approach depends
on the process variables, time, temperature,
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concentration, and force. Rinse and wash
time should be minimized to conserve water
and cleaning compounds but should be long
enough to remove soil and to clean effectively
and efficiently. Time is affected by tempera-
ture, concentration, and force. An energy-effi-
cient CIP system can reduce cleaning costs by
over 35% with approximately 40% less energy.

A salmonellosis outbreak in pasteurized
milk during the 1980s that was allegedly
caused by a CIP cross-connection between
raw and pasteurized products has been
responsible for the installation in many
dairies of a completely separate CIP system
for the receiving area of the plant.

Temperature of the cleaning solution for
CIP equipment should be as low as possible
and still permit effective cleaning with mini-
mal use of the cleaning compound. Rinse
temperature should be low enough to avoid
deposits from hard water.

Force or physical action determines how
effectively the cleaning compound is intro-
duced to the areas to be cleaned and how it is
controlled by the system design. Adequate
force (or physical action) can be ensured by
the selection and utilization of appropriate
high-pressure pumps to provide sufficient
turbulence in and through pipelines and stor-
age tanks, achieving maximum efficiency.
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Table 16–2 Special Considerations for Hand Cleaning Dairy Plant Equipment

Equipment Recommended Cleaning Procedures

Weigh tanks (can Rinse immediately after milk has been removed; disconnect and 
receiving and/or disassemble all valves and other fittings; wash weigh tank, rinse tank, 
in-plant can and fittings; sanitize prior to next use.
transfer)

Tank trucks, Remove outlet valve, drain, rinse several times with small volumes of 
storage tanks, tempered (38°C) water, remove other fittings and agitator; brush or 
processing tanks pressure-clean vats, tanks, and fittings; rinse and reassemble after sani-

tizing fittings just before reuse. Thoroughly clean manhole covers, valve
outlets, slight glass recesses, and any airlines. High-pressure sprays are
preferable to keep the cleanup personnel out of the tanks or vats and to
minimize damage to surface and contamination of cleaned surfaces.

Batch pasteurizers Lower temperature to below 49°C after emptying product; immediately 
and heated rinse, with brushing to loosen burned-on products. If the vat cannot be 
produce surfaces rinsed, fill with warm (32 to 38°C) water until cleaning. Clean the same 

as for other processing vats.
Coil vats Although not in general use, they are difficult to clean because of 

inaccessibility of some surfaces of the coil. After prerinsing, fill with hot
water. Add cleaning compounds and rotate while all exposed coil 
surfaces are brushed.

Homogenizers Prerinse while the unit is assembled; dismantle and clean each piece; place
clean parts on a parts cart to dry. Sanitize and reassemble prior to use.

Sanitary pumps After use, remove head of pump and flush thoroughly with tempered (38°C)
water; remove impellers and place them in the bucket containing a clean-
ing solution of 49 to 50°C. Wash intake and discharge parts and chamber.
Brush impellers and place them in a basket on a parts table to dry.

Centrifugal Non-CIP types must be cleaned by hand. Rinse with 38°C until discharge is 
machines clear. Dismantle, remove bowel and discs, and rinse each part before

placing in the wash vat. A separate wash vat is desirable for separator
and clarifier parts. Each disc should be washed separately, rinsed, and
drained thoroughly. If a separator is used intermittently during the day, it
should be rinsed after each use, with at least 100 L of tempered water.
Use of a mild alkaline wetting agent can improve rinsing efficiency.



CIP operations in dairy plants are nor-
mally divided into two major categories:
spray cleaning and line cleaning. Other
closed circuits, such as high-temperature
short-time (HTST) units, are frequently
used. Although many types of spray devices
are utilized in the dairy processing industry,
permanently installed fixed-spray units are
more durable than are portable units and
rotating or oscillating units. Other advan-
tages include no moving parts, stainless
steel construction, and less performance
difficulty, due to minor variations in supply
pressure.

The line cleaning principle can involve
product piping CIP circuits with readily
available points from which a circuit can be
fed and to which it can be returned. Return
lines from storage tanks to a return pump
should have an approximate 2% pitch con-
tinuously toward the return pump inlet.
Control of pressure and flow should be pro-
vided for each spray device.

Shell and tube heat exchangers that are
equipped with return-bend connections of
CIP design can be incorporated into CIP
piping circuits or may be cleaned independ-
ently as a separate operation. Triple tube-
type tubular heat exchangers can be installed
so that they will be self-draining. Plate-type
heat exchangers are more widely used than
are tubular units because of ease of inspec-
tion, flexibility of design, and ease of adap-
tation to new applications.

In CIP, the cleaning compound must be
applied forcefully enough to provide inti-
mate association with the soiled surfaces,
and it must be continuously replenished.
Various forms of CIP equipment systems are
available. (The basic forms are discussed in
Chapter 11.) Some CIP systems have been
modified to permit use of final rinses as the
cleaning solution for makeup water of the
following cleaning cycle and to segregate and
recover initial rinses to minimize waste dis-
charges.

Installations since the mid-1970s have
incorporated CIP systems that combine the
advantages of the flexibility and reliability
of single-use systems with water and solu-
tion recovery techniques that aid in reducing
the amount of water required for a cleaning
cycle. The intent of these systems is to
recover the spent cleaning solution and the
postrinse water from one cleaning cycle for
temporary storage and reuse of the deter-
gent rinse water mixture as a prerinse for the
subsequent cleaning cycle. This approach
reduces the total water requirement of
spray-cleaning systems by 25 to 30%, as
compared with alternative approaches.
Through this technique, steam consumption
is reduced by 12 to 15% and cleaning com-
pound consumption by 10 to 12%, because a
prerinse of the spent solution adds heat to
the vessel as it removes the soil. If a CIP re-
circulating unit is used to clean equipment
with a large quantity of insoluble soil, a
powered strainer, centrifuge, or settling
basin may be incorporated in the return sys-
tem to prevent this material from recirculat-
ing and impairing the spray action. Proper
operation of the entire CIP system should
be verified from data collected on recording
charts, which can be stored for future 
reference.

COP Equipment

The following steps are recommended
when COP equipment is used in dairy plants:

1. A prerinse with tempered water at 37 to
38°C to remove gross soil.

2. A wash phase through circulation of a
chlorinated alkali cleaning solution for
approximately 10 to 12 minutes at 30 to
65°C for loosening and eradicating soil
not removed during the prerinse phase.

3. A postrinse with water tempered to 3 to
38°C to remove any residual soil or
cleaning compound.
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Cleaning of Storage Equipment

Appropriately designed storage tanks with
properly installed spray devices are essential
for effective spray cleaning. The fixed-based
spray that is permanently installed has become
more prominent in the industry than the rotat-
ing and oscillating spray devices. It requires
less maintenance, is constructed of stainless
steel without moving parts, and endures. Per-
formance of this unit is not affected by minor
variations in supply pressure, and spray is con-
tinuously applied to all of the surfaces. Cylin-
drical and rectangular tanks can be properly
cleaned when sprayed with 4 to 10 L/min/m2

of internal surface, with patterns designed to
spray the upper one-third of the storage con-
tainer. Because the equipment contains heat-
ing or cooling coils with complex agitators, a
special spray pattern is normally required, as is
a subsequent increase in pressure and volume
to cover all of the surfaces.

The vertical silo-type tank requires flow
rates of 27 to 36L per linear meter of tank cir-
cumference. Because of the difficulty in
reaching the spray devices for occasional
inspection and cleaning, non-clogging disc
sprays are normally used in this type of stor-
age vessel. Although most spray cleaning is
conducted with standard sprays, special
devices such as disc sprays, ball sprays, and
ring sprays are available for use with vacuum
chambers, dryers, evaporators, and complex
vessels with special processing features.

Cleaning of large tanks that use spray
devices differs from line cleaning applications
because prerinsing and postrinsing are gener-
ally accomplished through use of a burst tech-
nique in which water is discharged in three or
more bursts of 15 to 30 seconds each, with
complete draining of the tank between suc-
cessive bursts. This procedure is more effective
in removing sedimented soil and foam than is
continuous rinsing, and it can be accom-
plished with less water consumption.

The soil deposited in storage tanks and
processing vessels is more variable than that

associated with piping circuits; thus, cleaning
techniques for this equipment are more
diverse. For lightly soiled surfaces, such as
those of storage tanks for milk or low-fat
milk by-products, effective cleaning can be
accomplished through a three-burst prerinse
of tempered water. Recirculation of a chlori-
nated alkaline detergent of 5 to 7 minutes at
55°C, application of a two-burst postrinse at
tap water temperature, and recirculation of
an acidified final rinse for 1 to 2 minutes at
tap water temperature also contribute to
effective cleaning. Recirculation time and
temperature may be increased slightly for
more viscous products with a higher content
of fat and total solids.

Soil components from cold surfaces differ
from those of burned-on deposits, which
contain higher protein and mineral contents.
Burned-on soil requires increased cleaning
compound concentration and solution tem-
peratures of up to 82°C, with an application
time of up to 60 minutes. Excessive amounts
of burned-on deposits can also be cleaned
effectively with application and circulation
of a hot alkaline detergent and a hot acid
detergent solution.

Table 16–3 lists the typical concentration
of cleaning compounds and sanitizers for
various cleaning applications. Although
variations can exist, the suggested concen-
trations should be considered.

Cleaning programs depend on the proper-
ties of the product passing through the sys-
tem during production. In addition to
cleaning applications previously discussed,
the following approach is recommended for
the following processing systems:

Milk, skim milk, and low-fat products pro-
cessing equipment. Because of the mineral
content of these products, the equipment can
be cleaned effectively by recirculation of an
acid detergent for 20 to 30 minutes, with fol-
low-up by direct addition of a strong alka-
line cleaner, which is then recirculated for
approximately 45 minutes. An intermediate
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rinse of cold water may be alternated
between the acid and alkaline cleaners.

Cream and ice cream processing equipment.
These products, which contain a higher per-
centage of fat and a lower percentage of
minerals, can be cleaned more effectively if
an alkaline cleaner is first recirculated for
approximately 30 minutes. The concentra-
tion of the alkaline solution may range from
0.5% to 1.5% causticity. The acid is generally
added to produce a pH of 2.0 to 2.5. A prac-
tical rule of thumb is to use a cleaning solu-
tion temperature during the recirculating
period that is adjusted to approximately 5°C
higher than the maximum processing tem-
perature used during the production shift.

Cheesemaking Area and Equipment

The two main types of spoilage of hard and
semihard varieties of cheese are surface
growth of microorganisms (usually molds)
and gas production of microorganisms grow-
ing in the body of cheese. Penicillium accounts
for up to 80% of spoilage cases, and other
common spoilage species are Alternaria,
Aspergillus, Candida, Monilia, and Mucor.
Mold spoilage reduction may be accom-
plished through sterile filtration of air, ultra-
violet disinfection of handling surfaces, ozone
treatment, and antimycotic coating of pack-
aging material. The spraying of chemical dis-
infectants in the air is a routine practice for
mold control (Holah et al., 1995). Enterobac-
teriaceae, Bacillus, Clostridium, and Candida

are some common microorganisms responsi-
ble for gas production. According to Varnam
and Sutherland (1994), soft cheeses can be
affected by gram-negative bacteria, such as
Pseudomonas fluorescens, P. putida, and
Enterobacter agglomerans; by diarrheagenic
strains of E. coli, which come from wash
water or added ingredients; and by gram-
positive bacteria, such as L. monocytogenes.

Milk should be stored in tanks con-
structed with materials and designs that are
easy to clean. However, silo tanks that are
large and cannot be cleaned using normal
cleansing methods should be equipped with
CIP methods and cleaned every time that
they are emptied. They should be rinsed with
water to remove gross soils and washed with
detergent solutions, rinsed, and sterilized.
Acid solutions should be incorporated when
tank materials permit their use. Chemical
sterilization is the preferred method, and
steam sterilization should be avoided.

As with other dairy processing plants, pip-
ing should be carefully laid out to prevent
cross-contamination between pasteurized
and unpasteurized milk. Separate CIP
equipment should be provided for both
products. Cleaning and sterilization can be
achieved through circulating materials such
as sodium hydroxide and nitric acid (Varnam
and Sutherland, 1994).

Brine tanks should be lined with a noncor-
rosive material, such as tiles or plastics. Brines
should be maintained at the correct strength
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Table 16–3 Typical Concentrations for Various Cleaning Applications

Chlorinated Acid/Acid 
Cleaning Anionic Chlorine 

Cleaning Applications Compounds (ppm) Sanitizers (ppm)

Milk storage and transportation tanks 1,500–2,000 100
Cream, condensed milk, and ice cream storage tanks 2,500–3,000 100–130
Processing vessels for moderate heat treatment 4,000–5,000* 100–200
Heavy “burn-on” 0.75–1.0% Acid wash at pH 

(causticity) 2.0–2.5

*An acid rinse after cleaning should be considered.



to reduce the growth of halophilic microor-
ganisms. The walls, floors, and ceilings of
ripening rooms and cheese storage areas
should be washed with fungicide solutions.

Increased outbreaks of L. monocytogenes,
S. aureus, and Yersinia enterocolitica cause
concern because these organisms can attach
to surfaces and cross-contaminate food
products or expose workers to contamina-
tion if surfaces are not cleaned and sanitized
properly. Because disinfectants affect micro-
organisms differently and at different con-
centrations, tests should be conducted to
determine the appropriate disinfectants and
concentrations at each step of the cheese
manufacturing process.

Rapid Assessment of Cleanliness

Paez et al. (2003) evaluated a commercial
ATP-bioluminescence system to evaluate
cleanliness of milking machines, bulk tanks,
rinse water, and milk transport tankers on an
experimental dairy farm. Bioluminescence
results were not reliable for rinse water, so it
was suggested that surface swab evaluations
were also needed for a complete hygienic
assessment.

SUMMARY

Plant layout and construction affect micro-
bial contamination and overall wholesome-
ness of the product. It is especially important
to ensure that clean air and water are avail-
able and that surfaces in contact with dairy
foods do not react with the products.

Soils that are found in dairy plants include
minerals, proteins, lipids, carbohydrates,
water, dust, lubricants, cleaning compounds,
sanitizers, and microorganisms. Effective san-
itation practices can reduce soil deposition
and effectively remove soil and microorgan-
isms through the optimal combination of
chemical and mechanical energy and sanitiz-

ers. This condition is accomplished through
the appropriate selection of clean water,
cleaning compounds, cleaning and sanitizing
equipment, and sanitizers for each cleaning
application. A current trend has been toward
modification of CIP systems to permit final
rinses to be utilized as makeup water for the
cleaning solution of the following cleaning
cycle and to segregate and recover initial
product-water rinses to minimize waste dis-
charges. Every processing facility should ver-
ify the effectiveness of its cleaning and
sanitation program through daily microbial
analyses of both product and various equip-
ment and areas.

STUDY QUESTIONS

1. What construction characteristics are
needed for effective sanitation in dairy
plants?

2. What temperature is necessary to hot-
water sanitize dairy processing equip-
ment?

3. How is chemical sanitizing of dairy
processing equipment accomplished?

4. What are the two major categories of
CIP operations?

5. What brushes are best for cleaning
dairy processing equipment?

6. How can film deposition be decreased
in ultra-high-temperature heaters?

7. What is a preferred cleaning method
for lightly soiled surfaces of storage
tanks for dairy products?

8. How is the processing equipment for
milk, skim milk, and low-fat dairy
products cleaned?

9. How is the cream and ice cream pro-
cessing equipment cleaned?

10. How do soil components from cold
sources differ from those of burned-
on deposits with higher protein and
mineral contents?
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C H A P T E R 1 7

Meat and Poultry Plant Sanitation

Meat and poultry are perishable food-
stuffs, and red meat has a relatively unstable
color. Poor sanitary practices increase micro-
bial damage resulting in reduced color, fla-
vor, and product safety. Effective sanitation
is essential to reduce discoloration, spoilage,
and pathogen growth with a resultant
increase in shelf life product safety.

Sanitation in the meat and poultry indus-
try requires good housekeeping, beginning
with the live animal or bird and continuing
through serving the prepared product. The
sanitation program should be thoroughly
planned, actively enforced, and effectively
supervised. The most successful program
involves inspection by trained personnel who
are directly responsible for the sanitary con-
dition of the plant and equipment.

ROLE OF SANITATION

Meat and poultry nourish microorganisms
that cause discoloration, spoilage, and food-
borne illness. Methods of processing and
distribution are responsible for the increased
exposure of these products to microbial con-
tamination. For example, many of today's
merchandising techniques depend on appe-
arance to sell the product. Improved sanita-

tion is responsible for reduced contami-
nation and increased product stability.

There are many obvious reasons for main-
taining high standards of cleanliness in meat
and poultry facilities. The following are a few
that are important:

● These products are vulnerable to attack
by microorganisms present under unsan-
itary conditions.

● Microorganisms cause product discol-
oration and flavor degradation.

● Self-service merchandising of aerobi-
cally packaged fresh meat and poultry
places a premium on intensive sanita-
tion to increase shelf life.

● Improved sanitary conditions reduce
waste because less discolored and
spoiled product has to be discarded.

● Immaculate sanitary conditions can
improve the image of a firm, whose rep-
utation depends on product condition.
A sanitary product is more wholesome
and superior in appearance to tainted
merchandise.

● Increased emphasis on food nutrition
and sanitation by regulatory agencies
and consumers suggests a need for an
effective sanitation program.

● Employees deserve clean, safe working
conditions. Sanitary and uncluttered
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surroundings improve morale, produc-
tivity, and product turnover.

● The established trend toward increased
centralized processing and packaging
dictates a need for increased emphasis
on sanitation. Increased processing and
handling necessitate a more intensive
sanitation program.

● Sanitation is good business.

Effect on Product Discoloration

Biochemical discoloration is related to the
amounts of oxygen and carbon dioxide pres-
ent. Figure 17–1 illustrates how the partial
pressure of oxygen affects the myoglobin
chemical state, which ultimately influences
muscle color. High carbon dioxide partial
pressure can cause a gray or brownish dis-
coloration by association of carbon dioxide
with myoglobin at the free binding site, and
the rate of metmyoglobin formation
increases with decreasing oxygen pressure.

A major cause of discoloration is related
to microorganisms. Microbes consume avail-
able oxygen at the product surface, which
reduces available oxygen needed to maintain

the muscle pigment myoglobin in the
oxymyoglobin state. Oxidation can cause an
abnormal brown, gray, or green discol-
oration of meat by oxidation of the ferrous
iron of the heme compound to the ferric
state and direct attack by oxygen on the por-
phyrin ring. The color of fresh meats
becomes unacceptable when metmyoglobin
reaches approximately 70% of the surface
pigment. Formation of metmyoglobin is
accelerated by decreased oxygen pressure as
a result of oxygen consumption through
growth of aerobic microorganisms. The crit-
ical partial pressure for oxygen has been
found to be 4 mm. Rapid oxidation to met-
myoglobin occurs below this level.

Research has suggested that the primary
role of bacteria in meat discoloration is the
reduction of the oxygen tension in the sur-
face tissue. This conclusion has been based
on the following observations:

1. Rate of oxygen uptake on the muscle
tissue surface is related to microbial
activity and color change.

2. Oxidation to metmyoglobin occurs at
intermediate levels of oxygen demand

Meat and Poultry Plant Sanitation 299

Purple Brown Red

0 20 40 60 80 100 120 140 160

Metmyoglobin

Oxymyoglobin

Reduced myoglobin
100

0

T
ot

al
 P

ig
m

en
t (

%
)

Oxygen Partial  Pressure
        (Millimeters      of Mercury)

P
ar

tia
l p

re
ss

ur
e 

of
 O

2
in

 a
ir 

at
 a

 p
re

ss
ur

e
of

 o
ne

 a
tm

os
ph

er
e

Figure 17–1 Relationship of partial oxygen pressure to myoglobin chemical state.



of the surface tissue. With high respira-
tion rates, reduction to myoglobin
occurs, correlating with similar changes
under controlled oxygen atmospheres.

3. Pigment oxidation and reduction are
controlled by adjustment of oxygen
level in the storage atmosphere with a
light load of microorganisms.

4. Agents inhibiting high oxygen uptake
rates in exposed tissues preserve color
under atmospheric conditions but are
ineffective under low oxygen pressures.

These observations result in the conclu-
sion that the reduction of oxygen in muscle
tissue by microbial growth or by physical
effects can produce an increase in reduced
myoglobin through oxidation by metabolic
hydrogen peroxide produced by muscle tis-
sue or by bacteria. With oxygen tension
reduced to a low enough level, hydrogen per-
oxide formation is nil, and no oxidation will
occur. This condition indicates that the dis-
sociation of the oxy compound increases as
oxygen tension decreases. Fresh meat pig-
ments are more vulnerable to discoloration
at oxygen tensions below that of air at
atmospheric pressure.

Clearly, the growth of bacteria from poor
sanitation contributes to muscle color degra-
dation through reduced oxygen concentra-
tion and ultimate discoloration. Various
genera and species of microorganisms differ
in their effect on pigment alteration; how-
ever, improved cleanliness can delay the
development of high numbers of microbes.
Those who handle meat should strive to min-
imize the initial microbial load.

Meat and Poultry Contamination

During the slaughter, processing, distribu-
tion, and foodservice cycle, food items are
handled frequently-often as many as 18 to 20
times. Because almost anything contracting
meat and poultry can serve as a contamina-

tion source, the risk of this condition occur-
ring rises each time these products are
handled.

When alive, a healthy animal possesses
defense mechanisms that counteract the
entrance and growth of bacteria in the mus-
cle tissue. After slaughter, the natural
defenses break down, and there is a race
between humans and microbes to determine
the ultimate consumer. If the handling is
careless and ineffective, the microbes win.
Those involved with sanitation must create a
less favorable environment for the microor-
ganisms. (Chapter 5 discusses contamination
sources during slaughter and processing.)

Approximately 1 billion microorganisms
are contained in a gram of soil attached to
the hide of a live animal. A gram of manure
contains approximately 220 million micro-
bes. Sticking knives contaminated with bac-
teria introduce contamination through the
wound. An animal's heart may beat for 2 to
9 minutes after sticking, thereby permitting
thorough distribution of microbes. Unwas-
hed animals have approximately 155 million
microorganisms/cm2 of skin where the jugu-
lar vein is cut.

Although the temperature of a scalding
vat is approximately 60ºC, the microbial load
is approximately 1 million bacteria per liter
of water. The dehairing operation for hogs is
responsible for microorganisms being beaten
into the surface skin.

Contamination during evisceration of ani-
mals is increased because the stomach and
intestinal contents are loaded with microor-
ganisms. A major contamination source for
meats in the slaughterhouse is rumen fluid,
which averages 1.3 billion microorganisms
per milliliter.

Carcass surface counts of microorgan-
isms average 300 to 3,000/cm2. Beef and
pork trimmings contain 10,000 to 500,000
bacteria per gram, depending on contami-
nation and sanitation practices, cutting
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boards on fabricating tables normally con-
tain approximately 77,500 bacteria per
square centimeter. Slicers, conveyors, and
packaging equipment may increase the con-
tamination of processed meats by 1,000 to
50,000 bacteria per gram, depending on san-
itation practices.

Pathogen Control

In the past, meat and poultry products
have accounted for 23% of foodborne illness
outbreaks and 27% of the cases of outbreak-
associated foodborne disease for which a
food vehicle was implicated. During the
same period, meat and poultry were associ-
ated with 10% and 5%, respectively, of the
reported foodborne outbreak deaths.

During the scalding, evisceration, rinsing,
and chilling phases of poultry processing, the
carcasses are quite vulnerable to contamina-
tion for species of Salmonella and Campy-
lobacter, Aermonas hydrophila, Listeria
monocytogenes, and other microorganisms of
public health concern. Campylobacter has
presented a serious problem for the poultry
industry because it is commonly present on
raw poultry and is the leading cause of food-
borne illness in United States with an esti-
mated infection rate of 1,000 per 100,000
people (Zhao et al., 2003). Poultry has been
implicated in campylobacteriosis that has
occurred sporadically without a finite deter-
mination of the mode of transmission. The
design of poultry processing equipment,
especially the plucking equipment, is such
that adequate cleaning is difficult. The major
risk in evisceration is the spilling of the gut
content onto the carcass. Furthermore, the
knife and hands of the meat inspector are
often heavily contaminated. Campylobacter
jejuni will spread during the harvesting
process. Regardless of the type of harvesting,
heavily infected poultry flocks may result in a
contamination rate of 100% for the finished
product. Immersion chilling poses a contam-

ination threat because of entrapment of
microorganisms in skin channels and with
the swelling of collagenous material in the
neck flap area. These highly contaminated
carcass parts should be trimmed to lower the
microbial load. Freezing is known to reduce
campylobacter populations, presumably by
ice crystal damage to cells and by dehydra-
tion. Current research results indicate that
rinsing poultry carcasses removes a small
amount of Salmonella organisms that may be
present. Species of Salmonella and Campy-
lobacter affix themselves to the skin and flesh
of poultry so tightly that they become part of
food intended for human consumption.

Shapton and Shapton (1991) emphasized
the need for cleaning of roofs over food
manufacturing areas. Process equipment and
exhaust stacks may be vented through the
roof. If feasible, roof-mounted process
equipment should be enclosed with a floor to
separate it from the processing area. Parti-
cles, especially hygroscopic matter, can
deposit on the roof, especially if it is flat.
When left unattended, this area may attract
birds, rodents, or insects, which are known
carriers of Salmonella organisms and of
L. monocytogenes. Pools of water will
encourage these pests. A minimum slope of
1% is recommended to ensure drainage.

L. monocytogenes is a challenge for meat
processors because it is very difficult to
eliminate this pathogen from the processing
plants. It survives cold temperatures, toler-
ates salt and nitrite, and can attach to stain-
less steel surfaces. Thus, equipment can
easily provide a means of transfer of
L. monocytogenes from one location to
another, even after cleaning and sanitizing
(Sebranek, 2003). The incidence of L. mono-
cytogenes is approximately 15 to 50% for
poultry carcasses, 20% of dry sausage and
fresh sausage, and 10% or more of ground
beef samples evaluated. Growth can also
occur in some cooked meat products after
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packaging. A significant portion of fresh
meats used as raw materials for processed
products can be contaminated with this psy-
chrotrophic pathogen and point to the
importance of preventing postprocessing
recontamination of ready-to-eat products.
Table 17–1 illustrates the incidence of
L. monocytogenes in post-heat processing
environments in 41 meat plants. Other viable
product contamination areas include slicers,
dicers, saws, lugs, tubs and other containers,
hand tools, gloves, aprons, packaging mate-
rials, packaging equipment, tables, shelves,
racks, and cleaning equipment. Other areas
where this pathogen may be hidden include
recesses, hollow rollers, motor housings,
switch boxes, rusted materials, cracked or
pitted hoses and door seals, walls that are
cracked or pitted or covered with inade-
quately sealed surface panels, vacuum/air
pressure pumps lines or hoses, air filters,
open bearings, and ice makers.

L. monocytogenes is often found around wet
areas and cleaning aids, such as floors, drains,
wash areas, ceiling condensate, mops and
sponges, brine chillers, and at peeler stations.
Biofilm formation is exacerbated through
older and unclean equipment with exposed
bolts and threads, and unsealed rivets. Thus,
control of Listeria organisms in processing
plants is essential to reduce the potential of
post-processing contamination. One cannot

control the growth of this pathogen through
refrigeration at 4 to 5ºC (a common storage
temperature) because this microbe can survive
at a 0ºC storage environment. Doyle (1987)
has suggested that the use of antimicrobial
agents, reduced temperature (<2ºC) storage,
reformulation of products (reduced minimum
water activity [Aw], pH, etc.), or post-process-
ing pasteurization of products may need to be
incorporated for the control of such psy-
chrotrophic pathogens in foods.

Frank et al. (2003) evaluated the effective-
ness of cleaning and sanitizing chemicals in
the removal of L. monocytogenes biofilms
coated with soil of poultry origin and applied
under static conditions without heat applica-
tion. Alkaline and neutral cleaning com-
pounds were evaluated as well as sodium
hypochlorite, acidified sodium chlorite, per-
oxyacetic acid, peroxyacidic acid/octanoic
acid mixture, and quaternary ammonium
compound sanitizing agents. The alkaline
cleaning compound removed 99% of fat and
93% of protein within 30 minutes. The neutral
cleaning compound was equally effective at
removing fat, but eliminated only 77% of pro-
tein. The alkali cleaning compound also effec-
tively removed L. monocytogenes biofilm
coated with protein. Biofilm removal is more
successful if cleanup is initiated as soon as
possible after the production shift ceases.
More prompt cleaning after production
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Table 17–1 Incidence of Listeria monocytogenes in Meat Plant Post-heat Processing Environments

Location Percentage Positive for L. monocytogenes

Floors 39
Drains 39
Cleaning aids 34
Wash areas 24
Casing peelers 22
Food contact surfaces 20
Condensate 7
Walls and ceilings 5
Compressed air 4



reduces time for additional microbial growth
and facilitates cleaning because of reduced
drying of soil deposits. Acidified sodium
chlorite and peracetic acid/octanoic acid mix-
ture were the most effective sanitizers for the
destruction of L. monocytogenes biofilm
coated with fat and protein. Figure 17–2 illus-
trates how sanitizers such as those mentioned
can be applied to reduce contamination from
employees and entering processing areas.

Pathogens such as L. monocytogenes can
be better controlled through the reduction of
cross-contamination. Employees who work
in the raw and finished product areas, such
as smokehouses and water and steam cook-
ing areas, should change outer clothing and
sanitize their hands or change gloves when
moving from a raw to finished product area.
Utensils and thermometers that are used for

raw and finished products should be sani-
tized each time they are used. Frequent
cleaning with floor scrubbers is essential. If
ceiling condensate is present, removal should
involve a vacuum unit or a sanitized sponge
mop. Cleaned floors that do not dry before
production startup should be vacuumed or
squeegeed.

Although growth niches may be present
in a plant, more positive sites found during
environmental monitoring are not growth
niches. They are transfer points (i.e., product
handlers and equipment). Since the microor-
ganism is present in this location before the
product comes to the line, transfer points are
not growth niches, because the organism is
eliminated during the cleaning and sanitizing
process. Thus, most pathogen monitoring and
control sampling occur at transfer points, not
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the true harborage places are growth niches
(Butts, 2003).

Growth niches should be designed out of
the process, but if this is not accomplished
they must be managed by minimizing their
contamination potential with process con-
trol techniques. The manufacturer should
consider the degree to which equipment
needs to be disassembled for effective clean-
ing and sanitizing. The chemical sanitizer
treatment being practiced, including consid-
eration of flood sanitizing coverage and the
requirements for treatment time is another
factor that will have an impact on the suc-
cessful control of pathogenic growth niches.
Butts (2003) suggested that the flood-sanitiz-
ing step must be implemented to further
assure that growth niches are managed.

The Following guidelines should be con-
sidered when planning for the control of
L. monocytogenes in meat, poultry, and other
food plants.

Layout and Plant Design

Although most modern plants are much
more hygienically designed than during the
past, these principles to complement those
mentioned in Chapter 14, should be consid-
ered.

1. Plant layout should prevent pests and
vermin and should control the move-
ment of L. monocytogenes between raw
and cooked product areas. Examples
are employee traffic patterns, support
and supervisory staff movement, and
food-handling activities.

2. Air and refrigeration movement equip-
ment should be designed for easy clean-
ing and sanitizing. Ready-to-eat areas
should have a positive air pressure
design.

3. All equipment and other surfaces
should be easily cleaned and sanitized
with smooth, nonporous surfaces.

4. Floors should be surfaced with materi-
als that are easily cleaned and will not
encourage water accumulation.

5. Prevent proliferation in growth niches
or other sites that lead to ready-to-eat
product contamination.

Process Control

1. If the process does not contain a
L. monocytogenes kill step, the opera-
tion should be designed to reduce con-
tamination.

2. The kill step (if applicable) should be a
critical control point in the Hazard
Analysis Critical Control Points
(HACCP) program.

3. Implement an appropriate sampling
plan to determine if the process is
under control.

4. Establish appropriate corrective action.
5. Verify that the corrective action was

effective.
6. Review and analyze data to ensure that

the control program is effective.

Operation Practices

1. Employees should be educated about
good manufacturing practices (GMPs),
HACCP, and the responsibilities of
each.

2. Equipment should be provided to
maintain sanitary conditions such as
(a) foot baths, (b) hand dips, (c) hair
nets, and (d) gloves.

3. Contamination sources, especially in
ready-to-eat areas, should be elimi-
nated.

4. Management should be educated to
support GMPs and HACCP.

Sanitation Practices

1. An adequate number of employees,
time, and supervision should be pro-
vided for cleaning and sanitizing.

304 PRINCIPLES OF FOOD SANITATION



2. Written cleaning and sanitizing proce-
dures should be developed and posted
for each area in the plant.

3. Environmental sampling programs to
verify the effectiveness of cleaning and
sanitizing should be established.

Verification of L. monocytogenes Control

1. A microbial assay of weekly samples
from plant areas, equipment, and the
air supply should be conducted. It is
especially important to sample points
between the kill step and packaging.

2. Samples can be composited to reduce
the analysis cost. If a composite sample
is positive, a follow-up analysis of indi-
vidual samples is necessary to determine
which equipment is the contamination
source.

The following important suggestions for
Listeria control in meat plants should be
considered:

1. Mechanically or manually scrub floors
and drains daily. Drains should contain
a “quat plug” or be rinsed with disin-
fectants daily.

2. Clean the exterior of all equipment,
light fixtures, sills and ledges, piping,
vents, and other areas in the processing
and packaging areas that are not in the
daily cleaning program.

3. Clean cooling and heating units and
ducts weekly.

4. Caulk all cracks in walls, ceilings, and
window sills.

5. Keep hallways and passageways that
are common to raw and finished prod-
uct clean and dry.

6. Minimize traffic in and out of pro-
cessing and packaging areas and
establish plant traffic patterns to
reduce cross-contamination from feet,
containers, pallet jacks, pallets, and
fork trucks.

7. Change outer clothing and sanitize
hands or gloves when moving from a
“raw” to a finished product area.

8. Change into clean work clothes daily.
Provide some pattern of color-coding
to designate various plant areas.

9. Minimize the number of visitors and
require them to change into clean
clothes provided at the plant.

10. Provide a plant environmental moni-
toring program to measure effective-
ness of the Listeria control procedures.

11. Enclose processing and packaging
rooms so that filtered air comes in and
ensure that these areas are under pos-
itive pressure.

12. Clean and sanitize all equipment and
containers before their entry into pro-
cessing and packaging areas.

Three alternative levels (Lazar, 2004) of
Listeria control in a plant are:

Alternative Level 3—basic control level
addressed through effective sanitation

Alternative Level 2—effective sanitation is
combined with post-lethality treatments such
as heat, antimicrobial agents, or freezing

Alternative Level 1—effective sanitation,
antimicrobial treatment, and a post-lethality
treatment combining all three strategies

It has been suggested (Russell, 2003) that
28% of cattle designated for harvesting are
infected with Escherichia coli O157:H7 and
that an average of 43% of beef carcasses
contain this pathogen at various stages of
production.

In September 2002, the U.S. Department
of Agriculture’s Food Safety and Inspection
Service (USDA, FSIS) announced its plan to
institute a series of additional measures to
complement previous policies aimed at the
prevention and control of E. coli in ground
beef. These included:

1. All beef harvesting and grinding plants
are required to acknowledge that E. coli
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is a hazard likely to occur in their oper-
ations unless proven otherwise.

2. All establishments producing raw beef
products must reassess their mandatory
Hazard Analysis & Critical Control
Points plans and investigate the ade-
quacy of existing pathogen/interven-
tion controls. If controls are not in
place or are determined to be inade-
quate, a pathogen reduction step to
reduce the risk of E. coli O157:H7 in
the product must be incorporated into
the production process.

3. FSIS inspectors will conduct random
microbial verification testing of all beef
grinding operations.

4. FSIS will increase inspections of
pathogen reduction and intervention
steps to verify that they are effective in
reducing the incidence of E. coli
O157:H7 under actual plant condi-
tions.

Temperature Control

Meat and poultry spoil when held at a
high temperature. Temperature affects the
rate of chemical and biochemical reactions,
and, especially, the lag phase of the growth
pattern of microorganisms. The rates for
both microbial and non-microbial spoilage
increase to approximately 45ºC. Microbial
spoilage usually does not occur above 60ºC.
(Microbial growth kinetics is discussed in
Chapter 3). Microorganisms grow most rap-
idly between 2 and 60ºC. This range is con-
sidered the critical zone, or the danger zone.
Meat and poultry must be stored out of this
temperature zone and should be taken
through this range as quickly as possible
when a temperature change is necessary (as
when cooking and chilling). Storage temper-
ature below the critical zone does not effec-
tively destroy bacteria but does reduce the
rate of growth and multiplication of
microorganisms. Below the critical zone,

bacteria are less active, and some death can
occur through stress.

Processing and storage at a colder tempera-
ture will reduce spoilage and microbial growth
on equipment, supplies, or other areas. Under
unsanitary conditions with improper tempera-
ture control, certain species of Pseudomonas
can double in number every 20 minutes. Meat
and poultry are generally expected to avoid
spoilage twice as long at 0ºC than at 10ºC.

Air curtains should be installed, especially
when truck doors must be left open, to pre-
vent refrigeration loss where the plant is
under positive pressure. Entry of insects and
dust is reduced with the use of air curtains.
The air velocity should be a least 488
m/minute, measured at a distance of 910 mm
above the floor. For personnel entrances, the
air stream should be continuous across the
entire width of the opening, with a thickness
of at least 254 mm and a minimum velocity
of 503 m/minute, measured 910 mm above
the floor (Shapton and Shapton, 1991).

SANITATION PRINCIPLES

An efficient cleaning arrangement can
reduce labor costs up to 50%. Construction
and equipment selection are critical for the
most effective cleaning operation. It is
important that the floors, walls, and ceilings
be constructed of impervious material that
can be easily cleaned. Floors should be
sloped with a minimum of 10.5 mm/m.

Hot Water Wash

Hot water washing of meat and poultry soil
is not effective. Hot water can loosen and melt
fat deposits but tends to polymerize fats, dena-
ture proteins, and complicate removal of pro-
tein deposits by binding them more tightly to
the surface to be cleaned. The main advantage
of a hot-water wash system is minimal invest-
ment of cleaning equipment. Limitations of
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this approach include increased labor require-
ments and water condensation on equipment,
walls, and ceilings. It is difficult to remove
heavy soil with this system.

High-Pressure, Low-Volume Cleaning

High-pressure, low-volume spray cleaning
is a viable method in the meat and poultry
industry because of the effectiveness with
which it removes tenacious soils. With this
equipment, the operator can more effectively
clean difficult-to-reach areas with less labor,
and the cleaning compound is more effective
at a lower temperature.

This hydraulic cleaning technique may
involve portable units. This portable equip-
ment can be utilized for cleaning parts of
equipment and building surfaces and is espe-
cially effective for conveyors and processing
equipment when soaking operations are
impractical and hand bushing is difficult and
labor-intensive.

The metering device and controls of a cen-
tralized high-pressure cleaning unit are illus-
trated in Chapter 11. A dispensing nozzle for
this equipment is pictured in Figure 17–3.

Foam Cleaning

Foam is particularly beneficial in cleaning
large surface areas of meat and poultry plants
and is frequently used to clean transportation
equipment exteriors, ceilings, walls, piping,
belts, and storage containers. Portable foam
equipment is pictured in Figure 17-4. In size
and cost it is similar to portable high-pressure
units. Centralized foam cleaning applies clean-
ing compounds by the same desirable features
as a centralized system.

Gel Cleaning

This equipment is similar to high-pressure
units, except that the cleaning compound is
applied as a gel rather then as a high-
pressure spray. Gel is especially effective for
cleaning packaging equipment because it
clings to the surfaces for subsequent soil
removal. Equipment cost is similar to that of
portable high-pressure units.
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Figure 17–3 High Pressure hose with a female,
stainless steel, quick-connect, heavy duty, dead-
man, shutoff-type spray gun extension wand. Cour-
tesy of JohnsonDiversey, Inc., Detroit, Michigan.

Figure 17–4 Foaming equipment for cleaning com-
pound application. Courtesy of JohnsonDiversey,
Inc., Detroit, Michigan.



Combination Centralized High-Pressure,
Low-Volume, and Foam Cleaning

This system is the same as centralized high-
pressure except that foam can also be applied
through the equipment. This method offers
the most flexibility because foam can be used
on large surface areas, and high pressure
can be applied to belts, conveyors, and hard-
to-reach areas in a meat or poultry plant.
Equipment costs for this system range from
$15,000 to over $150,000, depending on size.

Cleaning-in-Place (CIP)

With this closed system, a recirculating
cleaning solution is applied by installed
nozzles, which automatically clean, rinse,
and sanitize equipment. Benefits of CIP sys-
tems are discussed in Chapter 11. The use of
CIP systems in the meat and poultry indus-
try is limited. This equipment is expensive
and lacks effectiveness in heavily soiled
areas. CIP cleaning has some application in
vacuum thawing chambers, pumping and
brine circulation lines, preblend/batch silos,
and edible and inedible fat rendering. Figure
17–5 illustrates a CIP application principle
for washing shackles, rollers, and chains in
poultry plants. The motor and drive compo-
nents are mounted on a base plate. As the

shackles pass between two rotating brushes,
they are cleaned. The brushes can be lifted
above the rail when not in use.

Cleaning-out-of-Place (COP)

Although some specialized applications
of this cleaning technique exist in the meat
and poultry industry, the use of this equip-
ment is somewhat limited. More detailed
information on this topic is presented in
Chapter 11. In addition to parts washing
equipment, COP units are being incorpo-
rated in the cleaning of racks and returnable
containers. Typical equipment consists of a
cabinet with oscillating spray bars to reach
all areas to be cleaned with high-pressure
volume. A complete wash and rinse cycle
ranges from 5 to 20 minutes per batch,
depending upon the level of soil built-up on
what is being cleaned. This equipment saves
water and chemical costs by recycling.

CLEANING COMPOUNDS FOR MEAT
AND POULTRY PLANTS

Acid Cleaners

Information about strong and mild acid
cleaners is provided in Chapter 7.

Strongly Alkaline Cleaners

Examples of strongly alkaline compounds
are sodium hydroxide (caustic soda) and
silicates having high N2O:SiO2 ratios. The
addition of silicates tends to reduce the cor-
rosiveness and improves the penetration and
rinsing properties of sodium hydroxide.
These cleaners are used to remove heavy
soils, such as those found in smokehouses.

Heavy-Duty Alkaline Cleaners

The active ingredients of these cleaners
may be sodium metasilicate, sodium hexa-
metaphosphate, sodium pyrophosphate, and
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Figure 17–5 Shackle washer for cleaning shackles,
rollers, and the chain in poultry processing plants.
Courtesy of Ecolab Inc., St. Paul, Minnesota.



trisodium phosphate. The addition of sul-
fites tends to reduce the corrosion attack on
tin and tinned metals. These cleaners are fre-
quently used with CIP, high-pressure, and
other mechanized systems found in meat and
poultry plants.

Mild Alkaline Cleaners

Mild cleaners are frequently in solution to
use for hand cleaning lightly soiled areas in
meat and poultry plants.

Neutral Cleaners

Information about these and other clean-
ing compounds is discussed in Chapter 9.

SANITIZERS FOR MEAT AND
POULTRY PLANTS

To obtain maximum benefits from use of a
sanitizer, it must be applied to surfaces that
are free of visible soil. Soils of special con-
cern are fats, meat juices, blood, grease, oil,
and mineral buildup. These deposits provide
areas for microbial growth, both below and
within the soil, and can hold food and water
necessary for microbial proliferation. Chem-
ical sanitizers cannot successfully penetrate
soil deposits to destroy microorganisms.

Steam

Steam is an effective sanitizer for most
applications. Many operators mistake water
vapor for steam and fail to provide adequate
exposure to create a sanitizing effect. Steam
should not be used in refrigerated areas
because of condensation and energy waste,
and it is unsatisfactory for continuous sani-
tizing of conveyors.

Chemical Sanitizers

Chlorine is one of the halogens used for
disinfecting, sterilizing, and sanitizing equip-
ment, utensils, and water. The sanitizers

most frequently used in sanitizing meat and
poultry operations are the following:

● Sodium and calcium hypochlorite: These
are more costly than elemental chlorine,
but are more easily applied. Hypochlor-
ous acid is an active germicidal agent,
and the activity of hypochlorites is pH
dependent. Alkalinity decreases as the
germicidal activity increases.

● Liquid chlorine: This sanitizer is used in
processing and cooling water chlorina-
tion to prevent bacterial slimes.

● Chlorine dioxide: This is an effective
bactericide in the presence of organic
matter because it does not react with
nitrogenous compounds. The residual
effect is also more persistent than that of
chlorine. However, this sanitizer needs
to be generated on-site.

● Active iodine solutions, like active chlo-
rine solutions, can be sanitizers. Iodo-
phors are very stable products with
much longer shelf lives than hypochlo-
rites and are active at a low concentra-
tion. These sanitizing compounds are
easily measured and dispensed, and they
penetrate effectively. Their acid nature
prevents film formation and spotting
on equipment. Solution temperature
should be below 48ºC because free
iodine will dissipate.

● The quaternary ammonium compounds
are widely used on floors, walls, equip-
ment, and furnishings of meat and poul-
try plants. The “quats” are effective on
porous surfaces because of their penetra-
tion ability. A bacteriostatic film that
inhibits bacterial growth is formed when
quats are applied to surfaces. Those sani-
tizers and compounds containing both an
acid and a quat sanitizer are most effec-
tive in controlling L. monocytogenes and
mold growth. Quats may be temporarily
used when a mold buildup is detected.
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● Acid sanitizers combine the rinsing and
sanitizing steps. Acid neutralizes the
excess alkalinity from the cleaning
residues, prevents formation of alka-
line deposits, and sanitizes. Acid
sanitizers effectively kill both gram-
positive and gram-negative bacteria.
Other information about sanitizers
may be found in Chapter 10. Sodium
chlorite and citric acid are in use in
meat and poultry plants as an antimi-
crobial (Stahl, 2004).

● Ozone is incorporated to control micro-
bial contamination in water, spray
directly onto meat and other foods to
reduce microbial contamination, and
the application onto clean food contact
sources as a non-rinse sanitizer. It is an
excellent biocide for chill water in
slaughter plants and cooling tower
operations (Stier, 2002) because it
breaks down to harmless compounds
and will not concentrate in the system.
Moisture must be present (80 to 90%)
for ozone to be able to attack microor-
ganisms. Although ozone can reduce
pathogenic microorganisms on beef car-
casses, Castillo et al. (2003) discovered
that an aqueous ozone treatment pro-
vided no improvement over a hot water
wash. Too much ozone application on
the meat surface will cause a pale color
(Clark, 2004).

Carcass and Product Decontamination

Cleansing of cattle prior to harvesting can
reduce contamination during hide pulling.
Antimicrobial rinses and treatments are
common in meat and poultry plants (Anon.,
2004). Of the various decontamination treat-
ments reported by Allen (2004), spray wash
treatments with ethanol and 4 to 6%
concentrations of lactic acid was the most
effective in the reduction of microbial con-

tamination. Several cattle hide interventions
are effective in a controlled laboratory set-
ting, but may not be feasible for use on live
animals (Allen, 2004).

An application for disinfectants involves a
reduction of bacteria on carcasses. Applica-
tions have focused on acidified sodium chlo-
rite (ASC), hydrogen peroxide, trisodium
phosphate, cetylpyridinium chloride (CPC),
and the application of an electrochemically
activated solution (ECA). ECA is a mixture
of sodium hypochlorite and peroxides to
provide an electrical process that enables it
to destroy a wide range of microorganisms.
CPC has been successfully incorporated with
lactic acid and sodium tripolyphosphate to
destroy salmonella.

ASC has been approved for use on meat
products as well as fruits, vegetables, and
seafood products. A commercial application
of ASC involves 1,000 ppm after pre-chilled
carcasses are water-rinsed for 10 seconds.
Sodium chlorite acidifies in the presence of
citric acid and destroys bacteria, viruses, fungi,
yeast, and some protozoa by disrupting pro-
teins in the microbial cell. It is effective in the
destruction of pathogenic bacteria. This com-
pound can be applied at room temperature
through immersion or spray techniques with-
out jeopardizing product quality. It is environ-
mentally friendly and can be discharged into
municipal and private sewage systems without
additional treatment (Velazco, 2003). ASC
may be applied post-chill to reduce Campy-
lobacter spp. and E. coli in commercial broiler
carcasses. Post-chill systems may eventually be
used in different applications, such as mist,
spray, or bath, which could be applied closer
to the final stages in processing (Oyarzabal
et al., 2004).

Dipping solutions of sodium diacetate,
sodium benzoate, sodium propionate, and
potassium sorbate have been incorporated to
inhibit the growth of L. monocytogenes in
turkey frankfurters. Gombas (2003) con-
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cluded that 1.8% sodium lactate combined
with 0.25% sodium acetate, sodium diacetate,
or glucono delta-lactone in frankfurters
inhibits the growth of this pathogen and that
combinations of lactate with diacetate were
the most effective since this combination pro-
vided a synergistic inhibitory effect.

The combination of acetic acid and hydro-
gen peroxide is effective in the destruction of
listeria. Antimicrobial washes with hydrogen
peroxide and organic acid reduce microorgan-
isms on carcass surfaces more effectively than
a plain water wash because of the synergistic
effect between organic acids and hydrogen
peroxide. Carcasses should be washed with
hydrogen peroxide as soon as possible after
hide removal for maximum effectiveness and
residues should not be left on the carcasses
after treatment. Sodium citrate or sodium lac-
tate at a concentration of 2% (wt/wt) or
higher is known to inhibit Clostridium per-
fringens growth over and 18 hour cooling
period (Sabah et al., 2003) and citric acid with
irradiation can inhibit growth of L. monocy-
togenes (Sommers et al., 2003a).

An acidified calcium sulfate solution,
when applied to the surface of frankfurters,
reduces the growth of L. monocytogenes.
Also, it prevents the re-growth of this
pathogen.

During the past, treatment of frankfurters
with lactic acid initially reduced the number
of microorganisms, but failed to kill all of
them and prevent additional growth. Lactate
and diacetate additives and CPC are effective
pathogen inhibitors (Petrak, 2003; Sommers
and Fan, 2003; Sommers et al., 2003b),
although CPC has not been FDA approved
for use in food manufacturing at the time of
this writing. Post-packaging pasteurization
technology, especially through heat applica-
tion, has provided a means to reduce
pathogen growth.

Compounds incorporated in carcass
washes, such as acidified sodium chlorite and

ozone, can lack effectiveness and threaten
worker safety if not properly handled. Since
ozone gas is a toxic respiratory irritant with
limited effectiveness, it has not been further
developed (Russell, 2003). Antimicrobial
resistance is another potential limitation.
E. coli O157:H7 and other pathogens may be
capable of acid adaptation in processing
plants.

Carcass washes lose their efficacy if
microbes evolve and become resistant. To
reduce this threat and increase the effective-
ness of these washes, a multi-hurdle
approach may be incorporated through the
use of more than one rinse or other preven-
tive measures. Some larger meat plants may
have as many as five or six hurdles including
activated lactoferrin, a non-ionic surfactant,
and electrolyzed oxidizing water (EO) (which
has been effective against pathogens
attached to cutting boards and as a poultry
spray/dip combination).

Another carcass decontamination concept
involves a wash cabinet with a water and
sodium hydroxide mixture, which releases
soils and contaminants from the hide. Then,
the carcass is conveyed to a second cabinet,
where it is rinsed with high-pressure water
before being steam vacuumed with a lactic
acid application (Yovich, 2003). Stopforth
et al. (2003) indicated that peroxyacetic acid
is more effective than alkaline (quaternary
ammonium) sanitizers as a decontaminant
and increased destruction effectiveness is
attained with the application of hot water
and an acid wash as compared to washing
only with water. Use of carcass washers has
increased in an effort to reduce fecal con-
tamination (Bashor et al., 2004).

Activated lactoferrin is a natural non-toxic
protein that is consumer label-friendly with
no in-plant disposal challenges. It is FDA
approved and a generally recognized as safe
(GRAS). This naturally occurring protein is
derived from whey and skim milk. It is the
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critical ingredient in mammalian mother's
milk that provides suckling babies anti-path-
ogenic protection. Activated lactoferrin
removes fimbria, which comprise the web of
fibers a pathogenic bacterial cell, such as
L. monocytogenes, uses to attach itself to a
host. Once exposed to lactoferrin, pathogens
cannot attach. It can block the attachment of
E. coli O157:H7, and more than 30 other
pathogens such as salmonella and campy-
lobacter.

Phenolic compounds in wood smoke serve
as antimicrobials. Liquid smoke components
have been found (Sunen, 2003) to provide a
significant inhibitory activity against
L. monocytogenes.

Electrolyzed oxidizing water is more eco-
nomical and effective than chlorine or
ozone. This process relies on sodium chlo-
rite, which is converted by an electrolyzing
machine that converts the sodium chlorite, in
a 12% solution in water into two antimicro-
bial compounds.

Barboza et al. (2002) evaluated the effec-
tiveness of nisin, lactic acid, and a combina-
tion of lactic acid and nisin to reduce
carcass contamination. They discovered that
washing carcasses with water did not signif-
icantly reduce the bacterial load and that the
largest reduction in bacterial contamination
was accomplished with a mixture of nisin
and lactic acid. A small antimicrobial pep-
tide produced by Lactococcus lactis is more
effective against L. monocytogenes when
used in combination with lactic acid. Most
of the salts of lactic acid, including potas-
sium lactate, at up to 5%, partially inhibit
the growth of this pathogen. Zinc and alu-
minum lactate, as well as zinc and aluminum
chloride (0.1%) work synergistically with
100 IU of nisin per milliliter to control the
growth of L. monocytogenes Scott A
(McEntire, 2003). Although meat processors
are actively seeking interventions that mini-
mize the risk of the introduction of

pathogens, the optimal reduction technique
has not yet been identified.

SANITATION PRACTICES

General Instructions

Approximately 50% of sanitation prob-
lems result directly from less-than-optimum
sanitation procedures and chemical usage.
All personnel should practice good personal
hygiene, as discussed in Chapter 6. They
should wear freshly laundered clothes and
stay away from meat and other processing
equipment if they are ill. Cleaning and sani-
tizing compounds should be kept in an area
accessible only to a sanitation supervisor,
manager, and superintendent, and should be
allocated only by the sanitation supervisor.
Misuse of these compounds inhibits effective
cleaning, and may possibly result in personal
injury and equipment damage. The water
temperature should be locked in at 55ºC.

Instructions provided with the portable or
centralized high-pressure or foam-cleaning
system should be followed. Cleaning com-
pounds should be applied according to
instructions or recommendations provided
by the vendor. (Chapter 9 provides a discus-
sion related to safety precautions when han-
dling cleaning compounds.) The sanitation
supervisor should inspect all areas nightly
while the cleanup crew is not on duty. All
soiled areas should be recleaned prior to the
morning inspection by the regulatory agency.

Chlorine papers should be used to check
the sanitizing solution if automatic make-up
or instructions are not available. These test
papers include directions for use and are avail-
able through most cleaning compound suppli-
ers. Other check systems for monitoring
sanitation are also available and are discussed
in Chapter 8. More information on these sys-
tems may be obtained from firms that sell
cleaning compounds and monitoring systems.
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Recommended Sanitary Work Habits

Sanitary workers should follow these gen-
eral practices:

1. Store personal equipment (lunch,
clothing, etc.) in a sanitary place and
always keep storage lockers clean.

2. Wash and sanitize utensils frequently
throughout the production shift and
store them in a sanitary container that
will not be in contract with floors,
clothing, lockers, or pockets.

3. Do not allow the product to contract
surfaces not sanitized for meat and
poultry handling. If any particle con-
tacts the floor or other unclean sur-
face, it should be thoroughly washed.

4. Use only disposable towels to wipe
hands or utensils.

5. Wear only clean clothing when enter-
ing production areas.

6. Cover the hair to prevent product con-
tamination from falling hair.

7. Remove aprons, frocks, gloves, or other
clothing items before entering toilets.

8. Always wash and sanitize hands when
leaving the toilet area.

9. Stay away from production areas
when a communicable disease, infected
wound, cold, sore throat, or skin
disease exists.

10. Do not use tobacco in any production
area.

HACCP

HACCP is regulated through the Food
Safety and Inspection Service of the U.S.
Department of Agriculture. (Additional dis-
cussion of HACCP, including implementa-
tion of this concept, is included in Chapters
1, 7, 18, and 22). HACCP does not necessar-
ily include major investments or expensive

microbial or other techniques. An example
would be control options for the pasteuriza-
tion step in pork or turkey ham processing.
Design, maintenance, and process control
are successful and relatively inexpensive.

An example of HACCP in a meat or poul-
try operation is the development of a flow
chart of a meat and poultry production line.
The flow pattern is a long sequence of
events, with steps that are difficult or impos-
sible to control. Many relevant factors
related to hazards of each step can be identi-
fied and critical control points determined.

Livestock and Poultry Production

Animals can be produced in a specific
pathogen-free (SPF) environment. Contami-
nation can also be reduced through adminis-
tration of bacterial cultures that exclude
pathogens from the gut flora by competition.
The farm environment (its pastures, steams,
manure, etc.) contributes to the recycling of
excretion, and reinfection. Sanitation prac-
tices must be established to improve hygiene
in this portion of the flow chart.

Transportation

The stressful conditions of live animal
transportation may cause pathogen carriers
to spread these microorganisms. The chal-
lenge is to incorporate sanitary practices
during transportation to reduce contamina-
tion in the processing plant.

Lairage

Stress during this phase of the flow chart
can cause changes in the microbial flora
composition of the intestinal tract, with the
emergence and shedding of Salmonella
organisms. Showering of animals can reduce
stress and contamination.

Hide, Pelt, Hair, or Feather Removal

The protective coats of meat animals
can and frequently do contain species of
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Salmonella and other detrimental microor-
ganisms. New procedures and equipment
modification are necessary to reduce con-
tamination. A machine-vision system that
instantly detects trace levels of organic con-
tamination, including ingesta and fecal
material which harbors pathogens, is avail-
able and can be used in processing, distribu-
tion, and retailing environments to help
workers detect organic contamination,
ensuring a safer and more wholesome prod-
uct. However, at the time of this writing a
“track record” for this equipment was not
established.

Evisceration

Intestinal spillage and viscera rupture can
occur. In poultry slaughtering, a series of
water or sanitizer sprays can be applied to
reduce contamination. Red meat carcasses
can also be decontaminated. The efficacy of
spraying has not been totally resolved
because this operation does not completely
remove microorganisms and can spread con-
tamination over the carcass.

Inspection

A meat inspector should use a sanitizer for
the hands and knife because they can con-
taminate dressed carcasses.

Chilling

Control of chilling parameters (air tem-
perature, air movement, relative humidity,
and filtering air) can reduce microbial
growth. Drying of the carcass surface is
important in the suppression of microorgan-
isms (e.g., Campylobacter species). Trimming
of the neck flap area of poultry carcasses
after chilling will reduce contamination.

Further Processing

Chilled carcasses and cuts should not be
exposed to an unchilled environment. The
equipment used in this operation should be

hygienically designed and sanitized before use.
Safe and wholesome adjuncts should be used.

Packaging

The appropriate packaging material will
protect the product from contamination.
Proper storage temperatures must be main-
tained.

Distribution

The method of distribution must be rapid
and clean. An effective temperature and san-
itary environment must be maintained. The
transportation environment should be moni-
tored for sanitation and temperature control.

SANITATION PROCEDURES

Detailed cleaning operations should be
written and posted in the plant. Documenta-
tion of procedures is beneficial when super-
vision changes are made and for training of
new employees. As mechanization increases,
cleaning methods become correspondingly
more detailed and complicated. Prior to
adopting a cleaning procedure, it is essential
to become familiar with the operation of all
production and cleaning equipment. In addi-
tion to providing the necessary information,
this can lead to improvements in methods
that are used or should be incorporated.

The following are examples of cleaning
procedures that could be used for distinct
operations and areas in a plant. These exam-
ples are only guidelines. Every cleaning
application should be adapted to the prevail-
ing conditions. Although this step will not be
mentioned, hoses and other equipment
should be returned to their proper locations
after cleanup.

Livestock and Poultry Trucks

FREQUENCY After each load has been
hauled.
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PROCEDURE

1. Immediately after removing livestock
or poultry from trucks, scrape and
remove all manure that has accumu-
lated from the premises.

2. Clean the truck beds, wheels, and frame
by washing down the racks, floors, and
frames with water to completely remove
all manure, mud, and other debris, com-
pletely disinfecting with a quaternary
ammonium sanitizer spray or by clean-
ing and sanitizing in one operation by
spray-cleaning with an alkaline deter-
gent sanitizer.

Livestock Pens

FREQUENCY As soon as possible after
each lot has been removed.

PROCEDURE

1. After the livestock are taken from each
pen, clean the manure from the floors
and walls, and remove it from the plant
premises.

2. Every 4 months, scrape all dried
manure and loose whitewash from the
gates and partitions. Sweep cobwebs
from the ceilings, and whitewash the
interior of the pens. Mix a cresylic acid-
type sanitizer with the whitewash
slurry.

3. If contagious diseases are brought into
the pens, quarantine the diseased ani-
mals and destroy them separately from
the healthy livestock. Remove the
manure completely from the surround-
ing pen area (using a hose if necessary),
and disinfect the pens by spraying with
a quaternary ammonium sanitizer.

A general cleaning procedure for slaughter
and processing areas encompasses: (1) gross
physical removal of debris, (2) prerinsing
and wetting, (3) cleaning compound applica-
tion, (4) rinsing, (5) inspection, (6) sanitiz-

ing, and (7) prevention of recontamination.
The first step is essential to reduce time and
water requirements, and can minimize the
biological load on the sewage system. Physi-
cal removal of debris also reduces splashing
of large particles during the second step. The
significance of the other steps has been pre-
viously alluded to and will be discussed in
other chapters. The role of these cleaning
procedures is illustrated in the applications
to follow.

Slaughter Area

FREQUENCY Daily. Debris should be
periodically removed during the production
shift.

PROCEDURE

1. Pick up all large pieces of extraneous
material and transfer the matter to
receptacles.

2. Cover all electrical connections with
plastic sheeting.

3. Briefly prerinse all soiled areas with 50
to 55ºC water. Start working water
from the ceiling and walls and the
upper portion of all equipment, and
continue to direct all extraneous mat-
ter down to the floor. Avoid direct
contact of water with motors, outlets,
and electrical cables.

4. Apply an alkaline cleaner through a
centralized or portable foam system,
using water that is 50 to 55ºC. The sys-
tem should be designed and operated
to reach all framework, undersides,
and other difficult-to-reach areas.
Allow 5 to 20 minutes of exposure
prior to the rinse. Although foam
requires less labor, high-pressure
equipment for application is more
effective in penetrating hard-to-reach
areas of equipment and may be more
effective in the removal of L. monocy-
togenes.
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5. Rinse ceilings, walls, and equipment
within 20 minutes after application of
the cleaning compound. Use the same
rinse pattern as for prerinse and clean-
ing compound application, with 50 to
55ºC water.

6. Inspect all equipment and surfaces
and touch up as necessary.

7. Apply an organic sanitizer to all
equipment with a centralized or
portable sanitizing unit. The solution
should be at least 50 parts per million
(ppm) of chlorine.

8. Remove, clean, and replace drain
covers.

9. Apply white edible oil to surfaces sub-
ject to rust corrosion. Any further use
of oil here or for applications that fol-
low is discouraged because the protec-
tive film contributes to microbial
growth.

10. Clean any specialized equipment in
this area according to the manufactur-
ing firm's recommendations.

11. Avoid contamination during mainte-
nance and equipment setup by requir-
ing maintenance workers to carry a
sanitizer and to sanitize where they
have worked.

Poultry Mechanical Eviscerators

FREQUENCY Daily. A continuous or
intermittent sanitizer spray should be pro-
vided to reduce contamination.

PROCEDURE

1. Pick up all large pieces or extraneous
material, and transfer the matter to
receptacles.

2. Cover electrical connections with plas-
tic sheeting.

3. Briefly prerinse this equipment with 50
to 55ºC water.

4. Apply an alkaline cleaner through a
centralized or portable foam system,

using 50 to 55ºC water. Allow 10 to 20
minutes of exposure time prior to rinse-
down with 40 to 50ºC water.

5. Inspect all areas and conduct any nec-
essary touch-ups.

6. Apply 200-ppm chlorine (or other
organic sanitizer) with a centralized or
portable sanitizing unit.

7. Avoid contamination during mainte-
nance, as described previously.

Poultry Pickers

FREQUENCY Daily.
PROCEDURE
1. Pick up all large debris and transfer the

matter to receptacles.
2. Cover electrical connections with plas-

tic sheeting.
3. Briefly prerinse this equipment with 50

to 55ºC water.
4. Apply a heavy-duty alkaline cleaner

through a centralized or portable foam
system on the shower cabinets. Shack-
les should go into the tank with the
same cleaner.

5. After cleaning compound exposure for
approximately 20 minutes, rinse down
with 40 to 50ºC water.

6. Remove residual feathers and other
debris by hand.

7. Because of the rubber fingers, apply 25-
ppm iodophor as a sanitizer through a
centralized or portable sanitizing unit.

Receiving and Shipping Area

FREQUENCY Daily.
PROCEDURE

1. Cover all electrical connections, scales,
and exposed product with plastic sheet-
ing to prevent water and chemical dam-
age.

2. Briefly rinse the walls and floors with
50 to 55ºC high-pressure water. The
wall-rinse motion must be from top to
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bottom and side-to-side, with extrane-
ous matter worked to the floor. This
prerinse is designed to remove heavy
soil deposits and to wet the surfaces.

3. Apply an acid cleaning detergent
through a slurry or foam gun. Recom-
mended spray temperature is 55ºC or
lower. High-pressure output (for these
cleaning operations) is 25 to 70 kg/cm2

and 7.5 to 12 L/min at the wand.
4. Within 20 minutes of the cleaning com-

pound application, apply a high-pres-
sure rinse with 50 to 55ºC water.

5. Remove, clean, and replace drain cov-
ers in the proper position after rinse-
down.

Processed Products, Offal,
and Storage Cooler

FREQUENCY Weekly. Processed meats,
offal, and hanging meat should be rotated so
that half of a section at a time can be cleaned
each week.

PROCEDURE

1. Clean each section, when empty, with a
reliable floor cleaner. Apply slurry or
foam via high pressure.

2. Rinse thoroughly with 55ºC or lower
temperature water at high pressure
within 20 minutes of detergent applica-
tion. Do not splash water on hanging
meat in the section not being cleaned.
Work all debris to the floor from over-
head fixtures and walls.

3. Squeegee the floor where water has
accumulated to prevent it from freezing.

4. Remove, clean, and replace drain covers.

Fabricating or Further Processing

FREQUENCY Daily.
PROCEDURE

1. Pick up all large pieces of lean, fat,
bones, and other extraneous matter,
and deposit them in a receptacle.

2. Cover all electrical connections with
plastic.

3. Prerinse all soiled surfaces with 55ºC
water. Start at the bone conveyor top
and work all extraneous matter down
to the floor. Avoid hosing motors, out-
lets, and electrical cables.

4. Following wash-down and subsequent
heavy soil removal, apply an alkaline
cleaner through a centralized or
portable high-pressure, low-volume sys-
tem, using 50 to 55ºC water. The system
should be effectively used to reach all
framework, table undersides, and other
difficult-to-reach areas. Allow 5 to 20
minutes of soak time prior to rinse-
down. Alternative equipment for clean-
ing compound application is a foam
unit. This unit rapidly applies the
cleaner but does not penetrate as well as
does high-pressure, low-volume equip-
ment and may be less effective in the
removal of L. monocytogenes.

5. Rinse all equipment within 20 minutes
after cleaning compound application.
Using the same pattern as with pre-
rinse and cleaning compound applica-
tion, spray 50 to 55ºC water on one
side of equipment at a time.

6. Thoroughly inspect all equipment sur-
faces and conduct any necessary
touch-up.

7. Apply an organic sanitizer to all clean
equipment with a centralized or
portable sanitizing unit.

8. Remove, clean, and replace all drain
covers.

9. Apply white edible oil to surfaces sub-
ject to rust or corrosion.

10. Avoid contamination during mainte-
nance, as described previously.

If a bone shelter or hopper exists, it
should also be cleaned, as outlined in the
preceding steps. This operation should be
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performed twice a week during winter
months and daily during the summer.

Processed Products Area

FREQUENCY Daily.
PROCEDURE

1. Dismantle all equipment and place the
parts on a table or rack. Disconnect
all stuffing pipes.

2. Pick up all large pieces of meat and
other extraneous matter and deposit
in a receptacle.

3. Cover all electrical connections with
plastic.

4. Prerinse all soiled surfaces with 55ºC
water. Start at the top of all processing
equipment, and direct all extraneous
matter down to the floor. Avoid direct
hosing of motors, outlets, and electri-
cal cables.

5. Following wash-down and subsequent
heavy soil removal, apply an alkaline
cleaner through a centralized or
portable high-pressure, low-volume sys-
tem, using 50 to 55ºC water. The system
should effectively reach all framework,
tables, other equipment undersides, and
other difficult-to-reach areas. Soak time
prior to rinse-down should be 5 to 20
minutes. Although foam is less effective
in penetration, it is a viable cleaning
medium and is easily applied.

6. Rinse all equipment within 20 to 25
minutes after cleaning compound
application. Using the same prerinse
pattern as with the prerinse and deter-
gent application, spray 50 to 55ºC
water on one side of each piece of pro-
cessing equipment at a time.

7. Thoroughly inspect all equipment
surfaces and touch up as necessary.

8. Apply an organic sanitizer to all clean
equipment with a centralized or
portable sanitizing unit.

9. Remove, clean, and replace drain
covers.

10. Apply white edible oil only to surfaces
subject to rust or corrosion.

11. Avoid contamination during mainte-
nance as described previously.

Fresh Product Processing Areas

FREQUENCY Daily.
PROCEDURE

1. Dismantle all equipment, and place
the parts on a table or rack. Discon-
nect all stuffing pipes.

2. Remove large debris from equipment
and floor and deposit it in a receptacle.

3. Cover mixer and packaging equip-
ment with plastic.

4. Briefly prerinse all soiled surfaces with
50 to 55ºC water to remove heavy
debris and to soak exposed surfaces.
Guide hoses to force all debris toward
the closest floor drain.

5. Apply an alkaline cleaner through
centralized or portable high-pressure,
low-volume cleaning equipment,
using 50 to 55ºC water. Foam, gel, or
slurry may be incorporated to intro-
duce the cleaning compound. Clean-
ing compound application must cover
the entire area equipment, floors,
walls, and doors.

6. Rinse the area and equipment within
20 to 25 minutes after cleaning com-
pound application.

7. Inspect the area and all equipment.
Touch up as needed.

8. Remove, clean, and replace drain covers.
9. Sanitize all clean equipment with an

organic sanitizer using a centralized or
portable sanitizing unit.

10. Apply white edible oil only to surfaces
subject to rust or corrosion.

11. Avoid contamination during mainte-
nance as described previously.
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Processed Products Packaging Area

FREQUENCY Daily.
PROCEDURE

1. Dismantle all equipment, placing the
parts on a table or rack.

2. Remove large debris from equipment
and floors and place in a receptacle.

3. Cover packaging equipment, motors,
outlets, scales, controls, and other
equipment with plastic film.

4. Prerinse all soiled surfaces with 55ºC
water to remove heavy debris and to
soak exposed surfaces. Hoses should
be guided to force all debris toward
the closest floor drain.

5. Apply an alkaline cleaner through cen-
tralized or portable foam cleaning
equipment, using 50 to 55ºC water.
Cleaning compound application must
cover the entire area equipment, floors,
walls, and doors.

6. Rinse the area and equipment within
20 to 25 minutes after application of
the cleaning compound, using the
same pattern of movement as used
when applying the cleaner.

7. Inspect the area and all equipment.
Touch up as needed.

8. Remove, clean, and replace drain
covers.

9. Sanitize all clean equipment with an
organic sanitizer using a centralized or
portable sanitizing unit.

10. Apply white edible oil only to surfaces
subject to rust or corrosion.

11. Avoid contamination during mainte-
nance as described previously.

Brine Curing and packaging Area

FREQUENCY Daily.
PROCEDURE

1. Pick up all large debris and place in a
receptacle.

2. Cover all electrical connections, scales,
and exposed product with plastic
sheeting.

3. Prerinse the area and all equipment
with 55ºC water.

4. Place an acid cleaner in the shrink
tunnel (if used), and circulate for ca.
30 minutes during prerinsing.

5. Rinse shrink tunnel (if present) before
detergent application.

6. Place all prerinse debris in a receptacle.
7. Apply an alkaline cleaner through a

foam or slurry cleaning system, using
50 to 55ºC water.

8. Rinse with 55ºC water within 20 min-
utes after detergent application.

9. Inspect the area and equipment and
touch up as needed.

10. Remove, clean, and replace drain covers.
11. Sanitize all clean equipment with an

organic sanitizer applied through a
centralized or portable system.

12. Apply white edible oil only to those
parts subject to rust or corrosion.

13. Avoid contamination during mainte-
nance as described previously.

Dry Curing Areas (Curing, Equalization,
and Aging)1

FREQUENCY After product input, and
at the end of designated cure or equalization
period.

PROCEDURE

1. Sweep floors.
2. Remove pallets and other portable stor-

age equipment, to rinse away cure gran-
ules and other debris with 50ºC water.

3. Hose down vacated areas with 50ºC
water.

4. Clean trolleys, trees, and other metal
equipment used, as outlined for wire
pallets and metal containers or trolleys.
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5. Sanitize cleaned areas according to
manufacturer requirements with a qua-
ternary ammonium compound for its
residual effect.

6. Spray aging rooms once every 3 months
with a synergized pyrethrin. Follow the
directions on the label. Sulfuryl fluoride,
an alternative to methyl bromide that is
being phased out, is a non-flammable,
odorless, colorless and noncorrosive, that
can leave a residue in the area treated and
the products being stored.

Smokehouses

FREQUENCY After the end of each
smoke period.

PROCEDURE

1. Pick up large debris and place in a
receptacle.

2. Apply an alkaline cleaning compound
recommended for cleaning smokehouses
through a centralized or portable foam
system. Figure 17–4 illustrates a unit
used for cleaning smokehouses.

3. Rinse the area within 20 to 30 minutes
after cleaning compound application.
Start at the ceiling and walls, and work
all extraneous matter down to the floor
drain.

4. Inspect all areas, and touch up where
needed.

5. Apply a quaternary ammonium sani-
tizer with a sanitizing unit at the entry
area to reduce air contamination.

Smokehouse Blower

FREQUENCY After each use cycle.
PROCEDURE
Blades

1. Remove the blower housing access
panel and drain plugs; soak with an
alkaline solution.

2. Start the blower and flush with steam.

3. Stop the blower and flush again with
water. Repeat the operation until the
equipment is clean.

Housing

1. Soak the inside of the plenum well, and
wash the blower evolute wall with the
alkaline cleaning solution.

2. Flush the housing with steam, then
with water. Repeat until the housing is
clean.

3. Replace drain plugs and access panel.

Smokehouse Steam Coils

FREQUENCY Depends on amount of use.
PROCEDURE
Coils

1. Open the coil chamber access door and
soak with an alkaline cleaning solution,
brushing vigorously.

2. Flush the coils with steam, then with
water. Repeat until the metal is shining.

Chamber around Coils

1. Brush the cleaning solution on the
inside of the chamber walls.

2. Use 55ºC water to flush the chamber
wall clean.

3. Close the coil chamber access door.

Smokehouse Ducts and Nozzles

FREQUENCY Depends on amount of use.
PROCEDURE
Outside Ducts

1. Remove the ductwork at the back of
the house and remove carbon deposits.
Disassembly is not necessary if the
ducts have access panels.

2. Spray the inside surface with an alka-
line cleaning solution.

3. Flush the outside ducts clean with 90ºC
water or steam, followed by hot water
until the metal is exposed.
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Inside Return Ducts

1. Mark the positions of the slide panels
over the return ports for setting back to
their original openings.

2. Open the ports all the way and use as
access doors for applying an alkaline
cleaning solution to the ducts.

3. Use 90ºC water for flushing the return
ducts. Repeat until the metal shows.

4. Reset the slide panels to the originally
marked positions.

Inside Jet Ducts

1. Open side access panels (or drop hinged
panel, depending on type of house).

2. Soak the inside ducts and nozzles with
a cleaning solution.

3. Use water at 90ºC to flush these ducts
clean. Repeat until the metal is
exposed.

4. Close the access panel (or hinged panel).

Exhaust Stack

1. Disassemble the stack (or open access
panels).

2. Soak the stack interior with an alkaline
cleaning solution.

3. Flush the stack with 90ºC water or
steam, followed by hot water. Repeat
until the metal shows.

4. Reassemble the stack (or close the
access panels).

Smoke Generator

FREQUENCY Depends on amount of use.
PROCEDURE
Filter

1. Soak the filter in an alkaline cleaning
solution.

2. If mineralization has occurred, cut the
frame apart, and clean the leaves indi-
vidually. Re-weld the frame after
cleaning. Avoid warping.

Baffle and Cascade Chamber

1. Mechanically or hand brush the baffles
(especially the edges) with a wire brush.

2. Scrape the edges of the cascade water
outlet.

Wash Chamber

1. Disassemble the duct connecting the
smoke generator to the house.

2. Remove soot and ash from the cham-
ber below the filter.

3. Clean the duct and chamber surface
until the metal shows.

Spiral Freezer

FREQUENCY After use.
PROCEDURE
See instructions for specific equipment to

be cleaned.
PRECAUTIONS

1. To minimize friction, regularly wash
the spiral with a foaming cleanser.

2. When the track is warm, wipe with a
cloth dampened with a detergent solu-
tion. If the track is cold, a dry cloth
may be used. Tie the cloth to the under-
side of the conveyor belt and let it be
drawn through the spiral.

3. Defrosting the evaporator coil alone is
insufficient for cleaning. Coils may
appear clean, but grease, oils, salts, food
adjuncts, and organic materials often
remain hidden on internal surfaces.
Therefore, it is necessary to clean and
sanitize contaminated sites with warm
water and a pH-balanced detergent.
Cleansing solutions typically include an
etching agent, a degreaser, inhibitors,
metal protectors, stabilizers, and water. A
mildly alkaline cleanser is often recom-
mended for cleaning the evaporator coil.

4. If the freezer has been supplied
with a recirculating CIP system, use a 
low-foaming detergent. Otherwise, a
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high-foaming detergent is best. A
chemical supplier should be consulted
to determine the best cleaner.

Wash Areas

FREQUENCY Daily.
PROCEDURE See instructions for spe-

cific equipment to be cleaned.
PRECAUTIONS

1. Use a separate wash area for raw and
cooked product equipment to reduce
the spread of Listeria and spoilage
microorganisms.

2. Provide this operation in an area where
clean equipment does not cross fresh-
product areas of the plant.

Packaged Meats Storage Area

FREQUENCY At least once per week and
more often in a high-volume operation.

PROCEDURE

1. Pick up large debris and place in a
receptacle.

2. Sweep and/or scrub with a mechanical
sweeper or scrubber, if available. Use
cleaning compounds provided for
mechanical scrubbers, according to
directions provided by the vendor.

3. Use a portable or centralized foam or
slurry cleaning system with 50 to 55ºC
water to clean areas heavily soiled by
unpackaged products or other debris.
Cleaning through rinsing-down should
follow as previously described for pro-
duction and processing areas.

4. Remove, clean, and replace drain cov-
ers, if present.

Low-Temperature Rendering (Edible)

FREQUENCY Daily.
PROCEDURE

1. Remove all large pieces of fat and tis-
sue from the grinding equipment and
store in a cool area.

2. Drain the system so that no lard, tal-
low, or melted fat remains.

3. The entire system should be flushed
with 55 to 60ºC water to remove heavy
accumulations of deposits from the
equipment and piping.

4. Disconnect the system where possible
to allow the water and scrap to drain
form each piece of equipment. Dis-
mantle dead ends and T-joints in the
piping to allow scrap accumulations
to be removed from these sections.

5. Open the equipment and dismantle
where possible to allow cleaning of all
surfaces that come in contact with the
product. Place parts, pipe sections,
and other sections in a sink or truck to
soak in an alkaline cleaning solution.
Follow specific instructions form the
manufacturer for dismantling and
cleaning the equipment.

6. Remove large scraps of product from
the interior of the equipment.

7. Spray-clean all exposed surfaces of
the equipment throughout the system
with an alkaline detergent sanitizer.
Take special care to remove all possi-
ble product from the interiors of
augers, pump screws, cutters, grinders,
centrifuge chambers, and tanks.
Spray-clean the cooling rollers where
they are operating without refrigera-
tion. Clean parts and pipe sections in
a truck with a scrub brush and an
alkaline cleaning solution.

8. Clean the centrifugal equipment and
piping that cannot be dismantled to
allow the interior surfaces to be spray-
cleaned by circulating a solution of a
heavy-duty alkaline cleaner through
the equipment and piping. While cir-
culating the cleaning solution, operate
the centrifuges and reduced speeds to
provide a scrubbing action in the sys-
tem. Although CIP equipment is ex-
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pensive, this system can be effectively
utilized in this cleaning application,
due to the potential savings of labor.

9. Circulate the cleaning solution for at
least 30 minutes.

10. Drain the system and flush with 55 to
60ºC water until the effluent is free of
scraps.

11. Transfer all scraps flushed out of the
equipment to the inedible department.

Wire Pallets and Metal Containers

FREQUENCY Prior to use.
PROCEDURE

1. Use high-pressure water at 55ºC or
lower as a prerinse.

2. Preferably, apply an alkaline cleaner with
a foam unit. If foam is unavailable, use a
high-pressure, low-volume unit. Never
spray more containers than can be rinsed
before the cleaning compound dries.

3. Use a high-pressure spray of 55ºC
water as a rinse.

4. Inspect all rinsed containers and re-
clean as needed.

Trolley Wash

FREQUENCY Depends on the physical
appearance.

PROCEDURE

1. Skim off excess waste material form the
cleaning solution.

2. Check the cleaning solution strength
with a test kit. If it registers under the
recommended strength, add the appro-
priate compound and retest.

3. Open the main steam valve. Maintain
a solution temperature of 82 to 88ºC.

4. Lower the trolleys into the tank.
5. After the trolleys have soaked for 25 to

30 minutes, remove them, and rinse
thoroughly.

6. Inspect the clean trolleys. Place the unsat-
isfactory ones on a rack of recleaning.

7. Place the clean trolleys in an oil bath
while another rack is being cleaned.

8. Place the oiled trolleys over a drip pan
or allow sufficient drip time while sus-
pended over the oil tank.

Offices, Locker Rooms, and Rest Rooms

FREQUENCY Offices, daily; locker rooms
and rest rooms, at least every other day.

PROCEDURE

1. Cover electrical connections with plas-
tic sheeting.

2. Clean areas with a foam or high-pres-
sure unit (or scrub brush and/or mop).

3. Within 20 minutes after cleaning com-
pound application, rinse with 55ºC water.

4. If the cleanser and rinse do not clean
dirty areas or if drains are not present,
hand scrub with scouring pads.

Garments

FREQUENCY Daily.
PROCEDURE

1. Place dirty garments into the washer-
extractor. Do not load the washer
beyond its rated capacity.

2. Place the programmer dial at the start of
the cycle and push the “On” and “Run”
buttons. The drum programmer will
automatically select the wash time and
water temperature. An example would be
a mixture of 1 kg of a laundry com-
pound and 0.25 kg of chlorine bleach
should not be used when washing gloves.

3. After the wash-extract cycle, remove the
garments and place them in the dryer.
Set aside garments not thoroughly
cleaned for re-washing. Do not load the
dryer beyond its rated capacity.

4. Set the temperature at 121ºC for 30
minutes. Dry gloves for only 20 minutes.

5. Place dried garments in a clean wire
crib or equivalent container. They need
not be folded.
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TROUBLESHOOTING TIPS

● Discoloration of floors: To restore the
original color of darkened concrete
floors, spread a bleach solution on them
and allow it to stand for at least 30 min-
utes. Then, a mechanical scrubber can
be incorporated.

● White film buildup on equipment: This
condition is caused when too much
cleaning compound is used, when the
equipment is not being properly rinsed,
or when the water is hard.

● Conveyor wheels freezing: The cleaning
water temperature is probably too high.
Wheels lose lubricant at about 90ºC.
The cleaning temperature should not
exceed 55ºC.

● Sewer lines plugged: Sediment bowls are
probably not being cleaned daily and/or
floor sweepings are being flushed into
sewer pipes.

● Yellow protein buildup on equipment:
This condition may be caused by water
temperature used in cleaning being too
high. Brushing away all organic material
will remove daily buildup. If heated soil
is allowed to remain long on equipment,
however, rubbing with steel wool will
remove it. To avoid trouble, do not spray:
liver slicers, cube steak machines, elec-
tronic scales, patty machines, any elec-
trical outlet, motor, or equipment with
open connections (cover all possible
outlets with polyethylene bags), wrap-
ping film or containers, or wrapping
units.

Pre-Operation Flood 
Sanitizing Considerations

Flood sanitizing is applying a sanitizer at
a high flow rate. This allows a flow rate
capable of flushing off soils and penetrating
cracks and crevices with sanitizer solution
without taxing the water supply.

Sanitizer compounds can either be injec-
ted at the hose station or sanitizer solution
can be pumped through a central piping sys-
tem. From a cost and durability standpoint,
wall mounted sanitizer stations with dual
orifice inlets for sanitizer selection provide
the best results. Central sanitizing system
concentrations (ppm) are difficult to change
and require pumps, control panels, and a
separate piping layout.

According to Carling-Kelly (2003), most
modern production areas can be physically
cleaned relatively soil free during the sanita-
tion process. But, recontamination issues can
become apparent during the pre-op or start-
up phase of production.

This contamination is caused by several
factors:

1. Poor consistency during final rinse-
inspection by sanitation operators
before pre-op. This problem may be
caused by a short sanitation window or
lack of trained sanitors to perform the
final inspection.

2. Area or equipment recontamination
during the actual pre-op inspection
and set-up process before production
begins. This complication is caused
during the set-up process by bringing
in supplies, preparing equipment for
operation, and the influx of person-
nel getting the area ready for produc-
tion.

Whatever the recontamination cause, two-
stage flood sanitizing will provide a more
effective method for controlling area results
during this critical start-up time. The sani-
tizer solution should be applied at tap water
temperature to reduce condensation poten-
tial in refrigerated areas. The basic concept is:

First Step:
Use wall mounted sanitizer injectors (or a

central sanitize system) to flood all surfaces
in the production room with 600 to 800 ppm
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of sanitizer solution as part of the sanitation
final inspection process.

● Training the sanitors to, inspect their
area as they flood, sanitize will result in
a more thorough application of sani-
tizer at a disinfecting rate. Walls, equip-
ment, framework, and floors should all
be flood sanitized.

Second Step:
This step should be after pre-op and area

set-up, but immediately before production
actually starts. Flood all product contact
surfaces with sanitizer solution at the allow-
able no-rinse limit.

● This sanitizing step will remove any soils
deposited on product contact surfaces
during the set-up phase and bring these
surfaces into no-rinse compliance to
avoid any contamination issues. Leaving
the walls, framework, and floors with
the higher sanitizer concentrations will
provide additional bacteria control as
the day progresses.

The benefits of two-stage flood sanitiz-
ing become readily apparent as pre-op
inspections find less visible soils and bacte-
ria growth are reduced throughout produc-
tion areas. In effect, two-step sanitizing
adds additional antimicrobial controlling
rinses without increasing overall sanitation
time.

SUMMARY

An efficient cleaning system can reduce
labor costs in meat and poultry plants by up
to 50%. The optimal cleaning system
depends on the type of soil and type of
equipment present. High-pressure, low-vol-
ume cleaning equipment is normally the
most effective for removing heavy organic
soil, especially when deposits are located in

areas that are difficult to reach and pene-
trate. However, foam, slurry, and gel clean-
ing have become more prominent because
cleaning is quicker and cleaners are easier to
apply using these media. Because of high
equipment costs and cleaning limitation,
CIP systems are typically limited primarily
to applications that involve large storage
containers.

In meat and poultry plants, acid cleaning
compounds are used most frequently to
remove mineral deposits. Organic soils are
more effectively removed through the use of
alkaline cleaning compounds. Chlorine com-
pounds provide the most effective and least
expensive sanitizer for destruction of resid-
ual microorganisms. However, iodine com-
pounds give less corrosion and irritation,
and quaternary ammonium sanitizers have
more of a residual effect. Appropriate clean-
ing procedures depend on the area, equip-
ment, and type of soil.

STUDY QUESTIONS

1. How do microorganisms affect meat
color?

2. What is the function of air curtains?
3. What are limited uses of CIP equip-

ment in a meat or poultry plant?
4. Why is chlorine dioxide an effective

sanitizer in meat and poultry plants?
5. Why does the meat and poultry sanitar-

ian need to know something about
HACCP?

6. How can the discoloration of darkened
concrete floors be removed?

7. What causes a white film buildup on
equipment in a meat and poultry plant?

8. What causes a yellow protein buildup
on equipment in a meat and poultry
plant?

9. Where is foam cleaning in a meat or
poultry plant especially beneficial?
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10. How much reduction in labor costs
may be obtained through an efficient
cleaning system for meat and poultry
plants?

11. What is the significance of activated
lactoferrin to the meat processor?

12. What are the three alternative levels of
listeria control in a meat or poultry
plant?
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C H A P T E R 1 8

Seafood Plant Sanitation

Sanitation programs in the seafood indus-
try are essential to provide the processor
with guidelines that will give the consumer a
high-quality, wholesome food. Because these
guidelines relate to the facility and work
practices, proper planning of new, expanded,
and renovated plants should be considered.
Every production phase of the distribution
chain, from harvest to the consumer, must
ensure that only wholesome products are
provided to the ultimate consumer. Effective
sanitation contributes to the maintenance of
desired seafood quality.

Seafood processors should be familiar
with microorganisms that cause spoilage and
foodborne illness. Also, they need to know
about characteristics of various types of soil,
effective cleaning compounds and sanitizers,
available cleaning equipment, and effective
cleaning procedures.

Each processor should be equally familiar
with existing federal, state, and local public
health regulations. Regulatory requirements
are by no means the only reason that the
seafood processor should practice strict san-
itary procedures. Another important factor
is the consumer’s increased awareness of
nutritional value, wholesomeness, and pro-
cessing conditions of all foods, including
seafood.

SANITARY CONSTRUCTION
CONSIDERATIONS

A hygienically designed plant can enhance
the wholesomeness of all foods and dramat-
ically improve the effectiveness and efficiency
of the sanitation program. Even a well-
designed plan is not a safeguard against
microbial infection or other contamination
unless it is accomplished by sound mainte-
nance and sanitation. In a hygienic operation,
the employer or management team should
ensure good housekeeping and should be
constantly vigilant against ineffective sani-
tary practices for all physical facilities, unit
operations, employees, and materials. Chap-
ter 14 contains design and construction con-
siderations to supplement those discussed
here.

Site Requirements

A clean and attractive site is necessary.
Clean premises should be maintained for a
satisfactory public image, to promote the indi-
vidual firm and the industry. First impres-
sions of a site are important to regulatory
personnel and to the public, who are favor-
ably impressed by a clean, neat, and orderly
plant. The condition of the plant premises
frequently reflects the caliber of the plant
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hygienic practices. According to the U.S.
Food and Drug Administration (FDA), areas
that are inadequately drained “may con-
tribute to contamination of food products
through seepage or foodborne filth and by
providing an environment conducive to the
proliferation of microorganisms and insects.”
Excessively dusty roads, yards, or parking lots
constitute a contamination source in areas
where food is exposed. Improperly stored
refuse, litter, equipment, and uncut weeds or
grass within the immediate vicinity of the
plant buildings or structures may provide a
breeding place or harborage for rodents,
insects, and other pests.

The site should be equipped with the capa-
bility to dispose off the seafood plant wastes.
Solids, liquids, vapors, and odors emanating
from a plant present a poor image and can
result in legal action by either regulatory
groups and/or concerned citizens. Waste dis-
posal facilities must be designed to meet fed-
eral, state, and local requirements.

The site must also supply an ample
amount of potable water for plant opera-
tions. If water is drawn from wells, analysis
for mineral content and microbial load
should be conducted, and the water must
meet the standards established by the appro-
priate regulatory agency. After water use,
adequate provisions should be made for
wastewater discharge.

Construction Requirements

Although construction requirements are
addressed in Chapter 14, this information
relates to considerations for seafood process-
ing plants. Materials that do not absorb water
and are easily cleaned with resistance to cor-
rosion and other deterioration, should be
incorporated. Openings should be equipped
with air or mesh screens to prevent entry of
insects, rodents, birds, and other pests. A brief
discussion of sanitary features of various
construction phases will be covered to provide

guidelines for establishing a hygienic facility
designed for effective cleaning.

Floors

Floors should be constructed of an impervi-
ous material, such as waterproof concrete or
tile. The material should be durable with a sur-
face that is even enough to prevent accumula-
tion of debris but not smooth enough to cause
slipping and falling. A rough finish or use of
embedded abrasive particles can reduce acci-
dents. A frequently used surface is a water-
based acrylic epoxy resin that provides a
durable, nonabsorbent, easy-to-clean surface
that can double the life of the concrete floor.
This finish should contain an abrasive material
to provide a skid-resistant surface. Although
the cost is nearly prohibitive, acid brick floors
are known to be satisfactory and durable.

Floor Drains

A drainage outlet should be provided in
the processing area for each 37 m2 of floor
space. As with other processing plants, floors
in the processing areas should have a slope to
a drainage outlet of 2%. It is imperative that
this slope be uniform, with no dead spots to
trap water and debris. All drains should con-
tain traps. Drainage lines should have an
inside diameter of at least 10 cm and should
be constructed of cast iron, steel, or polyvinyl
chloride tubing. State and local codes should
be checked to verify that these materials are
permitted. Drainage lines should be vented
to the outside air to reduce odors and con-
tamination. All vents should be screened to
prevent entrance of pests into the plant. It is
also recommended that contamination be
further reduced by connection of drain lines
from toilets directly into the sewage system
instead of into other drainage lines.

Ceilings

Ceilings should be constructed at least 3 m
high in work areas with a material impervious
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to moisture. One acceptable material is
Portland-cement plaster, with joints sealed by
flexible sealing compound. A false ceiling
prevents debris from overhead pipes, machin-
ery, and beams from falling onto exposed
products.

Walls and Windows

Walls should be smooth and flat with a
nonabsorbent material such as glazed
tile, glazed brick, smooth-surface Portland-
cement plaster, or other nonabsorbent,
nontoxic material. Concrete walls are satis-
factory if they contain a smooth finish.
Although painting is discouraged, a non-
toxic paint that is not lead-based can be
applied. Window sills, if present, should be
slanted at a 45° angle to reduce debris accu-
mulation.

Entrances

Entrances should be constructed of rust-
resistant materials with tightly soldered or
welded seams. Double-entry screened doors
should be provided for outside entrances, as
well as air curtains (or equivalent) over out-
side doorways in the processing areas.

Processing Equipment

Processing equipment should have a
durable, smooth finish that is easily cleaned.
Surfaces should be free of pits, cracks, and
scale. The equipment should be designed to
prevent contamination of products from
lubricants, dust, and other debris. In addition
to hygienic design for cleaning ease, equip-
ment should be installed and maintained to
facilitate cleaning of equipment surfaces and
surrounding areas.

Where metal construction is essential,
stainless steel should be used to protect
seafood or other edible products. Galvanized
metal is discouraged because it is not suffi-
ciently resistant to the corrosive action of
seafood products, cleaning compounds, or

salt water. However, galvanized construction
can be economically used for handling of
waste materials. If galvanized material is
used, it should be smooth and have a high-
quality dip.

Cutting boards should be fabricated of a
hard, nonporous, moisture-resistant mate-
rial. They should be easy to remove for
cleaning and should be kept smooth. This
material should be abrasion- and heat-resist-
ant, shatterproof, and nontoxic. Cutting
boards should not contain material that will
contaminate products.

Conveyor belts should be constructed of
moisture-resistant material (such as nylon or
stainless steel) that is easy to clean. Convey-
ors should be designed to eliminate debris-
catching corners and inaccessible areas.
This equipment, like other processing equip-
ment, should be easily broken down for
cleaning. Cleaning is facilitated through use
of sealed or closed steel tubing, instead of
angle or channel iron. Drive belts and pulleys
should be protected with guard shields that
are easily removed during cleaning. Motor
mounts should be elevated enough to permit
effective cleaning. Motors and oiled bearings
should be located so that oil and grease will
not come in contact with the product.

As with other food plants, stationary
equipment should not be located within
0.3 m of walls and ceilings, so that access for
cleaning is available. Equipment should be
mounted at the same distance above the
floor or have a watertight seal with the floor.
All wastewater should be discharged through
flumes or tanks, so that it is delivered with an
uninterrupted connection to the drainage
system without flowing over the floor.

CONTAMINATION SOURCES

The environment at a seafood plant loca-
tion can contribute to contamination within
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the plant, as well as contamination to the
products. The processing equipment, con-
tainers, and work surfaces are other contam-
ination sources. An effective sanitation
program is necessary to reduce contamina-
tion and to monitor program effectiveness.
Raw fish and processing environments are
potential sources for Listeria monocytogenes
contamination. Although this pathogen is
destroyed through pasteurization and ther-
mal processing, it often enters cooked,
ready-to-eat products as a post-processing
contaminant.

Because seafood involves so many vari-
eties of flesh foods, the amount of contami-
nation varies among species. The initial
contamination source can be the raw prod-
uct, especially if the product is improperly
harvested and subjected to unsanitary prac-
tices on a vessel or truck. Delayed refrigera-
tion after harvest and other improper
handling between harvesting and processing
can result in produce decomposition and
increase the microbial load.

Seafood quality, including microbial load,
should be satisfactory for processing the day
after harvesting if:

● Chilling begins immediately after har-
vesting.

● Chilling reduces product temperature to
10°C within 4 hours.

● Chilling continues to approximately
1°C.

Storing fish at 27°C or higher for 4 hours,
with subsequent chilling to 1°C, will provide
an acceptable product for only 12 hours.

Workers contribute to contamination,
especially through unsanitary practices. Other
sources of contamination are processing
equipment, boxes, belts, tools, walls, floors,
utensils, supplies, and pests. Contaminants of
greatest concern are those that come in direct
contact with ready-to-eat products. Therefore,
effective cleaning and sanitizing of equipment

are vital. Scombroid contamination is associ-
ated with some of the dark-fleshed, fast-
swimming fish. This contamination could be
properly called histamine poisoning and causes
an allergic reaction. Nardi (1992) indicated
that scombrotoxin is always associated with
temperature abuse and resultant decomposi-
tion, so it is entirely avoidable. Undercooked
shellfish can be contaminated with Vibrio vul-
nificus and can contain viral infections from
hepatitis A.

Studies of fishery products serving as
foodborne vehicles for listeriosis have been
less focused than for some other foods in the
past. However, samples found positive for L.
monocytogenes include raw and cooked
shrimp, lobster tails, crab meat, squid, fin-
fish, and surimi analogs.

SANITATION PRINCIPLES

A seafood sanitation program must
encompass proper handling of the sanitation
tasks as well as personnel allocation.

Sanitation Inspection Critical Factors

Stanfield (2003) suggested the following
critical factors to remember when a sanita-
tion inspection of a processing plant for
fresh or frozen fish is conducted:

1. Look for evidence of rodents, insects,
birds, or pets within the plant.

2. Observe employee practices including
hygienic practices, clothing cleanliness,
and use of proper strengths of hand-
dip solutions.

3. Check to determine if fish are inspected
upon receipt and during processing for
decomposition, off-odors, and parasites.

4. Determine if equipment is washed and
sanitized during the day and at the
beginning and end of the daily produc-
tion cycle.
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5. Check to determine if the fish are
washed with a spray after evisceration
and periodically throughout the process
prior to packaging.

6. Determine the method and speed of
freezing or frozen fish and fish products.

7. Check the use of rodenticides and
insecticides to assured that no contami-
nation occurs.

8. Observe handling from boats to fin-
ished package and observe any signifi-
cant objectionable conditions.

Manufacturing Inspection

The following manufacturing inspection
suggestions were adapted from those pro-
vided by Stanfield (2003):

1. The flow plan and manufacturing pro-
cedure should be evaluated.

2. Processing equipment should be evalu-
ated for construction, materials, and
ease of cleaning.

3. Equipment cleaning and sanitizing pro-
cedures should be observed and evalu-
ated to determine their adequacy.

4. All butchering procedures should be
observed and evaluated.

5. Water source should be determined and
evaluated to confirm that only potable
water from an improved source should
be utilized.

6. If a long production delay occurs dur-
ing processing fish at room tempera-
ture, the product should be checked for
decomposition.

7. All handling steps and intermediate
steps in processing that may cause con-
tamination should be examined.

8. Holding times and temperatures during
processing should be determined.

9. If battering and/or breading of fish are
involved, the process should be reviewed
carefully, including temperature and pos-
sible contamination sources.

10. Compliance with good manufacturing
practices (GMP) should be evaluated.

Personnel Allocations

In addition to the need for adequate clean-
ing methods and seafood facilities, a well-
qualified sanitarian is required. Although
the seafood plant manager is ultimately
responsible for an effective sanitation pro-
gram and the production of wholesome
products, sanitation employees who are
trained to maintain a clean plant must be
provided. Employees should be adequately
instructed in seafood product knowledge
and in proper sanitary techniques, so that
they are informed of the importance of the
effect of proper sanitation on product whole-
someness. Any employee with a contagious
illness should not work around processing
areas, even during cleanup (see Chapter 6 for
further discussion related to employee health
requirements).

The typical seafood processing plant
should have one or more employees respon-
sible for daily inspection of all equipment
and processing areas for hygienic conditions.
Any sanitation deficiencies should be cor-
rected before production operations are
initiated.

Cleaning Schedule

A cleaning schedule with sequential clean-
ing steps is essential. The schedule should be
adopted for each area of the plant and
should be followed. Continuous-use equip-
ment, such as conveyors, flumes, filleting
machines, batter and breading machines,
cookers, and tunnel freezers, should be
cleaned at the end of each production shift.
If there are no refrigerated areas, batter
machines and other equipment in contact
with milk or egg products should be cleaned
at 4-hour intervals by draining the batter,
flushing the batter reservoir with clean water,
and subsequently applying a sanitizer. At the
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end of the production shift, this equipment
should be disassembled, and all parts should
be cleaned and sanitized. These parts, as well
as portable equipment, should be stored off
of the floor in a clean environment to pro-
tect against splash water, dust, and other
contamination sources.

The following steps apply when cleaning
seafood plants:

1. Cover electrical equipment with poly-
ethylene or equivalent film.

2. Remove large debris and place it in
receptacles.

3. Manually or mechanically remove soil
deposits from the walls and floors by
scraping, brushing, or by the action of
a hose from mechanized cleaning
equipment. Proceed from the top to the
bottom of the equipment and walls,
toward the floor drains or exit.

4. Disassemble equipment as required.
5. Conduct a prerinse for wetting action

and removal of large and water-soluble
debris, with water at 40°C or lower. This
temperature is important. A higher tem-
perature can cause denaturation of
seafood residues and other proteins, with
subsequent baking onto the contact
surface.

6. Apply a cleaning compound that is
effective against organic soil (usually an
alkaline cleaner) by portable or cen-
tralized high-pressure, low-volume, or
foam equipment. The temperature
of the cleaning solution should not
exceed 55°C. Cleaning compounds such
as sodium tripolyphosphate, tetra-
sodium pyrophosphate (a general-pur-
pose cleaner), or a chlorinated alkaline
detergent are usually considered satis-
factory. More than one cleaner should
be incorporated because of the nature
of the soiled equipment material char-

acteristics. (Chapter 9 discusses appro-
priate cleaning compounds for various
cleaning applications. Chapter 11 pro-
vides a detailed discussion of the opti-
mal cleaning equipment for various
cleaning applications.)

7. After the cleaning compound has been
applied and given approximately 15
minutes to aid in soil removal, rinse the
equipment and area with water that is
55 to 60°C. Hotter water is more effec-
tive in removing fats, oils, and inor-
ganic materials, but the cleaning
compound aids in emulsification of
these solids. Also, a higher water tem-
perature contributes to higher energy
costs and more condensation on the
equipment, walls, and ceilings.

8. Inspect equipment and the facility for
effective cleaning, and correct deficien-
cies.

9. Ensure plant sanitation through appli-
cation of a sanitizer. Although chlorine
compounds are the most economical
and widely used, other methods (as dis-
cussed in Chapter 10) are available.
Table 18–1 provides the recommended
concentrations for various sanitizing
operations. Washing raw salmon with
an acidified sodium chlorite (ASC)
solution reduces the microbial load on
the skin of whole salmon and in fillets
as well as L. monocytogenes in the fil-
lets. The antimicrobial activity of ASC
is enhanced when salmon is washed
with an ASC solution and stored in
ASC ice (Su and Morrissey, 2003). San-
itizers are most effectively applied by
use of a portable sprayer in small appli-
cations or with a centralized spraying
or fogging system in large-volume oper-
ations. Chapters 9, 10, and 11 discuss
available cleaning compounds, sanitiz-
ers, and sanitation equipment.
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10. Avoid contamination during mainte-
nance and equipment setup by requir-
ing maintenance workers to carry a
sanitizer and to use it where they have
worked.

The following sanitation checks should be
conducted:

1. Compliance with good manufacturing
practices (GMPs) should be confirmed.

2. Effectiveness of equipment cleaning
and sanitizing should be inspected.

3. Hand washing and sanitizing facilities
and the appropriate solution strength
should be checked.

4. The correct usage and storage of pesti-
cides should be verified.

5. The proper processing and storage tem-
perature should be verified to ensure
reduced microbial growth.

High Hydrostatic Pressure Treatment

High hydrostatic pressure (HHP) process-
ing is a viable treatment technique for use in
reducing pathogenic microorganisms associ-
ated with food and in extending shelf life.
HHP has been applied to a variety of foods,
including seafoods, fruit juices, sauces, and
meats. Dong et al. (2003) found that HHP
was effective in killing microorganisms in

raw fish fillets, but its significant effect on the
color and overall appearance of the product
limits its application to the processing of fish
for raw fish markets.

Flick (2003) indicated that HHP offers
seafood processors advantages such as
reduced process time; retention of freshness,
flavor, texture, appearance, and color; and
reduced functionality alterations compared
to traditional thermal processing. HHP of
250 to 300 MPa for 120 seconds curtails
many of the disease risks (such as from Vib-
rio parahaemolyticus, V. cholera, and V. vul-
nificus) associated with the consumption of
raw oysters (Cook, 2003).

Ozone Generation

Although sanitizing principles as discussed
in Chapters 10 and 17 apply here, ozone has
utility in aquaculture to disinfect water and
assist in filtration and for cooling tower water.
Production units are available that concen-
trate oxygen from the air using pressure swing
absorption (PSA), use air directly, or feed
pure oxygen from another source (Clark,
2004). The most common is PSA, because the
feed gas must be dried away (to prevent for-
mation of undesirable by-products from
ozone formation) and the drying process is
similar to the concentration process.
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Table 18–1 Recommended Sanitizing Concentrations for Various Applications

Quaternary Ammonium 
Application Available Chlorine (ppm) Available lodine (ppm) Compounds (ppm)

Wash water 2–10 Not recommended Not recommended
Hand dip Not recommended 8–12 150
Clean, smooth surfaces 50–100 10–35 Not recommended

(rest rooms and 
glassware)

Equipment and utensils 300 12–20 200
Rough surfaces (worn 

tables, concrete floors, 1,000–5,000 125–200 500–800
and walls)



RECOVERY OF BY-PRODUCTS

Waste management, including the recycling
of seafood waste products, has become increa-
singly important. In addition to the economic
considerations, an effective recovery system
can contribute to a more hygienic operation.
Today, many food processors are recycling
and/or reducing their liquid discharges.

Innovations in water conservation are:

● Wastewaters used for noncontaminating
purposes in one area of a food process-
ing operation are now being redirected
to other areas that do not require
potable water.

● Closed water system food processing
operations in which all process waters
are continuously filtered to remove solid
materials have been established.

● Dry conveying equipment has been uti-
lized to replace water transport of solids.

Hazard Analysis Critical Control Point
Models

Seafood processing regulations, which
became effective on December 18, 1997,
require that a seafood processing plant
(domestic and exporting foreign countries)
represent a preventive system of food safety
controls known as hazard analysis and critical
control point (HACCP). The basic concept of
HACCP is to: (1) identify food safety hazards
that, in the absence of controls, are likely to
occur in products and (2) establish controls
at those operations in the process that will
eliminate or minimize the possibility that an
identified hazard will occur. HACCP provides
a systematic approach for taking those meas-
ures that demonstrate to the Food and Drug
Administration (FDA), customers, and con-
sumers that food safety and design are being
practiced.

Four raw fish workshops conducted by the
National Marine Fisheries Service developed

HACCP models for each region that identi-
fied between 23 and 26 steps with 5 to 11
critical control points. The HACCP model
for breaded shrimp production identified 30
process steps, with 9 identified as critical.
Similar evaluations were made through
analysis of cooked and raw shrimp process-
ing. This surveillance model is designed to
develop a seafood products inspection pro-
gram to protect consumers, based on the
HACCP concept. More information about
HACCP is provided in chapter 7.

SUMMARY

A hygienically designed plant can improve
the wholesomeness of seafood and the sani-
tation program. The location of the seafood
plant can contribute to the sanitation of the
facility. The design and construction materi-
als used in the plant and equipment are also
critical to an effective sanitation program.

Personnel allocation and an organized
cleaning schedule with required cleaning steps
are essential in maintaining a hygienic opera-
tion. This portion of the sanitation program
should be matched with the most effective
cleaning compounds, cleaning equipment,
and sanitizers. The sanitation operation can
be enhanced by the recovery of by-products,
adoption of recommendations provided by
regulatory agencies, and participation in vol-
untary inspection programs.

STUDY QUESTIONS

1. How much floor slope should exist in
seafood processing plants?

2. How much chlorine sanitizer should be
applied to equipment and utensils in
seafood plants?

3. How much quaternary ammonium san-
itizer should be applied to equipment
and utensils in seafood plants?
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4. How much iodine sanitizer should be
incorporated in a hand dip for sea-
food plants?

5. What is the maximum cleaning solu-
tion temperature for a seafood plant?

6. What is the maximum rinse tempera-
ture for a seafood plant?

7. What kind of paint should be applied
in seafood plants?

8. What measure can conserve water in a
seafood plant?

9. How can entrances into seafood plants
be designed to provide a more hygienic
operation?

10. How can drainage lines from seafood
plants be designed to reduce contami-
nation?
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C H A P T E R 1 9

Fruit and Vegetable Processing Plant
Sanitation

An effective sanitation program for fruit
and vegetable processing facilities requires
the same basic components needed in other
food operations: appropriate cleaning com-
pounds and sanitizers, effective cleaning pro-
cedures, and effective administration of the
sanitation program. The ultimate goal is to
provide a finished product that is sanitary
and wholesome.

CONTAMINATION SOURCES

Effective preservation of fruits and vegeta-
bles depends on the prevention of contami-
nation by spoilage-causing and pathogenic
microorganisms during production, process-
ing, storage, and distribution. It is important
to consider raw materials as a potential
source for food spoilage microorganisms and
as a contributor to bacterial pools within a
processing plant.

Federal laws mandate that processed foods
shipped interstate be free of pathogenic
microorganisms. The normal sterilization
process for commercially canned foods is suf-
ficient to destroy pathogenic bacteria that
may exist in the container at the time of ster-
ilization. Also, washing and peeling opera-
tions contribute to the physical removal of
organisms. Therefore, if the canning and

freezing processes are properly conducted,
the finished product should be wholesome.
Chapter 5 provides more information on the
contamination of raw materials.

Raw Materials

Raw materials are exposed to many
unclean sources and can provide additional
contamination in the receiving, raw material
storage, and processing areas. They may pos-
sess biological hazards such as certain fruits
and vegetables contaminated with microor-
ganisms. Furthermore, sucrose may be con-
taminated with bacterial spores and yeasts,
and water can be contaminated with patho-
genic microorganisms. The incoming materi-
als may contain hazardous chemicals. Fruits
may contain pesticide residues and water
could be contaminated with heavy metals
and chemical residues; whereas packaging
materials may contain harmful chemical
residues that could leach into the product.
Furthermore, the intermediate products may
become contaminated in the processing steps
from cleaning compound residues due to
improper rinsing. Incoming materials may
be contaminated with hazardous extraneous
material such as metal, plastic, glass frag-
ments, and wood slivers.

Washing fresh produce with water cannot
be relied upon to completely remove patho-



genic bacteria (Brackett, 1992). Washing with
water can also result in cross-contamination.
Chlorinated water is the most frequently used
sanitizer for the washing of fresh produce.
However, this treatment has minimal effect
and results in less than a 2 log CFU/g reduc-
tion of pathogens on fresh produce (Beuchat
et al., 1998). Other sanitizers such as chlorine
dioxide, hydrogen peroxide, organic acid, cal-
cinated calcium solution, ozone, and acidic
electrolyzed water have the same minimal
antimicrobial effect as chlorinated water (Bari
et al., 1999; Han et al., 2000; Kim et al., 1999;
Lin et al., 2002; Koseki, 2003). Acidic elec-
trolyzed water has effectively inactivated
pathogens such as Escherichia coli O157:H7,
Listeria monocytogenes, Salmonella, and
Bacillus cereus (Kim et al., 2000; Koseki et al.,
2001; Park et al., 2001).

Soil Contamination

Heat-resistant bacteria are present in the
ground and can cause “flat sour” and other
spoilage of canned vegetables if washing is
not thorough. Microbial population is
affected by the degree of wind, humidity,
sunlight, and temperature, as well as by
domestic and wild animals, irrigation water,
bird droppings, harvesting equipment, and
workers. Most pathogens are introduced to
fruits and vegetables via irrigation shortly
before harvesting and before the sun dehy-
drates and destroys pathogens.

Air Contamination

Contaminated air contributes to less sani-
tary raw products. Besides normal microor-
ganisms and pollutants found in the air, this
medium serves as a transport of pathogens.
Infiltration of unclean air into the processing
plant can be improved by the use of air filters.

Pest Contamination

Certain pests can invade fruits and vegeta-
bles during the process of forming on the tree

or vine. Contamination by pests can be
expressed through the spread of viruses,
spoilage bacteria, and pathogens, as well as by
physical damage. Infesting microorganisms
frequently remain inactive because of the pro-
tective skin layer of fruits and vegetables and
because of the low availability of moisture
(measured as minimum water activity [AW])
on the surface. As these products reach matu-
rity or shortly thereafter, profound changes in
the medium can cause spoilage. The action of
pests, such as the pollinating fig wasp
(Blastophaga psenes), introduces microbes
that persist and develop in quantity through-
out the ripening period until the fruit is
mature. Although a portion of the microor-
ganisms introduced does not cause spoilage,
these microbes attract other organisms, such
as Drosophila, which carries spoilage yeasts
and bacteria. When the protective covering of
fruits and vegetables is broken by bruises,
mechanical injury, or by attack of insects,
microorganisms can enter readily.

The presence of coliforms on processing-
grade fruit as it arrives at the processing
plant is not truly indicative of the amount of
these microorganisms in the manufactured
juice or of positive evidence of unsanitary
conditions in the processing plant. However,
the presence of lactic acid bacteria consti-
tutes an accurate index of processing sanita-
tion for high-quality frozen citrus products.
Lactic acid bacteria are a more accurate indi-
cator of unsanitary conditions caused by
inadequate cleaning because these microor-
ganisms are the most likely to accumulate in
the bacterial pools that can exist when
proper sanitation practices are not followed.

Although several mycotoxins occur in
nature, few are regularly found in fruits. The
formation of mycotoxins depends more on
endogenous and environmental factors than
does fungal growth. Mycotoxins may remain
in fruits even when the fungal mycelium has
been removed. The diffusion of mycotoxins
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into the sound issues of fruits may occur,
depending on the food and mycotoxin.
Proper selection, watching, and sorting of
fruits is the most important factor in the
reduction of mycotoxin contamination dur-
ing the production of fruit juices. However,
the processing of foods does not result in the
complete removal of mycotoxins (Drusch
and Ragab, 2003).

Use of recirculated water is not recom-
mended for washing fruits and vegetables
because of the contamination caused
through a rapid buildup of microorganisms
in the wash water. The effectiveness of chlo-
rination of the wash water is minimal
because bacterial spores exhibit resistance to
chlorine. The benefit of chlorinated water
for re-circulation is further reduced through
absorption of free chlorine and subsequent
neutralization by the accumulated organic
content of the water. However, the rinsing of
lettuce with common household sanitizers
such as distilled water, apple cider vinegar
(5%), lemon juice (13%), bleach (4%), and
white vinegar (35%) can reduce aerobic bac-
terial populations by averages of 0.6, 1.2,
1.8, and 2.3 log/g, respectively without
severely affecting sensory attributes (Vijayaku-
mar and Wolf-Hall, 2002).

SANITARY CONSTRUCTION
CONSIDERATIONS

A well-designed processing plant does not
eliminate microbial infiltration unless the
design incorporates hygienic features, such as
easy-to-clean areas and equipment with
optimal cleaning features and instructions. If
the processing plant is newly constructed,
expanded, or renovated, functional layouts,
mechanical and plumbing layouts, and
equipment and construction specifications
should be reviewed by all professional per-
sonnel associated with the processing organ-

ization-mechanical engineers, industrial
engineers, food chemists, microbiologists,
sanitarians, and operations personnel. This
approach permits integration of operating
procedures and process control (frequently
called quality control).

Construction of new and expanded fruit
and vegetable processing plants must reflect
hygienic design because most of today’s
plants are volume-oriented. High-volume
plants operate under the principle that
greater capacity is attained through pushing
more materials through a larger-capacity
production pipeline. With increased mecha-
nization, there has been less emphasis on
manual cleaning and visual inspection, and
more reliance on a cleaning-in-place (CIP)
system. However, there is still limited use of
CIP equipment in fruit and vegetable pro-
cessing plants, except in the manufacture of
juices. This concept also incorporates more
emphasis on mechanized startup and shut-
down of production equipment and cleaning
and sanitizing equipment. This approach
provides less opportunity for human error
but also reduces the possibility of spotting a
performance error in cleaning.

High-volume processing plants, by design,
operate with longer production periods and
much greater product volume flow than do
lower-volume plants. There is much more
microbial buildup in the plant because of the
longer dwell time and larger volume output.
To reduce the microbial buildup, safe levels
should be set by a saturation device that
senses the buildup, stops production, and
triggers an automatic cleaning procedure. It
is suggested that this device would be acti-
vated only under excessive buildup, such as
150% of normal conditions.

Sanitary design features are necessary to
minimize downtime for cleaning and steriliz-
ing. The need for maximum utilization of
equipment and facilities and for minimum
discharge of sewage has mandated that the
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minimum effective cleaning approach to a
process cycle is a short cleaning time and less
effluent discharge from cleaning.

More mechanization and automation has
been developed for cleaning tasks to equip-
ment previously done by hand. Prior to CIP
cleaning, machines and storage equipment
were disassembled every production day and
hand-cleaned. After CIP cleaning was made
available, control was initially conducted
through a control panel with pushbuttons.
Increased automation has incorporated use of
an automatic panel with computer controlled
timers to provide automatic startup and cutoff
of cleaning, rinsing, and sanitizing. (Addi-
tional features of the CIP cleaning system
have been previously discussed in Chapter 11.)

One of the most important features of
hygienic design is the absence of crevices (nar-
row and deep cracks or openings) and pock-
ets (large cracks and openings) in the
construction of buildings and equipment.
Crevices frequently present greater cleaning
obstacles than do pockets because penetra-
tion and access are more of a problem.

Principles of Hygienic Design

Minimum standards should be adopted
when constructing or remodeling a fruit or
vegetable processing plant. Effective hygienic
design should incorporate the following
principles:

● Equipment should be designed so that
all surfaces in contact with the product
can be readily disassembled for manual
cleaning or CIP.

● Exterior surfaces should be constructed
to prevent harboring of soil, pests, and
microorganisms on the equipment, as
well as on other parts of the production
area, including walls, floors, ceilings,
and hanging supports.

● Equipment should be designed to pro-
tect food from external contamination.

● All surfaces in contact with food should
be inert to reaction with food and under
conditions of use and must not migrate
to or be absorbed by the food.

● All surfaces in contact with food should
be smooth and nonporous to prevent
accumulation of tiny particles of food,
insect eggs, or microorganisms in micro-
scopic surface crevices.

● Equipment should be designed inter-
nally, with a minimum number of
crevices and pockets where soil particles
may collect.

The interior and exterior of the plant
should have the following sanitary features:

● Ledges and dirt traps should be avoided.
● Projecting bolts, screws, and rivets

should be avoided to reduce the accu-
mulation area for debris.

● Recessed corners and uneven surfaces
and hollows should be avoided to reduce
accumulation areas for debris.

● Sharp and unfilled edges should be
avoided to reduce debris accumulation
and microbial contamination.

● Proofing against pest entry through
double-door construction, heavy-duty
strips, and self-closing mechanisms is
essential.

Certain pitfalls should be avoided when a
processing plant is being built, expanded, or
renovated to minimize contamination from
external sources. Requirements may change
as technology advances. Thus, the layout
should reflect maximum flexibility and
accommodate existing systems that are com-
patible with the proposed plant. The follow-
ing points should be considered as a means
of reducing contamination:

● Adequate storage space should be pro-
vided for raw materials and supplies.
With inadequate storage space, contam-
ination from the packaging material of
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supplies can occur. Sufficient space is
also needed for thorough screening of
raw material because foreign bodies may
accommodate these products. Segre-
gated materials that are contaminated
should be salvaged and cleaned to pre-
vent the spread of contaminants. Taint-
ing can occur when raw materials share
the same storage area as cleaning and
maintenance materials.

● Separate storage space should be pro-
vided for finished products. Insufficient
space may dictate use of the production
area for this function. This practice can
cause cross-contamination of raw mate-
rials.

● Congestion in areas of open food pro-
duction should be eliminated. Insuffi-
cient space complicates cleaning and
maintenance and increases contamina-
tion and risks of personnel injury and
equipment damage.

● Short and direct routes for waste
removal are necessary so that waste is
not transported through open produc-
tion areas. This design is especially criti-
cal because of the unsanitary condition
of equipment used for waste collection.

● Location of the returned goods area is
important. These foodstuffs are fre-
quently infested and may be partially
decomposed. It is essential to isolate
these products from all raw material and
production areas.

● Control of the environment should be
exercised to reduce pests and to provide
cleaner air through location of the waste
collecting, waste treatment, and inciner-
ation areas as far as possible from the
plant. This control also includes ade-
quate surface drainage to prevent accu-
mulation of water, outside surfaces that
are easily cleaned, control of weed and
grass growth, and control of stocks of
surplus supplies and equipment.

● Employee personal hygiene is essential
(discussed in detail in Chapter 6).

CLEANING CONSIDERATIONS

As with other food plants, management
has the legal and moral responsibility to pro-
vide the consumer with a wholesome prod-
uct. An effective sanitation program is
needed to provide a clean environment for
processing.

Housekeeping

Housekeeping relates to orderliness and
tidiness. Careful arrangement of supplies,
materials, and clothing contributes to a tidier
operation, reduces contamination, and makes
cleaning easier. Attention to neatness and
orderliness contributes to the performance of
responsibilities. Although the responsibility
for housekeeping should be assigned to the
sanitarian, the maintenance of good house-
keeping depends on the cooperation of all
employees-production, maintenance, and
sanitation. Cooperation is needed to ensure
that trash containers, tools, supplies, and per-
sonal belongings of employees are kept in the
proper place. Convenient location of trash
receptacles is necessary to encourage that any-
thing not likely to be used further be dis-
carded immediately.

Insects, rodents, and birds increase con-
tamination. Knowledge of their biological
characteristics and habits is necessary for
their control. Sanitary practices can eliminate
nutrition and protection for pests and, thus,
can provide an important means of control.
Hygienic design(air and mesh screens and
filling of holes, cracks, and crevices) will dis-
courage pests from entering the plant. Peri-
odic inspection for the presence of pests is
another prevention technique. (Methods of
detection and other discussion related to
pests are included in Chapter 13.)
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Waste Disposal

Wastes can be handled more effectively and
salvaged more efficiently as by-products if
solid and liquid wastes are separated. Solid
wastes are frequently separated through some
method of pick up and/or transfer of solid
materials before being flushed into drains or
gutters. The liquid waste that is flushed away
is usually handled as liquid waste and is
treated as effluent, according to methods dis-
cussed in Chapter 12. Some food processing
plants are processing waste by-products. The
citrus industry incorporates more than 99%
of the raw material for juices, concentrates, or
dried cattle feed. Salvage efficiency has
increased with reduced cost of waste disposal.

Water Supply

As with other cleaning applications, an
abundant, high-quality water supply is nec-
essary to produce a wholesome product and
to effectively clean the plant. In addition to
being used as a cleaning medium, water is
important as a heat transfer medium, and it
is used in the processed products.

The sanitary condition of water should be
monitored daily for two criteria: bacterial
content and organic or inorganic impurities.
Bacterial content serves as a guide for accept-
ability for use in contact with the food or any
surface responsible for indirect contamina-
tion. The effectiveness of water in washing
the product or equipment is dependent on
organic and inorganic impurities.

Role of Hazard Analysis and Critical Control
Points (HACCP)

The juice industry now requires HACCP.
As with meat and poultry firms, those classi-
fied as retail operations are exempted from
coverage under the juice HACCP regulation.
Contributions by the industry, academic, and
government communities have been instru-
mental in advancing juice safety through the

application of HACCP. The FDA places the
highest inspection priority to firms that pro-
duce non-pasteurized juice because of the
possibility of production through novel pro-
cessing methods which merit closer regula-
tory monitoring when implemented in
HACCP. Secondary priority is given to firms
with deviations during their first inspection
(Kashtock, 2004).

CLEANING OF PROCESSING PLANTS

A hygienic product results from rigid sani-
tation and effective destruction of microbes
during processing. Conventional fruit and
vegetable canning operations may be charac-
terized as pouring food into containers (i.e.,
metal, glass, or plastic), followed by sealing
and heat treatment. This heat treatment is
referred to as terminal sterilization and is
designed to eliminate extremely large num-
bers of Clostridium botulinum spores and to
reduce the chance of survival of the much
more heat resistant spores of spoilage organ-
isms. This condition is called commercial
sterility. The process of aseptic packaging is
sometimes called aseptic canning. In the
aseptic process, the food and containers are
commercially sterilized separately. The food
is cooled to an acceptable filling temperature
with subsequent filling and sealing of the
containers under aseptic conditions.

The microbial destruction (kill step) dur-
ing terminal sterilization is accomplished for
sealed containers and, because of the excel-
lent control that is technically possible over
container integrity, conventional canning is
safe technology. This technology is also suit-
able for the HACCP approach.

Aseptic packaging is a relatively new tech-
nology; thus, development of test methods is
important. Active areas of development and
concern are package integrity and mainte-
nance of sterility, package performance in
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distribution, package sterilization tech-
niques, and package residual. An on-line
continuous monitoring method is needed.
Several methods are available for measure-
ment of concentration levels of H2O2 solu-
tions (Shapton and Shapton, 1991).

An efficient layout of cleaning equipment
is essential to reduce cleaning labor. It is
much easier to install cleaning equipment
when the processing equipment is put in
place. The type of soil found in fruit and veg-
etable processing plans is most easily cleaned
by portable cleaning systems in small plants
and by a combination of CIP and central-
ized foam cleaning in large plants.

Hot Water Wash

Water provides transport of cleaning com-
pounds and suspended soil. Sugars, other
carbohydrates, and other compounds that
are relatively soluble in water can be cleaned
rather effectively with water. The main
advantage of a hot-water (60 to 80°C) wash
for fruit and vegetable processing plants is
minimal investment of cleaning equipment.
Limitations of this cleaning method include
labor requirements, energy costs, and water
condensation on equipment and surround-
ings. This cleaning technique is not effective
in the removal of heavy soil deposits.

High-Pressure, Low-Volume Cleaning

High-pressure spray cleaning has utility in
the fruit and vegetable processing industry
because of the effectiveness with which
heavy soils can be removed. Difficult-to-
reach areas can be cleaned more effectively
with less labor, and there is increased effec-
tiveness of the cleaning compounds below
60°C. Water temperature should not exceed
60°C because high-temperature sprays tend
to bake the soil to the surface being cleaned
and to increase microbial growth. More dis-
cussion on this cleaning method is provided
in Chapter 11.

Foam Cleaning

Portable foam cleaning is widely used
because of the ease and speed of foam appli-
cation in cleaning ceilings, walls, piping,
belts, and storage containers in fruit and veg-
etable processing plants. Equipment size and
cost is similar to that of portable high-pres-
sure units.

Centralized foam cleaning applies clean-
ing compounds by the same technique used
in portable foam equipment. The equipment
is installed at strategic locations throughout
the plant. The cleaning compound is auto-
matically mixed with water and air to form
foam, which is applied at various stations
installed throughout the plant.

Gel Cleaning

Here, the cleaning compound is applied as
a gel rather than as a high-pressure spray or
foam. Gel is an especially effective medium
for cleaning canning and packaging equip-
ment because it clings for subsequent soil
removal.

Slurry Cleaning

This method is identical to foam cleaning,
except that less air is mixed with the cleaning
compound. A slurry is more fluid than foam
and penetrates uneven surfaces in a canning
plant more effectively, but it lacks the cling-
ing ability of foam.

Combination Centralized High-Pressure,
Low-Volume and Foam Cleaning

This system is the same as a centralized
high-pressure, low-volume system, except
that foam can also be applied through the
equipment. This method is more flexible
because foam can be used on large surface
areas, and high pressure can be applied to
belts, stainless steel conveyors, and difficult-
to-reach areas in a canning plant.
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Cleaning-in-Place (CIP)

With this closed system, a recirculating
cleaning solution is applied by nozzles that
automatically clean, rinse, and sanitize equip-
ment. However, this equipment is expensive
and ineffective on heavily soiled areas. Never-
theless, CIP cleaning has application in vac-
uum chambers, pumping and circulation
lines, and large storage tanks. Since most
fruits contain sugar and are low in fat con-
tent, water will flush most of the materials
away. An acid cleaner or rinse should be
incorporated to reduce scale buildup. Higher-
volume operations are better adapted to CIP
cleaning because labor savings provide a
quicker payout of the equipment. Additional
information about cleaning equipment is pro-
vided in Chapter 11.

CLEANERS AND SANITIZERS

Soil remaining on equipment or at any loca-
tion in the plant after cleaning is contami-
nated with microorganisms. Thorough
physical cleaning of all equipment and rooms
is necessary to prevent microorganisms from
contacting chemical sanitizers. (Readers are
referred to Chapter 9 for additional informa-
tion on cleaning compounds.) Residual soil
can also reduce the strength of chemical sani-
tizing solutions. Combination cleaners (deter-
gent–sanitizers) are used most frequently with
smaller operations that perform manual
cleaning at a temperature below 60°C. If the
cleaning medium temperature exceeds 80°C,
the solution will destroy spoilage microorgan-
isms and most pathogenic bacteria without
application of a chemical sanitizer.

Halogen Compounds

Chlorine and its compounds are the most
effective sanitizers of the halogens for sanitiz-
ing food processing equipment and contain-
ers, and for disinfecting water supplies.
Calcium hypochlorite and sodium hypochlo-

rite are two of the most frequently used sani-
tizers in fruit and vegetable processing plants.
Although elemental chlorine is less expensive
on an available chlorine basis, calcium
hypochlorite and sodium hypochlorite are eas-
ier to apply in low concentrations. Hypochlo-
rite solutions are sensitive to changes in
temperature, residual organic matter, and pH.
These compounds are quick acting and less
expensive than other halogens but tend to be
more corrosive and irritating to the skin.
Additional information about chlorine and
iodine sanitizers is provided in Chapter 10.

Chlorine Dioxide

Chlorine dioxide is approved as a flume
water treatment for fruits and vegetables
(that are not raw agricultural commodities)
at a concentration of up to 3 ppm and to
control microorganisms in process waters.
Also, it is incorporated in wastewater treat-
ment and for slime control in cooling towers.
The typical use concentration of this sani-
tizer is 1 to 10 ppm (Anon., 2003).

Quaternary Ammonium Compounds

Quaternary ammonium compounds
(“quats”) are effective against most bacteria
and molds. These compounds are stable as
a dry powder, a concentrated paste, or in
solution at room temperature. They are
heat stable, water soluble, colorless, odorless,
noncorrosive to common metals, and nonir-
ritating to the skin in normal concentrations.
These compounds are more active if soil is
present than are other sanitizers, and they
express the greatest antimicrobial activity in
the pH range of 6.0 and above. The quats
have limited bacterial effectiveness when
combined with cleaning compounds or when
dissolved in hard water.

Acid Sanitizers

Peroxyacetic acid-based sanitizers provide
microbial control for use in fresh-cut, further



processed, and post-harvest fruit and veg-
etable flume and wash-water systems. They
reduce the population of spoilage microor-
ganisms including yeasts, molds, and bacte-
ria on processed fruit and vegetables, and
pathogenic bacteria on processed fruit and
vegetable surfaces. This sanitizer is EPA reg-
istered for use in fresh-cut, further processed,
and post-harvest processing facilities. Also,
it is cleared for all other process applications
after a processing step has occurred. Wright
et al. (2000) reported that 5% acetic acid and
peroxyacetic acid solutions are effective in
the reduction of Escherichia coli O157:H7 on
apples relegated to cider manufacture. An
acidified sodium chlorite rinse can provide
pathogen reduction and offers a possible
alternative sanitizer for fresh-cut produce
(Gonzalez et al., 2004).

Ozone Sanitizing

Ozone effectively sanitizes raw materials,
packaging materials, and the processing
environment. It has gained acceptance
by many industries, such as fresh-cut pro-
duce processing, produce storage facilities,
and fruit and vegetable processing. Ozone
applied as potatoes are transferred in a cov-
ered conveyor to storage, can reduce the inci-
dence of pathogens (Clark, 2004). Williams
et al. (2004) concluded that ozone treatment
of apple cider and orange juice may provide
an alternative to thermal pasteurization
for the reduction of E. coli O157:H7 and
Salmonella.

Ozone systems are generally currently
mounted or fixed in place, to simplify man-
agement of off-gas and ozone monitoring
for safety and efficacy. Ozone is an unstable
gas and readily reacts with organic sub-
stances. It sanitizes by interacting with
microbial membranes and denaturing meta-
bolic enzymes. It does not leave a chemical
residue, and under ambient conditions, it has
a half-life of 10 to 20 minutes. Ozone must

be electrically generated on-demand and
cannot be stored for later use. An advantage
of ozone is its ability to readily oxidize
microbes in solution. Once a surface is spray-
washed, the microorganisms physically lifted
from the surface will be killed as they are
conveyed to a drain. Because ozone requires
no storage or special handling or mixing
considerations, it may be viewed as advanta-
geous over other chemical sanitizers.

Phenolic Compounds

These compounds are used most fre-
quently in the formulation of antifungal
paints and antifungal protective coatings,
instead of as sanitizers applied after clean-
ing. Phenolic compounds have limited utility
in fruit and vegetable plants because of their
low solubility in water.

Ultraviolet (UV) Light

This sanitizing technique has limited util-
ity for equipment and processing and storage
areas, but has been incorporated to reduce
microbial growth on fresh fruits and vegeta-
bles. Accumulation of ethylene gas during
storage is a potential detriment to fruit and
vegetable quality after harvest. Potential
solutions to this problem are development of
a titanium dioxide photocatalytic reaction
technology to decompose ethylene gas in the
storage environment and UV irradiation has
an energy source for the titanium oxide pho-
tocatalytic reaction. Maneerat et al. (2003)
found that UV doses improve appearance
and does not adversely affect fruits stored in
a dark environment.

CLEANING PROCEDURES

A rigid set of procedures cannot be
adopted for use in every fruit and vegetable
processing plant. Procedures depend on
plant construction, size, operations, age, and
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condition. Those discussed here are used
only as guidelines and should be adapted to
the actual cleaning application.

Facilitating Effective Cleaning

The following practices are recommended
to aid in cleaning:

1. Reduce burn-on through careful, con-
trolled heating of vessels.

2. Promptly rinse and wash equipment
after use to reduce drying of soil.

3. Replace facility gaskets and seals to
reduce leakage and splatter.

4. Handle food products and ingredients
carefully to reduce spillage.

5. Work in an orderly manner to keep
areas tidy throughout the operating
period.

6. During a breakdown, rinse equipment
and cool to 35°C or lower to arrest
microbial growth.

7. During brief shutdowns, keep washers,
dewatering screens, blanchers, and sim-
ilar equipment running and cooled to
35°C or below.

Preparation Steps for Effective Cleaning

To facilitate effective cleaning, it is neces-
sary to prepare equipment and the area for
cleaning:

1. Remove all large debris in the area to
be cleaned.

2. Dismantle equipment to be cleaned as
much as possible.

3. Cover all electrical connections with a
plastic film.

4. Disconnect lines or open cutouts to
avoid washing debris onto other equip-
ment that has been cleaned.

5. Remove large waste particles from
equipment by use of an air hose, broom,
shovel, or other appropriate tool.

Processing Areas

FREQUENCY Daily.
PROCEDURE

1. Prerinse all soiled surfaces with 55°C
water to remove extraneous matter
from the ceilings and walls to the floor
drains. Avoid direct hosing of motors,
outlets, and electrical cables.

2. Apply a strongly acidic cleaner through
portable or centralized foam cleaning
equipment. A centralized system is more
appropriate for large plants. Portable
equipment is more practical for smaller
plants. For heavily soiled areas, cleaning
compounds are more effective if applied
by portable or centralized high-pressure
cleaning equipment. If metal other than
stainless steel is present, the acid clean-
ing compound should be replaced with a
heavy-duty alkaline cleaning com-
pound. Hand brushing may be neces-
sary to remove tenacious soil deposits
left from foam cleaning. The cleaning
compound should reach all framework,
table undersides, and other difficult-to-
reach areas. Soak time for the cleaning
compound should be 10 to 20 minutes.

3. Rinse surfaces within 20 minutes after
application of the cleaner to remove
residues. The same rinse pattern as with
prerinse and cleaning compound appli-
cation should be followed by the appli-
cation of 50 to 55°C water.

4. Thoroughly inspect all surfaces and
conduct any necessary touch-ups.

5. Apply a chlorine compound sanitizer to
clean equipment with centralized or
portable sanitizing equipment. The san-
itizer should be sprayed as a 100 ppm of
chlorine solution. Water pipes used for
re-circulating wash water and for pump-
ing peas, corn, and other vegetables, as
well as brines and syrup, should be san-
itized by the same method. Frequently
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drain, clean, and sanitize water storage
tanks to reduce microbial buildup.

6. Thoroughly backwash and sanitize
water filters and water softeners.

7. Eliminate scale (as needed) from the
surfaces of pipeline blanchers, water
pipes, and equipment to reduce the
chance of thermophiles and other
microorganisms being harbored.

8. Remove, clean, and replace drain
covers.

9. Apply white edible oil only to surfaces
subject to rust or corrosion. Further
use of oil is discouraged because the
protective film harbors microorgan-
isms.

10. Avoid contamination during mainte-
nance by requiring maintenance
workers to carry a sanitizer and to use
it where they have worked.

Large processing plants can effectively uti-
lize a CIP system for cleaning piping, large
storage tanks, and cookers. The CIP system
can be used as an alternative to steps 1, 2, 3,
and 5 above.

Packaged Storage Areas

FREQUENCY At least once per week
where processed products are stored and
more frequently in a high-volume operation.
Daily in areas where raw products are stored.

PROCEDURE

1. Pick up large debris and place in recep-
tacles.

2. Sweep and/or scrub with a mechanical
sweeper or scrubber, if one is available.
Use cleaning compounds provided for
mechanical scrubbers, according to
directions provided by the vendor.

3. Use a portable or centralized foam or
slurry cleaning system with 50°C water
to clean areas heavily soiled, unpack-
aged products, or other debris. Rinse as
described for the processing areas.

4. Remove, clean, and replace drain covers.
5. Replace hoses and other equipment.
6. Wash and sanitize vegetable boxes after

each trip. Replace wooden husker and
cutter bins with metal containers,
which should be cleaned and sanitized.

EVALUATION OF SANITATION
EFFECTIVENESS

A sanitation program must be evaluated to
determine the effectiveness of cleaning
and sanitation. Performance data not only
measure sanitation effectiveness, but also
provide documentation of the program being
conducted. Sanitation goals and checks
are vital in the determination of sanitation
effectiveness.

Sanitation Standards

To evaluate sanitation procedures, a yard-
stick measuring the current performance
against past performance and desired goals
should be used to determine progress. Sanita-
tion standards, derived through visual inspec-
tions and microbial counts, can be established.
This approach has limitations due to varia-
tions, especially in microbial counts. Visible
contamination and microbial load are not
always highly correlated. However, the sani-
tarian can compensate for variables and still
effectively evaluate the program.

Inspections can be conducted by the sani-
tarian or by a sanitation committee consisting
of the sanitarian, production superintendent,
and maintenance supervisor. Evaluations
should be made in writing. A form that uses a
numerical rating system is considered the
most appropriate. The report should be
divided into areas with specific sanitary
aspects itemized in each area, as shown in
Figure 19–1. The completed report should be
provided to each supervisor associated with
the inspected areas.
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Figure 19–1 Sanitation Evaluation Sheet for Food Processing Plants

Name of Plant: Location: Date:
Scoring System: 1 = Unsatisfactory, 2 = poor, 3 = Fair, 4 = Satisfactory

Location Score Comments

1. Premises
Property outside of building
Waste disposal facilities
Other

2. Receiving
Dock
Containers
Conveyors
Floors, walls, ceilings, and gutters (or drains)
Other

3. Preparation
Washers and flumes
Conveyors
Graders and snippers
Blanchers, hoppers, and dewaterers
Pulpers and finishers
Floor, walls, ceilings, and gutters (or drains)
Other

4. Canning
Conveyors
Packaging or filling equipment
Floors, walls, ceilings, and gutters (or drains)
Other

5. Cooking
Exhaust box
Syrupers
Steamers
Floors, walls, ceilings, and gutters (or drains)
Other

6. Storage
Tanks and pipes
Other containers
Floors, walls, ceilings, and gutters (or drains)
Other

7. Welfare facilities
Lockers
Wash basins
Toilets and urinals
Floors, walls, ceilings
Other

8. Personnel
Cleanliness
Head covering
Health records
Other
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Laboratory Tests

The sanitarian must know the genera,
characteristics, and sources of microorgan-
isms found in the plant before laboratory
tests have applicable value. With this knowl-
edge, laboratory tests can be a monitoring
device to evaluate the effectiveness of a sani-
tation program. The sanitarian should strive
to reduce the total count of microorganisms
found on clean equipment and among
processed products but should also recognize
that total plate count is not always highly
correlated with spoilage potential or with the
presence of microorganisms of public health
concern. It is important to identify microor-
ganisms, such as coliforms, as indicators of
contamination or thermophiles and certain
mesophiles as potential spoilage microbes.
Large numbers of spore-formers can also be
significant because these bacteria can reduce
shelf life, and certain microorganisms can
cause foodborne illness.

Spot checks for microbial load can verify
opinions formed through visual inspections.
Microbial sampling of products and equip-
ment from various stages of manufacturing
can identify trouble spots in the processing
control cycle. Use of laboratory tests further
utilizes the “think sanitation-practice sanita-
tion” concept.

SUMMARY

An effective sanitation program for fruit
and vegetable processing facilities requires
hygienic design of facilities and equipment,
training of sanitation personnel, use of
appropriate cleaning compounds and sani-
tizers, adoption of effective cleaning proce-
dures, and effective administration of the
sanitation program-including evaluation of
the program through visual inspection and
laboratory tests. Effective sanitation starts
with reduced contamination of raw materi-
als, water, air, and supplies. If the facility

and equipment are hygienically designed,
cleaning is easier and contamination is
reduced.

Cleaning labor can be reduced through
use of portable or centralized high-pressure
or foam cleaning systems, and CIP systems
can be used in large operations. Many facili-
ties, if designed of durable material, can be
cleaned effectively with acid-cleaning com-
pounds and sanitized most adequately and
economically by paints and other protective
coatings as additional sanitary precautions.
The effectiveness of a sanitation program
can be evaluated through the establishment
of standards as guidelines, visual inspection,
and laboratory tests.

STUDY QUESTIONS

1. Where is CIP cleaning used most in
fruit and vegetable processing plants?

2. What percentage of raw materials from
the citrus juice industry are normally
handled as waste products?

3. What is the maximum water tempera-
ture that should be used for cleaning
fruit and vegetable processing plants?

4. Which sanitizer, that can be applied in
fruit and vegetable plants, is the most
stable and acts the longest amount of
time?

5. What is the most likely cause of “flat
sour” in canned vegetables?

6. Why do infesting microorganisms fre-
quently remain inactive on fruits and
vegetables?

7. Why is the use of re-circulated water
not recommended for washing fruits
and vegetables?

8. Why is the chlorination of wash water
ineffective?

9. Which pest introduces microorganisms
that persist and multiply throughout
the ripening period until fruit matures?
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10. How can microbial buildup in a fruit or
vegetable processing plant be reduced?
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Beverage Plant Sanitation

Because the soils found in beverage plants
are primarily high in sugar content and are
water soluble, they are less difficult to
remove than those described in some plants.
Soil removal and microbial control present
more of a problem in breweries and wineries.
Therefore, a large percentage of the discus-
sion in this chapter will concentrate on these
two areas.

MYCOLOGY OF BEVERAGE
MANUFACTURE

Because beverage plants such as breweries
must maintain a pure yeast culture, it is
important to retain the desirable microbes
and to remove those that cause spoilage and
unsanitary conditions. Ineffective sanitation
can cause product acceptability problems
because contaminating microorganisms,
although kept under control, are never elim-
inated from the environment.

Breweries differ from most plants in that
commonly recognized pathogenic microor-
ganisms are normally of minimal concern,
primarily because of the nature of the raw
materials, processing techniques, and limit-
ing environmental characteristics of the final
product (low pH, high alcohol concentra-
tion, and carbon dioxide tension). An excep-

tion to this is the unlikely possibility that sig-
nificant levels of toxic metabolic products
from certain fungi may pass from infected
raw materials into finished products. Rigid
control of raw materials is essential to ensure
an acceptable product because there is no
satisfactory method to detoxify a finished
product that is contaminated.

SANITATION PRINCIPLES

An adequate supply of urinals should be
provided, kept in a sanitary condition, and
located within a short distance from the bot-
tling area and other production areas.
Employees must be required to wash their
hands after using the toilet facilities. Drink-
ing fountains should contain guards to pre-
vent contact of the mouth or nose with the
metal of the water outlet.

Employee Practices

As with other food operations, sanitation
is a team job. It is important in beverage
plants that employees clean as they go. Peri-
odic cleaning increases tidiness, reduces con-
tamination, and minimizes cleanup time at
the end of the production shift or during a
production change from the manufacture of
one product to another. Furthermore, one or
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more employees who operate equipment that
fills bottles or cans frequently have time to
pick up debris or to hose down spills or other
extraneous matter.

Effective housekeeping in a beverage
plant depends on training and standards
for the development of appropriate
employee working habits. Rigid sanitation
practices and work habits should be culti-
vated through effective communication,
training programs, educational material,
and continuous supervision and instruc-
tion. Employees should be instructed how,
when, and where to clean to immediately
remove soil and debris that can provide
nutrition for pests and microorganisms.
Leaking equipment should be corrected
immediately. If rodents, birds, insects, or
molds are detected, employees should
either perform the necessary corrective
steps or report the problems. Employees
should be instructed regarding proper stor-
age practices so that pest harborages are
not created and proper cleaning can be
accomplished. Further instruction should
be related to closing doors and windows,
removal of infested and extraneous matter,
and proper storage of tools and cleaning
and sanitizing equipment.

The following sanitation rules apply for
beverage plants:

1. All employees visiting a lavatory must
wash their hands before returning to
work.

2. Any spilled materials or products must
not be returned to the production
area.

3. Waste materials must be placed in con-
tainers (with tight-fitting covers) suit-
able for disposal.

4. Each employee is required to keep the
immediate work area clean and tidy.

5. Tobacco use is forbidden, except in des-
ignated areas.

6. Spitting is prohibited anywhere in the
plant.

7. A periodic inspection of clothing, lunch
rooms, and lockers by management
should be conducted to ensure proper
cleanliness.

8. Headgear should be worn at all times.

Cleaning Practices

There are six standard steps for cleaning
(except cleaning-in-place) a beverage plant:

1. Prerinse to remove large debris and
non-adherent soil, to wet the area to be
cleaned, and to increase the effective-
ness of the cleaning compound.

2. Apply a cleaning compound (usually
via foam) to provide intimate contact
of water with the soil for removal
through effective wetting and penetrat-
ing properties.

3. Hand detail and inspect for cleanliness.
4. Postrinse for removal of the dispersed

soil and the cleaning compound to
increase the effectiveness of the sani-
tizer.

5. Sanitize with quaternary ammonium
compounds (with or without acid),
acid-anionic sanitizers, peracetic acid,
chlorine compounds, or iodophors to
destroy residual microorganisms.

6. Rinse quaternary ammonium sanitizers
(especially if present in more than 200
parts per million [ppm]) before expos-
ing the cleaned area to any beverage
materials.

Inspection of Ingredients and Raw Materials

Because foreign objects and microbial
contamination does occur in both raw mate-
rials and the finished product, they should
be inspected, including rodent and insect
inspection, for foreign matter. Letters of
compliance should be required of suppliers
stating that the material was processed under
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the hazard analysis and critical control point
(HACCP) system.

NONALCOHOLIC BEVERAGE 
PLANT SANITATION

It is beyond the scope of this text to dis-
cuss sanitation principles for all nonalco-
holic beverage plants. Although ultra-high
temperature as a technique for aseptic pack-
aging is becoming more common, the rami-
fications of this technology are too extensive
and specific for this general discussion. If
further information about sanitation in these
specialized operations is desired, a technical
publication about aseptic technology should
be reviewed.

The skin of fruits for juice manufacture
should be sanitized with chlorine dioxide
(Carsberg, 2003). An alternative to thermal
pasteurization for the reduction of E. coli
and Salmonella in apple cider and orange
juice is the incorporation of ozone treatment
(Williams et al., 2004). If sanitizing is not
practiced, pathogens, such as E. coli
O157:H7 in apple juice or cider, can become
incorporated into the product.

Proper hygiene in a beverage processing
facility includes the use of sanitary water,
steam, and air. O'Sullivan (1992) reported
that high-quality liquids and gases are
required when they are incorporated into fin-
ished products or included in the packaging
material that contacts the product. The desire
to manufacture acceptable products and to
meet safety standards has resulted in several
beverage processors incorporating various
types of filtration to remove microorganisms
and other particulate or suspended materials.
Filtration for the clarification or microbial
control of water, air, and steam is accom-
plished by absolute filtration to prevent con-
taminants larger than the filter pore size to
pass through and into the filtrate.

Because beverages such as soft drinks,
bottled water, beer, and distilled spirits
should be manufactured from microbial- and
particulate-free water, some form of treat-
ment is necessary. Various treatments
include flocculation, filtration (i.e., through
a sand bed), chlorination, sterile filtration,
reverse osmosis, activated carbon, and
deionization. The use of the water deter-
mines the type and extent of treatment.

Conditioning of water for use in beverage
plants is accomplished primarily through
particulate removal and microbial control.
Particulate contaminants that may be pres-
ent in water are most frequently removed by
flocculation and sand filtration. The installa-
tion of an absolute-rate depth filter behind
the sand filter will remove all of the contam-
inants larger than the rated pore size prior to
chlorination and activated carbon treatment.

Activated carbon is incorporated to
remove excess chlorine, trihalomethanes,
and other compounds associated with chlo-
rine disinfection. However, activated carbon
sheds carbon fines and provides sites for
microbial growth. Carbon beds are potential
microbial contamination sources and are dif-
ficult to disinfect (O'Sullivan, 1992. Thus,
the use of filtration before and after carbon
beds will reduce the loading of microorgan-
isms and particles.

Resin beds for deionization of water are
potential sites for microbial growth and can
unload or shed resin beads into the treated
or conditioned water. An absolute-rated fil-
ter will ensure that particles or microorgan-
isms larger than the removal rating of the
filter do not enter the treated water. As a
final treatment, the incorporation of a steril-
izing nylon 6.6- to 9.2-µm filter will remove
microbes present in the water if the unit has
been presterilized (O'Sullivan, 1992). Sterile
filtration requires no chemicals and is bene-
ficial because of its ease of use and low
energy input. A microbially stable product
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may be produced through use of a combina-
tion of flocculation and filtration steps fol-
lowed by an absolute-rated filter.

Although steam is frequently incorporated
in a production operation, it can be a viable
contamination source. Steam is normally
generated in carbon steel boilers, which are
highly susceptible to rusting. A fine impervi-
ous film of rust, which acts as a protective
barrier against further corrosion, normally
deposits as a result of a continual operation
of a boiler. Intermittent use allows a contin-
ual supply of fresh air containing oxygen into
a boiler and promotes the oxidation of iron-
to-iron oxides, or rust. The continual genera-
tion of rust causes flaking and steam
contamination. Use of steam permits con-
tamination, and the particles of rust from the
boiler transfer lines will damage equipment
surfaces, block steam valves, fill orifices and
filter pores, and stain equipment surfaces.
Processing efficiency is reduced through the
alteration of the heat transfer characteristics
of heat exchangers. This problem is reduced
by the injection of culinary steam with an
uninterrupted supply provided through the
installation of porous stainless steel filters in
parallel to permit the cleaning of one set
while the other is in use. Nonculinary-grade
steam will add contaminants.

During the past, bottlers have been
installing cleaning-in-place (CIP) equipment
to clean tanks, processing lines, and filters.
Most bottlers that manufacture multiple fla-
vors prefer CIP as a tool to prevent flavor
“carry-over” (especially of root beer). Remus
(1991b) advocates the TACT (time, action,
concentration, and temperature) approach
to cleaning beverage plants. He has sug-
gested that, within reason, the parameters
can be varied; for example, a 1% cleaning
compound concentration at 43.5ºC can be
equivalent to a 0.5% concentration at 60ºC.

Increased efficiency and superior lubricity
may be attained through an automated solid-

lubricant dispensing system. This equipment
saves labor and lubricant costs, and reduces
contamination during lubrication.

The following discussion relates how com-
mon soils found in beverage plants can be
removed. Although this discussion addresses
carbonated beverage plants, these cleaning
principles apply to other beverages. Princi-
ples of cleaning of floors, walls, and the
bottling area, as discussed under winery 
sanit ation later in this chapter, should also
be considered for carbonated beverage
plants. Cleaning applications and principles
not discussed here are normally similar to
those discussed for dairy processing plants
(see Chapter 16).

Automated Cleaning Equipment

A portion of the carbonated beverage
industry has turned to mechanized equip-
ment to facilitate cleaning. A variety of
automated solutions are now offered, such
as automated chemical formulation and an
allocation and control system to streamline
the operation.

A microprocessor-controlled system can
be assessed by keying in an identification
number or by using custom magnetic swipe
cards. The controller contains a detailed
application list that indexes sanitation proce-
dures and equipment types with the proper
chemicals and usage rates. Then the system
dispenses the product into a reusable chemi-
cal container for use in plant sanitation. A
smaller auxiliary dispensing station may
allocate acids and other specialty chemicals
to cleaning stations. This equipment can
maintain detailed records to help monitor
regulatory compliance, perform cost analy-
ses, and create custom reports. Data report-
ing includes which chemicals have been
incorporated into each application, when
and in what quantity, and times and dates
(Flickinger, 1997). Chemical barrel labels
may be color-coded so that workers need
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replace only the empty drums that corre-
spond to colored spots on the floor.

A computer-controlled CIP unit directs
water and solutions to the appropriate loca-
tion and automatically maintains operating
conditions. The four basic parameters to be
controlled are time, temperature, chemical
concentration, and impingement, that relate
to flow velocity through a pipeline. Rinse
water may be recycled one time for reuse and
cleaning compounds several times. The ini-
tial prerinse may use recycled water from the
previous final rinse.

Tire Track Soil Accumulation

Tire tracks are a difficult soil to remove.
The most effective cleaning compound for
this application is one that is solvated and
alkaline. To facilitate cleaning ease and
effectiveness, a mechanical scrubber should
be considered. Floor soils should be remo-
ved daily to enhance cleaning ease and to
avoid soil being further ground into the
floor surface.

Conveyor Track Soil Accumulation

This accumulation is most likely to be
spilled product, bearing grease, container
and track filings, and precipitated soap.
Incorporation of a track lubricant contain-
ing a detergent will reduce contamination.
An effective way of removing this soil is
through foam cleaning with a high-pressure
rinse.

Film Deposits

Film deposits most frequently occur
inside storage tanks, transfer lines, and fil-
ters. Thin films cause a dull surface, but as
buildup increases, a bluish hue develops. As
the film becomes thicker, a white appear-
ance may occur. Although residues from
sugars are relatively easy to remove, films
from aspartame and certain gums are diffi-
cult to eliminate. Tanks may be cleaned

manually, but circulation cleaning is fre-
quently practiced. To remove surface films,
a chlorinated cleaning compound (or one
specially formulated with surfactants for
food soils) should be applied.

Biofilms

Residual beverages or their ingredients
provide nutrients for microbial growth and
their biofilms. Biofilms can occur inside
cooling towers, in and outside of warmers
and pasteurizers, and inside carbocoolers. As
with film deposits, biofilm removal is
enhanced by use of a chlorinated alkaline
cleaning compound. A quaternary ammo-
nium sanitizer or another biocide should be
applied to reduce biofilm deposition because
this formation can occur within 24 hours
after use.

Hot Sanitizing

Sanitation of beverage plants differs from
that of other food facilities. During the past
few years a trend toward hot sanitizing has
occurred. Hot sanitizing can be incorporated
when cleaning products contact surfaces of
production equipment, such as batch tanks,
low mix units and fillers, and carbocoolers.
Although this sanitizing method is not eco-
nomical because of the required energy costs
and ineffectiveness in bacteria removal, it
has some merit because of its penetrating
ability. Heat can effectively penetrate equip-
ment and destroy microorganisms behind
gaskets or in tiny crevices.

Hot sanitizing is not sterilization. Hot
sanitizing involves raising the surface tem-
perature to 85ºC for 15 minutes. Sterilization
requires 116ºC for 20 minutes. Sanitizing
only reduces the microbial population to an
acceptable level. A few of the more resistant
microorganisms (yeasts and spores) remain
viable. Chemical sanitizers can accomplish
the same microbial kill as hot sanitizing,
with a much quicker action.
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Specially formulated cleaning compounds
can be incorporated in a hot sanitizing pro-
cedure to loosen and remove soils and
biofilms (Remus, 1991a). These compounds
are specifically formulated to handle the soil,
to condition the water, and to be free rinsing
in the hot sanitizing procedure. Soil and
biofilm removal are essential for effective
sanitation. A nonviable but intact biofilm is
an easy attachment site and nutrient base for
other films to develop.

Membrane Technology

Membrane technology applied to water
treatment for the beverage industry inclu-
des a wide range of polymeric and ceramic
impurity removal techniques, including
treatments such as microfilters to remove
granular activated carbon fines and reverse
osmosis. Particulate filters removed rela-
tively large suspended matter and are
incorporated at the end of the water treat-
ment chain as a “polishing filter” to remove
small floc particles, oxidized iron, carbon,
or precipitated calcium carbonate that may
have occurred from the primary treatment
process. Microfilters are incorporated for
their controlled pore size distribution that
facilitates mechanical removal of bacteria
from water. Frequently this application is a
stepped removal approach that includes fil-
ters of decreasing pore size oriented in
series, to minimize the plugging potential
of the smallest pores. This is an important
tool for the removal of particulates, large
organic matter, and many microorganisms,
including viruses, bacteria, and protozoa.
The major contribution of membranes
used in water treatment applications for the
beverage industry is pressure, which is
applied across a membrane to force the fil-
tered or purified water through the mem-
brane, leaving the impurities behind (Bena,
2003).

Container Handling

Bottles, cans, jugs, and other containers
used for nonalcoholic beverages are a viable
contamination source from foreign objects
such as metal shavings, wood, and other
materials. Product containers should be
checked before use according to a standard
sampling plan (Carsberg, 2003). Single-use
containers should be rinsed with water
immediately before filling. Returnable con-
tainers such as bottles and kegs should be
washed with a cleaning compound that is
effective against organic soils and rinsed
thoroughly to remove cleaning compound
residue.

Bottle Filler

Bottling equipment for nonalcoholic and
alcoholic beverages may break glass bottles,
creating a physical hazard. Plant personnel
should keep a constant watch for broken
glass that may fall into product containers
when bottles become stuck on approach to
the filler and the conveyor remains in motion
smashing bottles against each other.

BREWERY SANITATION

Because breweries have been traditionally
production oriented, prophylaxis has nor-
mally superseded detailed taxonomic interest
in microorganisms associated with these
operations. The environment typical of a
brewery can restrict pathogen activity and
impose limitations on the array of spoilage
microbes. Bacteria of greatest significance in
this environment are nonspore-formers.
However, spore-forming bacteria, such as
Clostridium species, may be involved in the
spoilage of brewery by-products, such as
spent grain. Nonspore-forming bacteria that
are found in breweries may contribute to a
wide variety of problems in wort, including

Beverage Plant Sanitation 355



pH elevation, acidification, acetification,
incomplete fermentation, ropiness, and slow
runoff time. Such infection may also be
directly or indirectly responsible for various
off-odors and biological hazes in finished
beer.

Lactobacillus is usually regarded as the
most troublesome genus of bacteria in the
brewery because its species represents a
potential spoilage hazard at the various
stages of production, including finished
beer. Other genera are less versatile under
brewery conditions; therefore, their spoilage
potential is more limiting. However, enter-
obacteria may have an impact on the fer-
mentation, flavor, and aroma of beer.
According to Stewart (1987), the most com-
mon techniques used for detecting and dif-
ferentiating the various brew contaminants
are selective and differential culture media
(either alone or in combination with cen-
trifugation) or millipore filtration, depend-
ing on the expected cell density and various
serologic techniques and impedance meas-
urement.

Construction Considerations

Sanitation is enhanced through the design
and construction of insect and rodent proof
construction materials such as concrete,
brick, and tile. The floors should be dense,
impervious, readily cleanable, and durable.
Preferred flooring materials are acid resist-
ant concrete or epoxies. A sufficient number
of grains should be provided to convey liq-
uid from all rooms. Rounded gutters are pre-
ferred to right angle corners and should
contain grid covers of corrosion resistant
materials. They should be screened to
exclude rodent entry.

Double or hollow walls and ceilings
should be avoided or have all areas tightly
sealed. Insulation should be completely
sealed into walls or ceilings. Unnecessary
recesses or ledges should be avoided because

they trap dirt and debris. If ledges are neces-
sary they should be beveled so that dirt and
wash water will slide off easily. Covered or
shatterproof lights are needed to reduce
physical hazards.

Equipment must be designed to protect
the product from contamination. Outside
fermentation tanks must be constructed to
protect against insect entry and damp are
dusty weather. It is acceptable to use food
grade plastic or stainless steel tanks, but the
use of threaded fittings is discouraged since
they can cause a cleaning problem.

Control of Microbial Infection

Contamination may be controlled through
removing excess soil and microorganisms
that cause off-flavors. Although beer will
self-sterilize in 5 to 7 days, undesirable bacte-
ria, yeasts, and molds grow rapidly in freshly
cooled wort that is contaminated through
poor sanitation. Therefore, it is necessary to
clean and sanitize the brewery equipment
that processes the wort. Stanton (1971)
reported that clean kettles and coolers trans-
fer heat faster because 1 mm of soil on the
inner cooling surface is equivalent to 150
mm of steel. He has hypothesized that 1 mm
of soil could have a similar insulating effect.
Furthermore, high-speed equipment, such as
fillers, cappers, casers, and keggers, performs
more effectively if kept clean.

The most effective means of preventing
spoilage of beverage products is to control
infection by developing and maintaining a
comprehensive cleaning and sanitizing pro-
gram. A program can be developed by sani-
tation personnel or with the help of a reliable
sanitation consulting group or a dependable
cleaning compound and sanitizer supply
firm. Discussions in other chapters relating
to equipment and facility design, cleaning
equipment, cleaning compounds, and sanitiz-
ers should be reviewed to determine guide-
lines for the implementation of a sanitation
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program. It is especially important to review
discussion related to CIP equipment (Chap-
ter 11). These systems are quite adaptable to
cleaning beverage equipment, and the trend
in the industry is toward automation through
this concept.

Fermentation facilities such as breweries
require sterile air for the production of
starter cultures or the maintenance of sterile
conditions within a storage tank. O'Sullivan
(1992) identified the optimum practice as
coarse-filtering air with a coarse depth or
pleated filter to remove the bulk of contami-
nants, followed by filtering with a 0.2-µm
membrane or sterile filter. Thus, the sterile
air can blanket the stored product by creat-
ing a positive pressure within the storage ves-
sel. An inert gas can be substituted for air to
reduce oxidation. Blanketing a storage tank
is an easy way to create a sterile environ-
ment, especially with large storage tanks.

The control of microorganisms may be
enhanced through ultraviolet (UV) light to
reduce the airborne microbes, eliminate
pests, and treat water. Several breweries have
implemented UV light in water treatment as
it is the main ingredient of the final product
and allows for residue-free water that will
not affect the chemistry of beverage manu-
facture, as do most sanitizer residues. This
treatment does not have a detrimental effect
on water since UV light is a nonionizing and
nonresidual disinfectant.

This sanitizer functions through irrepara-
bly damaging microbial DNA, which
absorbs these high-energy wavelengths. The
disruption of DNA prevents the microor-
ganism from repair and replication. The vio-
let-colored light of the nearby visible
wavelength region can be generated by the
UV lamps, which are beneficial in alerting
personnel to the presence of UV light but
can ultimately diminish its effectiveness
(Rosenthal, 1992). In some applications, UV
light is cost-effective and can be easily incor-

porated into an existing sanitation program.
The nonselective nature of UV light permits
the nonresidual cleaning of air, water, pack-
ages, and some foods.

According to Flanigan (1996), different
microorganisms can contaminate (from mat-
uration to storage stage) barley designated
for malting. Fungi that cause a serious plant
disease known as Fusarium head blight
(FHB) in barley had become more persistent
(McMullen et al., 1997). Mycotoxins may
occur in FHB-infected grain, and the con-
sumption of these mycotoxins may lead to
health complications for humans and ani-
mals.

The use of FHB-infected grain in the
malting and brewing industry has posed a
challenge and compromised product accept-
ability (Noots et al., 1999). The growth of
Fusarium during the malting process results
in mycotoxin production and impaired malt-
ing characteristics of barley (Schwarz et al.,
1995). Schwarz et al. (2001) have indicated
that FHB-infected grain possesses reduced
kernel plumpness with increased wort solu-
ble nitrogen and free amino nitrogen with
less acceptable wort color.

The use of Fusarium-infected barley for
malting many cause mycotoxin production
and decreased product acceptability. Physi-
cal methods for the treatment of this condi-
tion may prevent safety and quality defects
and permit the use of otherwise acceptable
barley. Kottapalli et al. (2003) conducted an
evaluation of hot water and electronic beam
irradiation for the reduction of Fusarium
infection in malting barley. They found that
at higher water temperatures Fusarium was
nearly eliminated, but germination was also
reduced severely. Electron beam irradiation
of Fusarium-infected barley reduced Fusar-
ium infection at doses of >4 kGy. Thus, it
appears that physical methods may have
potential for the treatment of Fusarium-
infected malting barley.
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Cleaning Compounds

Efficient cleaning can be attained only if
the proper cleaning compound is incorpo-
rated. Spray cleaning is most effective with
the incorporation of a properly blended
cleaner having specific cleaning properties
for the soil that exists. The cleaning com-
pound should be low-foaming because foam
reduces velocity during circulation and tends
to prevent contact of the solution with part
of the surface. The appropriate cleaning
compound will prevent “beerstone” forma-
tions. It should also be formulated to prevent
metal attack, and it must be easily rinsed to
avoid the uptake of objectionable flavors by
the beer. (Other information on cleaning
compound selection, application, and safety
during use is discussed in Chapter 9.)

Sanitizers

Sanitizers such as chlorine, iodine, or an
acid-anionic surfactant should be incorpo-
rated with the final rinse in fermenters, cold
wort lines, and coolers. Because water can
contain viable microorganisms exceeding
100/mL, it is possible to have a sterile surface
after cleaning but bacteria or yeasts
deposited on the equipment surface after the
final rinse. (Additional information related
to sanitizers and their application is given in
Chapter 10.)

Heat Pasteurization

Heat pasteurization is still the most com-
mon method for microbial control in bever-
age plants, such as those producing
packaged beer. Although the energy costs
are high, it is, nevertheless, a convenient
method. Alternative procedures have been
investigated because of energy costs and the
adverse effect of heat on the flavor of drinks
such as beer. Such alternative procedures,
frequently called cold pasteurization, include
the use of chemical compounds, such as

propyl gallate, as well as millipore filtration,
either followed by aseptic packaging or used
in conjunction with other chemical treat-
ments. It appears that the practice of cold
pasteurization will increase in the future.

Official approval of chemical compounds
is subject to change as new technology and
information related to safety become avail-
able. The bacterial count of pitching yeast
may be reduced by treatment with dilute
acids such as phosphoric, sulfuric, and tar-
taric acid. Acid treatment can reduce bacter-
ial infection, but it has an adverse effect on
the yeast culture, and retarded fermentations
can occur in the first few cycles after treat-
ment. Sulfur dioxide (SO2) has been used in
the past for control of wort bacteria.

Aseptic Filling

Aseptic filling is considered to be a non-
pasteurization process that involves ultrafil-
tration techniques to remove the spoilage
organisms from beer before packaging.
Because ultrafiltration occurs before packag-
ing, spoilage microorganisms can enter the
product. The comments that follow were
provided by Remus (1991b) to ensure deliv-
erance of a high level of sanitation in aseptic
packaging.

Hygiene Practices

It is important to have closed filling rooms
with a positive pressure of filtered air. The
workers' apparel should always be clean, and
before workers enter a room, their hands
should be washed with a sanitizing soap. A
conveyor lubricant system that reduces
microorganisms should also be utilized.

The interior of the filler should be cleaned
and sanitized daily, utilizing re-circulating CIP
equipment. The exterior of the filler, convey-
ors, associated equipment, floors, and walls
should be foamed or gelled, then sanitized
daily. This process should provide a residual
antimicrobial activity because a detergent or
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sanitizer remains on a surface after its applica-
tion and subsequent drying, preventing recon-
tamination of the sanitized surfaces.

There should be a regular program of sur-
face and air monitoring for bacteria, yeasts,
and molds in the filling area. The Hazard
Analysis and Critical Control Points Concept
(HACCP) utilizes chemical and microbial
monitoring to guarantee safe food produc-
tion. These monitorings are always com-
pared against reference standards. Microbial
monitoring in aseptic beer filling needs to be
developed within that aspect of the beer
industry. A base line of data should be gath-
ered and statistically evaluated against fin-
ished product quality.

Bottle Cleaning

Centralized high-pressure, low-volume
cleaning equipment has improved the effi-
cacy of bottle cleaning. (Chapter 11
describes the principle and capabilities of
this equipment.) Tenacious soil can be
removed from very difficult-to-reach areas
such as conveyors, bottle fillers, cappers, and
casers.

Sanitation in Storage Areas

In addition to suggestions provided for
storage areas of other food facilities dis-
cussed in this book, it is appropriate to rec-
ognize the need for proper storage of
materials such as grain, sugar, and other edi-
ble dry products. Screw conveyors should be
cleaned on a schedule basis. This is especially
true for the dead ends of conveyors where
dormant residues can accumulate. The ends
and junctions of conveyors should be
cleaned at least once a week. The free-flow-
ing section of a conveyor should be equipped
with hinged covers for easy cleaning and
inspection. After conveyors have been
cleaned thoroughly, they should be fumi-
gated with a nonresidual fumigant. Empty
bins should be thoroughly swept (and prefer-

ably vacuumed) prior to fumigation. Regular
checks should be made of material cleaned
out for possible infestation. (Chapter 13 pro-
vides a detailed discussion of recommended
pest control measures that may apply to stor-
age areas at beverage plants.)

Brewing Area Sanitation

Spray cleaning is faster and more depend-
able than manual cleaning and can reduce
downtime. Although unheated water can be
used, a water temperature of up to 45ºC can
increase the chemical reaction of the clean-
ing compound with the soil. If glass-lined
tanks are used, the maximum water temper-
ature should be 28.5ºC to reduce damage due
to sudden temperature fluctuation. Temper-
atures above 45ºC should be discouraged
because of condensation problems and
increased refrigeration requirements. In fact,
it is advisable to lock in specific temperature
or high-temperature cutoff switches to con-
trol water temperature. Caustic soda clean-
ing compounds should not be used because
they attack soldered ends. Scale formation in
aluminum vessels can be removed with 10%
nitric acid, applied as a paste mixed with
kaolin.

Initial and maintenance costs of hoses and
fittings suggest the viability of stainless steel
lines (even though stainless steel is quite
expensive). Circulation cleaning of product-
in and product-out lines can be accom-
plished by the use of U-type fittings to
connect the tank valve to both lines. Indus-
trial spray nozzles for equipment cleaning
can be positioned to clean areas such as
vapor stacks on kettles and strainer troughs
in hop strainers and to provide continuous
cleaning for conveyor belts. The brewing
area should be cleaned at least once per
week, and debris and other soils should be
removed daily.

Beer stone, (a primarily organic matter in
a matrix of calcium oxalate) is one of the
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most difficult beverage soils to remove. This
deposit is most effectively removed with
extensive scrubbing and use of a strong
chelating agent and alkaline cleaning com-
pound.

Bottle Washing

When returned, the bottler should exam-
ine the empty bottles. New bottles should
also be inspected at the bottling plant to
detect any obvious contamination. All new
and used bottles should be mechanically
washed immediately before filling with a
washer that applies a heavy spray of caustic
solution, both internally and externally, with
subsequent rinsing. The spray and rinse tem-
perature should be 60 to 70ºC. Chlorination
of the final rinse with up to 0.5-ppm concen-
tration can be incorporated without affect-
ing the flavor of beer. Chlorination is not
necessary unless the water characteristics
dictate this purification technique.

Beer Pasteurization

Most brewers pasteurize their beer to
maintain a stable condition, flavor, and
smoothness. Certain brewers have incorpo-
rated sterile filtration as a substitute for ster-
ilization. If filtration is incorporated, the
filters should be replaced every other week to
reduce the risk of microbes penetrating the
series of filters. In a sanitary operation, ster-
ile filtration can be effective.

Pasteurization during containerizing is
practiced by much of the brewing industry
because it can protect the beer against con-
tamination after packaging. Overheating
during pasteurization, however, can have an
adverse effect on flavor and can cause haze.
Therefore, it is essential to subject the beer
to the minimum time and temperature for
effective microbial destruction. Most of the
brewing industry now has conveyor systems
for a pasteurization cycle of approximately
45 minutes. During pasteurization, the tem-

perature of the beer is gradually raised from
1 or 2ºC to 61ºC up to 63ºC, with subse-
quent cooling to ambient temperature at the
end of the cycle. The moving belt speed can
determine the length of exposure time in the
pasteurization environment. Pasteurization
is known to speed up the reactions that give
oxidation haze, so the effects of an excess of
air may be accentuated with pasteurized
beers. The total air content of packaged
beer should not exceed 1 mL/220 mL of
beer.

Haze may develop in beer. A non-biolog-
ical haze may form from the slow precipita-
tion of products with unstable solubility-a
condition caused or accelerated by oxida-
tion. A biological haze may be caused by
the growth of bacteria or yeasts. A suffi-
cient period in the cold conditioning tank
and fine filtration will minimize the chances
of non-biological haze. The exclusion of air
in the beer container, as well as the selection
of suitable container materials, will also
minimize the chances of non-biological
haze occurrence. Other hazes have been
traced to metallic influences, especially that
of tin. Haze of beer in brightly colored bot-
tles due to bacteria or yeast growth suggests
either imperfect filtration or subsequent
infection. A bacterial or yeast haze can be
attributable to lack of proper sanitation in
the plant or unclean storage containers or
filters.

The application of sanitizing compounds
is referred to “cold pasteurization” (Cars-
berg, 2003). The bacterial count of yeast
added to wort (pitching yeast) can be
reduced by treatment with diluted acids such
as phosphoric, sulfuric, and tartaric. How-
ever, acid treatment can affect yeast cultures
through retarded fermentations.

Cleaning of Air Conditioning Units

The following procedure for cleaning air
conditioning units is suggested:
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1. Clean air conditioning units every 6
months. Insert a ball spray through a
special opening above the coils on top
of the air conditioning units.

2. Run water for 10 minutes to flush the
unit.

3. Run a hypochlorite solution (200 ppm)
at 40ºC for 5 minutes.

4. Let the unit soak for 5 minutes.
5. Rinse the unit with warm water for 10

minutes.
6. Check the unit and clean the pan bot-

tom.

Water Conservation in Brewery Sanitation

Water usage during cleaning can be
reduced with a wash-rinse cycle sometimes
called the slop cycle. This cycle includes a
prerinse, in which a cleaning solution is
pumped through a spray device for 20 sec-
onds, with 1 minute permitted for chemical
action and a subsequent burst rinse with
water—the same procedure as used in most
home dishwashers. Reuse of cleaning solu-
tions is practical and economical. The length
of reuse can be increased if the solution tank
has a top overflow to skim off floating soil
and a drain valve to permit bottom draining
of the heavy soil. Furthermore, the final
rinse water can be salvaged for the prerinse
on the next tank to be cleaned. This tech-
nique can reduce water and sewage treat-
ment costs in areas where both water supply
and sewage are metered.

WINERY SANITATION

It is essential for a winery to be main-
tained in a clean, sanitary condition. Dirty
storage conditions can cause off-odors and
off-flavors since wine absorbs various odors.

It is essential to remove soil contami-
nants that affect the taste, appearance, and
perishability of wine. Included among the

contaminants are the reddish tartrate
deposits that form or build up on tank inte-
riors as a result of fermentation. Other
tenacious soils should be cleaned from the
surfaces of processing equipment to reduce
microbial growth throughout the winery. In
general, the more sanitary a winery is, the
smaller the quantities of SO2 that must be
added to the wine at the end of the wine-
making process. Although SO2 has been
used to control microbial growth, use of
this compound has been discouraged and
may be discontinued in the future. As a
complement to SO2, sorbic acid is effective
in the prevention of fermentation of sweet
wines if there is a low initial count of yeast
and free SO2 is still active to prevent bacte-
ria from destroying the sorbic acid. Zoeck-
lein et al. (1995) have suggested that rigid
sanitation is a viable alternative strategy for
microbial destruction.

Because rigid sanitation will not destroy
all microorganisms, as does sterilization, the
reduction of viable cell number to an accept-
able level may be attained. As stated by
Zoecklein et al. (1995), effective sanitation
accomplishes another important goal-the
elimination of hospitable environments for
growth.

Although the requirements for sanitation
increase during the winemaking process and
peak at bottling time, it is important to rec-
ognize that the vineyard tools and harvesting
equipment must be washed to remove dirt,
pomace, soil, and leaves. Destemmers, crush-
ers, and grape processing and bulk storage
areas require a brush detergent and water.
Harvester heads, pipes, hoses, pumps,
faucets, spigots, and anything else coming in
direct contact with the juice or wine will
require the five cleaning steps discussed early
in this chapter. The same steps apply to the
bottling line, but additional control and
checking are necessary to reduce the micro-
bial load of the wine.
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Basic Sanitation Principles

Basic sanitation principles supported by
the Wine Institute include:

1. A winery should be kept free of refuse
both inside and outside.

2. Equipment should be arranged in an
orderly way and the work areas kept
free of clutter.

3. The entire winery should be cleaned on
a regularly scheduled basis.

4. The winery should be protected against
harmful bacteria, yeasts, molds, insects,
and rodents with necessary measures to
prevent a recurrence of these pests in
the future.

5. The winery premises, equipment, and
copperage should be inspected at least
once each month.

Cleaning Compounds

Several cleaning compounds are available
for use in wineries. The sanitation operation
is more successful if an appropriate cleaning
compound is utilized. The selected cleaning
compound should be easy to rinse away.
Cleaning compounds with artificial odors
should be avoided to decrease the possibility
of adverse effects on product quality.
Sodium phosphate is an effective winery-
cleaning compound in addition to other
phosphate-based compounds. Chlorinated
trisodium phosphate is considered a “work-
horse cleaning agent” that provides an
appropriate defense against contamination.
Sodium hypochlorite is inexpensive and can
serve as a potent disinfectant but lacks util-
ity because it is a powerful oxidizer and does
not rinse away easily in cold water.

Cleaning Aids

An adjustable nozzle attached to a hose is
a primary piece of cleaning equipment in
most small wineries. The nozzle should pro-
vide several spray patterns including a

strong, high velocity stream. Long-handled
brushes are inexpensive and convenient for
scrubbing small tanks, containers, and most
winemaking equipment.

Water Quality

The water used in a winery must have cer-
tain chemical and microbial properties. A
low pH is inimical to steel and other sur-
faces, and a high pH will favor calcium pre-
cipitation. The biochemical oxygen demand
(BOD) should be less than 3 mg/L. Because
water can be a potential carrier of molds,
yeasts, and acetic or lactic acid bacteria, pure
water should be used.

Winery design and layout should incorpo-
rate hygienic principles. Floors must be easy
to clean and have non-slip, sloped surfaces.
Walls and ceilings should be impervious and
easily cleaned. Sanitation in a winery can be
enhanced through proper location of equip-
ment to reduce the creation of corners and
crevices that are difficult to clean and to
facilitate the cleaning of floors. As with
other food manufacturing facilities, equip-
ment should be constructed with sanitary
features that enhance effective cleaning.

Cleaning Floors and Walls

Although a winery may be somewhat sea-
sonal in operation, year-round sanitation is
necessary. A combination of wet and dry
cleaning is usually most appropriate. The
heavy-duty, wet-dry vacuum cleaner can be
effectively incorporated in cleaning. Floors
should be cleaned at least once a week by dry
or wet methods, depending on the nature of
the soil. To facilitate cleaning, floors should
be constructed of concrete, sloped, and
should contain trench drains. Spilled wine,
especially any that has spoiled, should be
washed away immediately.

It is necessary to remove as much of the
visible debris as possible before use of clean-
ers. This task is accomplished manually or by
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mechanized cleaning (spray balls, etc.).
Spray applications should be directed at an
angle to the surface being cleaned.

The area should be mechanically scrub-
bed, washed with lime or a strong hypo-
chlorite solution, and rinsed with water.
Floors and the outside of the wood cooper-
age (if applicable) should be periodically
washed and disinfected with a dilute hypo-
chlorite solution. When dry cleaning is pos-
sible, the humidity of the winery can be kept
lower than when wet cleaning is practiced,
with resultant reduced mold growth in areas
where wood is present. Tank tops, overhead
platforms, and ramps can be vacuumed,
cleaned, or washed, taking precautions that
no water gets into the wine. The walls should
be washed with a warm alkaline solution,
such as a strong solution of a mixture of
soda ash and caustic soda, followed by rins-
ing with water and spraying with a hypochlo-
rite solution containing 500 mg/L of
available chlorine. All free chlorine should be
removed through washing.

Equipment Cleaning and Sanitizing

Improper equipment cleaning is one of the
most viable sources of contamination.
Crushers, must pumps and lines, presses, fil-
ters, hoses, pipes, and tank cars are all diffi-
cult to clean completely. Less complicated
equipment, such as wine thieves, hydrometer
cylinders, buckets, and shovels, can also be
difficult to clean. This equipment should be
dismantled as much as possible, thoroughly
washed with water and a phosphate or car-
bonate cleaner for nonmetallic surfaces and
caustic soda or equivalent for cleaning metal
equipment, and sanitized with hypochlorite
or an iodophor if the material being cleaned
is adversely affected by chlorine.

Ozone has gained popularity as a sanitizer
for winery equipment. It is an unstable gas
and readily reacts with organic substances
and does not leave a chemical residue. Under

ambient conditions, it has a half-life of 10 to
20 minutes. This sanitizer has the ability to
readily oxidize microorganisms in solution.
Ozone has an advantage over other sanitiz-
ers because it requires no storage or special
handling or mixing considerations. When
ozone is generated, it is important that the
concentration and flow rates be verified, and
checked periodically.

Enzymes are useful as cleaning agents
because they can hydrolyze proteins, fats,
and pectins. They are currently used in enol-
ogy because their maximum efficiency is at
nearly a neutral pH. Where possible, circu-
lating the cleaning solutions is recom-
mended. Hoses, after cleaning and rinsing,
should be placed in sloping racks instead of
on the floor to facilitate drainage and dry-
ing. Thorough cleaning and sanitizing are
essential for equipment that has been in con-
tact with spoiled or contaminated wine.

During the harvest season, conveyors,
crushers, and must lines should be kept
clean. They should not be permitted to stand
with must in them for more than 2 hours.
After use for 2 days, they should be washed,
drained, and thoroughly flushed with water
before reuse.

Bottling Area Cleaning

Effective cleaning of the bottling area is
essential to reduce bacterial or metallic con-
tamination. This area is usually observed
most closely by public health agencies. To
facilitate effective sanitation in this area, the
room should be well lighted and ventilated
and should have glazed tile walls and
epoxyfinished floors. Ample space between
equipment is essential to facilitate easy clean-
ing, and the equipment should be easy to dis-
assemble. All pumps, pipes, and pasteurizers
should be constructed of stainless steel
because freshly cut corks contain debris,
mold spores, and yeasts. Although bottles
should be sterile through ethylene dioxide
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treatment prior to arrival at a winery, they
should be flushed with nitrogen and rinsed
before filling. Uncleaned bottles should be
cleaned and sterilized before use by soaking
for 2 hours in low pH 1% SO2 and a little
glycerol, then rinsed with water. Corks can be
gamma radiation sterilized to prevent off-
odors occurring because of mold growth.

Pomace Disposal

It is essential to dispose of the pomace as
rapidly as possible after pressing. This mate-
rial must not stand in or close to the fermen-
tation room because it rapidly acetifies, and
the fruit flies carry acetic acid bacteria from
the pomace pile to clean fermenting vats.
Pomace should be further processed or scat-
tered as a thin layer on fields, where it dries
quickly and does not become a serious
breeding ground for fruit flies.

Cleaning of Used Cooperage

Alkaline solutions (soaking with 1%
sodium carbonate) are most effective in
removing tannins from new barrels. If fur-
ther treatment is necessary, steam and sev-
eral rinsings should be applied.

Other viable cleaning compounds are
sodium ortho- and metasilicates (Na2SiO3)
that are less caustic and less corrosive than
NaOH with superior detergent properties. A
lighter organic load permits the application
of milder alkalies, such as sodium carbonate
(soda ash) or trisodium phosphate. Sodium
carbonate (Na2CO3) is an inexpensive, fre-
quently used, cleaning compound. However,
it contributes to precipitate formation in
hard water.

Polyphosphates are frequently included in
cleaning compound formulations because of
their ability to chelate calcium and magne-
sium and to prevent precipitation. Examples
are sodium tetraphosphate (Quadrofos) and
sodium hexametaphosphate (Calgon). The
amount to be included in the formulation

depends on water hardness. Acid cleaners
are formulated in specialized detergent for-
mulations (approximately 0.5%) to reduce
mineral deposits and to soften water. Phos-
phoric acid is preferred because of its low
corrosiveness and compatibility with non-
ionic wetting agents (Zoecklein et al., 1995).

Past practices have involved washing
empty containers with water and spraying
with a hot (50ºC) 20% solution of a mixture
of 90% soda ash and 10% caustic soda or
caustic potash (KOH). Both NaOH and
KOH have excellent detergent properties and
are strongly antimicrobial against viable
cells, spores, and bacteriophage. After subse-
quent washing with hot (50ºC) water, con-
tainers should be sprayed with a chlorine
sanitizer solution containing 400 ppm of
available chlorine. A cold water rinse should
follow, with subsequent drainage and drying
using a dry-wet vacuum. If mold is present,
it should be scraped off because it cannot be
removed by washing. Further precautions
include washing with a quaternary ammo-
nium compound. Paints containing copper-
8-quinolate can also control mold growth.
Burning a sulfur wick in the tank (700 mg/hl)
or adding an equivalent amount of SO2 from
a cylinder of gas is also effective. Before use,
the tanks should be rewashed, and the
cooperage should be inspected visually and
by smelling before being filled. A warm 5%
soda-ash concentration is too high and, if
exposed too long, the wood can deteriorate.
The outside surface of wooden containers
should be washed with a dilute solution once
a year. Propylene glycol can be applied to
discourage mold growth on the surface of
the tanks. Stainless steel tanks should be
cleaned with a 400-ppm or less concentrated
solution to prevent mold growth.

Removal of Tartrate Deposits

It is necessary to remove tartrate deposits
to smooth the inner surface, which becomes
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very rough. Scraping is labor-intensive and
may injure the wood. Installation of a circu-
lar spray head inside the tank can help
remove tartrates. Soaking with 1 kg of soda
ash and caustic soda in 100 L of water will
also aid in the removal of tartrates.

Storing Empty Containers

Concrete tanks should be left open and
kept dry when not in use. Before reuse, they
should be inspected and cleaned. An exam-
ple of fermentation tanks is shown in Figure
20–1. Open wooden fermenters are some-
times painted with a lime paste when not in
use, but this surface is difficult to remove. A
better approach is to clean the fermenters
thoroughly with an alkaline solution, fol-
lowed by a chlorine solution. They can then
be filled with water and approximately 1.6 kg
of unslaked lime per 1,000 L of water added.
Stored empty barrels can be sulfured by a
sulfur wick or by introducing SO2. However,
the use of sulfur wicks can be disadvanta-

geous because sulfur may sublime into the
walls of the container, and pieces of elemen-
tal sulfur from the wick may fall to the bot-
tom of the cask. If containers with elemental
sulfur are used, hydrogen sulfide might be
reduced.

Other Cleaning and Sanitary Practices

Fillers, bottling lines, and other packaging
equipment can be cleaned with CIP systems.
A chlorinated alkaline cleaning compound
can clean, sanitize, and deodorize in one
operation if the soil is light. However, the
presence of organic matter can negate the
effect of the chlorine sanitizer because chlo-
rine will react with the organic matter in the
soil. The addition of approximately 7 g of a
sanitizer with 4.25% available chlorine per
liter of water should provide approximately
200 ppm of available chlorine for rapid
destruction of microorganisms.

Heat is the safest sterilization process avail-
able, but it does not yield high quality pre-
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mium wines. Heat can potentially transform
some taste elements. Bottle sterilization is the
best method for sterilizing sparkling wine.
Bottling-line sterilization can be accom-
plished (albeit expensively) with steam or hot
water. Where hot water is employed to sani-
tize lines, Zoecklein et al. (1995) recommends
a minimum temperature of 82ºC for at least
20 minutes. The temperature should be mon-
itored at the farthest point from the steam
source (i.e., fill spouts, end of the line, etc.)
Ultraviolet light is effective against microbes,
but it has low penetrative capabilities, and a
thin film provides a barrier between radiation
and the microbes. Ozone can be used to san-
itize in cold-water re-circulation.

Sterile Filtration

Sterilization by filtration is attained
through use of sterile filter pads or, better,
with membranes. Diatomaceous earth filtra-
tion reduces yeasts but will not eliminate
bacteria. This step is followed by membrane
filtration.

Reinfection

Any efforts in sterile filtration are ruined
by postfiltration infections if the entire bot-
tling line is not sterile. The filter, as well as
the bottling line, should be sterilized before
admitting the wine. The most effective
method of sterilization is to use a steam gen-
erator hooked to the filter, which is hooked
to the bottling line. A slow flow of low-pres-
sure steam is run for 30 minutes through the
entire system. The steaming is followed by
cold water to cool off the machinery before
allowing the wine to enter. Steam may not
be available or may injure some equipment,
such as plastic filter plates. Sterilization may
then be achieved by running a solution of
300g/hl citric acid and 10 g/hl SO2 (or 20
g/hl metabisulfite) at 60ºC. Some parts of
the bottling line, such as the corker, are
more difficult to sterilize. The corker jaws or

diaphragm should be sterilized with alcohol.
Membrane filters may be sterilized with
water at 90ºC.

Corks

Modern cork suppliers provide sterile
corks. In case of doubt, corks should be
dipped before use in a 10 g/hl of SO2 solu-
tion.

Bottles

Bottles can be re-contaminated from dust
and cardboard. A rinsing and sterilization
station must be provided for a solution of
SO2 at 500 ppm. Sterile water (obtained after
cooling the sterile filter) is used to wash off
excess SO2 solution from the bottle. A dis-
penser for SO2 can be set in line off of the
main water supply using a medicator or
other similar device. Iodophors are used fre-
quently for bottling sanitation, followed by a
cold-water rinse.

Barrels

Spent empty barrels are difficult to main-
tain. Approximately 12 liters of wine soaks
into the wood surfaces of a new barrel the
first time is filled. When barrels are stored
empty, the wine soaked into the wood acidi-
fies, turns to vinegar, and becomes contami-
nated with acidophilic bacteria. Although
soda ash can be used for cleaning contami-
nated barrels, sterilization is practically
impossible. Thus, contaminated barrels with
a vinegar smell should be discarded.

Empty barrels may be safely stored for
several weeks of they are gassed with sulfur
dioxide and kept tightly sealed. Barrels
gassed with sulfur dioxide should be washed
with clean water before they are filled.
Another limitation of using spent barrels is
that the wood in an empty barrel becomes
dry and the staves shrink. As the wood
shrinks, the hoops become loose and barrels
lose their shape and leak.
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Control

Good bottling practices require checking
sanitation standards. Special kits are avail-
able to evaluate the level of sanitation
through a count of the number of receivable
yeasts or spoilage bacteria left in the wine
after filling.

Pest Control

Fruit flies are especially attracted to fer-
menting musts. A large proportion of the fly
population is brought to the winery from the
vineyard. The most effective control meas-
ures are the prompt crushing of grapes after
picking, removing of all dropped and culled
fruit from the winery, disposing of all
organic wastes, use of repellent insecticides
around the vineyard, washing of all contain-
ers and trucks after handling grapes, and use
of attractant insecticides on dumps. Maxi-
mum fly activity occurs in the range of
23.5ºC to 27.0ºC in low light intensity and
low wind velocity. Fans blow air out of win-
ery entrances. Mesh screens and air curtains
are also helpful.

Insecticides that kill fruit flies are avail-
able, but the heavy fly population in adjacent
unsprayed areas makes the effectiveness of
this practice questionable. If insecticides are
used, U.S. Food and Drug Administration
tolerances must be observed. (Chapter 13
provides additional information related to
fly, rodent, and bird control.)

Sanitation Monitoring

The most common method of sanitation
evaluation is sensory (Zoecklein et al.,
1995). Visual appearance and smell are
assessed and, sometimes, touch to determine
whether the surface feels clean. A slippery
surface suggests inadequate cleaning and/or
rinsing. In some instances, microbial sam-
pling should be conducted as a means of
verification.

Each microbial technique has limitations,
such as surface characteristics, definition of
area to be sampled, amount of pressure
applied to the surface, and time of applica-
tion (Zoecklein et al., 1995). Furthermore,
cotton swabs will not recover all microbes.
Thus, standardization of sampling proce-
dures will improve the success of sanitation
monitoring.

DISTILLERY SANITATION

As with breweries and wineries, the com-
monly recognized microorganisms are nor-
mally of minimal concern in distilleries
because of the nature of the raw materials,
processing techniques, and high alcohol con-
centration. A possible safety exception is the
potential for contamination by significant
levels of toxic metabolic products. Control
of raw materials is essential because a con-
taminated finished product cannot be effec-
tively detoxified. Yield and product quality
are compromised when sanitary conditions
are not maintained (Arnett, 1992).

Reduction of Physical Contamination

To practice effective sanitation, corn and
other grains are inspected upon arrival at the
plant. Insects are the major concern at this
stage, because a contaminated grain ship-
ment can infect the storage silos, as well as
the entire plant. The most common insect
pests for grain are flour beetles and weevils.
Off-odors are also important to detect at this
point, because many will persist through the
fermentation and become detectable in the
final product. Grain storage silos are rou-
tinely emptied 2 to 4 times a year, sprayed
with high-pressure hoses, and allowed to air
dry. The area surrounding the outside of the
silos is kept clean from grain dust by washing
the area with water and by periodic insecti-
cide spraying.
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When the grain enters the plant by auger
conveyors, it should be sifted on shaking
screens to remove any corncobs, debris, or
insects that may have found their way into
the silos. The mill room should be washed
down with water to reduce grain dust, and
approximately every 2 to 6 months, it should
be heated to 50 up to 55ºC for 30 minutes to
kill any insects that may be present.

Reduction of Microbial Contamination

Bacterial and wild yeast contamination of
the fermentation is the most important
sanitation aspect to control in whiskey pro-
duction. The source of most of the contam-
ination is the malted barley. Malt routinely
has bacterial counts of 2×105 to 5×108. The
malt is added at 60 to 63ºC. Thus, many of
these microbes survive to propagate during
the fermentation. Bacterial levels of the corn
and other grains added before the cooking
process or at temperatures greater than 88ºC
are not given much attention because they
are killed at these high temperatures.

The most common bacterial contaminants
include Lactobacilli, Bacilli, Pediococci, Leu-
conostoc, and Acetobacter. These microbes
propagate at the expense of yeasts. Microbial
contamination will cause plant yield to
decrease because these bacteria utilize sugar
substrates to produce compounds other than
alcohol. Many of these bacteria produce
acids, mainly lactic and acetic acid, which
can alter fermentation conditions, as well as
lower product quality. Other compounds
that can alter the consistency of the whiskey,
such as esters and aldehydes, are also pro-
duced.

The fermentation process is a rather hos-
tile environment for many microbes. Initially,
sugar concentrations may exceed 16%, which
provides for high osmotic tension. Initial pH
is between 5.0 and 5.4 for a sour mash
whiskey and, by completion, will be between
4.0 and 4.5. Final alcohol concentration is

approximately 9%, and little, if any, oxygen
will be present in this high carbon dioxide
environment. These conditions severely
restrict the types of contaminating organ-
isms that will proliferate.

Contamination of the fermentations
should be minimized. Because many bacteria
are airborne, dust is kept to a minimum by
water washing all plant surfaces (walls,
floors, etc.). Incoming shipments of malt are
probed for the determination of bacterial
counts. Most specifications limit total bacte-
rial counts to between 200,000 and
1,000,000/g.

Equipment Cleaning

Large fermentation vessels (120,000 to
180,000 L) should be cleaned through filling
with hot water and detergent while steam is
spread through a CIP sparger in the center of
the tank. This process should continue for 30
minutes, at which time the tank is emptied,
rinsed with water, and steamed for 2 to 3
hours for sterilization purposes before new
mash is pumped into the vessel.

The cooling coils should keep fermenta-
tion temperatures below 32ºC. Higher tem-
peratures promote yeast cell death and
off-flavor production. These coils tend to
sustain a buildup of beer stone, which is a
hard, rocklike material composed of calcium
carbonates, phosphates, and, sometimes, sul-
fates. As this material builds on the coils,
heat transfer efficiency is reduced. To com-
bat this problem, every 6 months, the vessels
should be filled with a 1% caustic solution
(NaOH) and water, and allowed to soak for
3 days to remove the buildup.

The cookers, where the mash is prepared,
and the beer still, where the finished beer is
pumped, tend to get residual grain buildup
through continuous operation. To remedy
this, a 1% caustic solution should be pre-
pared weekly to wash the cookers, the beer
still, and all connecting lines. Some distillers
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use a 1% solution of acetic acid instead. The
caustic solution can be prepared in a large
tank and pumped to the beer still, then
through the connecting lines, and finally into
each of the cookers. These areas should then
be rinsed with water to wash away caustic
residue.

The lines and stainless steel tanks that
accommodate alcohol that is distilled from
the beer and pumped to receiving tanks and
into barrels for maturation should be period-
ically rinsed. The nature of the product,
crystal clear alcohol at 140 proof, alleviates
the need for more stringent sanitation.

Water quality for distillery products is
important to ensure an acceptable end prod-
uct. The blending of water for distilled spirits
is typically from a chlorinated and carbon-
treated well or city water supply that is visually
clarified using a depth filter prior to blending
with the high-proof spirits. The microbial
safety/acceptability is ensured through water
chlorination, and polishing only prior to
blending is required for visual clarity.

SUMMARY

Most soils found in beverage plants are
high in sugar content, water soluble, and
relatively easy to remove. Ineffective sanita-
tion in a beverage plant can reduce product
acceptability because contaminating micro-
organisms are difficult to remove from the 
environment. Rigid control of raw materials
is essential to ensure a method of detoxifying
a finished product that is contaminated.

Bacteria of greatest significance in brew-
eries are nonspore-formers. The most effec-
tive means of preventing spoilage of
beverage products is to control infection
through a comprehensive cleaning and sani-
tizing program appropriate to each manufac-
turing establishment. Spray cleaning is most

effective, with the incorporation of a prop-
erly blended, low-foaming cleaning com-
pound with specific cleaning properties for
the soil that exists. Sanitizers such as chlo-
rine, iodine, or an acid anionic surfactant are
recommended for the final rinse in fer-
menters, cold wort lines, and coolers.

The requirements for sanitation increase
during the winemaking process and peak at
bottling time. A combination of wet and dry
cleaning is usually most appropriate. Wine
manufacturing equipment should be dis-
mantled as much as possible, thoroughly
washed with water and a phosphate or car-
bonate cleaner for nonmetallic surfaces and
caustic soda or equivalent for cleaning metal
equipment, then sanitized with hypochlorite
or an iodophor. Installation of a circular
spray head inside a tank will help remove
tartrates, as will soaking with soda ash and
caustic soda. Fillers, bottling lines, and other
packaging equipment can be cleaned with a
CIP system. Prompt processing of grapes
after picking will reduce fly infestation.

The control of raw materials is essential
for distilled spirits. Yield and product accept-
ability are compromised when sanitary con-
ditions are not maintained.

STUDY QUESTIONS

1. What is the TACT approach to clean-
ing beverage plants?

2. What temperature is used in hot sani-
tizing a beverage plant?

3. What is the maximum water tempera-
ture for cleaning glass-lined tanks in a
brewery?

4. What spray and rinse temperature
should be used for bottle washing in a
brewery?

5. What are the two major methods of
pasteurizing beer?
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6. What cleaning solution is recom-
mended for washing empty wine stor-
age containers?

7. How can tartrates be removed in a
winery?

8. How are wine fermenters cleaned
most effectively?

9. How should the mill room of a distill-
ery be cleaned?

10. How should large fermentation vessels
in a distillery be cleaned?

11. Why are soils in beverage plants less
difficult to remove than those from
most other food plants?

12. Why is rigid control of raw materials
so important for beverage plants?
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C H A P T E R 2 1

Foodservice Sanitation

In the United States, there are over
710,000 foodservice establishments, employ-
ing approximately 10 million people. These
operations range from mobile restaurant
stands to large industrial cafeterias and
multiunit fast food chains to plush restau-
rants. Consumers now spend approximately
43% of their food budgets on meals outside
the home. As the foodservice industry has
grown, methods of food production, pro-
cessing, distribution, and preparation have
changed. The major changes have included
increased prepackaged food as partially or
fully prepared bulk or pre-portioned serv-
ings and centralized food production.

As food production, handling, and prepa-
ration techniques and eating habits change,
one fact remains: Food is a source for
microorganisms that can cause illness. Food
handlers can act as vectors of disease and
cross-contamination. As handling and mod-
ern processing methods increase the journey
from the production area to the table, oppor-
tunities for food to be contaminated with
microorganisms become a public health con-
cern. During the second half of the past
decade, 2,397 outbreaks of foodborne ill-
nesses occurred. Over 90% of the cases orig-
inated from bacteria that cause foodborne
illness. Food was the source of 58% of the
foodborne illnesses, and 58% of the food-

borne illness outbreaks were from food
served in restaurants. The economic cost of
these outbreaks has been estimated at $1 bil-
lion to $10 billion. The relative risk of food-
service-related illness is 1 in 9,000, or 5
million illnesses from the 45 billion meals
served in a year. This problem is com-
pounded by a growing number of centralized
kitchens. Mass feeding operations increase
the number of people who may be affected
by any contamination. Thus, the challenge of
protecting food from contamination is made
more complicated and critical.

The primary goal of a foodservice sanita-
tion program is to protect the consumer
from contamination and to reduce the effect
of contamination that does occur. It is diffi-
cult to protect food from all contamination
because pathogenic microorganisms are
found in so many locations and on approxi-
mately 50% of the people who handle food.

SANITARY DESIGN

Maintaining proper sanitation standards
in an improperly designed foodservice facil-
ity is difficult. Time and energy are wasted,
and the task becomes difficult and frustrat-
ing. This can cause a worker to settle for
something less than the desired result.
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Cleanability

The primary requirement for sanitary
design of foodservice facilities and equipment
is cleanability. Cleanability of an item or sur-
face suggests that it can be exposed for inspec-
tion or cleaning without difficulty and that it
is constructed so that soil can be removed
effectively by normal cleaning methods. Min-
imal inaccessible locations for soil, pests, and
microorganisms to collect will enhance the
maintenance of a clean establishment. A
facility that is easier to clean can be main-
tained with less contamination.

Design Features

Design for sanitary features should begin
when the facility is being planned. Although
most managers inherit an established food-
service facility, they can improve the
environment every time remodeling or ren-
ovation takes place or new equipment is
purchased.

In most areas, sanitary design for food-
service establishments is subjected to govern-
ment regulations. Public health, building,
and zoning departments may all have the
power to regulate construction of a facility.
Regulatory agencies frequently provide
checklists of features considered desirable or
necessary for good sanitation.

Floors, walls, and ceilings should be con-
structed of material that is easily cleaned and
maintained and is attractive. The materials
used should be inert, durable, resistant to
soil absorption, and smoothly surfaced.
Absorbency or porosity of floor material
should be considered. When liquids are
absorbed, flooring can be damaged, and
microbial growth is enhanced. Nonab-
sorbent floor covering materials should be
used in all food preparation and food storage
areas; thus, carpeting, rugs, or similar mate-
rials should not be installed.

Although flooring material is a critical
aspect of sanitation, the way the floor is con-

structed is also important. Covering at a
floor-wall joint facilitates cleaning by pre-
venting accumulation of bits of food that
attract insects and rodents. Concrete and ter-
razzo floors should be sealed to make the
floors nonabsorbent and to reduce possible
health hazards from cement dust.

Many of the same factors apply to the
selection of wall and ceiling materials.
Ceramic is a popular and satisfactory wall
covering for application in most areas.
Grouting should be smooth, waterproof, and
continuous, without holes to collect soil.
Stainless steel, although expensive, is a satis-
factory finish because it is resistant to mois-
ture and most soil, and is durable. Walls of
plaster painted with nontoxic paint or cinder
block walls are satisfactory for relatively dry
areas if sealed with soil-resistant and glossy
paint, epoxy, acrylic enamel, or similar mate-
rials. Toxic paints, such as those with a lead
base, should never be used in a foodservice
facility because flaking and chipping can
result in food contamination. Ceilings
should be covered with smooth, nonab-
sorbent, and easily cleanable materials.
Smoothly sealed plaster, plastic panels, or
panels of other materials coated in plastic
are all good choices.

When purchasing equipment, the food-
service manager should specify that all
acquisitions comply with generally accept-
able standards. The following characteristics
are examples of sanitary features needed in
foodservice equipment:

● Minimal number of parts necessary to
perform effectively

● Easy disassembly features for cleaning
● Smooth surfaces free of pits, crevices,

ledges, bolts, and rivet heads
● Rounded edges and internal covers with

finished smooth surfaces
● Coating materials resistant to cracking

and chipping
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● Nontoxic and nonabsorbent materials
that impart no significant color, odor, or
taste to food

Cutting boards are frequently identified as
a means of cross-contamination. Wooden
cutting boards absorb juices, and plastic
boards can harbor microbes in crevices.
Knife cuts on plastic surfaces do not heal
and offer crevices in which bacteria can
evade removal during manual cleaning and
contaminate surface sampling. Used foamed
polypropylene cutting boards retain high
numbers of bacteria, even after a thorough
wash (Park and Cliver, 1997). Continued use
of polyethylene boards results in numerous
knife marks, holes, cracks, and a furry and
shaggy appearance, which contribute to bac-
terial entrapment.

Equipment Arrangement and Installation

Equipment should be arranged to reduce
food contamination and to make all areas
accessible and cleanable. For example, the
soiled-dish table should not be located next
to the vegetable preparation sink. Waste pro-
cessing and the food preparation areas
should be located as far apart as possible,
and food preparation equipment should not
be placed under an open stairway.

When feasible, mobile equipment should be
considered to permit easy cleaning of walls
and floors. Equipment that is not mobile
should be sealed to the wall or to adjoining
equipment. If sealing is not practical, equip-
ment should be located approximately 0.5 m
from the wall or adjoining equipment to per-
mit easy cleaning. Equipment that is not
mobile should be mounted approximately
0.25 m off the floor or sealed to a masonry
base. If the latter approach is used, a 3- to 12-
cm toe space should be allowed.

A nontoxic sealant must be used to seal
equipment to the floor or wall. Wide gaps
caused by faulty construction should not be

covered with a sealant because such buried
mistakes will be exposed ultimately, opening
new cracks to soil, insects, and rodents.

Hand Washing Facilities

Hands are the most viable source of micro-
bial contamination. Therefore, management
should provide hand washing facilities in
locations where hands are likely to become
contaminated, such as food preparation areas,
locker or dressing rooms, and areas adjacent
to toilet rooms. Because employees may be
reluctant to walk very far to wash their
hands, these facilities should be conveniently
located. Hand washing facilities should con-
sist of mechanized hand washing equipment
or a bowl equipped with hot and cold water,
liquid or powdered soap, and individual tow-
els or other hand drying devices, such as air-
dryers. Foot-operated faucets should be
installed. More discussion about hand wash-
ing is included in Chapter 6.

Welfare Facilities

Dressing rooms or locker rooms should be
provided for employees. Street clothes are a
viable source of microbial contamination,
therefore uniforms should be provided for
wear during the production shift. Dressing
rooms should be located outside of the area
where food is prepared, stored, and served,
and should be separated physically from the
other areas by a wall or other barrier. Hand
washing facilities should be provided next to
the dressing rooms and toilet rooms, with
mirrors hung away from the hand washing
equipment. The washing facilities and toilet
rooms should be scrubbed at least once a
day. Receptacles should be provided for
waste materials and should be emptied at
least once a day.

Waste Disposal

Disposal of garbage and trash is impor-
tant in foodservice sanitation because waste
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products attract pests that can contaminate
food, equipment, and utensils. Waste con-
tainers should be leak-proof, pest-proof, eas-
ily cleaned, and durable. Waste containers
should be lined with plastic or wet-strength
paper bags.

Waste should be removed from food
preparation areas as soon as possible and
disposed of often enough to prevent the for-
mation of odor and the attraction of pests.
Accumulation of waste materials should be
permitted only in waste containers. Waste
storage areas should be easily cleaned and
pest-proof. If a long holding time is
required, refrigerated indoor storage should
be provided. Inside storage areas should be
easily cleaned and made pest-proof. Large
waste containers, such as dumpsters and
compactors located on the outside, should
be stored on or above a smooth surface or
nonabsorbent material, such as concrete or
machine-laid asphalt. An area equipped with
hot and cold water and a drain should be
provided for waste containers. They should
be located such that food in preparation or
storage will not be contaminated when the
containers are washed.

The volume of trash found in a foodserv-
ice facility can be reduced through the use of
pulpers or mechanical compactors. Pulpers
can grind waste material into components
small enough to be flushed away with water.
The water can then be removed so that the
processed solid wastes can be trucked away.
Mechanical compacting of dry, bulk waste
materials is beneficial for establishments
with limited storage space because the
process can reduce volume to 20% of its
original bulk.

Incineration of burnable trash and
garbage is another alternative, provided it is
permitted in the area and the incinerator is
constructed according to all federal and
local clean-air standards. Most waste from a
foodservice establishment is high in moisture
content and does not burn well. Incinerators

should be used only as temporary collection
containers for waste.

CONTAMINATION REDUCTION

The wholesomeness of prepared food
should be safeguarded through sanitary prac-
tices in kitchen and storage areas. Precau-
tions discussed here should be considered
when attempting to minimize contamination.

Preparation Area

The prevention of contamination with
food poisoning and food spoilage microor-
ganisms, as well as with filth, is especially
important in the food preparation area after
food preparation and during service. Conta-
mination during service can permit transfer
of disease-causing microorganisms directly
to the consumer.

Utensils

Thorough washing and disinfecting of
utensils are needed to prevent contamination
and to maintain a hygienic condition. Disin-
fection can be accomplished by subjecting
utensils to a 77°C environment for at least 30
seconds after cleaning. If chemical germi-
cides are applied at room temperature, 10
minutes or longer of exposure time is
required. Contamination will be reduced if
cracked, chipped, creviced, or dented dishes
or utensils are thrown away. Food particles
and microorganisms can collect in the dam-
aged parts and are more difficult to reach
during cleaning and sanitizing.

Contamination can be further reduced by
requiring that the server not touch any sur-
face that will come in direct contact with the
mouth or with food. Dishes or utensils where
surfaces touch the counter or table tops
should not be permitted to contact foods.
When microorganisms are transferred from
hands and surfaces to dishes, utensils, or
food, they will be transferred to consumers.
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Factors that must be considered in the safe
preparation and handling of food to reduce
the risk of foodborne disease are:

● Multiple step preparation: Increased
handling leads to more exposure to
contamination.

● Temperature changes: Heating and
cooling places foods in the “danger
zone” (3 to 60°C).

● Large volume: Products in large volumes
require multi-step handling and longer
times to heat and cool, giving microor-
ganisms more time for growth.

● Naturally contaminated foods: Raw
produce may be contaminated with field
dirt or pesticides, whereas raw red meats
and poultry can be contaminated during
slaughter, and raw seafood can carry a
variety of viruses, bacteria, or parasites.

Another consideration is to survey the
progress of items through the establishment-
from delivery at the receiving area to service
at the table. Temperatures and times should
be recorded at the beginning and end of each
handling step. Time-temperature curves will
help to determine whether existing proce-
dures are adequate to retard microbial
growth. Although several control points
exist, only a few will be critical control points.

Critical control points are as follows:

● Prevent microbial growth by holding
foods below 2°C or above 60°C.

● Ensure microbial destruction by
cooking foods above 74°C.

Cooling

Excessive time for the cooling of poten-
tially hazardous foods has been consistently
identified as one of the factors contributing
to foodborne illness (Stanfield, 2003). Foods
that have been cooked and held at improper
temperatures provide an environment con-
ducive to the growth of disease-causing
microorganisms that may have survived the

cooking process (i.e., spore formers). Fur-
thermore, re-contamination of a cooked
food item through poor employee practices
of cross-contamination from other food
products, utensils, and equipment is possible.
Large food items, such as roasts, turkeys,
thick soups, chili, stews, and large containers
of rice or free refried beams require a long
time to cool because of their manners and
volume. If the hot food container is tightly
covered, the cooling rate will be decreased
further. Through reducing the volume of
food in individual container and providing
an opening for heat to escape, the rate of
cooling is increased. Cooling may be
enhanced by avoiding a large mass through
the preparation of smaller batches closer to
the time of service, stirring hot food while a
food container is within an ice bath, recipes
redesigned for the preparation and cooking
of smaller or concentrated bases with subse-
quent addition of cold water or ice to make
up the volume needed. A record keeping sys-
tem should be established to provide sched-
uled product temperature checks to ensure
that the process is working.

Reheating

If food is held at an improper temperature
for too long, pathogens can multiply and
subsequently cause foodborne illness. Proper
reheating provides an opportunity to elimi-
nate these microorganisms. Heating is espe-
cially effective in reducing contamination
from bacterial spore-formers that survived
the cooking process and may have survived
during storage at an improper temperature.

Holding

To avoid pathogen growth (especially
spore formers), food should not be held
between 5 and 60°C.

Serving

Employees that work with food and food
contact surfaces can easily spread bacteria,
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viruses, and parasites. Personal hygiene man-
agement is essential to control these hazards.
An effective management program includes
proper hand washing, personal cleanliness,
control of personal contact with food and
food surfaces, proper food temperature
maintenance (minimal exposure to the dan-
ger zone), and control of customer contami-
nation. Suggestions for protection during
prepared food storage and serving include:
(1) use of packaging, (2) salad bar food
guards, (3) appropriate utensils for dispens-
ing, (4) separation of freshly prepared and
other product, and employee monitoring of
self-serve stations.

What About the Use of Gloves?

The major contribution of gloves appears
to lie in the perception of a safer food and
reduced consumer anxiety. Real protection
of the food chain through the use of gloves
is controversial and appears to be more elu-
sive and dependent on numerous factors
(Michaels, 2001) such as frequency of
replacement and overall hygienic practices.

SANITARY PROCEDURES FOR
FOOD PREPARATION

The wholesomeness of prepared food can
and should be safeguarded through sanitary
practices in preparation and storage. Food
contaminated with poisonous substances
and certain microorganisms can cause food
poisoning. Three sanitary procedures can
help reduce contamination:

1. Wash food. Processed foods do not
necessarily require washing; however,
all fruits and vegetables to be eaten
raw and cooked should be washed.
Dried fruits and raisins should be
washed, as should raw poultry, fish,
and variety meats. Washing poultry

will reduce contamination of the body
cavity by Salmonella and other micro-
organisms. Fruits, vegetables, and
meats should be washed with cold to
lukewarm running water to remove
dirt. Washed foods should also be
drained. If these items are not cooked
immediately, they should be refriger-
ated until the time for cooking. If
insect infestation is suspected, fresh
foods should be soaked in salted water
for 20 minutes; any insects will rise to
the top of the water.

2. Protect food from contamination. Pro-
tection from contamination of all food
with poisonous substances and bacteria
that cause foodborne illness is part of a
sanitation program. Cleaning com-
pounds, polishes, insect powders, and
other compounds used in a food-
service operation can get into food
inadvertently. To prevent contamina-
tion, all chemicals should be stored
separately from food and never in the
food preparation area or other loca-
tions where food is stored and handled.

3. Thoroughly heat questionable foods.
All foods that may be expected to har-
bor illness-producing microorganisms-
raw meat, poultry, and any foods
that may have been re-contaminated
after processing-should be thoroughly
heated when feasible. Heating to
77°C is necessary to destroy non-
spore-forming bacteria, such as staphy-
lococci, streptococci, and salmonellae.
Time-temperature exposure for destru-
ction of spore-forming bacteria depends
on the genus and species.

SANITATION PRINCIPLES

The foodservice operator has an arsenal
of cleaning and sanitizing procedures and
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products available for selection. The chal-
lenge is to determine the most appropriate
procedures and products and to apply them
properly.

Cleaning Principles

A clean and sanitary establishment is the
result of a planned program that is properly
supervised and followed according to sched-
ule. Workers who are rushed trying to meet
the needs of customers frequently neglect
correct practices. A knowledgeable, alert, and
strong manager is needed to prevent a break-
down in sanitation discipline. He or she must
be able to recognize and institute proper san-
itary conditions. Cleaning and sanitizing are
the basis of good housekeeping. All food
contact surfaces must be cleaned and sani-
tized after every use, when there is service
interruption during which contamination is
possible, or at regularly scheduled intervals if
the surfaces are in constant use.

Cleaning has been previously referred to
as “a practical application of chemistry.”
A specific cleaning compound should be
selected for its special cleaning properties.
Also, a compound that is effective for one
application may be ineffective for other uses.
In addition to being effective and compatible
with its intended use, a cleaning compound
should fit the needs of the establishment.
The important characteristics of a cleaning
compound were discussed in Chapter 9.
Because some cleaning agents are more
effective than others, the quantities required
to achieve desired results should be consid-
ered in making cost comparisons.

Alkaline cleaners do not affect certain
soils. For example, lime encrustations on dish-
washing machines, rust stains in washrooms,
and tarnish that darkens copper and brass.
Acid cleaners, usually in a formula that con-
tains a detergent, are used for these pur-
poses. The kind and strength of the acid vary
with the purpose of the cleaner.

If soil is attached so firmly to a surface
that alkaline or acidic cleaners will not be
effective, a cleaner containing a scouring
agent, usually finely ground feldspar or sil-
ica, is used to attack the soil. Worn and pit-
ted porcelain, rusty metals, or seriously
soiled floors can be effectively cleaned with
abrasives. Abrasives should be used cau-
tiously in a foodservice facility. Because
they can mar a smooth surface, they should
be used sparingly on food contact surfaces.

Sanitary Principles

It may appear to be unnecessary to sani-
tize cooking utensils that are subjected to
heat during cooking. However, heat from
cooking is not always uniform enough to
raise the temperature of all parts of the item
high enough for a long enough time to
ensure effective sanitizing.

Sanitizing may be accomplished through
heat or chemicals. Heat sanitizing occurs
through a high enough temperature to kill
microorganisms. Chemical sanitizing appears
to be accomplished primarily through inter-
ference of metabolism of the bacterial cell.
Regardless of the method used, it is necessary
to clean and rinse thoroughly the area and
equipment. Soil not removed by cleaning
may protect microorganisms from the sani-
tizer. (Sanitizing methods and compounds
are discussed in detail in Chapter 10.)

For foodservice establishments, chemical
sanitizing is accomplished by immersing the
object in the correct concentration of sani-
tizer for approximately 1 minute or by rins-
ing, swagging, or spraying twice the normally
recommended concentration on the surface
to be sanitized. The strength of the sanitiz-
ing solution should be tested frequently,
because the sanitizing agent is depleted in
the bacterial killing process. The sanitizer
should be changed when it is no longer effec-
tive. Sanitizer manufacturing firms normally
provide free test kits for monitoring sanitizer
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strength. Any sanitizing agents that are toxic
to humans should be applied only on non-
food-contact surfaces.

Sanitizers may be blended with cleaning
compounds to create detergent sanitizers.
These products can sanitize, but sanitizing
should be a separate step from cleaning.
A separate step is necessary because the san-
itizing power can be destroyed during clean-
ing. The chemical sanitizer can react with
organic matter in the soil. Generally, deter-
gent sanitizers are more expensive than regu-
lar cleaning compounds and are more limited
in their applications than are detergents.

Cleaning and sanitizing most portable
food-contact items require a washing area
away from the food preparation area. The
work station should be equipped with three
or more sinks, separate drain boards for
clean and soiled items, and an area for scrap-
ing and rinsing food wastes into a garbage
container or disposal. If hot water is used to
sanitize, the third compartment of the sink
must be equipped with a heating unit to
maintain water near 77°C and with a ther-
mometer. Requirements for cleaning and
sanitizing equipment vary among areas.
Therefore, regulations that apply to the area
should be checked.

Cleaning Steps

There are eight basic steps for manual
cleaning and sanitizing of a typical food-
service facility:

1. Clean sinks and work surfaces before
each use.

2. Scrape heavy soil deposits and presoak
to reduce gross deposits that contribute
to deactivation of the cleaning com-
pound. Sort items to be cleaned, and
presoak silverware and other utensils in
a solution designated for that purpose.

3. Wash items in the first sink in a clean
detergent solution at approximately

50°C, using a brush or dish mop to
remove any residual soil.

4. Rinse items in a second sink. It should
contain clear, potable water that is
approximately 50°C for removal of all
traces of soil and cleaning compound
that may interfere with the activity of
the sanitizing agent.

5. Sanitize utensils in a third sink by
immersing the items in hot water
(82°C) for 30 seconds or in a chemical
sanitizing solution at 40 to 50°C for 1
minute. The sanitizing solution should
be mixed to twice the recommended
strength if items are immersed in water.
Therefore, water carried from the rinse
sink will not dilute the sanitizing solu-
tion below the minimum concentration
required to be effective. Air bubbles
that could shield the interior from the
sanitizer should be avoided.

6. Air-dry sanitized utensils and equip-
ment. Wiping can re-contaminate sani-
tized utensils and equipment.

7. Store clean utensils and equipment in a
clean area more than 20 cm off the
floor for protection from splash, dust,
and contact with food.

8. Cover the food contact surfaces of
fixed equipment when not in use.

Stationary Equipment

Stationary food preparation equipment
should be cleaned according to the manufac-
turer’s instructions for disassembly and
cleaning. Generally, these procedures are:

1. Unplug all electrically powered equip-
ment.

2. Disassemble, wash, and sanitize all
equipment.

3. Wash and rinse the balance of the food
contact surfaces with a sanitizing solu-
tion mixed to twice the strength
required for sanitizing by immersion.
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4. Wipe all non-food contact surfaces.
Periodically wring out cloths used for
wiping down stationary equipment and
surfaces in a sanitizing solution. Keep
them separate from other wiping cloths.

5. Air-dry all cleaned parts before
reassembling.

6. Clean stationary items that are
designed to have a detergent and sani-
tizing solution pumped through-
out according to the manufacturer’s
instructions. High-pressure, low-volume
cleaning equipment (as discussed in
Chapter 11) can be used for cleaning,
and spray devices can be used for san-
itizing. For sanitizing, spray for 2 to 3
minutes with double-strength solution
of the sanitizer.

7. Any wooden cutting boards should be
scrubbed with a nontoxic detergent
solution and stiff-bristled nylon brush
(or a high-pressure, low-volume clean-
ing wand). Also, a sanitizing solution
should be applied after every use. As
wooden cutting boards reflect wear
from cuts and scars, they should be
replaced with polyethylene boards.
Wooden cutting boards should not be
submerged in a sanitizing solution.

Floor Drains

Floor drains should be cleaned daily at the
end of the cleaning operation. Sanitation
workers should wear heavy-duty rubber
gloves to remove the drain cover and the
debris with a drain brush. When the cover is
replaced, it should be flushed with a hose
through the drain. Water should not splatter.
A heavy-duty alkaline cleaner should be
poured down the drain, following the manu-
facturer’s directions for solution prepara-
tion. Then the drain should be washed with
a hose or drain brush and rinsed. If a qua-
ternary ammonium (quat) plug is not used, a

chlorine or quat sanitizing solution should
be poured down the drain.

Light Fixtures

Light fixtures should be cleaned at least
monthly and when a light bulb is changed.
More frequent cleaning is necessary when
lights are installed above exposed food. The
electricity at the switch should be turned off
and the fixtures should be removed and
washed thoroughly with a warm, low foam
compound.

Cleaning Tools

Cleaning tools should be stored separately
from those used to sanitize equipment and
other areas. Clothes, scrubbing pads, brushes,
mops, and sponges should be rinsed, sani-
tized, and air-dried after use. Clothing should
be laundered daily. All buckets and mop pails
should be emptied, washed, rinsed, and sani-
tized at least once a day.

Mechanized Cleaning and Sanitizing

If properly operated and maintained,
mechanized cleaning can more effectively
remove contamination from utensils and
equipment than can hand cleaning. A trend
toward more emphasis on sanitation, com-
bined with increased volume, has been
responsible for extensive use of dishwashing
machines. In addition, portable high-pres-
sure, low-volume cleaning can be effectively
adapted to larger foodservice establish-
ments.

There are two basic types of dishwashing
machines. They are high-temperature wash-
ers and chemical sanitizing machines.

High-Temperature Washers

The major high-temperature washers will
be discussed according to model. The sani-
tizing temperature for these washers should
be a minimum of 82°C and maximum of
90°C.
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1. Single-tank, stationary-rack type with
doors. This washer contains racks that do
not move. Utensils are normally washed
by a compound and water at 62 to 65°C
introduced from beneath, but headers
can be installed above the rack. A hot
water final rinse follows the wash cycle.

2. Conveyor washer. This equipment fea-
tures a moving conveyor that takes
utensils through the washing (70 to
72°C), rinsing, and sanitizing (82 to
90°C) cycles. Conveyor washers may
contain a single tank or multiple tanks.

3. Flight-type washer. This washer is a
high-capacity, multiple-tank unit with a
peg-type conveyor. It may have a build-
on dryer. This washer is commonly
installed in large foodservice facilities.

4. Carousel or circular conveyor washer.
This multiple-tank washer moves a
rack of dishes on a peg-type conveyor
or in racks. Some models have an auto-
matic stop after the final rinse.

Chemical Sanitizing Washers

A brief description of the major chemical
sanitizing dishwashers will follow. Glassware
washers are also chemical sanitizing machines.

1. Batch-type dump washer. The water
temperatures for chemical sanitizing
should be 49 to 55°C. This washer com-
bines the wash and rinse cycle in a sin-
gle tank. Each cycle is timed, and the
cleaning compound and sanitizer are
automatically dispensed.

2. Recirculatory door-type, non-dump
washer. This washer is not completely
drained of water between cycles. The
wash is diluted with fresh water and
reused during the next cycle.

3. Conveyor type washer with or without a
power prerinse. The name of this equip-
ment defines its function.

The following considerations are impor-
tant for the procurement and operation of
dishwashing equipment.

1. Optimal capacity should be provided.
2. A booster heater with sufficient  capacity

to supply the dishwashing equipment
with 82°C water for a sanitizing rinse in
hot water should be provided.

3. Proper installation, maintenance, and
operation are necessary to ensure that
the equipment adequately cleans and
sanitizes.

4. Dishwashing equipment should be
incorporated in an efficient layout for
optimal utilization of the unit and 
personnel.

5. Accurate thermometers are needed to
ensure that appropriate water tempera-
ture is used.

6. A pre-wash cycle should be considered
to omit scraping and soaking of soil
utensils.

7. If machines have compartments, rinse
water tanks should be protected
through a device to prevent wash water
flow into the rinse water.

8. Larger dishwashers should be cleaned
at least once a day, according to the
manufacturer’s instructions.

Table 21–1 provides further information
about symptoms, causes, and cures related to
dishwashing problems.

Cleaning-in-Place (CIP) Equipment

Equipment such as automatic ice-making
machines and soft-serve ice cream and frozen
yogurt dispensers are designed to be cleaned
by passing a detergent solution, hot-water
rinse, and sanitizing solution through the
unit. These machines should be designed and
constructed so that the cleaning and chemical
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Table 21–1 Dishwashing Difficulties and Solutions

Symptom Possible Cause Suggested Solution

Soiled Insufficient detergent Use enough detergent in wash water to ensure 
dishes complete soil removal and suspension

Low wash-water Keep water temperature within recommended 
temperature ranges to dissolve food residues and to facilitate 

heat accumulation (for sanitation)
Inadequate wash and Allow sufficient time for wash and rinse operation to 

rinse times be effective (time should be automatically con
trolled by a timer or by conveyor speed)

Improper cleaning Unclog rinse and wash nozzles to maintain proper 
pressure-spray pattern and flow conditions; overflow
should be open; keep wash water as clean as 
possible by pre-scraping gross soil from dishes, etc.;
change water in the tanks at proper intervals

Improper racking Verify that racking or placement is done according to size
and type; silverware should always be presoaked and 
placed in silver holders without sorting or shielding

Films Water hardness Use an external softening process; use the proper deter-
gent to provide internal conditioning; check temperate of
wash and rinse water (water maintained above recom-
mended temperature ranges may cause a precipitate film)

Detergent carryover Maintain adequate pressure and volume of rinse water;
worn wash jets of improper angle of spray may cause 
wash solution to splash over into final rinse spray

Improperly cleaned or Prevent scale buildup in equipment by adopting frequent 
rinsed equipment and adequate cleaning practices; maintain adequate 

pressures and volume of water

Greasy Low pH; insufficient Maintain adequate alkalinity to saponify greases; check 
films detergent; low water cleaning compounds and water temperature; unclog all

temperature; impro- wash and rinse nozzles to provide proper spray action
perly cleaned (clogged rinse nozzles may also interfere with wash 
equipment tank overflow); change water in tanks at proper intervals

Foaming Detergent dissolved or Change to a low-sudsing product and reduce the solid 
suspended solids content of the water
in water

Streaking Alkalinity in water; Use an external treatment method to reduce alkalinity 
highly dissolved within reason (up to 300–400 ppm); selection of a proper
solids in water rinse additive will eliminate streaking; above this range, 

external treatment is required to reduce solids
Improperly cleaned or Maintain an adequate pressure and volume of rinse 

rinsed equipment water; alkaline cleaners used for washing must be 
thoroughly rinsed from dishes

Spotting Rinse-water hardness Provide external or internal softening; use additional rinse 
additives

Rinse-water temperature Check rinse-water temperature; dishes may be flash-drying, 
too high or too low or water may be drying on dishes rather than draining off

Inadequate time between Change to a low-sudsing product; use an appropriate 
rinsing and storage treatment method to reduce the solid content of the water

Continues
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Table 21–1 (Continued)

Symptom Possible Cause Suggested Solution

Food soil Adequately remove gross soil before washing; the 
decomposition of carbohydrates, proteins, or fats may 
cause foam during the wash cycle; change water in the 
tanks at proper intervals

Coffee, Improper detergent Food dye or metal stains, particularly where plastic 
tea, dishware is used, normally require a chlorinated 
metal detergent for proper de-staining
staining Improperly cleaned Keep all wash sprays and rinse nozzles open; keep 

equipment equipment free from deposits of films or materials, which
cause foam buildup in future wash cycles

sanitizing solution remains within a fixed sys-
tem of tubes and pipes for a predetermined
amount of time, and the cleaning water and
solution cannot leak into the remainder of
the machine. All food contact surfaces of

these machines must be reached by the clean-
ing and sanitizing solutions. The CIP equip-
ment must be self-draining, and the units
should be designed for inspection through
exposure of the area that has been cleaned.

Cleaning Recommendations for Specific Areas and Equipment

AREA Floors
FREQUENCY Daily and weekly
SUPPLIES AND EQUIPMENT Broom, dustpan, cleaning compound, water, mop, bucket, and powered scrubber

(optional)

Daily Other Requirements

1. Stack chairs on table surfaces or 1. Self-explanatory.
remove from area to be cleaned.

2. Sweep and remove all trash from floor. 2. Use push broom.
3. Clean all table surfaces. 3. Wipe food particles into a container. Wash table

with warm soapy water. Rinse with clean water.
4. Post signs warning of wetness. 4. Self-explanatory.
5. Mop floors or use a mechanical 5. Mix 15 g of detergent per liter of clean water.

scrubber for larger operations. Rinse with clean water.

Weekly Other Requirements

1. Apply steps 1 to 4 for daily cleaning. 1. See above.
2. Scrub floors. 2. Use powered scrubber and/or buffer on floor. Rinse

with clean 40°C to 55°C water. Squeegee the floor
and dry mop.

AREA Walls
FREQUENCY Daily and weekly
SUPPLIES AND EQUIPMENT Hand brush, sponge, cleaning compound, bucket, water, and scour-
ing power

Daily Other Requirements

1. Spot clean as necessary. 1. Use of 15 g of cleaning compound per liter of water.
Hand-wipe all dirty areas. Rinse with clean water.
Wipe dry. Mop floor areas to remove spillage.



Weekly Other Requirements

1. Remove all debris away from walls. 1. Self-explanatory.
2. Assemble cleaning equipment. 2. Mix 15 g of cleaning compound per liter of water.
3. Scrape walls. 3. Use hand brush. Scrub tiles and grout.
4. Rinse wall surfaces. 4. Use clean, warm water.
5. Wipe dry. 5. Use clean cloths or paper towels.
6. Scrub floor area to remove any spillage. 6. Self-explanatory.

AREA Shelves
FREQUENCY Weekly
SUPPLIES AND EQUIPMENT Hand brush, detergent, sponge, water, and bucket

Weekly Other Requirements

1. Remove items from the shelves. 1. Store items on a pallet or other shelves.
2. Brush off all debris. 2. Brush debris into a pan or container.
3. Clean shelves in sections. 3. Mix detergent and warm water and scrub shelves.
4. Replace items on the shelves. 4. Check for damaged cans and discard as appropriate.
5. Mop floor to remove soil. 5. Use a clean, damp mop.

EQUIPMENT Stack oven
FREQUENCY Clean once a week thoroughly; wipe daily
SUPPLIES AND EQUIPMENT Salt, metal scraper with long handle, metal sponges, cleaning

compound in warm water, 4-L bucket, sponges, stainless steel polish, ammonia, vinegar, or oven
cleaner, as appropriate

Weekly Other Requirements

1. Turn off the heat and scrape the 1. Sprinkle salt on hardened spillage of oven floor.
interior. Turn thermostat to 260°C. When the spillage has 

carbonized completely, turn off the oven. Cool 
thoroughly. Scrape the floor with a long-handled metal
scraper. Use a metal sponge or hand scraper on the
inside of doors, including handles and edges.

2. Brush out scraped carbon and 2. Begin with top deck of stack oven. Brush out with 
other debris. stiff-bristle brush and use dustpan to collect.

3. Wash doors. 3. Use a hot detergent solution on enameled surfaces 
only; rinse; wipe dry.

4. Brush interior chamber. 4. Use a small broom or brush for daily cleaning.
5. Clean and polish exterior. 5. Wash the top, back, hinges, and feet with warm 

cleaning compound solutions; rinse; wipe dry. Polish all
stainless steel.

Note: Never pour water on or use a wet cloth or sponge to soak. Do not squeegee, drip, or pour water inside oven
to clean.

EQUIPMENT Hoods
FREQUENCY Once a week (minimum)
SUPPLIES AND EQUIPMENT Rags, warm soapy water, stainless steel polish, degreaser for filters

Weekly Other Requirements

1. Remove filter. 1. After removal, carry filter outside and rinse with a 
degreaser and run it through the dishwasher after all 
dishes and eating utensils have been cleaned.

2. Wash hood inside and outside. 2. Use warm, soapy water and a rag to wash hoods 
completely on the inside and outside to remove 
grease. Clean drip trough in an area below filters.
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3. Shine hood with polish. 3. Spray polish on hood and wipe off. Use a clean rag 
on inside and outside.

4. Replace filters. 4. Put filters back into proper place after they have 
completely drained.

EQUIPMENT Range surface unit
FREQUENCY Thoroughly once a week
SUPPLIES AND EQUIPMENT Putty knife, wire brush, damp cloth, hot detergent water, 4-L

container, vinegar or ammonia, as appropriate

Weekly Other Requirements

1. Clean back apron and warming 1. Let surfaces cool before cleaning. Use a hot, damp 
oven (or shelf). cloth wrung almost dry. Wipe back apron and 

warming oven. Remove hardened substances with 
a putty knife; scrape edge of plates. Scrape burned 
material from top, flat surfaces with a wire brush.

2. Remove top sections, scrape edges 2. Lift plates. Remove burned particles with a putty 
and flat surfaces. knife; scrape edge of plates. Scrape burned material 

from top, flat surfaces with a wire brush.
3. Wipe heating element. 3. Wipe heating elements with a damp cloth.
4. Clean base and exterior. 4. Wipe with a cloth and hot detergent water.
5. Clean grease receptacles and drip 5. Soak grease receptacles and drip pans in a detergent 

pans. for 20 to 30 min; scrub, rinse, and dry.

Note: Do not immerse heating elements in water.

EQUIPMENT Griddles
FREQUENCY Daily
SUPPLIES AND EQUIPMENT Spatula, pumice stone, paper towels, hot detergent solution

Daily Other Requirements

1. Turn off heat. Remove grease 1. Scrape surface with a spatula or pancake turner after 
(after each use) surface has cooled. Wipe clean with dry paper towels.

Use pumice stone block to clean difficult-to-remove
burned areas on plates after use. Avoid daily use of
pumice stone where possible.

2. Clean grease and/or drain 2. Pour a hot detergent solution into a small drain and 
troughs. brush. Rinse with hot water.

3. Empty grease receptacles. 3. Remove grease from scrapings and supporting pans 
with hot detergent solution. Rinse and dry.

4. Scrub guards, front, and sides 4. Using a hot detergent solution, wash off grease,
of the griddle. splatter, and film. Rinse and dry.

EQUIPMENT Rotary toaster
FREQUENCY Daily
SUPPLIES AND EQUIPMENT Warm detergent, brush, rags, stainless steel polish, nonabrasive

cleaner

Daily Other Requirements

1. Disconnect and disassemble. 1. After cooling, remove pan, slide, and baskets. Move
basket midway up front. Press to left carrier chain to
permit pins to slip out of holes in the basket.

2. Clean surface and underneath. 2. Use a soft brush to remove crumbs from the front sur-
face and behind break racks.

384 PRINCIPLES OF FOOD SANITATION



3. Clean frame and interior as far as 3. Wipe with a warm detergent solution. Rinse and dry.
accessible. Polish if necessary with a nonabrasive cleaning 

power. The exterior casing should not collect 
excessive grease or dirt. Prevent water and cleansing
compounds from touching the conveyor chains.
Polish if the frame is stainless steel.

EQUIPMENT Coffee urns
FREQUENCY Daily
SUPPLIES AND EQUIPMENT Outside cleaning compound (stainless steel polish), inside cleaning

compound (baking soda), urn brush, faucet, and glass brush

Daily Other Requirements

1. Rinse urns. 1. Flush with cold water after use.
2. Heat water and half fill the urn tank. 2. Be certain that outer jacket is three-quarters full of

water. Turn on heat. Open water inlet valve and fill cof-
fee tank with hot water to the coffee line. Add recom-
mended quantity of cleaning compound (15 g/L). Allow
solution to remain in the liner for approximately 30
min, with the heat on full.

3. Brush the liners, faucet, gauge  3. Scrub inside of tank, top rim, and lid. Draw-off pipe 2 
glass,and draw-off pipe. L of solution and pour it back to the fill valve and 

sight gauge. Insert the brush in the gauge glass and 
coffee draw-off pipe, and brush briskly.

4. Drain. 4. Open the coffee faucet and completely drain the 
solution. Close the faucet.

5. Rinse. 5. Open the water inlet valve into the coffee tank. Use 4 
L of hotwater. Open the faucet for 1 minute to allow 
water to flow and sterilize the dispensing route.

6. Disassemble faucet and thoroughly 6. Scrub with brush. Rinse spigot thoroughly. Clean.
clean.

7. Refill (twice weekly). 7. Make a solution (1 cup of baking soda in 4 L of hot 
water) and hold in the urn for approximately 15 min.
Drain. Flush thoroughly with hot water before use.

Note: Place a tag on the faucet while the urn is soaking with the cleaning compound.

Biweekly Other Requirements

1. Fill urn with a de-staining compound 1. Fill urn with 80°C water. Add de-staining compound 
solution. in the ratio of 2 tablespoons to 20 L of water (or as 

directed by the manufacturer).
2. Draw off mixture and re-pour. 2. Open spigot and draw off 4 L; thoroughly remix to 

allow the mixture to come into faucet. Allow the 
solution to stand for 1 hour at 75 to 80°C.

3. Scrub liner, gauge glass. 3. Use a long-handled brush to loosen scale.
4. Clean faucet. 4. Take a faucet valve apart and clean all components.

Soak in hot water until reassembled.
5. Rinse and reassemble faucet. 5. Rinse urn liner three or four times with hot water.

Repeat until all traces of the compound are removed.
6. Refill urn. 6. Fill urn with hot water until next use. Drain and 

replace fresh water when ready to make coffee.

Note: To de-stain vacuum-type coffee makers, use a solution of 1 teaspoon of compound per liter of warm water. Fill the lower
bowl up to within 5 cm of the top and assemble the unit.
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EQUIPMENT Iced tea dispensers
FREQUENCY Daily
SUPPLIES AND EQUIPMENT Rags and warm, soapy water

Daily Other Requirements

1. Clean exterior. 1. Wipe exterior parts with a damp cloth.
2. Wash drip pan. 2. Empty drip pan and wash drip pan and grill with a 

mild detergent and warm water.
3. Wash trough. 3. Open front jacket, remove mix trough, and wash in a 

mild detergent and warm water.
4. Inspect parts. 4. When inspecting parts, remember their order of

removal, so they will be replaced properly.
5. Wash plastic parts. 5. Do not soak plastic parts in hot water or wash in 

dishwashing machines.

EQUIPMENT Steam tables
FREQUENCY Daily
SUPPLIES AND EQUIPMENT Dishwashing detergent, spatula, scrub brush, and rags

Daily Other Requirements

1. Turn off heating unit. 1. Turn steam valve counterclockwise (steam heated).
Turn dial to OFF position (electrically heated).

2. Remove insert pans and transport 2. Lift one end up until clear; then pull forward, grasping 
them to the dishwashing area. the other with the free hand, and remove. Clean 

inserts thoroughly after each use by hand cleaning 
and sanitizing processes. Air-dry. Store in a clean area
until needed.

3. Drain water from the steam. 3. Remove the overflow pipe, using a cloth to prevent 
injury.

4. Prepare the cleaning solution; 4. Dissolve 30 mL of dishwashing.
assemble supplies.

5. Scrape out food particles from the 5. Use a spatula or dough scraper.
steam table.

6. Scrub interior and clean exterior. 6. Use a scrub brush and cleaning solution.
7. Rinse exterior. 7. Use enough clear water to remove all traces of

detergent.

Note: Hot-food tables, electric, mobile: Clean corrosion-resistant steel after each use. Ordinary deposits of grease and dirt can be
removed with mild detergent and water. Whenever possible, thoroughly rinse and dry after washing.

EQUIPMENT Refrigerated salad bars (with ice beds or electrically refrigerated)
FREQUENCY After each use
SUPPLIES AND EQUIPMENT Detergent, plastic brush, and sanitizing agent

Daily Other Requirements

1. Transfer shallow pans or trays to 1. Run insert pans and/or trays through dishwasher.
preparation areas following meal 
service.

2. Clean and sanitize table counter. 2. Wash and/or scrub table surfaces with detergent and 
plastic brush. Rinse. Sanitize by swabbing with a 
solution containing a sanitizer.
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3. Periodically descale to prevent rust, 3. Fill table bed with boiling water. Add a descaling 
lime, or hard-water scale formation compound in proportions recommended by the 
(nonrefrigerated types). manufacturer. Allow to stand for several hours. Scrub with 

a plastic brush. Drain. Rinse thoroughly.
Sanitize by spraying on solution.

4. Defrost electrically refrigerated units. 4. Turn off electric current and defrost ice formation 
from the coils as often as required. Follow up with a 
cleaning procedure, as described above.

EQUIPMENT Milk dispenser
FREQUENCY Daily
SUPPLIES AND EQUIPMENT Sanitized cloth or sponge, mild detergent, sanitizing agent

Daily Other Requirements

1. Remove empty cans from the 1. Place a container under the valve. Open the valve 
dispenser. and tip can forward in dispenser to drain out the 

remaining milk. Extract tube. Lift out the oar.
2. Wipe up spillage as it occurs. 2. Use a sanitized cloth or sponge to prevent possible 

contamination.
3. Clean interior when units are empty. 3. Wash entire inner surface with a milk cleaning 

solution. Rinse.
4. Clean exterior. 4. Follow procedures for cleaning stainless steel. If steel 

shows discoloration or stains, swab with a standard 
chemical to stand 15 to 20 minute before rinsing with 
clean water and polishing with a soft cloth.

5. Disassemble and clean valves 5. To remove life valves; swing valve upward and slide 
daily or as frequently as empty pins free of recesses to disengage from the plastic cans
can be removed to keep well upward to remove. Wash in detergent water.
valves clean and sanitary. Rinse and sanitize.

6. Place full cans in the dispenser. 6. Wipe the bottom of milk cans with a sanitizing solu-
tion before placing in dispense. Clamp-type 
dispensing valves should be thoroughly cleaned and 
sanitized before reuse.

EQUIPMENT Deep fat fryer
FREQUENCY Daily
SUPPLIES AND EQUIPMENT Knife, spatula, wire brush, detergent, long-handled brush,

vinegar, nylon brush, dishwashing compound

Daily Other Requirements

1. Turn off the heating element. 1. Allow fat to cool to 65°C.
2. Drain and filter the fat (after each 2. Open drain valve and catch drained fat in a 

use). container. Drain entire kettle contents and filter into 
a container. Place a clean fat container into the well or
wash and replace the original container.

3. Remove baskets. 3. Scrape off the oxidized fat with a knife. Remove 
loose food particles from the heating units with a 
spatula or a wire brush. Flush down sides of the 
kettle with a scoop of hot fat. Soak basket and cover in
a deep sink with hot detergent.

4. Remove strained container or 4. Clean off sediment and place container in the 
cup as often as necessary for kettle. Stir hot fat and whirl sediment to permit 
cleaning. settling in the sediment container.

5. Close the drain. Fill the tank with 5. Add water up to fat level. Add 60 mL of dishwashing 
water. compound.
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6. Turn on heating element. 6. Set control at 121°C and boil for 10 to 20 minutes,
depending on need.

7. Turn off heat. 7. Open drain. Draw off cleaning solution.
8. Scrub interior. 8. Using a long-handled brush, scrub the interior. Flush 

out with water. Clean the basket with a nylon brush 
and place it back in the kettle.

9. Rinse and sanitize. 9. Fill the kettle with water. Add one-half cup of vinegar 
to neutralize the remaining detergent. Turn on the 
heating element. Boil 5 min and turn off heat. Drain.
Rinse with clear water.

10. Air-dry parts. 10. Expose baskets and strainer to air and dry.
11. Clean exterior. 11. When kettle is cool, wipe off exterior with a grease 

solvent, or a detergent solution. Rinse.

Weekly

1. Fill kettle to fat level with water. Heat to at least 80°C or allow to boil for 5 to 10 minutes.
2. Add one-half tablespoon of destaining compound (stain remover, tableware) per liter of water.

Agitate solution and loosen particles remaining on sides of the kettle.
3. Place screens and strainers in 80°C water containing one-half tablespoon of de-staining compound

per liter. Allow to stand overnight. Rinse thoroughly and air-dry.
4. Drain kettle and rinse thoroughly before replacing cleaned screen and strainer.

EQUIPMENT Vegetable chopper
FREQUENCY Daily
SUPPLIES AND EQUIPMENT Brush, sponge, cloth, bucket, detergent, sanitizer solution

Daily Other Requirements

1. Disassemble parts after each use. 1. Turn off power. Wait until knives stop revolving.
2. Clean knives, bowl guard, and bowl. 2. Remove blades from the motor shaft and clean them.

Wash with a hand detergent solution. Rinse and 
air-dry. Remove all food particles from the bowl 
guard. If the bowl is removable, wash it with other 
parts; if the bowl is fixed, wipe out food particles 
from table or base. Clean with a hand detergent 
solution; rinse and air-dry.

3. Clean parts and under chopper 3. Immerse small parts in a hot hand detergent solution;
surface. wash, rinse, and air-dry.

4. Reassemble detachable parts. 4. Replace comb in guard. Attach bowl to the base 
and knife blades to the shaft. Drop guard into 
position.

Note: Choppers vary considerably in mechanical operational details.

EQUIPMENT Meat slicer
FREQUENCY Daily
SUPPLIES AND EQUIPMENT Bucket, sponge, cloth, brush, detergent, sanitizer solution

Daily Other Requirements

1. Prepare equipment for cleaning. 1. Disconnect. Remove meat holder and chute by loos
ening screw. Remove scrap tray by pulling it away 
from the knife. Remove the knife guard. Loosen bolt 
at the top of knife guard in front of the sharpening 
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device. Remove bolt at the bottom of the knife guard 
behind chute. Remove guard.

2. Clean slicer parts. 2. Scrub parts in a sink filled with hot detergent solution.
Rinse with hot water. Immerse in a sanitizer solution.
Air-dry.

3. Clean the knife blade. 3. Use a hot detergent solution to wipe off knife blade.
Wipe from center to edge. Air-dry.

4. Clean receiving tray and 4. Wipe the receiving tray with a hot detergent solution.
underneath tray. Rinse in hot clear water. Air-dry.

Note: Do not pour water on or immerse this equipment in water.

AREA Welfare facilities (see Chapter 17).
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FOODSERVICE SANITATION
REQUIREMENTS

Sanitation managers must fully ensure
that available sanitation tasks are not omit-
ted and must plan ahead to maximize the use
of resources, familiarize new employees with
cleaning routines, establish a logical basis for
such supervisory tasks as inspections, and
save employees time that might be spent in
deciding which tasks to perform. Table 21–2
provides a partial cleaning schedule. A full
schedule can incorporate the same format.
The schedule adopted should constitute a
detailed and comprehensive list arranged
logically so that nothing will be overlooked.

Major cleanup functions should be sched-
uled when contamination of foods is least
likely to occur and interference with service
is minimized. Vacuuming and mopping
should not occur during preparation and
serving of food. However, cleaning should be
accomplished as soon as possible after these
operations to prevent soil from drying and
hardening and to reduce bacterial multipli-
cation. Cleaning operations for even spacing
of periodic cleaning and arrangement of
jobs in the proper order should be scheduled.

A new cleaning program should be dis-
cussed with employees at a meeting, which
also can serve as an opportunity to demon-
strate the use of new equipment and proce-

dures that relate to the program. It is impor-
tant to explain the need for the program and
its anticipated benefits, and to emphasize the
importance of following the procedures
exactly as written. Communication with
employees can reduce deviation from speci-
fied procedures.

The sanitation program should be evalu-
ated during continuous supervision and self-
inspection for effectiveness. Monitoring is
necessary to verify that the procedures are
followed. Evaluations should be documented
in the form of periodic inspection reports to
verify that the program is being followed and
that expected results have occurred.

Employee Training

Training requires time away from the job
for both workers and management and
should involve training specialists. Printed
material, posters, demonstration, slides, and
films should be used as training devices.

It is difficult to measure the return on the
investment in sanitation training. In fact, the
benefits are not always measurable. The sav-
ings can sometimes be realized through pre-
vention of an outbreak of foodborne illness
or of establishments being closed until local
health standards are met. It is difficult to
measure the improved image attained
through a sanitary operation, even though
increased sales will result.
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Employee training is important because it
is difficult to recruit competent and motivated
workers. Periodic training is essential because
the industry has a higher rate of employee
turnover than do most organizations.

On-the-job training can be effective for cer-
tain tasks but is not comprehensive enough for
sanitation training. Each employee involved in
foodservice sanitation should become familiar
with the sanitation concept and sanitary prac-
tices required for job performance.

An ideal method for training employees of
a large firm is to set up a training depart-
ment and hire a training director. This
approach is being adopted in many large and
medium-sized foodservice operations. In
fact, foodservice trainers have established

their own professional association, the Coun-
cil of Hotel and Restaurant Trainees. Fur-
thermore, the Association of Food and Drug
Officials develops and publishes food sanita-
tion codes and encourages food protection
through the adoption of uniform legislation
and enforcement procedures.

In most foodservice operations, the super-
visors, rather than professional trainers,
normally conduct the sanitation training.
Therefore, a previously trained employee or
one certified in foodservice sanitation
should personally conduct the training.

The effectiveness of a training program
can be evaluated by the ability of employees
to perform their assigned tasks. If standards
of achievement have been set before training

Table 21–2 Sample Cleaning Schedule (Partial), Food Preparation Area

Item When What Use Who

Floors As soon as possible Wipe up spills Broom, bucket, mop, and dustpan ——
Once per shift between Damp mop Mop, bucket, or scrubber ——

rushes
Weekly, Thursday Scrub Brushes, bucket detergent ——

evening (brand)
January, June Strip, reseal See procedure ——

Walls and As soon as possible Wipe up Cloth; portable high-pressure, 
ceilings splashes low-volume cleaner; or portable 

foam cleaner
February, August Wash walls Same as above ——

Work Between uses and at Empty, clean, See cleaning procedure for ——
tables end of day and sanitize each table

drawers; clean 
frame, shelf

Weekly Saturday p.m. See cleaning procedure for ——
each table

Hoods and When necessary Empty grease Container for grease ——
filters traps

Daily, closing Clean inside See cleaning procedure ——
and out

Every Wednesday Clean filters Dishwashing machine ——
evening

Broiler When necessary Empty drip pan, Container for grease; clean cloth ——
wipe down

After each use Clean gird tray, See cleaning procedure for each ——
inside, broiler
outside, top

Source: Adapted from Applied Foodservice Sanitation, 4th Edition. Copyright 1992 by the Educational Foundation of the
National Restaurant Association.
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and are understood, progress can be deter-
mined by measuring individual achievement
against those standards. Employee turnover
data, absenteeism and tardiness reports, and
performance data determine the value of the
training program. The quality of training is
also reflected in the amount of guest com-
plaint reports and customer return rates.

The National Restaurant Association Edu-
cational Foundation (1992) recognizes two
methods that are most frequently used to eval-
uate the effectiveness of training. An objective
method involves the use of tests or quizzes to
determine employee comprehension. The
other method is job performance by employ-
ees, as evaluated by management. Training
effectiveness may be enhanced through praise
of employees, wall charts that recognize supe-
rior performance, pins, and certificates. Orga-
nizations such as the National Restaurant
Educational Foundation and some regulatory
branches provide certification courses that
provide both training and recognition.

SUMMARY

Food is a source for microorganisms that
cause food spoilage and illness. Increased
handling of food is responsible for a more
complicated and critical challenge of protect-
ing food from contamination. To improve
sanitation in foodservice establishments, the
facility and equipment should be designed
for cleanability. Choosing equipment with
sanitary features has been simplified by a
number of equipment standards provided by
organizations and manufacturers.

Food should be safeguarded through san-
itary practices in the receiving, storage,
preparation, and serving areas. It should be
handled with equipment and utensils and in
a physical facility that has been thoroughly
cleaned and sanitized. If properly operated
and maintained, mechanized cleaning by
means such as a dishwasher can effectively

remove contamination from utensils and
equipment. To manage the sanitation opera-
tion of a foodservice facility properly, a
cleaning and sanitizing program should be
written, supervised, and evaluated, with sub-
sequent documentation of results.

STUDY QUESTIONS

1. What construction materials should be
used for the (a) floors, (b) walls, and (c)
ceilings of foodservice facilities?

2. What kind of faucets should be installed
for hand washing in foodservice facili-
ties?

3. What temperature is needed for the dis-
infection of utensils?

4. What end-point cooking temperature is
recommended to ensure microbial
destruction?

5. What water temperature is needed for
the third compartment sink?

6. What water temperature is needed for
the first and second compartment sinks?

7. What water temperature is needed for a
dishwasher?

8. How may food contamination be
reduced during serving?
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C H A P T E R 2 2

Management and Sanitation

Because many jobs in the food processing
and foodservice industry (including cleanup)
do not require previous formal training or
education, many unskilled workers select the
food industry as the area of their first employ-
ment. High school and college students fre-
quently work in the food industry. The age
and multiple interests of these employees have
been blamed for the high employee turnover
in the foodservice industry.

Most management personnel in the food
industry will agree that the rapid turnover
rate of sanitation employees can be attribut-
able to a lack of training and education. This
condition has apparently contributed to a
lower salary scale, especially among food-
service employees. Therefore, management
has a challenge in recruiting and training
employees for the sanitation operation.
Another challenge, sometimes difficult to
accept, is the need to give sanitation a pro-
fessional and exciting image so that employ-
ees will proudly and enthusiastically accept
their responsibilities related to maintenance
of a hygienic operation. Management plays
a key role in the effectiveness of a sanitation
program.

Sanitation employees are paramount to
food safety. Turnover of sanitation employ-
ees should be minimized. A stable and well-
trained team should cross-train new employees

to attain maximal efficiency and reduce plant
downtime.

The sanitation team is a valuable asset.
Through its efforts, future production prob-
lems can be prevented. The team should be
recognized for its efforts to inspire more pro-
ductivity. If the sanitation team is perceived
as a necessary expense, that is how it will per-
form. Employees tend to perform at the level
of their employer expectations. Carsberg
(1998) stated, “If you give enough people
what they want, then you will be assured to
get everything you want.” The sanitation
team needs to know that through its work,
the manufactured food will be clean and safe.

MANAGEMENT REQUIREMENTS

The success or failure of a sanitation pro-
gram is attributable to the extent that man-
agement supports it. Management can affect
the success of a sanitation program. The dis-
cussion that follows will suggest the key role
that management plays in the organization
and implementation of an effective sanita-
tion program.

Management Philosophy

Unfortunately, too many managers in the
food industry are not convinced that an



organized sanitation program is necessary
for the success of their operations. Yet, their
philosophy or attitude toward sanitation
“sets the state” for the entire organization.
Managers that lack interest in sanitation and
operate with such an outlook may vanish
long before the benefits of a sound sanita-
tion program can be realized. Management
does not always support sanitation since it
reflects a cost where dividends cannot always
be accurately measured in terms of increased
sales and profits. Frequently, lower and mid-
dle management have difficulty selling the
sanitation concept when top management
does not fully comprehend it.

However, some progressive management
teams have been more enthusiastic about a
sanitation program. They have recognized
that it can be used in promotion and can
improve sales and product stability. Other
managers have been able to improve the
image of their organizations through sani-
tary practices and quality assurance labora-
tories. Sophisticated cleaning equipment can
also add to the impressiveness of an opera-
tion. Progressive firms have realized that an
effective sanitation program will ultimately
save money.

Management Knowledge of Sanitation

If management is not educated on the
value of a sanitation program, progress in
this area will be slow. Without understand-
ing and support, the effectiveness of a sani-
tation program is reduced.

Management must support and promote
sanitation because of its direct impact on
corporate planning, marketing, and the com-
pany’s relationship with the law. Sanitation
programs have a direct impact on the indus-
try-regulatory interface. The U.S. Food and
Drug Administration (FDA) can prohibit
the preservation, production, packaging,
storage, or sale of any food under unsanitary
conditions. Management should recognize

that an effective sanitation program reduces
cleaning expenses through increased effi-
ciency.

Management Commitment

Before a successful sanitation program can
be implemented, management must accept
the fact that rigid sanitary practices must be
incorporated. After recognition of the need
for effective sanitation, the commitment
should be communicated to all employees,
followed by the adoption of a workable pro-
gram.

Program Development

A sanitation program should be planned,
organized, and treated as a part of the pro-
duction process (Chao, 2003). Two overall
methods for maintaining sanitation are: (1)
corrective and (2) preventive. The corrective
method eliminates or diminishes undesirable
conditions when they are discovered. An
example would be to control rodents after
their presence has been discovered in the
food production or storage area through exe-
cution of the necessary elimination steps. No
measures for permanent control are put into
effect through this method. The preventive
method involves the implementation of a
program to prevent undesirable conditions.
It is a way of life in which sanitation prob-
lems are anticipated and steps are taken to
prevent their occurrence. Preventive sanita-
tion is based on the recognition that at least
80% of the task is good housekeeping.

A successful sanitation program should be
tailored to the operation. An example is that
a meat processing operation will mostly
operate conveyors, mixers, and other open
equipment and containers, requiring more
hand-held hoses and wands than foam and
high-pressure units. In contrast, a milk plant
can incorporate more automated cleaning
equipment, such as cleaning-in-place (CIP)
technology.
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According to Graham (1992), program
planning should involve:

1. Preventive measures to reduce food
spoilage and growth of potential
microbial contaminants that can be
extremely costly to a firm

2. Employee input, especially that of pro-
duction supervisors and line workers

3. Quality assurance (QA) personnel to
identify areas that require attention or
improvement and have knowledge of
current technical developments in sani-
tation and control of microbial growth

4. Plant engineering evaluation of equip-
ment and layouts, as required equip-
ment must be maintained for effective
sanitation

5. Purchasing department input to reduce
expenditures for equipment and sup-
plies

6. Delegation of sanitation responsibility
to a trained sanitation manager who
reports directly to the plant manager
and has authority and accountability to
make the program work

A complete sanitation program should
incorporate a Hazard Analysis Critical Con-
trol Point (HACCP) program. Good Manu-
facturing Practices (GMPs) devised by the
FDA are a driving force for sanitary pro-
gram design and hygienic operations
because the primary objective of these prac-
tices is the prevention of adulteration (con-
tamination).

The food industry should consider soft-
ware-based sanitation scheduling. More
regulatory requirements and additional
emphasis on sanitation have complicated the
management of sanitation data using a
paper-based system. Comprehensive food
sanitation management software, including
HACCP program requirements, to replace
the manual process is available. Such soft-
ware can document corrective actions for

CCP’s, tracking of third-party audits, clean-
ing supplies, and inventory (Anon., 2004c).

Program Follow-Through

Effective management means that everyone
involved with sanitation works as a team to
share problems, solutions, and knowledge. A
successful sanitation program that has been
developed and implemented must be regularly
checked through monitoring and recording
results. Another effective check is through an
outside sanitation audit. Trained auditors
with valuable experience provide a fresh per-
spective (Graham, 1992) and new ideas. An
inside audit by the sanitation manager or gen-
eral manager should also be conducted peri-
odically. Detailed deficiency lists should be
maintained, and action should be taken to
correct the problems noted on the list.

Sanitation is more than cleaning. It
includes the documentation of scheduled
tasks, employee training, inspection, and
corrective actions. Comprehensive sanitation
scheduling identifies tasks and how to and
how frequent they are to be performed, per-
sonnel requirements, necessary follow-up.
Daniel-Sewell (2004) suggested that sanita-
tion tasks fall in three categories; the master
schedule, shift sheets, and housekeeping
tasks. The master schedule normally includes
the SSOPs for cleaning that typically occurs
before and after production and longer term
tasks such as overhead fixtures. Shift sheets
outline tasks assigned to specific staffers to
perform during the shift. Housekeeping
tasks are those not directly associated with
production and may include offices and wel-
fare facilities.

EMPLOYEE SELECTION

Employees who handle food should be
carefully selected to be free of infectious dis-
eases. They should have a personal hygienic
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level above the average of the population
and should maintain appropriate hygiene.

The level of expertise of the sanitation
team is changing rapidly. In the past, it was a
standard practice to hire inexperienced
employees and assign them to the sanitation
team without any training. Today, educa-
tional courses are being developed and
updated to meet the demands of effective
sanitation, and many sanitation employees
are provided with some form of training.
The American Institute of Baking is a leader
in providing sanitation technology courses
through classes conducted at its headquar-
ters in Manhattan, Kansas, or by correspon-
dence courses.

Employee Training

The importance of adequate training of
employees has been suggested several times
throughout this book. It is especially impor-
tant to train sanitation employees in the
basics of sanitation because nothing happens
in a food establishment until the facility is
clean. Sanitation employees should be seri-
ous, dedicated professionals who clearly
comprehend the company’s policy and their
role in the organization. Although the sani-
tarian reports directly to someone on the
management team, indirect responsibilities
and allegiance belong to management, labor,
regulatory agencies, and consumers. A finely
tuned sanitation program consists of effec-
tive interaction between a QA department
and a research and development laboratory
(within the organization or in a private labo-
ratory) for an accurate assessment of sani-
tary practices.

Management must ensure that the sanitar-
ian is well qualified. The sanitarian should
be educated in the operations of the food
facility, the role of cleaning compounds and
sanitizers, and food microbiology. Addi-
tional expertise that the sanitarian should
have as a result of experience and/or training

includes knowledge of specific surface design
and hardness, porosity, vulnerability to oxida-
tion, and corrosion of surfaces to be cleaned,
so that the appropriate cleaning equipment,
cleaning compounds, and sanitizers may be
determined.

An effective management team should
ensure that the sanitarian is educated in the
safety and efficacy of cleaning compounds,
the functions of detergent auxiliaries and
sanitizers, and the most effective cleaning
equipment. A sanitarian that understands the
characteristics of cleaning equipment, clean-
ing compounds, and sanitizers can reduce
waste and employee injury, and simultane-
ously optimize cleaning efficiency. Further
benefits include reduced water consumption,
sewage load, and sanitation labor.

Management must disseminate informa-
tion to sanitation workers in a form for easy
comprehension. It should be presented in a
clear, easily accessible instruction manual
that provides facts related to cleaning all
areas and equipment, including the selection
and application of cleaning compounds and
sanitizers for all cleaning applications. The
instruction manual should also include a
sanitation plan and material on operational
methods, pest control, hygienic practices,
and preventive maintenance. The adoption
and application of these principles will affect
operational appearance, practices, and per-
formance, and will positively reflect on the
company image.

Some companies conduct intensive, for-
mal in-house training programs for sanita-
tion employees. These firms can provide
sanitation technology based on their QA
program needs. Those needs that are most
frequently addressed include determination
of required manpower and effective commu-
nication to non-technical personnel.

Management should realize that con-
sumers desire and deserve wholesome
products. Responsible managers should
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acknowledge the importance of well-trained
employees and should conduct sound
employee training programs as an integral
part of their processing or foodservice oper-
ations. Therefore, sanitarians should attend
training courses and should seek the assis-
tance of regulatory personnel for discussion
of sanitation standards and public health
needs in order to discharge their responsibil-
ities in the training of employees. As a neces-
sary adjunct to training, management has
the responsibility to provide the materials
and facilities necessary for employees to
practice what they have been taught. Man-
agers have found that they benefit from such
employee training activities and that the suc-
cess of the activity depends partially on their
own leadership.

Examples of industry activities that have
produced meritorious results through a
coordinated industry/regulatory authority
approach to problems in the field of food
protection are:

● An achievement citation to food sani-
tarians for outstanding accomplish-
ments has been devised.

● Encouragement and support of uniform
and impartial interpretation and appli-
cation of food sanitation ordinances
have been accomplished.

● Promotion of potential benefits to be
derived from industry cooperation.

● Management’s leadership role has been
asserted through individualized on-the-
job training for employees.

If these recommended practices are fol-
lowed, it is possible to optimize human
resources and available technology in attain-
ing good hygiene throughout the food opera-
tions.

A well-trained sanitation team will reduce
production downtime, reduce product
recalls, and improve employee morale. A
clean plant is a more productive plant.

Because motivation comes from within the
individual, it cannot be forced upon employ-
ees. However, they can be given reasons
to be positive about their work. Carsberg
(1998) indicated that sanitation team mem-
bers should be given reasons to justify why
they must do quality work. Because most
employees want to do a good job, the impor-
tance of their assignments should be empha-
sized.

Other Sources for Sanitation Training
and Education

Trade associations and regulatory agen-
cies provide information beneficial in edu-
cating and training employees. Examples are
the FDA, Food Safety and Inspection Ser-
vice, American Association of Meat Proces-
sors, American Meat Institute, National
Food Products Association, and National
Restaurant Association Educational Foun-
dation. These organizations periodically
send their membership educational informa-
tion related to sanitation and conduct short
courses in this area.

Professional associations such as the
International Association of Milk, Food and
Environmental Sanitarians and Affiliates are
committed to improving the professional
status of the sanitarian and to educating the
food industry regarding the need for effective
sanitation programs. Universities serve in a
similar capacity. Professional associations
and universities both contribute to the edu-
cation of food organizations by offering
courses related to sanitation.

MANAGEMENT OF A SANITATION
OPERATION

Management experts define management
as “getting things done through people.”
Sanitation management has three basic
responsibilities:
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1. Delegation of responsibilities or telling
employees what must be done

2. Training employees by showing them
how responsibilities should be executed

3. Supervision to ensure that all responsi-
bilities are properly executed

Managers should continue to make cer-
tain by regular inspections that assignments
are being properly performed. Although
employees are properly trained, they must be
supervised to ensure proper conduct of
responsibilities.

The technical aspects of sanitation merit
serious consideration because of the com-
plexity of products being manufactured.
Technical competence of management should
include the understanding of employees and
how they should be motivated, educated,
and supervised. Employees achieve more if
they are clearly informed of their expecta-
tions and why they are essential to the attain-
ment of safe food.

Technical knowledge should include
knowledge of organic residues and how they
should be removed. Carsberg (2004) stated
that sanitation costs and effectiveness will be
optimized if a sanitation manager does not
depend upon a supplier’s advice to determine
appropriate chemicals and concentrations for
cleaning and sanitizing. Furthermore, knowl-
edge of microorganisms will enhance their
control as will knowledge of appropriate
microbial sampling and testing.

The competence of food sanitation per-
sonnel and the effectiveness of the program
administration are major factors in achiev-
ing the objectives of a food sanitation
program, regardless of the type of enforce-
ment methods employed. Managers cannot
afford to be mistaken in their judgment or
unreasonable in their decisions, because
such actions are concerned with the health
of consumers. Success in food sanitation
and consumer protection programs also

depends on understanding, interest, and
support within the top levels of the regula-
tory authority and other branches of gov-
ernment.

Major sanitation problems that are the
most detrimental to effective sanitation
(Anon., 2004b) include:

1. Lack of support from management
2. Improper training of sanitation super-

visors and other workers
3. Lack of effective written procedures
4. Improper equipment disassembly pro-

cedures
5. Improper selection of cleaning com-

pounds and sanitizers
6. Lack of sanitizer concentration checks
7. Ineffective pre-operative inspection

procedures
8. Ineffective microbial monitoring

Six areas adopted from previous informa-
tion (Anon., 2004a) that are critical to effec-
tive sanitation are:

1. Employee training. Continuous train-
ing should focus on sanitation funda-
mentals and the role of employees in
maintaining the safety and hygiene
of foods. Vendors frequently provide
training programs or can suggest infor-
mation about available training.

2. Personal hygiene. Employees cannot
create hygienic conditions unless they
exhibit appropriate personal hygiene.
Detailed discussion about personal
hygiene is included in Chapter 6.

3. Sanitation product handling. Employee
headgear, cleaners, sanitizers, and
equipment should be color coded to
reduce their misuse. Containers of
mixed product used throughout the
facility should identify the product
by name with any hazardous warning,
so that it can be traced back to the
Material Safety Data sheets (MSDS).
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Furthermore, it is prudent to include
other information such as the name,
address, telephone number, and website
of the manufacturer to provide addi-
tional access to desired information.

4. Personal protective equipment (PPE).
Without appropriate training and
supervision, employees may take
unnecessary risks based on their habits
or insufficient information about the
potential hazards associated with the
improper use of cleaning compounds,
sanitizers, and equipment. Employees
should be required to use available PPE
during the work shift.

5. Chemical selection. Vendors and the
investigation of other available infor-
mation should be utilized to ensure that
appropriate cleaning compounds and
sanitizers are incorporated. Detailed
discussion about cleaning compounds
and sanitizers is included in Chapters 9
and 10 respectively.

6. Use of chemical dispensers. This equip-
ment requires consistent use and con-
sistent performance to ensure sanitation
effectiveness, worker safety, and eco-
nomical use of cleaning compounds
and sanitizers.

Management and Supervision

The key to success of any sanitation pro-
gram is supervision. The role of manage-
ment in supervision involves the audit of
the sanitation program to ensure that the
rules are being followed. Program require-
ments may be considered the cement that
holds the building blocks of sanitation
together. Supervisors should always be
on the alert to identify unsafe practices
that may creep into an operation. Thor-
ough supervision should be reinforced,
with a continuous training program to
keep employees informed of their responsi-
bilities.

A major challenge of the supervisor is to
set a good example for other employees. A
supervisor who does not follow the rules will
not be effective. The supervisor is frequently
the most experienced employee in the opera-
tion and may be the most immune to learn-
ing and to eradicating bad habits. This
problem can be solved if supervisors recog-
nize that their major challenge is to provide
their customers with a wholesome product.

Monitoring a food production facility
involves an organized supervision routine.
Food handler supervision should incorpo-
rate the same health standards to regulate
workers as are adopted in screening prospec-
tive employees-for example, daily checks of
employees for infections that can be trans-
mitted through food. In fact, many local
health ordinances require that the proprietor
who knows or suspects that an employee has
a contagious disease or is a carrier must
notify health authorities immediately.

The burden of managers is reduced and
supervision is made easier if employees are
motivated to do a good job. Effective train-
ing can be a motivating force. Professional
treatment of employees can improve morale
and be a positive motivating force. Sanita-
tion employee efforts should be recognized,
not ignored. Instead of ignoring their efforts
and criticizing failures, they should be com-
mended for maintaining a hygienic environ-
ment and for their contribution to safe food
products. This approach provides positive
reinforcement and motivates employees to
perform to a higher level. Management
should convey to the sanitation team that its
work is valued and critical to food safety.

Sanitation Hazard Analysis Work
Point (SHAWP)

Carsberg (2004) developed this system to
ensure that processing equipment is hygieni-
cally designed and cleaned properly. This
approach involves the tearing apart of all
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processing equipment using drawings, the
maintenance staff, and actual equipment to
determine areas of the equipment are con-
tributing to high bacterial counts. The areas
most vulnerable are under belts, interlock
belts, frameworks, and drains.

Total Solutions Approach

Sanitation operations, personnel hygiene
programs, record keeping, and compliance
requirements should be reassessed constantly
(Anon., 2003). Proactive planning is essential
through maintaining knowledge of new tech-
nologies (i.e., potential multiple intervention
strategies through food contact surface treat-
ments, computerized CIP systems, and auto-
mated formulation and dispensing of cleaning
and sanitizing compounds).

Public Relations Considerations

Managers must understand the principles
of public relations and constantly practice
them in the course of executing a food sani-
tation program. They must interpret the pro-
gram’s needs and objectives and to motivate
people to cooperate. Food sanitarians
should acquire and apply basic public rela-
tions skills. Whenever a food sanitarian
makes recommendations, the operating costs
are frequently increased. Selling the need for
and benefits of such recommendations is a
public relations challenge.

The mass media can be the sanitarian’s
most important tool in communicating and
marketing the hygienic concept. A relation-
ship with news reporters should permit a free
exchange of information and create an
atmosphere of mutual understanding. It is
highly desirable to stress improvements,
achievements, new programs, appointments,
promotions, and similar developments.
These practices promote better understand-
ing and an appreciation of the program by
everyone concerned: the public, the food
industry, and food sanitation personnel.

Sanitarians should have a practical under-
standing of the fundamentals of human
motivation. It is more productive to work
with groups than with individuals. Food san-
itarians should recognize that there is more
to their duties and responsibilities than mak-
ing inspections. They can find that other
types of activities are also productive and
rewarding-for example, taking the necessary
time to talk to a class or civic group, prepar-
ing news announcements, participating in
radio or TV programs, and designing educa-
tional material. The promotion and interpre-
tation of food sanitation needs and goals can
often be more easily accomplished when
understood and supported by community
leaders or civic groups.

Cooperation with Other Agencies

Joint regulatory/industry advisory com-
mittees have frequently provided valuable
assistance in the evaluation of new develop-
ments, techniques, and procedures. Con-
sumers can also be represented on these
advisory committees, which may be helpful
in counseling on broad policy matters and in
establishing and maintaining wholesome
industry and regulatory agency relation-
ships. Benefits accrue to all through cooper-
ative efforts.

Job Enrichment

Many employees, including managers and
supervisors, consider the sanitation opera-
tion to be a second-rate job. Yet, sanitation
workers should be aware of the importance
of their responsibilities. Sanitation can be
glamorized and made more exciting. An
effective job enrichment program can create
more interesting and rewarding work for
employees. This program can also make
them feel more a part of the operation and
can actually be more demanding of employ-
ees by assigning them more responsibilities
and emphasizing self-inspection.
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Self-Inspection

Self-inspection should be considered a
regular task performed by trained personnel
who are familiar with the establishment’s
operation. Inspections should be conducted
through the owner/operator or managers,
supervisors, or sanitation consultants. These
inspections are more beneficial if they are
conducted with the aid of a checklist.

TOTAL QUALITY MANAGEMENT

Gould (1992) has described total quality
management (TQM) as the modern term to
describe how firms are becoming more suc-
cessful today. He considers TQM to be a new
philosophy that “sets goals for employees
working with management, employees hav-
ing a voice in the operation, and employees
who feel that they are a part of the owner-
ship of the firm.”

This author agrees with Gould (1992) that
TQM is more than a buzzword. This innova-
tive concept involves management and
employees working together for improved
productivity, cost reduction, and product
uniformity and acceptability.

In the TQM approach, management con-
tributes resources and direction but does not
dominate. Small groups are encouraged to
identify opportunities and to discuss them
with a cross-functional steering committee
for prioritization. Projects are implemented
unless costs are increased. Employees are
empowered and work within acceptable
guidelines.

Relationship of TQM to Sanitation

The TQM philosophy is applicable to the
management aspect of sanitation. To more
effectively maintain a sanitary environment,
sanitation must become more exciting, and
everyone must accept responsibility for the
maintenance of a hygienic operation.

In the past, sanitation operations have
been primarily a policing program instead of
a direct responsibility of the individual
employee. However, TQM stresses the involve-
ment of all employees in decisions and
accountability. The term itself denotes pro-
viding the customer with a uniform and
acceptable product through the training,
instruction, and efforts of all employees.

A hygienic product implies product safety,
shelf stability, and compliance of the item
with the latest regulations. It appears at the
date of this writing that additional emphasis
will be placed on the use of TQM principles
for sanitation programs of the future. TQM
can assist those involved with sanitation as it
has guided firms in the manufacturing and
service industries. It is a management philos-
ophy that has arrived and when incorporated
will be a valuable tool for sanitarians and
firms that adopt the fundamentals of TQM
and practice the principles.

Contract Sanitation

Many food processors depend upon an
outside firm that accepts the responsibility
of cleaning the plant. This arrangement is
called contract sanitation. Contract sanita-
tion offers the processor benefits of a firm
that specializes in cleaning, reduces the
responsibility of the plant management
team, and provides a more consistent and
predictable cleaning budget (White, 2003).
In-house sanitation can save the processor
cleaning costs and provides more flexibility,
because the contract sanitation team is pres-
ent during only one shift. In-plant personnel
offer additional flexibility through the use of
employees where they are needed such as
production, maintenance, or cleaning. In-
plant sanitation offers the processor more
control since the training of employees can
be controlled and protects the processor
against contract firms that may lack effec-
tiveness.
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SUMMARY

A major challenge of management in the
food industry is to recruit and train employ-
ees for an effective sanitation operation. The
success or failure of a sanitation program
depends on the extent to which management
supports the program.

An effective sanitation program includes
provisions for constant training and educa-
tion of employees. Educational information
can be disseminated through sanitation
training manuals and short courses given by
trade associations, professional organiza-
tions, or regulatory agencies.

The major functions of sanitation man-
agement are to delegate responsibilities and
to train and supervise employees. Self-super-
vision and self-inspection are two tools that
contribute to a more effective sanitation pro-
gram.

STUDY QUESTIONS

1. What is management?
2. What health requirements should be

considered when selecting employees?
3. What sources exist for sanitation train-

ing and education?
4. What are three basic responsibilities of

sanitation management?

5. What is the major key to success in a
sanitation program?

6. How can TQM enhance sanitation?
7. What is contract sanitation?
8. What are the advantages of contract

sanitation?
9. What are the advantages of in-house

cleaning?
10. What is Sanitation Hazard Analysis

Work Point (SHAWP)?
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Glossary

Acid: A substance with a pH of less than 7.0.

Acids, strong: Substances that release high
concentrations of hydrogen ions in a solu-
tion giving a low pH; examples are muriatic
and sulfuric acids.

Acids, weak: Substances with a moderately
low pH; examples are organic acids, such as
acetic and hydroxyacetic acids.

Adulteration: The addition of an improper,
foreign substance.

Aerobic: The ability to live and reproduce
only in the presence of oxygen.

Air screen: A unit that provides a strong
downward movement of air at doors to pre-
vent refrigeration loss and insect entry.

Alkali: A substance with a pH of more
than 7.0.

Alkalies, strong: Substances that release
high concentrations of hydroxyl ions in a
solution giving a high pH; examples are
sodium hydroxide and potassium hydroxide.

Alkalies, weak: Substances that release
moderate to low concentrations of hydroxyl
ions in a solution giving a moderately high

pH; examples are sodium bicarbonate and
sodium tetraphosphate.

Allergen: A substance that causes the
human immune system to trigger and work
against itself.

Anaerobic: The ability to live and repro-
duce in the absence of oxygen.

Antibiotic: A compound produced by a
microorganism that interferes with the growth
of another microbe.

Antimicrobial: A substance that prevents
the proliferation of microorganisms.

Antiseptic: A chemical substance used to
interfere with or inhibit the growth of cer-
tain microorganisms.

AW: The unit of measurement for water
requirement of microorganisms.

Bacilli: Rod-shaped bacteria.

Bacteria: Single-celled microorganisms
that decompose matter, resulting in product
spoilage and/or foodborne illness.

Bactericide: A chemical substance that will
kill certain bacterial cells.



Bacteriostat: An agent that inhibits the
growth of bacteria but does not necessarily
kill them.

Biosecurity: Assurance that the food sup-
ply is protected against intentional contami-
nation of microbial, chemical, and/or
physical substances that render it unsafe for
human consumption.

Botulism: Intoxication resulting from con-
sumption of a toxin produced by Clostrid-
ium botulinum.

Buffer: A material that moderates the inten-
sity of an acid or alkali in solution without
reducing the quantity of acidity or alkalinity.

Builder(s): An adjunct added to cleaning
compounds to control properties that tend
to reduce the surfactant’s effectiveness.

Celsius: Temperature scale related to the
Fahrenheit scale by the formula 5/9
(ºFahrenheit - 32º) = ºCelsius (centigrade).

Clean: Free of visible soil.

Cleaning: The physical removal of soil
from a surface.

Cocci: Spherically shaped bacteria.

Complexing: Combining of one compound
with another.

Contaminate: To add foreign and unwanted
matter to an object or environment.

Control point: Any step or procedure by
which biological, physical, or chemical fac-
tors can be controlled.

Coving: A curved sealed edge between a
floor and wall to facilitate cleaning and
retarding insect harborage.

Critical control point: A step or procedure
at which control can be applied and a food
safety hazard prevented, eliminated, or
reduced to an acceptable level.

Critical limits: Tolerances prescribed to
ensure that critical control points effectively
control a hazard.

Cross-contamination: The transfer of
microorganisms from one food to another
through a nonfood surface, such as equip-
ment, utensils, or human hands.

Deflocculation (dispersion): The action of
breaking up aggregates into individual
parts.

Detergent: A chemical cleanser similar to
soaps but of a different chemical nature.

Disinfect: To remove potentially patho-
genic microorganisms from an object or
from the environment.

Disinfectant: A chemical used to destroy
the growing forms but not necessarily the
spores, of potentially pathogenic microor-
ganisms.

Dispersion: Deflocculation; breaking up of
a mass into fine particles that are suspended
in solution.

Endotoxin: A toxin produced within a
microorganism and liberated when the
microorganism disintegrates.

Exotoxin: A toxin excreted by a microbe
into the surrounding medium.

Fahrenheit: A temperature scale related to
Celsius (centigrade) by the formula 9/5 (ºCel-
sius + 32º) = ºFahrenheit.
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Flocculation: Agglomeration or building of
a macrofloc resulting from coagulation into
larger particles until the sheer force of water
movement prevents further building or until
it settles out.

Germicide: A chemical that kills certain
microbial cells.

GRAS substances: Food additives that are
designated as “Generally Regarded As Safe”
for use.

Host: A plant or animal harboring another
as a parasite or as an infectious agent.

Hygiene: Practices necessary for establish-
ing and maintaining good health.

Immunocompromised: An individual sus-
ceptible to a foodborne illness due to an exist-
ing disease or weakened physical condition.

Infection: A condition caused by the inva-
sion of the tissues of a host by living patho-
genic microorganisms.

Infestation: Occupation or invasion by par-
asites other than bacteria.

Intoxication: A disease caused by consump-
tion of poisons naturally occurring in food or
produced by pathogenic microorganisms.

Listeriosis: Foodborne infection caused by
Listeria monocytogenes with a high mortality
rate among immunocompromised individuals.

Mycotoxins: Compounds or metabolites
produced by different fungi that have toxic or
other adverse effects on humans and animals.

Nonionic: Lacking an electrical charge
through a balance of negatively and posi-
tively charged compounds.

Organism: An individual living thing.

Parasite: An organism that derives its nour-
ishment from a living plant or animal host
and does not contribute to the host’s well-
being but does not necessarily cause a dis-
ease.

Pathogen: A microorganism capable of
producing disease when it enters the human
or animal body.

pH: A logarithmic measurement on a
scale from 0 to 14, of acidity and alkalinity
due to hydrogen and hydroxyl ion concen-
tration.

Pollution: The accumulation of foreign,
unwanted matter that becomes a nuisance
or a danger to the health of the environ-
ment.

Potable: Suitable or safe for drinking.

Precipitate: A deposit of an insoluble sub-
stance resulting from chemical or physical
changes in a solution.

Precision: Representative of how closely
replicate values approximate each other.

Sanitary: Free of disease-causing microor-
ganisms and other harmful substances.

Sanitation: The creation and maintenance
of conditions favorable to good health.

Sanitize: Treatment by heat or chemicals to
reduce the number of microorganisms present.

Soap: A compound of fatty acids and alka-
lies that has cleaning properties.

Spore: An inactive, resistant, resting, or
reproductive body that can produce another
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vegetative individual under favorable condi-
tions.

Sterile: Free from all living microorganisms.

Taint: To contaminate with undesirable
organisms.

Toxin: A chemical produced by living
organisms that is poisonous to humans and
animals.

Virus: Any of a large group of infectious
agents that require a living host for repro-
duction.
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Index

A

Accelerated death phase. See Microorgan-
isms, growth pattern of

Acid cleaning compounds. See Cleaning
compounds

Acquired immune deficiency syndrome
(AIDS), 28, 45

Activated carbon absorption, 231
Activated sludge. See Wastewater 

Treatment
Aeromonas hydrophila, 36-37, 40, 301
Alkaline cleaning compounds. See Cleaning

Compounds
Allergens,

contamination causes of, 71-72
control of, 71-73
definition of, 71
labeling of, 73-74
management of, 74-75
tests for, 73

Arcobacter butzleri, 49
Aw, 26, 31-33, 109

B

Bacillus cereus, 37, 39
Bacteria. See Microorganisms
Bactericides, 32-33
Bacteriostats, 32
Beer pasteurization, 360

Biochemical oxygen demand (BOD). See
Wastewater Treatment

Biofilms, 33-34
Bioluminescence, 58-60
Biosecurity,

guidelines, 19-22
information, 22-23
pest management in, 22

Biosensors, 66
Bird infestation, 249-250
Bottle cleaning, 360
Botulism. See Clostridium botulinum
Brewery sanitation, 355-361

cleaning compounds for, 358
cleaning of air conditioning units,

360-361
construction considerations for, 356
control of microorganisms, 356-357
heat pasteurization for, 358
hygiene practices for, 358-361
sanitizers for, 358

C

Campylobacter, 40, 42, 49, 301
Campylobacteriosis, 38, 40, 42
Cetylpyridinum chloride, 186
Chain of infection, 77
Chloramines, 172
Chlorine dioxide. See Sanitizing
Chelating agents. See Cleaning Compounds
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Cigarette beetle, 239-240, 276
Cleaning compounds, 141-143, 146-162, 308

builders for, 153-154
characteristics, 146-148
chemical burns from, 162-163
classification of,

acid, 149-151, 308
alkaline, 148-150, 152, 308-309
cleaning auxiliaries, 154-156
neutral, 156
phosphate substitutes, 153
protection auxiliaries, 153-154
solvent, 153
synthetic detergents, 152

detergent auxiliaries, 153
enzyme based, 152-153
factors affecting effectiveness of,

147-148
function of, 146-147
handling precautions for, 157, 159-163
scouring compounds, 156
selection of, 156-157
sequestrants, 154-155
surfactants, 155-156
terminology, 147-148

Cleaning equipment. See Sanitation,
cleaning equipment

Cleaning media,
air, 145
water, 145-146

Clostridium botulinum, 36-37, 39
Clostridium perfringens, 39, 42-43, 311
Cockroaches, 235-238

common species of, 236-237
control of, 237-238
detection of, 237

Contamination,
human, 80
protection against, 81-82
sources of, 77-81

Contract sanitation, 400
Control point(s), 108
Critical control point(s), 100-101, 103,

108-112
Critical limit(s), 109-111

Cryptosporidiosis. See Cryptosporidium
parvum

Cryptosporidium parvum, 49
Cumulative sum (CUSUM) control charts,

139
Current good manufacturing practices

(CGMPs), 105-106, 112

D

Dairy processing plant sanitation,
CIP equipment for, 291-293
cleaning compounds for, 288
cleaning steps for, 290-291
construction considerations for,

286-287
COP equipment for, 293
pathogens in, 284-286
sanitation for cheesemaking, 295-296
sanitation principles for, 288-295
sanitizers for, 289-290
soil characteristics of, 287-288
storage equipment cleaning in,

294-295
Decimal reduction time (D value), 53
Detergent(s). See Cleaning Compounds
Detergent auxiliaries. See Cleaning Com-

pounds
Diagnostic techniques, 8, 62-67
Disease transmission, 94-96
Dissolved air flotation, 222-223
Distillery sanitation, 367-369

contamination reduction, 367-368
equipment cleaning, 368-369

DNA-based microarray assays, 64

E

Electrodialysis, 231
Electronic pasteurization, 54
Environmental regulations, 12
Enzyme-linked Immunoassay Tests

(ELISA), 62-63
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Escherichia coli, 43, 89
Escherichia coli, O157:H7, 41, 43-44, 285,

311, 344
Ethylenediaminetetraacetic acid (EDTA), 155

F

Flies. See Housefly
Food and Drug Administration 

(FDA), 9-11
Foodborne bioterrorism, 17-18
Foodborne disease. See Foodborne illness
Foodborne illnesses, 36-50
Food handling,

required personal hygiene for, 96
sanitary facilities for, 97

Food safety assurance, 5
Foodservice sanitation, 371-391

chemical sanitizing washers for, 380
CIP equipment for, 380, 382
cleaning steps for, 378

coffee urns, 385
deep fat fryer, 387-388
floor drains, 379
floors, 382
griddles, 384
hoods, 383-384
iced tea dispensers, 386
meat slicers, 388-389
milk dispensers, 387
range surface units, 384
refrigerated salad bars, 386-387
shelves, 383
stack ovens, 383
stationary equipment, 378-379
steam tables, 386
toasters (rotary), 384-385
vegetable choppers, 388
walls, 382-383

cleaning tools for, 379
contamination reduction, 374-376
employee training for, 390
glove utilization for, 376
high-temperature washers for, 379

Foodservice sanitation (Continued )
mechanized cleaning and sanitizing for,

379-382
requirements, 389-390
sanitary design for, 371-374
sanitary principles for, 377-378
sanitary procedures for, 376

Fruit and vegetable plant sanitation, 336-348
cleaning compounds for, 343
cleaning considerations, 340-341
cleaning equipment for, 342-343
cleaning procedures for, 344-346
construction considerations for, 338-340
contamination sources, 336-338
sanitation effectiveness evaluation for,

346-348
sanitizers for, 343-344

Fruit fly, 239

G

Glutaraldehyde. See Sanitizing
Good manufacturing practices, 10-11, 106

H

Hand washing, 89-93
Hazard,

categories, 107-108
definition of, 100
risk categories, 108

Hazard Analysis Critical Control Points
(HACCP), 99-114, 313, 334, 341
approach, 125-126
cleaning approach, 192-193
decision tree, 109
development of, 101-104
implementation of, 104
maintenance of, 113-114
principles of, 106-111
validation, 114
verification, 111

Helicobacter pylori, 49-50



Hepatitis, 28, 41
Housefly, 238-239

control of, 240-245, 255
effects of, 238-239

Hygiene,
definition of, 83
employee, 83-89
required practices for, 95-96
requirements, 95-97

I

Inorganic chloramines. See Sanitizing
Insecticide(s). See Pesticides
Insect light traps, 242-243
Insect-resistant packaging, 255, 277
Integrated pest management (IPM), 252-255
International Standards Organization

(ISO), 120-121
Iodophor(s). See Sanitizing
Ion exchange. See Wastewater Treatment

J

Job enrichment, 121, 399

L

Lag phase. See Microbial Growth Kinetics
Legionella pneumophila, 50
Legionellosis. See Legionella 

pneumophila
Listeria monocytogenes, 6, 101, 284-285,

295, 301-305, 311, 312, 315, 330,332
Listeriosis, 41, 44-47
Logarithmic growth phase. See Microbial

Growth Kinetics
Low-moisture foods manufacturing and

storage, 272-280
facility cleaning, 280-281
housekeeping for, 277-279
pest control for, 274-280

Low-moisture foods manufacturing and
storage (Continued )

external feeders,
cigarette beetle, 276
drugstore beetle, 276
flour beetle, 275-276
grain beetle, 276
indianmeal moth, 275
mealworms, 277
Mediterranean flour moth, 275
spider beetle, 276-277

internal feeders, 274-275
angoumois grain moth, 275
lesser grain borer, 275
weevils, 274-275

M

Meat contamination, 300-301
Meat discoloration, 299-300
Meat and poultry plant sanitation, 298-325

carcass and product decontamination,
310-312

cleaning compounds for, 308
cleaning equipment for, 306-308
effects on product discoloration, 299-300
pathogen control for, 301-304
plant design for, 304
practices for, 304-305, 312-313
principles for, 306-308
procedures for,

brine curing and packaging areas, 319
dry curing areas, 319-320
fresh product processing area, 317, 318
garments, 323
livestock and poultry trucks, 314-315
livestock pens, 315
locker and rest rooms, 323
low-temperature rendering area, 322-323
offices, 323
packaged meats storage area, 322
poultry mechanical eviscerators, 316
poultry pickers, 316
processed products area, 318

Index 409



Meat and poultry plant sanitation 
(Continued)

processed products, offal, and storage
cooler, 317

processed products packaging area, 319
receiving and shipping area, 316-317
slaughter area, 315-316
smokehouses, 320-321
spiral freezers, 321-322
trolley washing, 323
wash area, 322
wire and metal containers, 323

sanitizers for, 309-312
troubleshooting tips for, 324

Mesophiles, 31
Mice. See Rodent Infestation
Microbial growth kinetics, 28-30
Microbial resistance, 187
Microorganisms,

bacteria, 27
common to food, 26
definition of, 25
destruction of, 53-54
deteriorative effects of, 34-35
diagnostic tests for, 62-67
effects on foodborne illness, 35-36
generation interval of, 34
inhibition of, 32-33, 55
molds, 26-27, 180, 295
proliferation factors, 30-34
quantitative determination of, 55-61
viruses, 27-28
yeasts, 27, 180

Molds. See Microorganisms
Monitoring program. See Quality Assur-

ance Monitoring Program
Most probable number (MPN), 57
Mycotoxins, 51-52

N

Nonalcoholic beverage plant sanitation,
350-355
cleaning practices for, 351-355
sanitation principles for, 350-351

O

Organic chloramines. See Sanitizing
Oxidation-reduction potential, 32
Oxine. See Sanitizers

P

Pesticides, 240-242, 247-248, 250-252,
254-255
nonresidual, 240-241
residual, 240
use of, 240-241, 247-249, 250-252,

254-255
pH, 32, 169, 174-176
Pheromone traps, 243-244
Polishing ponds, 231
Polymerase Chain Reaction, 66
Protection auxiliaries, 153-154
Psychcosomatic food illness, 36
Psychrotrophs, 31
Pulsed light, 54

Q

Quality,
characteristics, 117
definition of, 117

Quality assurance (QA),
basic tools, 131
components of, 118
description of, 117-119
functions of, 118-119
management role in, 121-122
organization for, 119-124
product recall, 129-130
sampling for, 131
sanitation programs for,

assay procedures for, 126-127
auditing of, 128-129
data interpretation for, 127
establishment of, 125-126
evaluation of, 126
major responsibilities of, 119-120
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Quality assurance (Continued )
monitoring for, 127-128

structure of, 121-124
total quality assurance, 125
total quality management, 117, 119

R

Radiation, 54, 166-167
Rapid methods for microbial load determi-

nation. See Microorganizisms, quantita-
tive determination of

Rats. See Rodent Infestation
Raw materials,

receipt of, 272-273
storage of, 273-280

Reduced death phase. See Microorganisms,
growth pattern of

Rodent infestation, 245-246
control of, 246-247
determination of, 246
eradication of, 247-249

Rotating biological contactor. See Waste-
water Treatment

S

Salmonella, 39, 47, 186, 285-286, 301,
344

Salmonellosis, 39
Sampling. See Quality Assurance, sampling

for
Sanitary design for food facilities, 257-266,

268-271
construction considerations for,

258-265
equipment considerations 

for, 271
materials for, 266
ready-to-eat operations, 262-265
pest control considerations, 265-266
principles for, 263-265
site preparation, 258
site selection, 257

Sanitation,
cleaning equipment, 193-210, 307-308

centralized foam, 199-201
centralized high pressure, low-volume,

197-198, 201
cleaning-in-place (CIP), 201-209, 307-

308, 343
cleaning-out-of-place (COP), 209-210,

308
lubrication equipment, 211
microprocessor control unit, 208-209
portable foam, 198-199, 307
portable gel, 201, 307
portable high pressure, low-volume,

195-197, 307
slurry, 201

costs, 190-191
definition of, 3
employee selection for, 394-395
employee training, 395-396
equipment selection, 191-192
guidelines, 9-13
laws, 9-13
management requirements, 392-394
management responsibilities, 396-398
practices, 13-14
regulations, 9-13

Sanitation Hazard Analysis Work Point
(SHAWP), 193, 398-399

Sanitizing,
acid, 178-181, 310, 343-344
acid anionic, 180-181
acidified sodium chlorite, 311
acid-quat, 181
activated lactoferrin, 186-187, 311-312
bromine, 176
cetylpyridinium chloride (CPC), 186
chemical, 168-187, 290, 309-310
chlorine, 170-174
chlorine dioxide, 172-173, 309, 343
electrolyzed oxidizing water, 312
equipment, 210-211
glutaraldehyde, 182-183
high hydrostatic pressure (HHP) 167-168,

333
high-pressure pasteurization, 186
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Sanitizing (Continued)
hydrogen peroxide, 181
iodine, 174-176, 309
methods, 165-187
microbicides, 183
oxine, 173-174
ozone, 182, 310, 333, 344
peroxy acid, 179-180
phenols, 312, 344
quaternary ammonium compounds

(quats), 176-178, 309, 343
radiation, 166-167, 344
strength determination, 188
thermal, 165-166, 309

hot water, 166, 185
steam, 166, 185
vacuum/steam/vacuum, 168, 185-186

Sanitation Standard Operating Procedures
(SSOPs), 106

Scouring compounds. See Cleaning Com-
pounds

Seafood plant sanitation, 327-334
cleaning schedule, 331-333
construction considerations for,

327-330
contamination sources, 329-330
HACCP models for, 334
recovery of by-products for, 334
sanitation principles, 330-333
sanitizers for, 332-333
site requirements for, 327-328

Shigella, 39, 47-48
Shigellosis, 39, 47-48
Soil,

attachment characteristics of, 144-145
characteristics in dairy plants, 287-288
chemical characteristics of, 141, 143
chemical properties of, 143
definition of, 141
deposit classification,

141-142
physical characteristics of, 141-143
solubility characteristics of, 142-143
surface characteristics of, 143-144

Staphylococci, 39

Staphyloccus aureus, 39, 48
Stationary growth phase. See Microorgan-

isms, growth pattern of
Statistical quality control,

charts, 133-139
definition of, 138
lower control limits, 134-136
rating scales,

exact measurement, 138
subjective evaluation, 138

role of, 131-138
upper control limits, 134-136

Streptococci, 37
Surfactants. See Cleaning compounds

T

Thermal death time (TDT), 53
Thermophiles, 31
Total quality management, 117, 400
Trichinella spiralis, 40, 48
Trichinosis, 40, 48

U

United States Department of Agriculture
(USDA) regulations, 11

V

Vibrio, 50
Vibrio parahaemolyticus. See Vibrio
Viruses. See Microorganisms

W

Waste disposal, 213-233
liquid, 218-233
solid, 218
strategy, 214-215
survey, 214-215
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Wastewater,
fats, oil, and grease (FOG), 217
pollution determination, 215-218
residue in, 217-218
sampling of,

biochemical oxygen demand (BOD),
215-216

chemical oxygen demand (COD),
216

dissolved oxygen (DO), 216
total organic carbon (TOC), 216-217

Wastewater treatment, 220-233
disinfection, 231-233
pretreatment, 220-222

flow equalization, 221
screening, 221-222
skimming, 222

primary treatment, 222-224
flotation, 222-224
sedimentation, 222

secondary treatment, 224-230
activated sludge, 227-228
aerobic lagoons, 226-227
anaerobic lagoons, 225-226
contact stabilization process, 228
extended aeration process, 228
land application, 229
magnetic separation, 230
oxidation ditch, 228-229
rotating biological contactor, 229-230
trickling filters, 227

Wastewater treatment (Continued )
tertiary treatment, 230-233

chemical oxidations, 231
deodorization, 233
disinfection, 231-233
filtration, 230
ion exchange, 231
microstrainer separation, 230
physical-chemical separation, 230-231
physical separation, 230
tertiary lagoons, 231

Water activity (Aw). See Aw
Web of causation, 77
Winery sanitation, 361-367

bottling area cleaning, 363-364
cleaning compounds for, 362
cleaning floors and walls, 362-363
cleaning used cooperage, 364
equipment cleaning, 363
pest control, 367
sanitary principles, 362
sanitation monitoring, 367
sterile filtration, 366
tartrate deposit removal, 364-365

Y

Yeasts. See Microorganisms
Yersinia enterocolitica, 41, 48-49
Yersiniosis. See Yersinia enterocolitica




