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FIGURE 26.29  (a) Pivotal machine leveling mount from which the threaded spindle is

hy in
a closed pipe that is in-welded in a sheet metal leg. (b) Stair riser legs, totally sealed, with sloped top and set off the
riser. (2} courtesy of Den Rustfri Sidtindustris Komyselencecenter. (&) courtesy of Joc Stourt.

rubber used shall be of sufficient low Durometer to provide a tight continuous seal with the
flooring material.

Castors

Castors are app'licabie in those places where equipment has to be made mobile in order
to facilitate inspection and cleaning of equipment and process rooms. Transportable equip-
ment (e.g. conveyors) also allows the layout of process lines to be changed so that products
can be altered to suit demand (e.g. frozen vegetable industry). Hnwe\*er. a castor &ssem-
bly must not be used in the product zone. As an ple, containers designed for el d
dumping shall not be equipped with attached castors if, when raised, the castors are over
the product zone.

Castors should be made of a material that suits the floor quality, the expected loading
and the frequency of movement. If underspecified castors are used, the body of their wheels
can break up due to being overloaded. In general, the heavier the load, the larger the wheel
required for the castor. Large wheels roll more easily, are generally more maneuverable and
ride better over obstructions and floor cracks, tracks and ruts than smaller wheels. Large
wheels also provide sufficient clearance between the lowest part of the equipment and the
floor for easy cleaning and inspection,

Although cast iron wheels are virtually indestructible and are able to withstand the
highest loads, their use in the food industry is not recommended (not acceptable), because
they are prone to general corrosion and can damage floor surfaces. Castors manufactured
from zinc-plated mild steel should be avoided, because the coating on the wheel may wear
away, resulting in corrosion and increased friction between the wheels and the castor forks
(homs). Paint shall not be used as a coating. Castors manufactured from zinc-plated mild
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FIGURE 26,30 Hygicne design requirements that castors in the food industry must meet (APV Baber, 2001).

steel require the swivel bearing and wheel axle to remain lubricated to prevent them from

corroding. Hence, lubrication of the swivel bearings and wheel/axle surfaces should be
regularly and properly done, especially because Jubricant can be washed away by regular
cleaning. Castors (body, mounting plate, etc.) tured from stainless steel with stain-
less steel swivel bearings need no lubrication to prevent corrosion. Stainless steel axles in
combination with an outer PTFE bushing provide self-lubrication of the wheel/axle sur-
faces. However, worn wheels and PTFE bushings still will need periodical replacement.

ting plastics, particularly phenolics, are widely used in the food industry
because they can with i high temy and carry high loads. However, they can
become damaged by poor quality flooring and by defects in floors, such as concrete joints
and ridges. Phenolic-wheeled castor types are often worn to a flatter profile or their tread
can break up causing spalling. Thermoplastic wheels have better impact resistance than
phenolic-wheeled castors, but they have poor resistance to higher temperatures. However,
these wheels do not need bearings. Where passible, the wheel should have a color (eg-
blue). High temperature rubber-wheeled castors have a high temperature thermoplastic
center with a bonded high temperature rubber tire. They will wear and may be damaged by
poor or abrasive surfaces, acids, oils, chemicals and other substances that may be harmful to
"'bbﬁ The” soft tread wheels, however, may ride more casily over bumps, level changes.
joints, drainage gullies, ete., and are less destructive to tiled, linoleum, ete. floors.

_ Swivel castors (Figure 26.30) anly function well when they are securely mounted to a
rigid frame so the swivel bearing kingpin axis remains vertical at all times. Rigid castors
must be mounted {welded, sealed or readily removable) in a way that their axis and wheels
are in alignment. All structural members (mounting plate and hom) shall have a mini-
mum of horizontal flat surfaces. The plate mounting shall be constructed to have a flat top
surface. The angle between the lop surface and the edge of the plate shall be 90° or less.
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Mounting holes and other devices provided for installation shall be so designed as to pre-
vent the formation of pockets ar areas difficult to clean. The horn assembly or fork shall
be constructed so that the surface facing the wheel has no concave surface except that part
joining the horn plate. Included angles between all surfaces should have a minimum radius
of 6mm. Kingpin assemblies, which have the nuts or rivets at the bottorn, shall have suit-
able caps covering the ends. The minimum clearance between hom assembly and wheel for
wheels having a diameter should be 6mm all round, while the minimum clearance should
be <10cm all round for wheels with diameter >10cm. Brakes and locking devices should
comply with the hygienic requirements mentioned above.

Preference should be given to single-wheeled castors because dual-wheeled castors
are more sensitive to contamination, and are more difficult to inspect and to clean. Castor
wheels should be constructed so as to have no concave surfaces facing the horn assembly
except that part which joins the hub. The included angles between all vertical and horizontal
surfaces shall have a radius of not less than 6mm. Wheels should have solid webs, smooth
sided, without ridges or crevices, and their tread face should be smooth and flat. Rubber-
wheeled castors should have a tire from which tread and shoulder are free of lugs, voids and
indentations wherein foreign matter can penetrate. If bolted, axle bolt ends should be flush
and should not extend more than two-and-a-half exposed threads beyond the retaining nut.
Excess threads should be cut off and covered with a “dome”-type nut. The use on the axle of
cotter pins or castellated nuts to keep the wheel attached to the hom assembly is not accept-
able. Two PTFE washers (combination seals) can be fitted, one either side of the wheel, to
prevent direct contact (e.g. metal-to-metal contact) between the wheel and the castor body.
Although it is expected that the life of these washers should almost be as long as that of the
wheel, the washers can become wom and must be replaced immediately. In general, wash-
ers (retaining washer under a nut) should not be used between the horn of the castor and the
axle retaining nut, because there they are more exposed to impact from the outside.

Roller or ball bearings should be used. Roller bearings can carry heavier loads, while
ball bearing wheels roll more easily but carry lighter loads. All bearing arrangements must
ensure that no crevices or dead areas are present which eould adversely affect cleanability
and/or functional life. If no self-lubricating bearings (stainless steel with PTFE bushing) are
used, they should be lubricated every 6 months. In corrosive environments, lubrication of
bearings should oecur once a month. In the food industry where the lubricant is washed
away by daily cleaning, lubrication is sometimes required after each washing. Bearings in
castors {wheels and swivel horns) should preferably be of the sealed type. These seals used
to contain the lubricant oil or the grease in the bearings will wear, ultimately allowing leak-
age. Their integrity must be regularly checked and they should be replaced at defined main-
tenance intervals. If “open” ball-race bearings are used, they must be cleanable and, when
required, capable of being disinfected and re-packed with food grade grease as necessary.

Belt Conveyor

Conveyor frames should have an open structure (Figure 2631} with a minimum of hid-
den areas/surfaces. But guards are required in places where a drive station, a pulley, rollers
or the conveyor belt may cause injury. The guards, however, should be easy to dismount to
allow for complete cleaning. Solid cross=members as structural members are preferred over

IL. FOOD SAFETY ASSURANCE SYSTEM



704 16 HYGIENIC DESIGN AND MAINTENANCE OF EQUIPMENT

FIGURE 26,31 Conveyor frames should have an open structure without horizontal surfaces and with a mini-
mum of hidden areas/surfsces. At the ouiside, the framework consists of vertical plate members pasitioned lmd
gitudinally, which also serve a5 a laleral belt guide. The conveyor frame is an all welded construction with soli
round cross-members, welded ot the outside framework. The wse of bolts and nuts for fastenings is reduced to @
minimum. The cross-members not only act as stractural frame members, but also as belt supports. The weld-on fat
o are provided with gaps to the freely located plastic wear strips that help to support
the conveyor belt. No bolts, heles or nuts were used for fastening the ultra-tigh-melecul ight (UHMW) P:?‘
ethylcne wear sirips. To minimize cleaning time, these bell supperts are ensily lifted out of e frame by means of 2
quick tension-release armangement and without manual teols. The cut-outs in the frame allow spraying and ‘]“‘:d'
ing; of the: inside of the conveyor without lifting the belt, The conveyor shown is provided with a swivel-muunt
oller that releases tension, providing improved access to the space between belt and bearing strips for ""’“I:g
and disinfection. The frame member closest 1o the point where the belf runs onto the drive roller sprocket 3
serves s a guand. Stand-off egs keep lastencrs out of the food zone. Courtesy of Darner Conpeyers.

hallow section members, although completely sealed hollow section members are still more
preferable over open profile angle or channel sections, to minimize horizontal ledges and
crevices. Hollow sections should be sealed by welding.

Conveying surfaces shall be supported by a minimum amount of carrying surface or
bed as required (Figure 26.32b). The use of solid plate that expands the whole top surface of
the conveyor table to provide support to a belt s likely to increase contamination problems
and cause excessive wear of the belt (Figure 26.32a). Non-removable bearing surfaces for
belts cannot be cleaned easily. Rollers shall be used where practical, or line supports that
are easily removable for cleaning, The conveyor belt should have minimal debris reten-
tion, and running under a tumed-over section of side cladding (overhanging belt edges)
is not allowed because the whole surface of the belt cannot be cleaned, and the belt can-
not be lifted up to allow cleaning and inspection of internal surfaces and support members.
Also, pivoted covers cannot be cleaned easily. The use of fixed hinges is not recommended
because of the great difficulty of removing debris and microbial slime from between the
hinge segments (Figure 26.32a). Side guides used to contain product should be capable of
being removed. However, removable guides may cause problems because of the possibil-
ity of the fastening system working loose. The conveyor frame must be designed so that the
sides of the belt are turned up to form an integral guide to the belt. Besides this guide clad-
ding can be made removable allowing for effective cleaning (Figure 26.32b).

Il FOOD SAFETY ASSURANCE SYSTEMS
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FIGURE 2632  (a) The use of sclid plate (2) expanded over the whole top area of the conveyor table to provide
support (o a belt (1) is likely to increase contamination problems and cause excessive wear of the bell. The non-
removable bearing surface (2) for belts cannot be deaned easly. The conveyor belt should have minimal debris
retention, and hence numning under the turned-over section of side cladding (overhanging belt edges) is not per-
mitted as the whole surface of the belt cannot be cleaned (4), and the belt cannot be lifted up to allow cleaning
and inspection of intemnal surface and support members. Side guides used to contain product should be capable of
being nemoved. But removable guides also may cause problems beeause of the possibility of the fastening system
working loose. Prvoted covers (3) cannot be cleaned easily, and the use of fixed hinges is not recommended because
of the great difficulty of remeving debris and microbial slime from between the hinge segs 5. (b) Th yor
Frame bbe designed so that the sides of the belt are turned up to form an integral guide to the belt (7). Besides,
this guide cladding can be made removable allowing for elfective deaning. The conveyor belt shall be supported
by a minimum amount of carrying surface or bed (8) as required. Rods, slats, rollers or similar supports shall be
used where practical (CFPRA, 1983; Hauser et al, 2004b)

The drive motor of the belt conveyor should not be positioned over the product flow,
as this may result in contamination of the product by lubricants discharged from the drive
system. Otherwise, an adequately sized drip tray should be fitted. However, motors should
rather be located below the line of the product flow because the exposed motor may have
a fan that will scatter dust and dustborne microbes. The motor, gears and the chain must
be covered to avoid any contamination of food product (e.g. enclosed in a hygienically
designed and hermetically sealed housing). However, a chain guard (essential from an occu-
pational safety point of view), when open, may provide a place where product may accu-
mulate, allowing microbes to multiply to large numbers and so posing a contamination risk
for the food product on the belt (Figure 26.33).

Also notice that drive motors installed below food products are quickly splashed and
difficult to keep clean. The motor is also often of a type that cannot be washed with a high
pressure hose using water and cleaning agents. In that case, if installed below the line of the
product flow, the gears and motors of belt drives must be covered. Alternatively, cleanable
and sealed motors (wash down or easy clean motors), which do not require ventilation or
housings, can be used. Where needed, the motor, gears and the chain should be enclosed in a
hygienically designed enclosure or hermetically sealed housing (Figure 26 34a). IP55/54/67
motors can be easily cleaned and drained of water around the motor, if they are provided
with enough air space for cleaning and disinfection, maintenance and repair. Where possible,
use drum motors (motorized pulleys) (Figure 26.34b) that are fully closed, non-ventilated,
conveyor belt drives where motor and gearwheels are inside, submerged in a bath of food
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FIGURE 2633 Motors should rather be located below the line of the product flow. Gears, chains and mﬂ:j
drives must be covered o avoid any contamination of product. However, a chain guand (essential ‘m'::;_s 1o mudtiply
safety point of view), when open, may provide a place where product may sccumulate, allowing mi Conweyars. -
to large numbers and sa posing & contamination rsk for the food product on thi: belt. Courtesy of Domer Contey

FIGURE 26.34  (a) Where possilsle, the motar, gears and the chain should be enclosed in a hygicnically disigned
enclosure of hermetically sealed housing. b) An even better solution is applying a direct-drnven {drum 'I“l”""
insteadl of a chain-driven system. {a) Courtesy of Dew Rivsti Stilindustris Kompetonocenter i) Courtesy of Iiterroll
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FIGURE 26.35 (a) Pressed-in moller ends (1) create dead areas and crevices (3), where residues of praduct and
soil (#) may accumulate. (b) Flush roller ends (5) which are properly welded (6) to the roller and to the shaft (2)
avoud any hazard and can be deancd casily (CFPRA, 1983; Hauser ot al, 2004b).

L
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FIGURE 26.36  (a) Cut edges of belts (1) which incorporate reinforcing materials (2) are prone to penctration
of liquids into the interior by wicking (capillary action). (b) Therelore, embedded reinforcements, as well as fabric
backing materials (2) in conveyor belts, must be covered 1o avoid contact with the product. The edge should be
suitably sealed and covered in a way that the covered edge (4) bs shaped like a round rim (Lelieveld et al, 2005
Hauser et al., 2004b).

grade lubricant, providing at the same time lubrication and cooling. Drum motors make
gears and chains redundant. (Den Rustfri Stalindustris Kompetencecenter, 2006a).

The design of rollers, pulleys and sprockets shall be free of end recesses and shall be
closed if hollow. A welded construction should be preferred to a sealed design (Figure 26.35).

Embedded reinforcements, as well as fabric backing materials in conveyor belts, must be
covered to avoid contact with the product. Cut edges of belts which incorporate reinforcing
materials must be sealed to prevent penetration by wicking (capillary action) of liquids into
the interior (Figure 26.36).

Covers and Guards

It is difficult to obtain motors, gearboxes, etc. that meet the recommendation of EN 1672-2.
Protecting any of these items by means of covers or guards is recommended. These guards
must also protect the food product from contact with drive parts such as lubricated chains,
sprocket wheels, ete. The requirement of guarding machinery to ensure safety in operation
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may easily conflict with hygiene requirements unless considerable ca
construction, installation and maintenance. However, the housings or _E‘-'""-ds _sh
remavable to provide access for cleaning. From a hygienic and safety point of view, i
removable covers, guards or cladding should be avoided. They may not be put back, c'?:m_
ing a hazard for the operators in the environment of the process equipment and L”‘P‘”{"Eﬁ
food product to risk. Covers and guards also may become damaged during removal. Bars.
perfor.'tlud!punched sheet and weld mesh (Figure 26.37) stainless steel guards u:alh an DP;::
area of 40-50% give good protection from moving equipment parts, and permit “Eu."r’sb-,_
cleaning and disinfection by spray nozzles or hesing down procedures. For good drainabi
ity, covers should always have an angle and should be free of panel joints.

Where possible, hinged covers and guards that pivot outboard should be used. E:“t i
few hinges as possible, with the least number of parts. In view of cleaning and disinfection,
continuous and piano hinges are not allowed. Block or pin hinges are a possible option, but
should have removable hinge pins or be the lift-off type. Finally, the exterior of enclosures is
easier to clean if internal hinges are used.

Maintenance Enclosures

Maintenance enclosures (e.g. electric control panels, junction boxes, pneumatic/hydraulic
enclosures) must be designed, constructed and maintainable to ensure that the product water
or product liquid does not penetrate into, or accumulate in or on, the enclosure. The cabi-
net and operator panel are mounted where they will be least exposed to splashes. Electrical
control cabinets mounted on the exterior of the equipment shall be watertight and sealed to
the supporting member with food standard silicon seal, or spaced sufficiently away from the
member to permit cleaning of all surfaces. A minimum of 20mm between the control and sup-
porting member shall be provided, Electrical enclosures can also be sealed to a wall {with food
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FIGURE 2638 Electrical enclosures can also be sealed to a wall {with foed standard silicon seal), or shall be
spaced at least 30mm away or at a distance equal to one-fifth of the shortest dimension of th electrical enclosure
paradiel to that wall, to prevent a soil trap being created at the rear of the enclosure and to allow for adequate sccess
for cleaning. Susp should be of a solid steel round tubing to prevent the formation of 3
flat horizental surface wheseupon dirt may collect. Crurtesy of Rittal,

standard silicone seal), or spaced away at least 30mm or at a distance equal to one-fifth of the
shortest dimension of the electrical enclosure parallel to that wall, The distance between the
cabinet base and the floor should be no less than 0.3 m. Horizontal surfaces should be mini-
mired or avoided by installing a top roof with a minimum 30° inclination towards the front to
allow water to run off and prevent tools being placed on the top. The front edge of the inclin-
ing cabinet top should reach beyond the front door and the seal (Figure 26.35). To prevent
condensate dripping from the field box into the product, field boxes should not be placed in
or above the contact area. Furthermore, field boxes should be located such that easy access
for maintenance and cleaning is practicable. All connections (e.g. cable ladders or wire trays,
trunking, conduit, cable, etc.) to cabinets or field boxes should be made via the bottom side of
the cabinet. Connections of cables and wires to housings must be sealed (Moerman, 2011a).
The control and indicator devices must be constructed of durable and mechanically sta-
ble (unbreakable, resistant to steam, moisture and the actions of cleaning and sanitizing
agents, abrasion and corrosion resistant) material. Commonly used food grade plastics for
the construction of control devices and indicator lights are polyamide (PA), polycarbon-
ate (PC), pniynxyml:lhylene {POM), silicone and acrylonitrile butadiene styrene (ABS).
Control devices and indicator lights in contact with foed should be shaped so as to avoid
the accumulation of dirt and bacteria, and to facilitate cleaning (Figure 26.39). The device
heads must have smooth and crevice-free surfaces that are easy to clean. Device head to
front panel transitions must be smooth, without corners and edges. Push buttons, when
touched, should not penetrate deeply in the front panel far beyond a (protruding) frame
edge surrounding the button. Connections must be conceived in such a way that protruding
parts, strips and concealed corners are restricted to a minimum. The connections of inside
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e the
FIGURE 2639 Control panel with hygienic control and indicator devicss, Seals should fil Wﬁ:ﬂ:m pertert
fixed and moving device parts, to avoid the ingress of produet residues, lubricants and mm;:] panel. Adequate
hermetic seal i also requined 10 prevent the ingress of moisture, dust and dirt within the con -Selimersal.

. d be provided bet I and indicater devices for easy cleaning. Courfesy of Eln

surfaces must be made with curves of sufficient diameter. Seals should il the g;p_i be;w:::
the fixed and moving device parts, to avoid the ingress of product residues, lu m:? mois-
organic materials. A perfect, hermetic seal is also required to prevent the ingress ting for
ture, dust and dirt within the control panel. An P67 or IP67K ingress protection fatin B0
control panel ench is highly recommended. Control panels with mﬂtm] and "::d o
devices shoud be installed in vertical or declining position, such that fluids (SPII!;'!! b
and cleaning solutions) are able to flow from the control panel. Adequate space & u;:ma-
pravided between control and indicator devices for casy cleaning, Further hygienic al sith
tives to control panels with push buttons and selection switches are membrane panels W

A 22% inclination or touch screen displays.

HYGIENIC DESIGN CLOSED EQUIPMENT FOR PROCESSING OF
LIQUID FOOD

Process and Utility Lines

Hygienic Design of Process and Utility Lines

To avoid the formation of standing “pools® of liquid that can support the growth of
microarganisms, process and utility piping runs should be sloped to at least 3% in the direc-
tion of flow and should be properly supported to prevent sagging (Figures 26.40 and 26.41).
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(a) ()

FIGURE 26.40 (s} Sagging of piping must be avoided because standing "pools™ of liquid can support the growth
wf microorganisms. Changes in the level of horizontal runs of pipelines should be avoided otherwise there will be an
undrainable section. Horizontal nuns of pipe which are routed vestically up and then down to by-pass beams, door-
‘ways or other chstructions will allow air to collect in the raised section. (b) Process and utility piping runs should be
sloped to at least 3% in the direction of flow. Piping must be installed in a way that air does not collect in the raised
section. While automatic air release valves can be installed {on top of clevated horizental pipe sections) to remove
trapped air, the reulting dead leg may cause contamination and /or cleaning problems. Where liquid collects in a
lower horizontal pipe section, fitting a valve in a shortened tee allows that liquid to be drained (CFCRA, 1997),

FIGURE 26.41 Non-drainable pipe (Hauser et al, 2007},

Blanked-off tees should be avoided where possible as they constitute a potential haz-
ard. A dead space, being an area outside the product flow, where liquid or gas can become
stagnant and where water is not exchanged during flushing, is formed. An air pocket may
be present if the branch of a blanked-off tee is pointing vertically upwards (Figure 26.42a),
Hence it will prevent liquids (cleaning solutions, disinfectant solutions or hot water) from
reaching all surfaces to be treated, with the result that cleaning-in-place and decontamina-
tion processes will be unsatisfactory. Drain points pointing downwards that act as a dead
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FIGURE 26,42 (a) When cleaning and disinfection solutions (1} flow through the piping, an air pocket (2] will e
fﬂmucli"hehmﬂndabh&:dqﬁlzispomulm\mnyupw‘a:ﬂ&11"3"\"” pumﬂ*"”“““"“"'";wm
surface in the dead leg, (b) Drain points poinfing downwards (3) again act as a dead leg, providing an anci of entrap-
ment which may ot be reached by cleaning or sterilizing procedures, and hence they lead to contaminghior
prochuct. Monaover, during a hot water tratment, thi: hut water 2lso will stagnate in the downwards F“m"m']"‘:'t‘[t’]-
50 that the: kemperaturt of the surfaces in the dead area may be lower than required as the consequence of heat loss (1)
{€) & downwards pointing dead area lso wil collct comdersate (6) due to heat loss (1) during steam steriliz3ion ()
wwith the nesult ihat again the temperature of the surfaces in the dead area may be lower than required. Mzo'}m
should be posifioned such that they are a few degroes above the horizontal (Lelieveld ot al, 2003, Hawser ot 41, 230
Teg (Figure 26.42b) are not acceptable because they provide an area of entrapment “,:::,h
may not be reached by cleaning or sterilizing procedures, and hence they lead to con the
mation of the product. During a hot water treatment, the hot water will also stagnate in be
downwards pointing pocket, so that the temperature of the surfaces in the dead area ey ill
lower than required as the consequence of heat loss. A downwards pointing dead area Wit
also collect condensate during steam sterilization (Figure 26.42¢), resulting again in the:teth
perature of the surfaces in the dead area being lower than required. .

The direction of the flow of food product has a significant influence on the residence time
in the dead leg. When the food product flows in the direction as indicated in Figure ..t-.-!.:al,lw
and ¢, part of the product will stand still in the dead leg, especially if the length or depth of |
Tesectionis oo long If the length of the T-section is equivalent to the diameter of the main pife:
a flow velocity of 2m/s in the main pipe already results in a reduced velocity of 0.3m/s mh[- :
T-section. This decrease in flow velocity provides a relatively stable pocket or dead leg in whic
Product residues can accumulate and microorganisms begin to multiply. Long T-sections out:
side of the main flow of cleaning solutions are also very difficult to clean. During cleaning there
is much less transfer of thermal (heal), chemical (detergent and disinfectant chemicals) and
mechanical energy (action of turbulent flow) to the food residues in the zones and T-sections
which are further outside the main flow of cleaning liquids than to the soil in the main flow.
Notice that flow away from the dead leg (Figure 26.430 and ) gives rise to mone contamination
problems and problematic cleaning, as velocitics in these dead legs are even much lower.

A properly designed food processing line should not have unnecessary dead legs, and
where they cannot be excluded, they should be in the correct position for the selected clean-
ing and decontamination process and should be as short as possible. For pipe diameters of
25mm or larger, T-sections should have a depth/length preferably under 26mm, while for
smaller pipe diameters this length should be smaller than the diameter, Blanked-off tees
should be positioned such that they are a few degrees above the horizontal. The dead leg
will then be drainable but not necessarily cleanable even if made as short as possible. If a
sensor must be installed in a process line, it should be installed in a bend on a shortened tee
ina position so that the flow of eleaning fluid is directed into the tee (Figure 25 43¢ and ). Where
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FIGURE 2643 When the food product Mlaws in the direction as indicated in {a), (b) and (¢}, part of ihe product
will stand still in the dead leg, especially if the length or depth of the T-section is too long,. Long T-sections outside
of the main flow of cleaning solutions ane also very difficult to clean. For most liquids, the dead leg should be posi-
tinped as shown in (d, () and (f). The configuration in (f) is quite acceptable if | < d, because the low directed into
the short dead leg provides sufficdently high velocities for proper cleaning. I the dead leg is very short (i £ d), con=
figueration (d) is acceptable, although fow across a dead leg results in much lower velocities within it and thus only

ides moderate deaning, Configuration fe) may not be suitable; if products contain any particulate matter that
may accumnulate in the dead leg (CFORA, 19957 Lebeveld of al, 2000, Hauser et al, 207).

an angle valve is installed in the process piping circuit, this valve must also be mounted in
a shortened tee so that no or a minimum of annular space above the side branch is formed.
Again the flow of cleaning solution must be directed into the tee.

For most liquids, the dead leg should be positioned as shown in Figure 26.43¢, d and f,
The configuration in Figure 26,431 is quite acceplable, because the flow directed into the
short dead leg provides sufficiently high velocities for proper cleaning. If the dead leg is
very short, configuration Figure 26,43d is acceptable, although flow across a dead leg results
in much lower velocities within it and thus only provides moderate cleaning. The configura-
tion in Figure 26.43¢ may not be suitable if products contain any particulate matter, which
may accumulate in the dead leg. In all cases, the cleaning procedure must take the presence
of the dead leg into account.

iversion should not be done in a way that would cause part of the product to
stand still in a dead leg. The two-valve system for flow diversion (Figure 26.44a) creates a
dead leg towards the closed valve. The correct type of valve is shown in Figure 26.44b,

For horizontal piping, eocentric reducers should be used instead of concentric reducers,
because the latter provides a dead spot where condensate and dirt may collect (Figure 26.45).
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{a)
). The

FIGURE 2644  (3) Flow diversion should ot eause part of the product (1) (o stagnate in & d'?:. ';;;',‘3:,,,,,

system of two butterfly valves (3) for fow diversion creates & dead area (2) towards the closed va

rect type of valve is shown on the right (Lelieveld el al., 2003; Hauser et al, 2007).

<

FIGURE 2645 Changes in pipe diameter should be made by the use of neclugers to ensure a smovth transition
of the product flow. In vertical piping, a concentric reducer is fully acceptable for food product (1) to faw. Howeves
this 15 net the case for hari piping. where the i reducer (2) prevents full drainage if product flow is in

the wrong direction. A dead spot is created where condensate and dist {3) may collect. For horizontal piping, eocen®
tric reducers (4 ane profermed. The naducers should be Jemg enough (4) 10 aveisd shadow zones. If 4 short eooentne
reducer (5) is applsed, 2 potential shadow zome (6) will be created (Letieveld ot al, 2003 Haneer of al, 2007)

Hygienic Integration of Process and Utility Piping in Food Factories

Welding of attachments on food processing support piping is not recommended. They
can cause stress on the pipe and the part of the supporting anchoring structure. All hang-
ers and supports have to be designed in such a way that they either move together with the
pipe (roll or slide) or they can swing without exposing any stress either on the pipe or on
the part of the supporting anchoring structure.

All process and utility piping should be grouped together in pipe trains whenever pos-
sible. All these process and utility piping should preferably be positioned in a way that
all exterior surfaces are readily accessible, o allow cleaning from all sides. The points of
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(2) L]

FIGURE 2646 ({a) Incurrect and cormeet installation of hoses on fixed pipes. (b) Hoses attached to stainless steel
pipes should be clamped at the very end of the pipe to minimize the amount of dead space between the clamped
portion and the end of the pipe. Courtesy of Huulr Lelscveld, personal commun icabion,

use should also be grouped in an attempt to minimize individual ceiling drops. Vertical
entrance of piping into the equipment is more hygienic than horizontal piping runs.
Running of process and utility piping over open equipment in food preparation areas is
unacceptable, and nesting of ductwork should be avoided.

Hoses

The use of hoses is not recommended, because failure of hoses can occur due to over-
stretching, kinking, rough handling, mechanical impact, ageing, fatigue, abrasion, corrosive
atmospheres, etc., and because the chance that leakage of liquid occurs is much higher than
when fixed piping is used. Therefore, hoses need regular inspection for damage, deteriora-
tion and cleanliness. They should be cleaned and maintained in good mechanical condition.
Braided (woven wire or fabric) covers on hoses should not be used.

Out of service hoses must be hanging without touching the floor, and must never hang over
open process equipment, Hoses attached to stainless steel pipes should be clamped at the very
end of the pipe to minimize the amount of dead space between the damped portion and the
end of the pipe (Figure 26.46). Hoses should not exceed 3 meters in length. When not in use,
the ends of the hoses should be covered or capped to maintain proper hygienic conditions.

Pipe Joints
Welded Pipe Joints

It is strongly recommended that the number of joints, whether welded or detachable,
is minimized. Cold bending of pipes is highly preferable to the use of prefabricated bends
which have to be installed using joints. Although more hygienie, this is still true for welded
joints as they are the weaker places in a process system.

Welding is the preferred method of joining, provided that it is done cormectly. Stainless steel
sanitary tubing joints should be made by automatic orbital welding (Figure 26.47) whene possible

1. FOOD SAFETY ASSURANCE SYSTEM



716 26 HYGIENIC DESIGN AND MATNTENANCE OF EQUIPMENT

FIGURE 26,47 Stainless steel sanitary tubing joints should be made by automatical orbital welding where pos-
sible (Kupitzhe ot al, 200%).

and hand welding in those places that are difficult to access, However, those welds that are dli1[1
ficult to access should wherever pussible be completed in the kshop prior to 1r|5ln||ah0f: :
the plant. The applied materials should be easily weldable, and a higher alloyed filler me
comparison to the welded material should be used to improve the cormosion resistance. PP
with the carrect interior diameters should be applied because any mismaleh in diameters or mﬁ;
ness may result in misalignment introducing a step in the wall or bore. If the diameters of
Pipes o be joined are not the: same, then the smaller pipe should be expanded to match the larger
Misalignment can also be due to incorrect fitting up (missed coincidence between the axes of the
two coupled components) prior to welding, Alignment and clamping toals are available Lo ensure
accurate alignment. Misalignment tolerance must be limited to less than 20% of the wall thickness.
For proper welding, the parts to be welded should be adequately prepared, Cutting
should be done with a mechanical mill or saw to ensure that the cut face is exactly at right
angles to the longitudinal axis of the pipe. Any burrs must be removed with cither a file or
emery paper. Care must be taken not to remove the corner edges of the pipe, as this can give
rise to problems with fusion of the root of the weld. The pipe surface 25mm either side of the
weld should be roughened up with a stainless steel wire brush, or emery paper. Then both
pipe ends and roughened surface area should be degreased with a solvent and cleaned of
contaminants. Any organic substances remaining on the metal surface are vaporized during
the welding p and form bubbles (porosity) in the weld metal that may trap product.
After two deburred pipe ends are aligned and butted together to a gap of less than 025mm
between both pipe faces, a butt weld joint is made by fusing together the two stainless stecl
edges with the aid of filler material. If the gap during the joint preparation is too wide, a crack
running along the weld metal itself may result (centerline cracking). Full penetration welds
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should be used whenever possible to avoid pockets where volumes of gas or contaminants can
be trapped. Single pass welds should be utilized instead of multi-pass welds to avoid trapped
volumes. The weld metal should exactly fill the joint and remain flush with the surface.
Underpenetration leaves a crevice at the joint, while excessive overpenetration can give rise to
hold-up of product in pipework once taken into service. The weld metal in the joint must be
fully fused to the parent, otherwise a crevice will form at the interface between weld and plate.
Weld zones should be continuous, smooth and flush with the parent metal. Welding should
always occur with sufficient weld seam protection, because insufficient inert gas shielding or
no internal purge will result in roughened welds of lower corrosion resistance that are prone
to increased adhesion of soiling and difficult to clean. Typically, where inert gas shielding was
'madequate. significant discoloration or carbonization in the heat-affected zone is observed.

Weld slag and debris generated within the pipe must be removed from the inside and
outside of the weld by proper maintenance and cleaning practice with an alkaline deter-
gent solution prior to the start of the production process. This is followed by rinsing with
water of good microbiological quality, usually chlorinated water to 2ppm available chlorine
maximum. After draining, the access points should be covered and sealed. In some circum-
stances there is an additional requirement to passivate the weld area on the product contact
side. The welds may be mechanically polished (outside) or electro-polished (inside and out-
side), but air leakage should be monitored after the polishing procedure.

Finally, weld seams should be visually inspected for any discoloration and surface-breaking
defects, usually by endoscopy and aided by dye penetrant tests that highlight these defects.
Inspection personnel should be trained and act with caution to aveid internal surface dam-
ages while handling endoscopic tools (Hauser et al., 1993; Kopitzke et al,, 2006),

Detachable Pipe Joints

Pipework may be designed for rapid regular dismantling to permit cleaning, or the plant
may be designed for cleaning-in-place (CIP) or sterilizing-in-place (SIP) without disman-
tling the plant. In such equipment it is important to avoid crevices and gaps where prod-
uct residues can accumulate and potentially begin to decompose. Therefore, from a hygiene
point of view, the use of threaded piping is not recommended, because it provides crevices
and areas where bacteria can adhere and proliferate. To make detachable joints the use of
conventional O-ring grooves is not recommended, because these groove designs leave a
considerable free space in the groove. Other hygienic requirements for detachable joints
include coaxial alignment of the two mating bores, axial stop for controlled compression of
the seal, room for thermal expansion of the seal and avoidance of sharp edges such that
seals are not damaged. Where there are depressions and steps of more than 0.2mm in the
pipewaork, the flow of cleaning fluid may not thoroughly wash the surface and proper
draining of the piping will be hampered. Hence, when making bolled flange fittings, a lot
of care should be taken to avoid offsets, gaps, penetrations and voids, A further aspect to be
considered is that the seal material must be compatible with both the system product and
the cleaning fluids which may be at a much higher temperature.

A number of specific pipe couplings and seal arrangements have been developed for
hygienic applications. Some types are covered by national, international or internal com-
pany standards, but many of these have been in use for some considerable time and are not
considered to be compatible with current requirements in some areas of the food and drink
industry (Table 26.2).
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TABLE26.2 Several Well-Established Couplings have been Assessed for Applications in the Food Industry
(CFCRA, 1997, Lelieveld et al., 2005; Hawser, 2008b)

Type

Hygiene Characteristics

Application

3-A coupling - ground seat

3-A coupling — gasket seat

Dairy coupling DIN 11851 -

standard gasket

Dairy coupling DIN 11851 —
non-standard collared gasket

When these surfaces become permanently damaged,
it becomes more difficult to obtain a tight seal after
every disconnection. The metal-to-metal seat does
not prevent the partial penctration of kow viscasity
liquids or the ingress of microonganisms. Even if
the joints are not visibly leaking, the ingress of
microorganisms is possible. Furthermore, the scal
obtained is very unlikely ta be continuous at the
interface with the product. More likely, the actual
seal follows an irregular ling between the inside
and outside. The resulting annular crevice will trap
product,

When correctly fitted and assembled a smooth,
crevice-free internal surface is obtained.

There is an internal annular crevice between the
ends of the coupling parts and the bore of the gasket
Product may be netained during production and/or
after CIP. An additional potential problem with the
design of this fitting & that it has a clearance on the
cone fitting: as a consequence the two pipes are not
aulomatically aligned. This could give rise loa
potential step in the pipe joint. Does not comply
with 3-A or EHEDG sanitary design crileria,

It providis a semouth crevieefroe intermal surface
when correctly itted and assembled, However,
because of the mobility of this type of coupling
and of the alternating expansion and contraction of
the gasket, this gasket may be damaged by shear
Drres not comply with 3-A or EHEDG sanitary
design criterda.

Not recommended
for use in hygienic
plant pipelines and
CIP installations,
because the internal
annular crevice may
retain product dunng
production and for
after cleaning in-plce
Ttis widely used 10
situations wherea
gasket is unacceplable

Suilable for handling
most products and for
cleaning in-place.

Often found in the
food industry (pipes
and tanks) due o

the fact that itis
reasonably priced.
Mot considered a5
suitable for CIT, which
means that the fitting
should only be used
where the pipewark is
manually cleaned.

Mot recomminded for
use in hygienic plant
process lines and CIP
nstallations.
Expensive and does
net fulfill
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TABLE 26.2 (Continued)

Trpe

Hygiene Characteristics

Application

Dsiry coupling DIN 13851~
aliernative gasket with SKS ring

TDF coupling ISO 2853 with
L-gasket

1DF coupling 150 2853 with
noo-standard T-shaped gasket

1DF coupling 150 2553 with
metal-backed T-shaped gasket

Recessed ring joint type (RJT)
screwed coupling

With support of the etec] ring the gasket remains.
fAush with the surface. The special designed gnsket
fills all dead areas in the coupling and will expand
to the outside in cases of high lemperatane. At
elevated temperatures, expansion of the seal to the
inside is limited. This solution takes all critical

Stainless steel center
ring and a gasket is
an easy solution lo
upgrade a DIN 11851
coupling to a hygienic
status. As a smooth

points of a DIN 11851 coupling away. Complies with surface gives excellent
3-Aor EHEDG sanitary design onferia. cleanability.

When the coupling i v fitted and bled,  Thiscoupling is

a smooth continuous bore and internal surface recommended for
without crevice is obtained, so that dleaning may be applications where

performed without any problems,

When properly made up, the joint is crevice free and
has a smooth bore, flush with the pipe walls. 1f
overtightened, the gasket may expand into the bore
of the pipe, which creates a step where product can
become trapped. Unless the nut is tightened
cormctly, the coupling will not be bacteria light.

By supporting the seal with a stainless steel nng,,
both axial stop and g can be ach

CIP is normally
practiced. Widely used
far pasteurized drcuits
where dismantling is
infrequent.

Maost suitabile for
permanent or
semi-permanent
installations that are
Eoing to be cleaned
in-place. If the seal
material is subtable,
ihven it can be
sterilized.

Mast suitable for
or

allowing the connection to meet the Trq\llm'ngﬂu af
hyghenic design. The rubber is specifically shaped 1o
Eive a fush interior joint when the union is
tightened.

There i an internal annular crevice between the Lines
and the male part and the bore of the joint ring, Hence,
product may be irapped and retained between the two
mielal components during production and could eause
prublems if certain products are bandled, Does not
comply with 3-A or EHEDG sanftary disign eritena

semi-pemmanent
installations that are
going 1o be cleaned
in-place. If the seal
material is suitable,
then it can be
sterilized.

This type of coupling
is ecommended for
use where piping
systems ane [requently
dismanitled, but 1 not
suitable for CIP
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TABLE 26.2 (Continmesd)

Type Hygiene Characteristics

Application

Coupling DIN 11664 form A A smooth intecface within the pipe work while
simultancously achieving a metal-to-metal seat
behind the joint. A sulficient gap is created between
the seal and the product space o facilitate rinsing in
cleanifg processes. This gap also serves as an
expansion space that can sccommaodate volume
expansions in the malerial as a result of heat or the
influence of media without forces that can result in
shearing. The groove is designed to minimize
protrusion of the O-ring into the pipe bore. Complies
with EHEDG and 3-A design criteria.
Coupling DIN 11664 form B The volume of the functional part of the gasket

- {dinmand section) is minimal to limit the effects of
thermal expansion. A small anca of the gasket is
expesed to the product. The width of the gasket is
only 1 mm. The block of elastomer behind the seal
will ace date the thermal expansion, relieve
shress biild-up on the sealing faces and limit
expansaon into the product sineam to a minimum.
The small functional part of the gasket can expand
in two directions. To prevent air from being trappaed
between the gasket shoulder and the male part
grove small slits are providid on the oulside,
aching as vents,

Standard SMS 1145 coupling  Standard SMS couplings are not hygienic because an
intermnal annular erevice is formed in which product
may be retained during production and/er after
eleaning-in-place. The bore of the gasket may

retain procluct.

Leprofile gasket is available but does not provide
self-centering, A Iater version when cosrectly fitied
and assembled provides a smaoth crevice-free intermal
suiface.

(DS coupling is simular ta thus  Dues nost comply with 3-A er EHEDG sanitary design
coupling) eriteria

Itis used in the
brewing and

dairy industry in
applications where
pipework is manually
cleaned. Excellent for
flow plates, owing

1o wide d
tolerance on mating
bends.

Oyptimal for aseptic
operations because
they are successfully
tested fior CIF-ability.
steam stenlizability
and bacteria tightne=-

imal lor aseptic
uop'::ﬂiurt because
they are suceessiully
jested for CIP-ability,
steam stenlizability
and bacteria tightness

Only the latter
version is suitable
Tor handling viscous
products and for
in-place cleaning.
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TABLE 26.2 (Continued)

Type Hygiene Characteristics Application
5MS5 1145 coupling - When correctly fitted and aswembled gives 2 smooth Suitable for handling
aliernative gasket creviee-free internal surface. viscous products and

for in-place cleaning.

Clamp coupling 150 2852 The seal is considered to form a smooth crevice-free Olten found in
joint between the liners, which makes clamp-type the food and
couplings suitable for CIP duties. Some users have pharmaceutical

indicated a preference for clamp fittings rather than industry (pipes and
screw-type couplings because in the event of a spill, tanks). Not considered
serew thread ot be diec inated eff Ay as suitable for CIP.
Clamp-type couplings an: perceived to have the

advantage that in the event of a product spillage at

the fitting there is no thread to becarme filled with

product that may be difficult 1o clean.

Varivemt® flange coupling Vanvent® flange coupling ensures a smoath Successiully tested for
transition, free of dead space. It complies with CIlM-ability. Suitable
EHEDG and 3-A design eriteria, for aseptic processes.
The seal is almaost completely encapsulated. The Optimal for aseptic
highest press-om power is found at the transitions to operations because it
wetted areas, preventing dirt and germs from has been suceessfully
penetrating into the scaling space behind the sealing tested for CIP-ability,
element. Dead volume is mimmized. Complies with steam sierilizability
EHEDG and 3=A design criteria. Successfully tested and bacteria tightness.

for CIl-ability.

Hygienic Design of Pumps
Hygienic Design of Centrifugal Pumps

While it is often convenient for the arrangement of pipework o orientate the casing of
a centrifugal pump so that the outlet port is pointing vertically up, this will result in the
pump casing retaining liquid up to the level of the inlet port. The pump casing is drain-
able through the outlet port if the pump’s outlet is arranged to point horizontally at the
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ump's outlet is arranged &
position, and hence fully

FIGURE 26,48 (a) The pump casing is drainable through the outlet port if the p
point harizontally at the bottom. {b) Now the centrifugal pump is installed in a vertical
drainable through its suction port. fa) Courtesy of Petrck Wouster, Linilever, (b) Courtesy of Hilge.

bottom (Figure 26.481), o the pump casing can be made drainable through its suction port
ifinstalled in vertical execution (Figure 26.48b).

Hygienic Design of Rotary Lobe Pumps

Rotary lobe pumps having unhygienic design features can only be cleaned effect
after dismantling. To avoid any introduction of contaminants into food product and to allow
for CIP without dismantling, rotary lobe pumps should be hygienically designed. Metal-to-
metal joints should be eliminated by hygienic application of O-rings; O-ring groove design
should be improved and O-rings should be positioned more appropriately, or alternatively
gaskets having controlled compression should be used; sharp cormers must be rounded to
a minimum radius of 3mm; the length of the annular space within the mechanical seals
should be reduced by changing the design of these mechanical seals (e.g. the elements of the
mechanical seal should be reversed and the radial distance increased); any exposed threads
(e.g. threads of the rotor shafts, Figure 26.49) should be covered by crevice-free domed
retainer nuts; or even better, the rotors and shafls should be designed as an integral con-
struction so that rolor retaining nuts and associated metal-to-metal joints can be eliminated,
s0 that the inside of the front cover can be made completely flat and free of space holes for
rotor retainers.

Some types of rotary lobe pumps are traditionally positioned in such a way that drain-
ing is impossible without dismantling but the same type of pumps can also be designed for
installation in a drainable position. As an example, the inlet and outlet ports of rotary lobe
pumps have been arranged traditionally in the horizontal position as this has again been
convenient for connecting the pipework. This results in the retention of liquid in the cas-
ing up to the level of the inlet and outlet ports, Nowacdays there are well-designed hygienic
rotary lobe pumps available with the ports arranged in the vertical plane (Figures 26 dup
and 26.50) so that it is possible to drain the casing.

ively
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FIGURE 26.49 (a) Ingress and retention of product and for microorganisms in the threads of the motor metaining
nuts should be avoided by making use of crevice-free domed retainer nuts and by application of O-rings. (b) In an
improved version, the rotors and shaft should be designed as an integral construction. With the ports arranged in
the vertical plane, it is possible to drain the lobe pump casing. Courtesy of Burggrasf & Partiers, warburggreafcc.

FIGURE 26,50 Nowadays there are hygienically designed rutary lobe pumps available with the ports arranged
in the vertical plane, SPX Flow Technology - brand Jolerson Puenp.

Sensors and Instrumentation

Incorrect mounting of sensors in process lines will result in large dead areas which are
unacceptable (Figure 26.51). Instrument branches, which could become a dead leg when not
properly installed, should be installed vertically upwards to keep condensates, debris, sus-
pended solid particles, flakes, etc. from collecting in the sensor or from falling into the sen-
sor and the measurement system. However, the length of the dead area must be as short as
possible and its cleanability must be demonstrated, For all pipe diameters the length of the
upstand should be smaller than its diameter ({ < d).
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FIGURE 26.51 The pressure gauge is mounted on (o0
long a tee branch such that an unacceptably large dead area

is created. Coirtesy of Huub Lelicoeld, personal Pr

FIGURE 26.52 Incorrect mounting of serscrs (2) in process lines (1) may give rise to tees with clased ends (3)
that if too long weill result in large dead areas. () But a swept tee if mounted in a horizontal pipeline may impede
drainage {4]. (b) Swept tees should be mounted in a vertical pipeline. Dimension [ must be as short as pessible rela-
tive ko dimension o, maximum | = d {Lelieveld e al, 2003; Hawser of al, 2007)

It is possible to avoid such dead areas by mounting, e.g., the pressure transmitter on a
swept tee (Figure 26.52). However, swept tees must be used with caution, as a swepl tee in
a horizontal pipeline could hamper draining. Swepl tees should be mounied in a vertical
pipeline. Dimension | must be as short as possible relative to dimension d, maximum | = d.
Al ively, pressure tr itters with tubular membranes, with the same inner diameter
as the adjacent pipelines, can be installed in standard spherical valve bodies welded into the
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FIGURE 26.53 The pressure transmilter with tubular membranes, hav-
ing the same inner diameter as the adjacent pipeline, can be integraled into
the process, installed by means of a clamp fitting in a standard spherical
valve body welded into the piping. The stainless steel diaphragm is sealed
by O-rings fitted into grooves such that there is no metal-to-metal joint on the
product side. This way of mounting a pressure transmitter provides a dead
space-free, ush transition from the process line to the pressure transmitter.
Courtesy of WIKA,

piping by means of clamp fittings. The stainless steel diaphragms are sealed by O-rings fit-
ted into grooves such that there is no metal-to-metal joint on the product side (Figure 26.53).
This way of mounting of pressure transmitters provides a dead space-free, flush transition
from the process line to the pressure transmitters,

Temperah is Ily based on electronic detection of a change in resist-
ance. The actual temperature sensor elements used integrate either platinum thin film
resistors (Pt100, etc.), or employ other sensing elements with a varying electrical resistance
against temperature (NTC or PTC resistors). Also semiconductor devices are common. The
temperature sensor element itself is covered by a protective sleeve, a highly polished, closed
tube typically made of stainless steel. Only one surface of the thermowell has Auid con-
tact, the sensor being installed inside. For these temperature sensors, a close thermal and
mechanical contact to the liquid to be measured is needed. Therefore, often a paste with
high thermal conductivity is used inside thermowells.

Temperature sensors should not be mounted on teo long a tee branch because an unac-
ceptable large dead area is then created. Thermowells with flanged process connection
(Figure 26.54) can be integrated into the process, installed by means of clamp fittings in
standard spherical valve bodies welded into the piping. The sheath of the probe is welded
into one of two blanks which are sealed to the spherical valve body by O-rings fitted into
grooves such that there is no metal-to-metal joint on the product side. This way of mounting
of a temperature sensor provides a dead space-free, flush transition from the process line to
the blank containing, the thermowell.

A surface probe with the inner diameter of its pipe the same as that of the adjacent piping
is, from a hygiene point of view, an excellent choice. However, the thermowell can also be
dim:tly fitted via an orbital welded pocket (Figure 26.55). Attention should be given to the
quality of the weld, which must be smooth and continuous. Furthermore, to avoid shadow
areas, the direction of the flow must be as indicated.

For temperature measurement in tanks and larger vessels, the thermowells can be con-
tinupusly welded to the tanks with welding balls or welding collars, after which the inner
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= e to the
FIGURE 26.54 This thermowell, having the same inner diameter as the adjacent pipeline, i hw“ﬂr::-oma.hza;
pro<ess, installed by means of a clamp fitting in a standard sphevical valve body welded into the [-::IE-‘VLS' [itted mnto
of the probe is welded into ane of the two blanks which are sealed to the spherical valve hj: b’;ualms.’marrm
T as L ting a bem|
fprotvies such that thime is no metakto-metal joint on the paoduclsudr_ny wy_t’_fml’{;:hi“wﬂ_ Courtesy of WIKA
5

2 \»/

vides a dead space-free, flush transition from the p torthe
w==__|= *

FIGURE 26.55 To avoid dead areas, the pocket for the temperature probe (2} may be welded in the ""’"“‘l}
Aow (1) theough the pipeline. Attention should be given to the quality of the weld (3, which must be smoath o

i Welding, of the temp probe into the bed may be done off-line, after which the bend can be bl
pesmanently (by welding) or with dismountable joints into the piping system. In the latter case, the bend section [&
detachable {4) (1olieveld et al. 200, Hauser et al. Z007)

welding seam is polished and passivated after welding. Sensars also can be installed via
a hygienic process connection sandwiched (detachable seal joints such as O-rings) into the
pipeline (Figure 26.56). The dimensions of the O-ring and the design of the groove to be
used for mounting sensors are critical to achieving controlled compression of the seal. The
O-ring needs periodic maintenance with an inspection of the O-ring upon dismantling.
Used O-rings should not be reinstalled.

Valves are used to change the direction of the flow of product or cleaning solutions (selec-
tion of the product routing) to regulate the flow and pressure to protect a process system
against overpressure. The cleanability of a valve is largely determined by ils internal geom-
etry, the way in which the inlet and outlet connections are made, and the seal between the
fluid and the external environment. The seals may be under a static load or dynamic with
linear or rotary motion. Valves must have the following properties:
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FIGURE 26.56 In the product arca (1), a sensor {2) can be installed via a weld-in adapier (3) and a hygienic
pricess connection sandwich into the pipeline. The detachable seal joint (eg. O-ring, 4) is almost carnpletely
enclosed with the surrounding metal protecting the non-product side from the product contact area (Lelieveld
et al., 2003; Hauser et al, 20807).

Be fully drainable, without the need to dismantle;

Be resistant to wear and easy to maintain;

Have the minimum number of seals, positively retained and flush with adjacent surfaces;
Tynamic seals on valve shafts in contact with product must provide an absolute barrier
between tha product and the environment to prevent microbial recontamination;

+ Where unava:stle, springs in contact with product should have minimum surface
contact area;

Allow rapid visual detection of inter. 1. !uge.

The following are hygienic requirements for different types of valves (CFCRA, 1997;
Schonruck, 2005):

* Diaphragm valves used as back pressure valves need visual detection of leakage (usually
there are leakage holes in the valve bonnet), because damage to the diaphragm can result
in product leaking through into the non-product side. Such an event may give rise to

C ination, and cleaning and disinfection will become nearly impaossible. To avoid
premature rupture, they should be replaced at regular intervals depending upon the
operating conditions. Diaphragm valves must be installed for full drainability.

Butterfly valves comprise a disc and a rubber seal clamped between the halves of the
body providing both a seat for the disc to close on and a seal for the disc spindles.

If properly designed, they are hygienic low-cost valves, with the properties of low
resistance to flow and their appropriateness to be automated and cleaned in-place.
Butterfly valves with u streamlined disk free of external ribs are hygienic. However,
product containing fibrous material may build up on the leading edge of the dise, and
butterfly valves are suitable as long as the seals are not worn. Seals can wear and break
down after a period of time due to the frequent opening and closing of the butterfly
valve. Product can also migrate along the shafts due to product pressures in the system.
Therefore, butterfly valves should preferably be disassembled for manual cleaning. If
butterfly valves are in use, appropriate cleaning and maintenance schedules must be
implemented.

Traditional ball valves are considered unsuitable for process installations that are cleaned
in-place. Due to the presence of crevices in their internal construction, the area between
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ball, housing and seal face is uncleanable. Food product is transferred in the annular
dead space when the valve is operated from its open to its closed position. When 'h;nd
ball valve is then rotated back from its closed to its open position to allow CIF, the f
product trapped in the annular space between the sphere and'lhc housing W‘l" rlcrf be
removed by cleaning-in-place. Moreover, ball valves may retain condensate in ’h’"";n
internal cavities. Often the design incorporates cavity fillers or ‘-'““‘Psul_am"g ’?'ﬂs
prevent product flow around the exterior of the ball but product may still ﬁ"’d "_‘? il
under the seat surface and become an area for bacterial growth. Ball valves in "’“"’:"5.
installations must be disassembled completely for manual cleaning, Howeves, the desigh
and construction of a ball valve are such that it is not easily dismantled for cleanmg half
Certain ball valves with improved design allow for cleaning-in-place, especially ina fa’
open position. For some applications, connections have been made to the housing s0
the annular space may be continuously purged with steam throughout production.

* Plug valves are unsuitable for CIP, because product is carried around the d“m;:d;
between the plug and the body during the rotation of the plug. Three-way plug coc 2
valves allow 90° changes in flow direction of both food product and cleaning solutions.
They have the disadvantage that they neither can be automated or (‘lleaﬂ'!d “’"Ph;e' =
However, plug valves can be easily manually cleaned after dismantling, which — due
their simple design - can be done very easily.

= Pressure relief valves are valves where the valve head is lifted off its seat when the
product pressure exceeds that at which the valve has been set. Product then may be
discharged to drain through the discharge port. To flush the inside of the valve body
and the discharge port during cleaning-in-place, the valve must be opened by ?“WLTF
the lever through 90°. The valve body must be installed in a position so that it is fully 4
drainable to the outlet side, and should be mounted on a short tee to avoid a large dea
leg in which product will be retained throughout the production. :

* Check valves with springs, hinges and flappers should be avoided as they quickly become
contaminated and could give risc to cleaning problems. When spring-loaded check valves
are used, the coil springs having product contact surfaces shall have at least 2mm openings
between coils, including the ends when the spring is in a free position. Spring-loaded check
valves must be fully disassembled for manual cleaning. The use of ball-type check valves
is the preferred practice. Springless floating ball check valves have a streamlined intemal
design which may reduce the potential for material to dog or hang up. Check valves must
be installed in a position that allows full drainage of the check valve.

* Tank outlet valves should be installed as close as possible to the product vessel to reduce the
dead leg formed by the stub pipe that connects the bottom valve with the vessel, They may
be manually or mechanically of 1 and cleaned depending upon their design features.

* Mixproof valves are an essential part of automated processing, not only separating two
different products but also preventing product contamination from cleaning Mluids during
mechanical cleaning. The valve uses double seats that can be operated independently,

separated by a self-draining opening to the atmosphere between the valve seats. The vent
space must also be cleanable and avoid a pressure build-up in case of a leak from a seal.
The outlet from the vent line must be visible so leakage can be easily detected. A steam or
sterile barrier may also be applied in the atmospheric opening (vent) to prevent ingress of

microorganisms.
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+ Linear plug and stem valves may incorporate a lip seal to limit microbial contamination
via the reciprocating shaft. This seal is easily cleanable but will not prevent the ingress
of microorganisms. A hole is required to detect product leakage when the lip seal wear
becomes excessive. Arrangements incorporating an O-ring seal are less hygienic because
product can enter the clearance around the stem and become trapped in the O-ring
groove from which it cannot be removed by cleaning in-place. For aseptic processing
applications where ingress of microorganisms must be prevented, the shaft may be sealed
by means of a diaphragm and bellows. In the case of the diaphragm type, the diaphragm
must be replaced at regular intervals and a leakage hole must be provided that indicates
failure of the diaphragm. With respect to the bellows sealed linear plug and stem valve,
the bellows will rupture after a period of service and needs to be replaced at regular
intervals, Moreover, if the product contains particulates, there may be a cleaning problem
because particulate material may become trapped in the convolutions of the bellows.
A steam barrier between the atmospheric and product sides of the valve stem is another
method of preventing ingress of microorganisms.

INSTALLATION OF THE FOOD PROCESSING EQUIPMENT IN THE
FOOD FACTORY

Clearance with Respect to the Floor, Walls and Adjacent Equipment

There should be enough clearance under the machine to allow for adequate cleaning and
inspection to be carried out effectively. With that purpose, the process equipment should
be installed as high off the ground as possible. The minimum height should be a function
of the depth of the bottom surface above the floor (indicative: 150-300mm). For large sized

greater di: apply (at least 0.5m from walls), as it is necessary to be able to
walk around such equipment with at least enough room to facilitate cleaning. If the equip-
ment is sealed against the mounting surface, care must be taken to avoid gaps, cracks or
crevices where insects or microorganisms can remain/survive after cleaning,

Installation of large equipment (e.g. freezing equipment, meat curing chambers, etc.) on
feet is technically not always possible. An alternative is sealing the equipment onto the fac-
tory floor. Proper sealing of the perimeter between the equipment and the subfloor must
prevent water from accidentally getting into this space. But sealing, especially with silicone,
has not always proven to be successful in excluding wet and unhygienic conditions.

Equipment must not be mounted beneath tanks or vessels so that maintenance and
cleaning are impeded but must be easily accessible. Increased elevation of tanks and ves-
sels facilitates cleaning and maint e tions beneath them but water and condensa-
tion running down |hc-:r sides may allow mtcmbxal growth and certainly must not fall onto
exposed product.

Raised Walkways and Stairs

Raised walkways or stairs (Figure 26.57) over exposed product should be avoided because
dirt may be transferred from clothing or footwear onto product lines beneath. The use of
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FIGURE 26,57  (a) 1f not appropriately designed, walkways and stairs over open product (l'l"c';:d‘:’r" il
i, Open-mesh steps (2) that are not enclosed by vertical nsers (3), the absence of a cover over sk (b) Now, the
and the handrail and its mountings hanging () over product area put the open food product at : oot E."’“ﬂ are
steps are enclosed (6), the handrail is mounted inside the walkway (7). solid anti-slip steps an °:n g
used (B, and fully welded, continuous kick plates are in place to prevent the open product from getting

nated (Hauser, 2004k},

covers and hygienically designed walkways should be both considered. The ‘:"‘k'"i;;
platforms and steps (crossovers on conveyor systems) should be constructed "I‘I"“
plates containing a raised anti-slip material as deck. The steps can be given a 5ma, "‘h‘ o
tion for improved drainability. Mesh must be avoided to prevent soil from being "‘:ins.w
into the product. Further, fully welded continuous kick plates should be in place, ciesi 5T,
a5 a one-piece construction. Flatforms and stairs should have generous radii in the “’mw
of kick plates, etc., to allow cleaning and disinfection. Handrails should not overhang iz
walkway and must be attached to the inside of the walkway. Risers of staircases must
enclosed and the steps should be constructed of the same anti-slip material as the deck.

HYGIENE PRACTICES DURING MAINTENANCE OPERATIONS IN
THE FOOD INDUSTRY

Maintenance and Repair, a Necessary Evil

Physical equipment in any field or in any plant or industry is susceptible to failure
through breakdown, deterioration in performance owing to wear and tear over time and to
obsolescence due to improvement in technologies. Therefore, machinery should be regularly
checked with respect to its performance. Equipment maintenance checks should include an

t of the equipment’s overall condition and integrity (e.q. is it working properly?),
the saurces of physical contaminants (e.g. damaged, lost or worn parts, rust, loose/flaking
paint, broken parts such as needles and blades, loose parts on equipment prone to vibration,
peolymeric deposits, friction, fatigue, chemical reaction, etc.), the microorganism harborage
sites (e.g. worn or frayed hoses, gaskets or belts, porous welds, product contact surfaces),
Increase in noise, lubricant consumption, temperature rise or increased leakage is usually
the consequence of failure of equipment and its components. Worn parts should be replaced

as soon as practical, not only to ensure that production is maintained but also to Pprevent
debris from worn or broken parts entering the product or contaminating the production line,
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The operator must ensure equipment used for critical measurements is calibrated and
uniquely identifiable. It must be used within its design and capacity (e.g. accuracy, cali-
bration range, conditions of use). Items requiring calibration could include thermometers,
temperature recorders, scales, test weights, metal deteciors, gas analyzers, pressure or heat
sensors, chemical assessment equipment, flow meters, etc.

Scheduled Preventive Maintenance

Scheduled preventive maintenance should be preferred over inefficient “breakdown”
maintenance and repetitive repair. No longer does the maintenance department have the
luxury of ded periods of available equipment downtime in order to carry out main-
tenance. Instead the maintenance function is moving toward a more predictive approach.
If the failure characteristics of the equipment are known, predictive maintenance can detect
the failure well in advance and appropriate actions can be taken in a planned and organized
manner. Predictive maintenance makes use of a group of emerging scientific technologies
that can be employed to detect potential failures: vibration analysis, thermal imaging, ultra-
sonic measurement and oil analysis. The maintenance technicians should be skilled to use
these diagnostic tools, and they must have detailed knowledge of the operating characteris-
tics of the equipment to make the correct failure diagnosis. By means of a risk analysis, the
manufacturer may define which parts of the system are critical and allowing the necessary
treatment (which interval, which time point, and which measures). The maintenance sched-
ule should be frequently reviewed during the initial operating period of an installation to
establish the optimum maintenance frequency (Tha, 2006).

Proper a Priori Design, Installation and Working Practices that May Reduce the
Occurrence of Unhygienic Conditions during Maintenance and Repairs

Proper design and installation of the processing equipment and utility services, and
common-sense measunes create the appropriate conditions to keep up a sanitary process
environment during maintenance and repairs (Moerman, 2011b):

Equipment should be of such a design that the need for physical entry into the system
is minimized. Enough space and clearance should be provided so that all equipment
parts and components are readily and easily accessible for inspection, maintenance and
troubleshooting.

Mechanical, electrical, pneumatic, hydraulic and electronic components, together with
distribution conduits, valves, pumps, pressure reducers, gas cylinders, vacuum sources,
compressors, etc., should be relocated to a technical room or technical corridor adjacent
to the production room, so that maintenance personnel can access the technical area
without special gowning or disruption of the cleanliness of the high hygiene space below.
Lamps with high light output should be used so that the factory staff can perform
inspections of the food processing equipment and the process environment more easily
and profoundly, enhancing the detection of grease, leaking oil, failures, maintenance
residues, ete. Torches to light dark places with process equipment should be resistant to
breakage.
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Maintenance managers and supervisors should implement “Maintenance B_ESt [’Hdﬁm
climinating the sources of breakdown and contamination that cause downtime, quality
halds and lost profits. .

= Correct rnainl:"tance attitudes must help to ensure that the production area ad Pm‘::f,
are kept free from contamination by undesirable microorganisms, filth, debris ort;n; have
parts. Regular audits should be done to verify if the maintenance ‘?“ﬂ Orcontae
adopted the correct hygienic practices during maintenance operations.

Maintenance and Repair Operations according to the Principles of Hygienic
Design

Maintenance and repairs should occur according to the _prin
design to ensure that safe food is produced once production is REN) 6 SEali
ommendations should be followed (Moerman and Degraer, 2005; Den Rustri St
Kompetencecenter, 2006b; Moerman, 2011b); il
¢ The construction materials used during maintenance and repair must be mn!pah“ ;‘::

the food product or process aid they contain, and may not immdumm‘llﬂlﬂlf‘;“ed ST
would present a risk to food safety. Piping and components should be constru
the same materials to prevent contact corresion between dissimilar metals. hould
* Work in black steel and stainless steel must always be kept separated. Spare parts 8
be pre-packed in plastic, stored segregated from other non-stainless steel Pf‘?‘.‘“‘ﬁ‘lﬁ' o
* Stainless steel equipment components should be (shrink) wrapped with plastic fIm 1%,
protect them against corrosion in contact with black steel (particles), and their inle Elliﬁ.
outlet connections should be fitted with protective caps to prevent ingress of impurities
insects and small animals (Figure 26.58).

* Prior to use, process equipment and comp ts should be
grease; and if necessary should be cleaned. "

* The body and internal parts must be handled carefully to ensure that the machined
surfaces are not damaged.

* Use as much piping as possible with the same internal and external diameter over the
whole factory, in particular to avoid misalignment (missed coincidence between the axes
of two coupled pipe components) prior to welding.

* Reassemble piping and equipment components using a new seal, and check for leaks and
retighten as necessary.

* All fastening devices should be secured firmly.

 Ifold insulation containing asbestos has to be removed, all precautions should be taken
to avoeid the spreading of asbestos fibers in the food processing environment.

= Forinsulation work, preference should be given to rigid foam rather than fibrous

materials that have already proven to be an excellent harborage of dust, insects and
rodents. Afterwards, the insulation should be covered with properly sealed cladding of
appropriate thickness that resists tear and abrasion.

* When a new cable has to be installed, it should not be supported from a previously
installed cable because a hygienically unacceptable entangled cable bundle may be
formed. The cables should be fastened individually at a distance no less than 25mm from
each ather to allow for proper cleaning.

ciples of proper hygienic
umed. The following rec
ndustns

d for debris, oil or
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FIGURE 26.58  Stamless steel equi r be (shrnk) wrapped with plastic film to protect them
against carresion in contact with black steel (particles), and their indet and outlet connections should be fitted with pro-
fextive caps o provent ingress of impuritics, insocts and small animals. Conrtesy of Zijiang Jugang Pipe Co., Ltd,

The use of temporary devices, such as tape, wire, string, etc., should be avoided. If

strips are the only option, they should preferably be of a stainless steel type that can be
detected by means of a metal detector. Altermnatively, a plastic strip of a color that is not
omnipresent in the food product and food factory could be used. Temporary fixes should
be mplaocd ina Hmcly manner by permanent repairs,

Always determine the correct installation situation and direction of fluid flow. Install for
maximum cleanability and drainability.

Calibrated equipment that is non-conforming (i.e. broken, expired calibration period)
must be identified as non-conforming, and further recalibrated, repaired or replaced.

.

Personal Hygicne Practices During Maintenance Operations in the Food
Industry

Before the onset of maintenance and repair of ions, all mai nee shall com-
ply with the requirements for personal hygiene appropriate to the area where maintenance
and repairs will be executed (Holah and Taylor, 2003; Smiath and Keeler, 2007; NZFSA, 2009):

Both the food manufacturer’s own maintenance staff and contractors should follow the
food manufacturer’s guidance with respect to personal safety and hygiene.

It is recommended to encourage the maintenance staff or contractors to fill out a

health questionnaire before allowing them to enter the food production area. The food
manufacturer must restrict access of any person with obvious health problems such

as flu, colds, skin lesions, uncovered sores or wounds, ete. All personnel are in fact
responsible for reporting any such condition to their supervisor before beginning or
continuing work.

« The use of cosmetics, medical substances (ointments, plasters or Band-Aids for wound
healing, safety pins) or other chemicals (suntan products, etc.) on the skin are not allowed.
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Eating, drinking, chewing (gum, toothpicks, straws, etc.) and smoking are not allowed
during maintenance operations. 3 ;
Maintenance staff or cantractors are not allowed to enter the food Pmdudm; nn:__t?::h
their casual clothes. These should be stored away from '{'E production a’:‘a- i iy
clothing shall be worn, not only to safeguard the person’s casual clothes ij,am
but also to protect the food product. In order to avoid contamination of wo
maintenance personnel should wear clean coveralls. X . A b
Maintenance workers who work in a less clean area \\'hldl has hlghj D“m:’m!‘;f‘cal
activities (raw materials) must change their garments prior to ‘mmﬁ':j c;:njr T

area where sensitive food products (e, finished products) are produce e
headbands, caps, bump hat, hard hats, beard nets or other devices must be

control hair lost in the food, onto food surfaces and into packaging.

All piercings, jewelry and watches should be removed. ’ drn
Hands should be washed thoroughly, including in between fln_gl!rb‘, before “nl:f“ﬁ s
food processing area and after eating, drinking, smoking or using the restrog d ey
of gloves may be advisable. Gloves are to be maintained in a clean, sanitary at“ e
condition. Gloves used in less hygienic (raw material) areas of the plant must o

in more hygienic areas. .

Footwear should be clean. If it is necessary to stand on or over machinery, the me
equipment shall be covered to prevent footwear dirt and debris fn?m mn'la mina Iks!'ns e
surface. It is also recommended to cover footwear with overshoes just prior to wa

the process equipment, . ket
Maintenance staff or contractors must remove all unsecured objects, such as pens, Poc
notebooks, small screwdrivers, non-attached earplugs, nuts and bolts in shirt P‘?’d‘“t:‘he
ete., which could fall into the product. These items must be stored in the tool box or
carrier used to bring parts to the work site.

L]

. *

Hygiene Practices during Maintenance Operations in the Food Industry
Recommended Hygiene Practices to be Taken before the Onset of Maintenance and
Repair Operations

The following measures and actions will create the appropriate hygienic conditions t0
execute maintenance and repair without compromising the safety of the food P“’f‘“c_Ed
with that equipment when production resumes (Jha, 2006; Smith and Keeler, 2007; NZFSA.
2NH):

* Work such as drilling or welding will inevitably produce debris and dust. Where
possible, production operators should remove food processing equipment from the
processing room before repairs are made., Coverings such as tarps or plastic sheeting
(polyethylene or equivalent film) can be draped over equipment to reduce contamination,

* Maintenance could be done in a separate room autside the food processing arca.
+ Ifentry in process equipment is required, a plastic cover film must be laid down on the
bottom of the process equipment.
* Where practical, maintenance tools should be dedicated for use in specific arcas of their
operation to avoid cross-contamination
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Tools used for repairs and maintenance must not come in contact with, or COmpromise

the hygienic status of, any product or packaging material. The maintenance tools must be

free of rust, peeling paint, niches and threads, and not have wooden handles or knurling

saft rubber grips. They should be non-corrosive, easy to clean and inspect, with smooth

finish and hard plastic grips, and with fitted heads for equipment longevity. They must

be designed in a way that they cannot damage the process equipment,

* The maintenance toals must be clean and used with care so that they cannot be left in the
production equipment.

+ Maintenance equipment and tools must not transfer microorganisms from a hygienic area
into a less hygienic area.

* Ordinary steel wool or steel brushes should never be used on stainless steel surfaces as
particles of steel may bedded in stainless steel surfaces and rust.

» Debris from engineering workshops (such as swarf and other unwanted materials) must

be prevented from entering processing or support areas. This is especially important

where engineering workshops have access ways {e.g. doorways) that lead into processing

or support areas. This may be achieved by keeping doors closed, using swarf mats, boot

washes, etc.

Recommended Hygiene Practices during Maintenance and Repair

The following hygiene practices should be followed during maintenance and repair
(Smith and Keeler, 2007; NZFSA, 2009):

* During maintenance operations, light sources used to provide the necessary light for
proper maintenance and repair should not be placed above open process equipment, or
the lamp should be housed in a shatter-resistant fixture to avoid shattered glass falling,
into the open processing equipment during its maintenance. By using a protective PTFE
coating, one may also maintain the integrity of the lamp in the event of breakage. Light
sources used during maintenance operations should not contain mercury,

Opening the distribution system will expose it o particles from the outside environment.
The contamination risk can be minimized by using strict specifications on how to
conduct activities, such as cutting pipework, and handling pipes and components
before the actual installation. Precautions should be taken to prevent the distribution

of any contamination residues or mechanical damage residues in the surroundings.
Vacuum cleaners should be applied to extract maintenance debris at the place where
the maintenance takes place, and drip pans should be used to collect oil, ete. Equipment
openings must be protected to maintain the interior of the process equipment and
components free from any external contamination.

Equipment components subjected to maintenance, spare parts and tools should not

be placed on the ground or walking surface (e.g. deck), but on a plastic pallet, in
areceptacle, a box, a carrier or a trolley provided with a plastic cover. In the food
processing area, no wooden pallets should be used to store new or replaced equipment
components.

Whenever parts and tools are stored in the production area, they should preferably be
kept in rooms or lockers reserved for such use.

Equipment components in service should be clearly indicated and /or placed in quarantine.
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¢ Care must be exercised not to lose nuts, bolts, ete. when removing 'h‘:‘“_‘ from madunt'l'ié
Because small parts easily can be misplaced, loose bolts, nuts, screws, rivets, washers, efc
should be stored in maintenance receptacles. . o
Bolts, nuts, screws, ete. of a lower alloy composition may not be left behind on stainless
steel because they may induce corrosion. 3 e ot to
Maintenance personnel should not walk on the cladding of insulated piping s0 a5
damage it.
. Fcudagmde maintenance chemicals (lubricants, heat transfer liquids, etc.) that do not
provoke corrosion should be used. 2 d useof
» Personnel must be trained and suitably skilled in the correct access, handling an
approved maintenance compounds, or have access to documented d’mum'dum ete)
Maintenance products (oils, greases, lubricants, ammonia, glues, chemical pro i
should not be left in the food processing environment when maintenance 91;“3 o)
have ceased (e.g. during the night, during weekends, during collective holi .;!fs’ e
They shall be stored separately from food products in clearly m"’!Fd ""dc;"'lh Ying W
maintenance compound) and closed containers (e.g. bulk supply) in dedicated secu
storage facilities. eodin
Maintenance compounds that are “in use” or for “immediate use” may be store
processing and support areas, but only in quantities necessary for immediate usc.
When transferred from their original container {e.g. bulk supply) to a new confainer
(&g “in use” or for “immediate use”), the latter must be labeled with the name of the
maintenance compound. x d produc
* Empty maintenance compound containers must not be reused in a way that food p -
could be contaminated. All containers/implements should be labeled “for chemical us
only.”
Excessive lubricant and grease should be removed to prevent them coming into contact
with the product or food contact areas (Figure 26,59),

Avoid placing dirty, greasy, oily hands on any surface with which the product comes inta
contact.

.

Recommended Hygiene Practices after Maintenance and Repwir

After maintenance and repair operations, the following practices should be followed
(Smith and Keeler, 20007; NZFSA, 2009);

* Maintenance tools or machinery must be removed or refurned to storage without delay
ence maintenance or repair work is completed. Therefore, maintenance technicians must
verify that all maintenance tools and components are removed after maintenance and
repair to ensure nothing is left where it may enter the product or damaged equipment.
An inventory can be made of all tools prior to maintenance.

* Any maintenance waste and other refuse (e.g. packaging materials, broken components,
failed parts, dirt, dust, spilled oil) must be regularly removed immediately to a suitable
storage area,

* Equipment that could be a source of contamination must be physically isolated
from processing lines and product, or removed from processing areas, Damaged or
decommissioned equipment that remains in processing areas must be clearly identified as
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FIGURE 26.59 Avoid overJubrication. Excessive Jubricant and grease should be removed to prevent them
from coming into contact with the product. Courlesy of fofus Butts, Land O'Frest

such, to ensure that it is not used. Decommissioned equipment may be stored outdoors,
but should be placed on a hard standing (e.g. concrete, sealed or paved area) and
covered.

If emergency repairs were required during production, any product that may have been
left sitting for long periods of time or become contaminated during repairs should be
disposed of.

The operator must have a procedure to ensure that equipment retumed to use (e.g. after
repairs and maintenance, recommissioning or having previously been idle) is not a source
of contamination to product because of bad maintenance or repair, because repair does not
conform to rules of appropriate hygienic design, or because maintenance debris remains.
Maintenance debris (e.g. abraded particles, swarf) must be flushed from the system after
maintenance and repairs.

When it was necessary to “break in" to the system for maintenance or inspection,
equipment should be thoroughly cleaned when maintenance or repairs of any type are
performed in a food processing facility. The equipment and area should be cleaned with
solutions of detergents and disinfectants in the right concentration, then rinsed and
finally dried prior to resuming production.

Evaluation of the Quality of Maintenance Work Done and Record Keeping

Before production resumes, the food manufacturer must evaluate whether finished main-

tenance operations and repairs meet the expectations with respect to the quality of the main-
tenance and repairs. In this perspective, the following practices should be followed:

Equipment must be subjected to a pre-operational check before processing recommences.
Are all technical problems solved? Are maintenance and repairs done in a way that the
process equipment allows to produce safe food products once production resumes?
Equipment operating under validated conditions must be revalidated if the repairs and
maintenance activity will affect its validated status (e.g. replacing temperature probes,/
sensors in ovens/ freezers).
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* Maintenance records or job sheets (including when and how the defect/breakdown it
repaired, who conducted the work, who has signed off that it was completed and u?:ed
appropriate equipment return to use procedures have been followed) must be prU\-?m it
Comprehensive maintenance records will assist the operator to verify that the repa

- maintenance program are working correctly.
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INTRODUCTION: CLEANING AND SANITIZING OPERATIONS
IN FOOD PROCESSING FACILITIES

snaﬁgf:"“; :hlemms and sanitizing, whether automated or manual, requires an under-
i 'f ©Of these operations and how to properly validate cleaning and san itizing proce
and nuﬂ::ﬁl;m a safe food environment. Primarily, procedures must focus on where _rv?l|
i s ia cmtrlm!._nunon can reside in a food processing system, Cleaning and sanitiz-
microbial 1ur15 i T soil from food contact surfaces can lead to build-up of
tion vae'ns:m and be a polential source of contamination of subsequent food produc
development :‘l L}I such contamination can be accomplished by food processors focusing 01
e oﬁ{;\m efficient Sanitation Standard Operating Procedures (S50Ps) by implementa-
CCP and 150 22000-type standards (Arvanitoyannis, 2008).

Sanitation Standard Operating Procedure Development
mﬂ%‘g:’::felducumenhd procedures for the cleaning and sanitizing of a given piece of equip-
imied a in all'wd Pproduction facility. A verification procedure ensuring that a cleaning and
fisi writgt:f?:hm waiact,:nliy completed should be documented in the S0P, Each SSOF,
iy ould be \'al:d:_nled" or proven to actually function as required. An example of
structure can be found in the United States Department of Agriculture (USDA) Code of
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INTRODUCTICON: CLEANING AND SANITIZING OFERATIONS IN FOOD PROCESSING FACILITIES 743
TABLE 27.1  Ten Principles of Sanitary Design

1. Cleanable
2 Made of Compatible Matenals
3 ible for Inspecti i Cheaning and Sanitati
4. No Liquid Collection
5. Hollow Arcas Eliminated or Sealed to Avoid Liquid or Soil Collection
6. No Miches {al=o to Avpid Liquid or Soil Collection)
7. Sanitary Op Perf (D Ability to Execute All Aspects of Sanitation Procedures)
8. Validate Cleaning and Sanitizing Prodocols
9. Separate Procosses Wherever Possible
10. Meet Personnel Hygiene and Sanitation Requirements

Federal Regulations, Title 9 Part 416 (http:/ /www usda.gov/'wps/portal fusda/usdahome). A
more detailed discussion on developing a validation protocol can be found below.

Food Production Facility Cleaning Based on Sanitary Design Principles

Despite the very broad range of food systems and very specialized equipment devel-
oped for many food production and packaging operations, cleaning and sanitizing systems
should be designed using standard principles. An example of these principles adapted from
the American Meat Institute is shown in Table 27.1 (AMI, 2002).

Cleaning methods, manual or automated, cannot overcome poorly designed production
equipment and facilities. For example, even sealed hollow areas in support structures or
walls have been known to develop cracks and become microbial harborage points.

Hygienic design standards for food processing equipment and facilities, and even “hygienic
zoning” concepls (designing facilities to provide “hurdles™ to microbial or allergenic contami-
nation transfer from raw food areas to post-processed food areas), should be used for all new
equipment, new buildings or new sections to existing structures of food processing facilities
to minimize food safety-related recalls (Lelieveld et al, 2003, 2005; Holah and Lelieveld, 2011).

Types of Cleaning and Sanitizing Systems: CIF, COP and Environmental

Cleaning systems for food plants are generally separated into three categories, clean-in-
place (CIP), clean-out-of-place (COP) and environmental cleaning:

1. CIP is the automated cleani 5 of quipment with minimal dismantling of food
production equip prior to the cleaning and sanitizing operation.

2. COP is the removal of food production equipment or portions of the equipment as well
as related food production tools to an external area for cleaning, sanitizing and drying
prior to reassembly.

3. Environmental surfaces are those external to food processing equipment within the food
production facility. Cleaning and sanitizing of all environmental systems is generally
accomplished manually but in some cases automated cleaning systems have been utilized.

In all three categories, cleaning is usually followed by sanitizing although sanitizer chem-
istry and procedures will differ based on regional regulatory requirements. The methods

1. FOOD SAFETY ASSURANCE SYSTEMS
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used for cleaning and sanitizing can also vary significantly depending on the food type
food additives and processing temperature used to make the food.

Cleaning Factors

Four factors are generally accepted as being important to ensure f:[fech've c]eﬂlli;i;’:
sanitizing. Cleaning time, temperature, chemical activity and mechanical energy all
be defined for all cleaning and sanitizing programs as described below:

1. Time to clean and sanitize is often misunderstood, especially when tthlm"j dFB“Ts:
involved. Optimizing the time for a cleaning operation to ensure effective soil disso : o
and emulsification (tying up soil in solution to avoid redeposition) is generally a higl o
priority for food producers. Rushing a cleaning operation can result in poor cleaning s
the potential for food contamination. Improper use of cleaning chemistzy, temperature
mechanical action can result in an inordinately long cleaning time. i
2 Temperature effects on cleaning and sanilizing will vary depending on soil type |
and water quality. A rule of thumb is that for every 10°C increase, cleaning chern:caf
activity doubles resulting in fatty soils, sugars and starches and many QHerfypes
Bty being more easily removed with increased temperature. High tcmperatun-&
(>145°F/65°C) will kill microbes but if used properly, lower temperature cleaning a:
sanitizing programs can be used to achieve effective microbial kill. Increasing cleaning
temperature in some cases will precipitate proteins or hardness ions {ca Icium or
magnesium) and create difficult to remove scale deposits. i the
3. Chemical activity is important as cleaning chemistry is built to dissolve EUI']:i f%‘U!'I'I
surfaces to be cleaned and emulsify these soils to avoid redeposition. A sanitizing s’epinll
will kill o inhibit microbial contamination that remains after the cleaning step. Chem
activity is impeded when: i
3. Cleaning or sanitizing solutions do not reach the soils due to lack of solution flow
(dead zones), ipi

b. Chemical concentrations are too low (cannot dissolve soils) or too high (precipitate odl
o react with soils), itizd

. Inappropriate cheraical ms are used and are not effective at cleaning or sanitizing
the food Processing cqui;‘\mml.

4. Mechanical action js required to move soils away from a surface. In the absence of
manual cleaning, automated cleaning systems generally rely on pressurized water or
air to provide meehanical force for soil removal. The need for mechanical force can _hc
aminEinized if temperature, time and/or chemical activity can be optimized to permit
better soil dissolution but some force is always required to move the soil away from a
surface to prevent soil redeposition. ’

CIP BACKGROUND (FIGURE 27.1)

In practice, a standard CIP system will recirculate cleaning solution automatically
through enclosed food pmco_qsing'equjpmml such as tanks, ovens, [ryers, conveyors and
cooling systems and the associated food transfer piping. Recirculating a cleaning solution

1. FOOD SAFETY ASSURANCE SYSTEMS
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FIGURE 27.1 CIP cleaning solution and sanitizing solution tanks: this single-use CIP system includes two

medium-sized tanks for detergent and rinse/sanitizer, a steam heat exchanger. and programmable logic controllers
to automate the cezning process.

its measurement and control of temperature, flow rate and chemical concentrations.
Such a CIP operation, run for a time period sufficient to ensure all surfaces are free of con-
s Is ge llyc letely automated to:

1. Ensure consistent cleaning results,

2. Minimize labor compared to manual cleaning.

3. Provide electronic documentation that a cleaning program was run as desired (Jennings
etal, 1957; Gibson et al., 1999; Schmidt, 1997).

For a CIP system, the mechanical energy is provided by circulation systems. Liquid
impingement on surfaces or turbulent flow through piping generally cannot match the
mechanical energy provided by manual scraping and scrubbing, To overcome this mechani-
cal energy deficit, the other cleaning factors - temperature, chemical activity and time —
must be emphasized. As an automated and enclosed CIP system does not expose operators
to chemical mixtures, stronger chemical activity and higher temperatures can be safely used
in cleaning and sanitizing. Cleaning times can also be lengthened as labor can be distributed
to other tasks while an automated CIP is in operation.

Food CIP systems and beverage CIP systems (such as milk, beer or soft drinks) use essen-
tially the same cleaning and sanitizing solution transfer and spray technology but can vary
greatly in the required chemical strength, water temperature and cleaning time for removing
light versus heavy, ;lgcd and /or bumt on food soils. Use of automated :lc,-aning and sanitiz-
ing CIP systems has advantages over manual cleaning in the following ways (Lowry, 2010):

1. Reduces the amount of time and labor spent on sanitation operations (increasing food
production run times).

111, FOOD SAFETY ASSURANCE SYSTEMS
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i -rry utilization
2. Decreases the impact of sanitation operations on water consumption, energy ul
and wastewaler processing. I
3. Reduces overall wear on process equipment due to decreased manual cleaning

CIP - Line Circuit Cleaning

The line circuit portion of CIP cleaning is“llDC:lS'v":‘;‘; ':“oft‘:{:;f
rates to provide mechanical “scrubbing” by the clea ‘ 5 t flow
deaningpli;:e circuits is removal ofbaul‘lg"';e)ad zones” wl_w.re fjr‘]m&:u?l::g:_mmis
and residual food product can build up and result in microbial contarria system to ciean
S e be exiressely complioated, especially) when using & sing = E7 VIS oy
Rumerous crcits (sometimes simultancously), Careful design of each CIF PITE C 0.,
especially when new food processes are added Lo existing equipmen
elimination of these dead zones. R r ensuring

Optimizing time, temperature and chemical concentration is mPf:En;;:em increae
optimum mechanical action based on solution flow rates. Flow m‘ﬁhem line circuits con:
with increasing pipe diameter (see Table 27.2). Care must be talu:; Wﬁﬂm smaller to larger
tain multiple pipe sizes as pressure/velocity drops will coounm 1;.-._,,u]t It is common for
diameter piping and inadequate cleaning of the larger piping can res both types of CIF
tank and lines to be cleancd in the same CIP operation and optimizing both &

Programs in conjunction is required.

proper turbulent flow at
Critical to the success

CIP - Tank Circuit Cleaning

ieve mechani:

The tank circuit CIP program relies on a spray device or spray 2l :‘:‘cﬂ,m all tank

cal action. At a minimum a tank cleaning spray device mistbe mﬁ's:::g mixing blades of

surfaces are reached by the cleaning solution. Fixtures within I-ﬂ.!lk‘i S - Multiple over

drain valves on tank surfaces can block spray from reaching soiled su I:;:v rates out of 2
lapping spray devices are often required to overcome such blockages.

G . 1P Line Sizes
TABLE 27.2  Flow Rages in Feey/Second (fifsec) and Gallons/Minure (GIM) for puteeent AL S oS

Drain Capacity™*

it Desired Velocity Minimum Flow Rate
Y 5it/sec 15GIM 22GPM
it Sttfsec HGIM :’:’:
£ Sh/mc A3GPM Lk
ok 5ftfse EHGFM HEGPM
i Bt/ sec 1R3GIM 1RGN
¥ Blt/sec ZREGIM IRDGPM
- Assumes Standsed Sansiany Pire.

- Mt deutnasge theewgh the
(Crurtery of Eootal tnc re
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spray device typically are on the order of 3 gallons per minute per foot of circumference of a
eylindrical tank.

Single Versus Multi-use CIP Designs

CIP circuits can be designed to be (1) single use with cleaning solution dumped directly
to drain after completion of the CIP cycle or (2) reuse or multi-use systems. Multi-use CIP
systems are often designed to recover final rinse water for use to make up subsequent clean-
ing solutions. Some or all of the cleaning solution itself can also be saved and reused to min-
imize chemical usage. In all CIF designs, any final rinse or sanitizing rinse would not be
reused in that function but fresh final steps would generally be required by food processing
regulations in most regions.

Single use systems, where all cleaning, sanitizing and rinse solutions are used once,
are simple to design and result in the highest level of sanitation. These single use systems
would be required for food production equipment having very high soil loads or allergenic
material and thereby avoid the potential for cross-contamination. Facilities with very lim-
ited space for additional equipment would also benefit from such a system.

Recovery of rinse water is a popular choice for CIP as there is little chance of soil redeposi-
tion resulting in system contamination. Multi-use systems where the cleaning chemicals are
reused require a fairly complicated CIP design and a high level of understanding of the CIP
circuit to avoid soil redeposition. There are many of these systems in use, some of which have
automated make-up water and cleaning chemical additions to achieve equilibrium in a clean-
ing solution and can run weeks or months without the need to dump the cleaning solution.

COP CLEANING

Cleaning out-of-place (COP) is the cleaning of removable parts of food processing equip-
ment after disassembly or any ancillary food production tocls. Typically COP systems are
open tanks where a given cleaning solution can be heated and recirculated. As with CIP sys-
tems, automation is possible with a recirculation step (permitting the monitoring of solution
temperature, chemical concentration and flow rate) so that “push button” COP systems are
common. The use of numerous distribution headers in COP tanks are used to create turbu-
lence to aid in soil removal via mechanical action.

COP cleaning and sanitizing programs require:

1. Appropriate tank design:
a. Sized for application.
b. That can contain shelves or hangers for parts to maximize number of parts loaded
while still maintaining separation between parts to ensure full access to cleaning

solutions,
¢ With a recirculation system and associated headers sized to ensure tank turbulence.
2. Cleaning solution chemistry, temperature and cleaning time balanced to ensure full
cleaning of the toughest to remove soils.
3. Arinse step to ensure removal of residual soil and cleaning sol

1. FOOD SAFETY ARSURANCE SYSTEMS



748 2. DEVELOPMENT OF A COMPREHRNSIVE CLEANING AND SANITIZING FROGRAM
4. Asanitizer step to kill off any residual microbial contamination.

5. Proper parts storage program to ensure complete drying and avoidance of cross-
contamination prior to reassembly.

ENVIRONMENTAL CLEANING

Cleaning and sanitizing environmental surfaces in a food production facility is 2 B
part of a full food safety program. Poor design of a cleaning program for environmental su
faces cleaning (sometimes termed open plant cleaning) can leave microbial contaminatie
that can migrate into food product (Samelis et al., 2001).

Environmental cleaning in a food processing environment is th
external surfaces, walls, floors, ceilings, elevated walkways, drains,
addition to ancillary equipment (such as motors, electrical boxes, etc.
be cleaned by CIP or COP methods.

Typically, cleaning environmental areas of a food production facility
first removing food debris followed by wet cleaning and sanitizing steps.
removing as much soil as possible before a wet cleaning operation to limi
load on the wastewater treatment system.

Envil tal cleaning p for food processing facilities shoul

e cleaning of gqu.ipmf:ﬁﬁ
piping and conduit in
) that generally canndt

is done manually by
EmphASL'r is o
t the biubsid

d remove as mudh

water as possible after coompleﬁon of cleaning and final rinse steps and return to a8 dry2

state as possible prior to resuming food production. Focusing even wet cleaned uma&e:

maintaining as dry a state as possible will help limit microbial growth in the environm

thereby reducing the potential for microbial eross-contamination into food product:
Systems used to support environmental cleaning include the following.

Foaming or Gelling Systems

Cleaning and sanitizing with foam or gel-based chemistry increases the !
:!‘l?m'm on the surface ‘E help dissolve :'nl:I_-; for cleaners {:{ provide inlcu'-'.lﬁc‘d microbial
- efﬁcnr_y for sanitizers, Foam generators mix a chemical solution with air to create a foam
or gel. This solution is then sprayed under pressure onto the surface to be cleaned. C'ﬂ.f“
m '“ﬂns“ and all accessible surfaces of the food production equipment are foamed (with
ieally sensitive equipment being wrapped prior to foaming).

dwell time of

High Pressure Cleaning Systems

exl?r':g!; pressure air.‘watnr, steam or particle blasting systems can be used Iur.rlt'il'l'll“lﬁ the
n.-quiruds;ﬂﬂs "f: equipment, floors and some building surfaces when mechanical action is
effective. l::rsm removal. Soil types dictate which type of mechanical action will be most
clean b -Ii ""Emplt.‘pamck. blasting works best on brittle fond soils while hot steam can
el Zur;lauffrlng s0ils. Steam can also be used to sanitize surfaces (care ":““" be _l.'\k('n
ensure the déuw‘:imm};ml;i;;ﬂmpﬁalc temperature for a reproducible time period to
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Pressurized air or steam injection systems generally operate with nozzle pressures
between 60 and 170psi. Cleaning effectiveness is dependent largely upon the force of the
cleaning system against the surface and will be a function of both operating pressure and
nozzle design. It must be emphasized that high p air or water systems (especially
centralized systems) must be free of microbial contamination. Additionally, care must
be taken that these high pressure cleaning systems do not scatter soil (which may contain
microbial or allergenic ¢ ination) into adjacent food production systems.

Ancillary Cleaning Equipment

Programs should be developed for cleaning ancillary food production tools as well as
ensuring that cleaning tools th lves have appropriate eleaning procedures to avoid the
potential for microbial or allergenic cross-contamination. Strategies often involve using
color-coded cleaning and waste removal equipment specific to either food contact or non-
food contact surfaces. Procedures to clean, dry and store equipment after a cleaning opera-
tion is completed and isolation of equipment are used in areas where raw food products are
stored separately from areas where finished food products are stored.

Master Sanitation Schedule

Development and implementation of a master sanitation schedule is highly recom-
mended for all food production facilities. A facility’s environmental areas that are not nor-
mally cleaned on a daily basis should have a strict cleaning schedule at some regular time
frequency to ensure these areas are not overlooked and b of food product
contamination. Not only cleaning activities but maintenance of equipment, sealing of roofs,
wall and floor cracks where water may enter a facility as well as identification and elimi-

nation of any microbial harborage points or pest activity is recommended on a regularly
scheduled basis.

CLEANING OF ALLERGENS

Food allergies affect as many as 6% of young children and 3 to 4% of adults (Sicherer and
Sampson, 2006). Exposure of some individuals to very small amounts of allergenic proteins
can be life-th ing. M er, allergen contamination makes up a significant portion of
all food recalls. Control of allergens in any food facility that produces both allergen- and
non-allergen-containing foods must be accompanied by a stringent allergen control pro-
gram. Potential for cross-contamination of allergens into allergen-free foods can include:
(1) mislabeled raw material entering the food process facility, (2) mislabeling of materials
by facility staff, (3) cross-contamination from allergen-containing food remaining on food
production equipment or tools and (4) mislabeling of a final product containing allergens.
There are many manufacturers who have separate production equipment or even separate
manufacturing facilities to avoid the potential for such cross-contamination to occur (Vierk
etal , 2002)
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CLEANING OF DRY OR LOW MOISTURE FOODS

Low moisture or dry food production areas are usually cleaned without water fﬂ[;:
purpose of minimizing growth of microbial pathogens. Some of these Jow mouhﬂeﬁicd
include milled grains, bakery goods, cereals, chocolate, dry dairy, nuts, spices and rnd *
baked chips. Food facilities that have dry processing areas (in some cases fhe entire produc
:"‘; facility will be dry) have been historically more concerned about pest issues than mic-

1al contamination, .

Unfortunately, recent food recalls involving food contaminated in dry food Pm:ii“"“""
facilties have increased the need by these food producers to identify ways to provide 0
tation breaks in their facilities. Salmenella is the main concern in Ihesc.envmmmgmr
illswpmsisrm on dry foods and in food manufacturing facilities. E. coli ©157:H7 an =

remain of major concern in these areas. :

Developing df)]f cleaning and sanitizing protocols using little or no water bemmﬁn:;:‘"’;
lenge as there are few government regulations addressing such cleaning and 531 .
methods, For most dry food facilities, dry raw material delivery, storage and interna g
tm':sp"" systems are rarely cleaned completely and almost never sanitized (relying )
environment to inhibit any micrabial growth). :

_ Seme examples of suchydry clmningg include traditional sweeping, scraping I""td ‘;c:;:;
1 coupled with sanitizing with quick drying alcohol solution applied directy 105 /0
OF using sanitizing wipes. Sanitizing with steam and heat also provides low ua:!! s
tives 1o water-based sanitizers, More unique methods include *“rinsing” Hflﬂ'l the n i
of food product itself to remove any traces of older product. Non-allergenic food ma;“
such as rice or salt might also be used to rinse out systems and then tested to dema:\s

removal of microbial contamination, The final “rinse” would consist of food product {16t
new production lot (to be discarded until all traces of a rinse raw material are removed)

CLEANING CHEMISTRY

Chemical cleaners are required where dissolving and emulsifying soils is more efficientat

cleaning food Processing equipment than manual cleaning would be. Food soils of concem
to most food processing f::i!il!::s will vary depending on food type and additives, tempen
e and type of food processing as well the condition of the water used in food procfu(tmrll
;;? cleanting. ?\)eﬂu‘ti\'uly clean these soils requires an understanding of the funfllﬂlf“i a
i me chemical components in a cleaning system. An overview of the propertics of chem-
l:i:nmaedlm cleaning procedures is provided below. A more comprehensive review of these
11':[0%['“ can be f(?u.nd in the work by Stenga (Stenga, 2010). . i
gty of a cleaning solution is defined by the relative level of hydrogen cation (acid:
¥ or hydroxyl anion (alkalinity) in a solution and is a key factor in the cleaning ability for
:;:’;:"“d soils. The chemical siructures of food soils such as fats and oils, proteins, sugars
clean amsh:]s 45 well as minerals all have some ionic features under some or all con ditions. A
du "1 solution must be built from components that maximize the breakdown of soil resi-
e on food facility equipment and associated environmental surfaces while minimizing
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the amount of chemical used for cleaning, The goal of an optimized chemical cleaning sys-
tem is to use the cleaning solution to wet the soil, dislodge it from a surface to be cleaned
and then emulsify it (hold the soil in solution) so it will not redeposit.

When choosing a chemical cleaning system for a given food soil the cleaning time, cost,
compatibility with equipment, safety for facility operators as well as regulatory require-
ments for lischarge and envil ntal inability are all factors that must
be considered to ensure an optimum system.

Personal Protective Equipment and Safety Programs for Chemical Usage

The use of personal protective equipment (PPE) when using any chemical cleaning or
sanitizing system is highly recommended. A proper sanitation program should include
operator training on safety issues at the core of its training program. Conti itoring
of compliance with all safety procedures for all employees and a safety review of all new
procedures should be a part of any new SSOP development program. All chemical materials
brought into a food production facility should have an easily accessible material safety data
sheet (MSDS) available. These MSDS documents describe how to safely handle and dispose
of the chemical as well as the appropriate PPE to be worn by any employee or contractor
using the chernical.

Environmental Issues with Chemical Cleaners

Understanding regional and local regulations regarding use and discharge of chemical
cleaning and sanitizing systems is important for proper operation and long-term viability of
a food production facility: As regulations are constantly changing, care needs to be taken by
a business to be aware of regulatory changes that might affect business practices.

Typically, a facility will be most concerned with local wastewater treatment facility
requirements as chemical discharge can have almost immediate effects on a water treat-
ment program, and discharge limits on phosphorus or nitrogen, for example, or sanitizing
chemistry discharges that wipe out a bacterial culture used to break down organic waste at
a water treatment facility can result in significant fines for a food production facility. Use of
non-compliant chemical sy can also result in economic issues for a facility as well as
environmental damage from such chemical systems.

Alkalinity

Alkaline cleaners use alkalinity to break down and solubilize fats, proteins and starches.
Alkaline salts provide hydroxyl anions to an aqueous cleaning solution and can be strong
alkaline (high pH) or buffered to alkalinities down to a pH below 10 (where neutral chemi-
cal components start to provide the major cleaning effects).

Sodi or potassi hydroxides are the common caustic additives that provide high
strength, high pH cleaning effects. These solutions will turn fats into soaps (saponification)
and are commonly used for dissolution of protein soils, especially proteins that have been
denatured, precipitated or polymerized by heat. If used alone, without added buffering or
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dilution bfqmi'?.i”’}f c;‘mpnnﬂn!.s, the pH of alkaline solutions can change rapidly dict
sail redepositio - Such pH swings for an alkaline solution can result in extremely rip:

There are mal:lo'ml: depl?s“mg onto food production equipment.
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eaning solution primarly fr

pitating metal salts sudh

be a problem espedil
ith increasing

Acidie cleanin, 4
the dissolution ufu]:;oduC_ls provide hydrogen cations to a cl
as calcium, mapnesi rganic scale deposits. Scale forms from preci
in heated mlutimsmm and other multivalent metal ions and can
temperature, , as calcium and magnesium salts become less soluble wi

Seale can resul i
milk stone and ca:ci[mm minerals precipitating from foods {such as calcium phosphate &
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B L Chmneadg 1o be Iaken i all these processes to ensure sl
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hfgfﬂﬂubricadd to d;:“:z“"‘ controlled and in some cases require the quite haz
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i these ions wil p,ec-"'.“' falls below a level where the scale ion concentration is sok
 hreshold e Piate. In order to avoid such scale precipitation during an acid
Fm:“‘.‘ilgmcmll\' are P;:,m; often added to acid cleaning products.
to ::‘g"ﬂ-ﬂfln\-\'-,_-l s déw:'I"E“"L‘ as they tend to make soils hydrophobic and, there
\'idpe U‘,:ide S0me wetting abiljt ve. Surfactants are often added to acidic cleaning formulation
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nitrogen to wastewater as well as being biodegradable) and they are generally safer to use
on soft metals.

Chelants and Sequestrants

Chelants or sequestrants are chemical compounds designed to bind dissolved metal salt=.

B

Sequestrants are added to cleaning formulation for two basic functions:
1. For dissolving scale on equipment surfaces; and
2. To keep hardness ions such as ealcium and magnesium from precipitating out of solution,
While acids act to dissolve scale as a separate step, as discussed above, neutral and
Lkali ing formulations often need to be built with sequestrant components for
one-slep cleaning applications as well as to ensure hardness ions do not precipitate during
cleaning.

Some sequestrants can work by ensuring each hardness ion is complexed (or kept bound)
by a sequestrant molecule (stoichiometric sequestrant). Stoichiometric sequestrants are

quired for many cleaning sy pecially when cleaning solutions are reused, ensur-
ing long-term stability of the solution against the precipitation of scale.

Other sequestrants can also work as threshold agents. A threshold sequestrant mole-
cule effectively impedes the growth of a scale erystal in solution so that a small number of
sequestrant molecules can stabilize a large number of scale forming ions. A threshald agent
is added to alkaline or acid formulations to guard against scale formulation during a rinsing
operation where hard water is used or where the cleaning solution has solubilized a great
deal of seale during cleaning.

The strongest sequestrants, such as ethylene diamine tetraacetic acid (EDTA), or organic
acids, such as glucanate or citrate, do not act as threshold agents. Tripolyphosphate, phos-
phonates and carboxylate polymers can act as both stoichiometric and threshold agents and
can be used individually or with strong sequestrants depending on the specific cleaning
requirements,

Surfactant and Solvent Systems

Surface modifying additives to cleaning formulations are also generally known as sur-
factants. Solvents used in food cleaning systems are essentially low molecular weight sur-
factants and are effectively used for the same purpose: to dissolve food soils and emulsify
them into the cleaning solution. All surfactant molecules have a “water-loving” hydrophilic
portion that is water soluble and solubilize ionic soils. They also contain an oily hydropho-
bic portion that will dissolve oil- or fat-based soils. Surfactants are added to cleaning formu-
lations to provide:

1. Soil wetting or solvating capabilitics that assist the delivery of other cleaning components

(such as acidity, alkalinity or sequestrants) into the soil.

2. Emulsification of oils in order to keep oily soils from redepositing during cleaning,
3. Modification of cleaning solutions by introduction of foaming or defoaming features as
required by different cleaning methods (see CIP and COP discussions above).
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Proper use of surfactants can significantly reduce the mquuu-re;-nt'l‘“:;‘:—:ux:e m

components in a formulation. Often very small amounts of s s.'d:raﬂ with soils on B¢

large effect on a cleaning operation as these molecules only need to intera i1. Salvents gene:

interface or surface of the sail to be effective and not dissolve the enhre;:r on cleaning i

ally require much higher concentrations than surfactants to have an &

can be much better overall cleaning solutions at those concentrations.

Caustic-Oxidizer

y i k down ol
Oxidizing agents are generally used with alkaline cleaning o :‘:ncn!sdrﬁfwm:.ﬂd hydrga
such as protein, much more effectively than without the q:udan e and act by break
peroxide are the most common oxidizer additives in alkaline dm?:ll heat-deposiled P
apart and solubilizing food protein molecules. Protein soils, Es};acd {Ud uction equipmert
teins, can be extremely difficult to remove and can build up in U:mgnraﬁe sites for mia®
l'blﬂ‘er time if the equipment is not properly cleaned and leading to |
ial contamination, for stainles
Oxidizers such as nitric acid and hydrogen peroxide are also ‘“;“"‘2"?{1?%1 A360-061
steel passivation which keeps equipment surfaces from oxidation damag;

Enzymes

e iological mok
Enzymes in biological systems are extremely efficient at breaking d;:.: bmuf-n

ecules at relatively low body temperatures. Outside of biological sys (eins, lipases [t
cleaners are designed to break down very specific soils: proteases for ﬁr?umi"-‘d to lowe
fats and amylases for starches, for example. These cleaners are genera E).nx /mes are asl)
temperature cleaning and are designed specifically for a given soil type. anl{% Enzymes 2%
denattired by the wrong pH range, high temperature or various contamin itive to temper
especially useful in cleanin ipment such as memt thtmee dctrys;

ture and many cleaning themir:‘lls‘

CIeanev-Sanitl:ers oo
eels reguiaiity

In applications microbial con-

, nd for regions where a cleaner-sanitizer ﬂ“ﬂll'. step \":'
:tq"."m-"mtﬁ' such an operation can be used to clean soils as well as r?'r?{-‘bnlh functions of
" runation. In some cases a cleaner-sanitizer can be formulated to provide

 wash step can be followed by heat sanitizing.

COMMON CLEANING PROBLEMS IN FOOD
PROCESS ENVIRONMENTS

[ssues at food Production facilities § i i ve soils vary signifi
acilities involving difficult to remove s

cantly d?Pending on the food b"!cin.r. f,”m‘;f.md_ ﬁmw-ms. starches, fats/oils and metal ion

scales can all be difficult 1o temove depending on the food production method, processing
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temperature, time between cleanings and accessibility to food soils. Effective cleaning meth-
ods depend in part on whether the equipment was built to be cleaned (which is not always
the case).

Protein Cleaning Problems

Protein scils can form difficult to remove soils especially if left behind after other com-
ponents (such as fats, starches and inorganic scale) are removed by the cleaning operation.
Usually, protein soils from such foods as milk, eggs or meats that undergo heat treatment
or are exposed for a significant amount of time to air oxidation will denature, precipitate or
polymerize to form soils that can build up over time and create harborage sites for bacteria
and associated biofilms.

High cleaning temperatures and poor choice of chemistry (inappropriate alkaline, oxi
dizer, chelant or acid levels) can precipitate or denature a protein soil .'md make it more d.lf-
ficult to remove, Each protein source will have different optimized g req
due to the wide range of protein types found in food products.

Protein cleaning is usually best using alkaline oxidizing chemistry at temperatures that
support cleaning without precipitating the protein from the cleaning solution.

Fats and Oils

Qily soil from fats or vegetable oils generally will clean better with increasing temper-
ature and use of appropriate surfactant emulsifying cleaning solutions. If unsaturated oils
polymerize due to heating in the food production process, these oils can create varnish-like
coatings on food equipment surfaces. Dissolving these coatings can be very difficult and can
require fairly concentrated chemistries or high levels of manual labor to remove.

Cleaning Starches and Polysaccharides

Starches from food sources, gums, pectins and other thickeners are usually water soluble
but when heated ean dry out and become very difficult to rewet. These polymeric soils can
also be held together in some cases by inorganic mineral scale, Built alkaline cleaners with

idi (hydrogen p ide or chlorine) are often required to remove these soils effec-
tively and, in some cases, pretreatment with acid followed by alkaline cleaning may result
in more efficient cleaning.

Scale Removal Problems

Different scale types might require a specialized cleaning program to ensure complete
removal of food production equipment scale. Examples of some important food-produced
scales include:

1. Calcium oxalate or beer stone is formed from foods containing tannins, seeds, fruits or
vegetables. Tea, beer, and especially vegetables treated in a blanching process
can form these difficult to remove calcium oxalate scales. Removal methods include
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alkaline peroxide-EDTA-based cleaners followed by nitric acid washes to dissolve. (DI
is often the best chelant system but in some regions must be replaced by less optimal
chelants due to regulatory restrictions.) !

2. Calcium phosphate or milk stone is formed from high phosphorus-containing foods
such as milk. Alkaline or alkaline peroxide, EDTA or other chelants can be used as
cleaners followed by a separate nitric acid wash would be a typical cleaning Sysiem.

3. Calcium soaps can form by reaction of fats with calcium from milk, meats or other
processed fat or seed oil-containing foods. Acid washes of these hyd rophobic
organic scales are much less effective than with inorganic scales. Strong chelant
systems such as EDTA and alkaline peroxide-type cleaners will be required for
cleaning these soils, &

Cleaning Sensitive Equipment

_ The food industry has a broad range of customized and unique production and_p'm
Ing equipment systems all of which should be designed with sanitary Ip.m.,-.pjg in i
Unfortunately, there are many applications that require complicated equipment dlﬁnlfr;' 2
;:n ek y difficult to properly clean or contain materials of construction
maged by conventional cleaning chemistries. al
n!k(.‘l?trosl.un 185ues on metals and plastic degradation can occur as a result !Jf strong s
= al;ne themistries or other high salt (especially chloride-containing) so]umms.bse a 5
M;:I:'mm can damage specialized equipment, especially plastic p_,mz. or Euh rzga&m
branes o, CParation systems, such as reverse osmosis (RO) of ultra-filtration (U by

m’at:':’d‘;sﬁf for example, for process water treatment and concentrating wh:y n:
man 513“}' industry, are very effective production systems but can be easily dam )
“3;5 ]-.‘ndard cleaning and sanitizing chemistries. ) itk
tems, facli?'hly fecommended that, prior to building or purchasing new equ ipmen {
required f"y ;ﬂgmwﬁ,"s work with quality groups to evaluate the swml-deﬂn",l%.sigr
ing equi or thase devices is carried out. Many facility problems can be avoided Mﬂul v
Binent so it can be effectively cleaned and does no

| t contain materials
incompatible wit, the cleaning process.

SANITIZING CHEMISTRY

The US e
to deslm‘;' frp :ar fines antimicrobial agents as substances or
gi on imm'm,-,z"‘sﬁl the growth of harmful microorganisms whl-llwrlb ' : et
described in the Ep:b]m and surfaces. Definitions of each type of antimicrobial agen
Sterili Fact Sheet on their website (EPA Fact Sheet):
1. = g "
fungi, m:ﬁmudm “will destroy or eliminate all forms of microbial life including
Disinfectants apy :},:][Ermg of bacteria and their spores.” : :
inactivate infectj 4524 “on hard inanimate surfaces and objects to destroy or |rm\vufsl|=]}'
10us fungi and bacteria but not necessarily their spores™ (these requirea

Pt
Al rinse if used on fopg contact surfaces).

mixtures of substances used
acteria, viruses o
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Sanitizers will “reduce, but not necessarily eliminate, microorganisms from the
inanimate environment to levels considered safe as de ined by public health codes
or regulations.” Sanitizers used in food processing plants in the US generally are non-
rinse agents, safe for food contact surfaces when used according to the product label
requirements.

It is important to understand that for different food processing facilities, government
regulations will differ based on region. An operator using sanitizers and disinfectants for
direct and indirect food contact surfaces needs to follow regulations for both sanitizer and
disinfectant products. For example, in the USA, any antimicrobial or chemical sanitizer used
on food or for treating food contact or other surfaces in a food production facility must be
registered at the EPA. The US Food and Drug Administration (FDA) regulate the use of anti-
microbial agents used on food or food contact surfaces. All approved no-rinse food contact
surface formulations and i usage levels used in the USA are listed in the FDA 21

CFR 178.1010 Code of Federal Regulations. In some regions applications may require a final
rinse for all sanitizer chemistry applications.

Sanitizing Systems

Chemical sanitizers fall into a number of categories based on whether they are oxidative
or non-oxidative. These chemical sanitizers can be delivered as liquids, gases or in vapor/
mist form depending on the application. A comparison of the different chemical sanitizers
for stability, foaming, corrosivity, pH stability and efficacy against microorganisms can be
found in a review by Richter and Cords (Richter and Cords, 2001).

For food processing operations, a sanitizing step in a cleaning program can be accom-
plished using chemical, non-chemical and combinations thereof to achieve the level of sani-
tization required for a given process.

Abrief summary of these systems is described below.

Thermal Sanitizing

While not a chemical system, thermal sanitizing is used in many operations and often in
conjunction with chemical sanitizers. A thermal sanitation process must follow some basic
principles which, if not followed, can result not only in the potential for a food contamina-
tion incident but also in a thermally tolerant microbial biofilm that affects all food produc-
tion through a contaminated system.

Bacterial contamination can generally be eliminated by a pasteurization step (>160°F or
70°C) for 15 seconds. Spores generally will require steam to induce the opening of the spore
and temperatures on the order of >250°F or 122°C for several minutes to have acoeptable
Kill levels (5 log or 99.999% reduction of the spores). Depending on the organism of con-
cemn and the level of microbial kill required for a given process, heat sanitizing functions
need to ensure correct time, temperature as well as humidity levels (if sanitized with hot
air rather than hot water) to obtain acceptable microbial kill. Equipment where there exists
the potential that not all surfaces will be heated equally can leave cooler portions of the sys-
tem improperly sanitized. Such areas could be dead head pipes with minimum flow for
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) ith high bec
an aqueous thermal process or thicker or more intricate internal structures Wi
capacity if steam or hot air is used to sanitize.

Oxidative Sanitizers

h - eroxide, pem:
Commaonly used oxidative sanitizers include chlorine, iodine, hydrogen P

yearboxylic acids and chlorine dioxide.

Chlorine " lants and is used =
Chlorine is one of the earliest sanitizers used in food proces _::50]: hypochlorous ack
sanitizing solutions in the form of aqueous sodium hypochlorite of WPTEITL gy,
Chlorine can be purchased as a gas, in a stable liquid form M"-‘:m;}oisoc}-muﬁf acid fors
solid (calcium or magnesium hypochlorite as well as in the tri White, 2010).
or produced from the chloride salt on site in an electrolytic cell (Whi g;-ensive and broads
As 3 sanitzer chlorine has the advantage of being generally ineXPERL oy gy
chfective against all types of microorganisms and is thought to a;: Pm sanitize with chlor®
tion of cellular proteins and enzyme activity. It is most desirable H 9 and will evolt
in the pH §-7.5 range as it becomes ineffective as a sanitizer aba-“‘lpl.le loss of activity®
dangerous chlorine gas when combined with acid. Di‘“d‘mnh-ges m:t:i.nlﬁ!i steel \
the presence of an organic load as well as being highly corrosive ts anto these surfaces)
tomers (especially when not completely rinsed and permitted m, rywmﬁ (THM) and ¥
Chlorine also will react with organics fo form carcinogenic trihalome
restricted for use in some regions.

Todine

ik |orine, havt
Iodine-based sanitizers (jodine stabilized with surfactant ""d“".h""ﬂ’-:;-tf.ﬂo kill bacte
broad spectrum kil of microorganisms and are effective even “ﬁmmt : "[nr scale remoil
fial spares. lodine sanitizers can be used at acidic pHs which is ’mFm:?n ive at lower con
unction in dairy ang brewery applications, for example. They are ¢ t;d 4. Todine can ¢
centrations than chlorine and can generally work al a higher organic Ol ot remain @
somewhat expensive in practical use and it cannot be used hot as iodine ‘;II- at higher lem-
#9ueous solution above 115F (45°C). Corrosion can be a problem, especially Jaints in the
Perature, and staining of equipment and some starchy foods are common compy
use of jodine compounds (Gottardi, 2001).

Chlorine Dioxide butit
Chios e
fs ‘: © dioxide is a gas at room temperature with only slight ﬁ:i"bll:? :-nl"l‘.: a[:hlurirr

et A i y in advantag
ﬂimidt:)m?ulmﬁmme sanibizer even at low concentrations. The main advantag, ainst 2 bro

over chlorine is that chlorine dioxide will work effectively ag « mosl
i ket 9’ ,'“""“bm contaminants even under a high organic load nncf is one t;f'l:;- l':: be
esive antimicrobial systems against biofilms. Chionne dioxide (CIO2) i5 e e, ik s
mnore environmentally friendly than chlorine as it does not form THM compounds. &7
25 times the oxidizi '

k ) 5 rpical use
- 14Ng power of chlorine and, thus, less chemical is required. Typica
concentrations range from 1 to 10ppm.
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Care must be taken when using chlorine dioxide as some corrosion issues have been
reported for some metals and electronics although the formation or m-delnrnry of salts at
the metal surfaces contacted is I.houghl to be responsible for a sagml"canl portion of the eor-
rosion effect (proper water rmsmg to remove salts should minimize this risk if rinsing is
possible). Chlorine dioxide is explosive in nature, degrades rapidly above temperarums of

122°F (50°C) and when exposed to light. Therefore, chlorine dioxide is usually produced on-
site, used as a gas in very carefully controlled conditions or charged into water as a sanitizer
ar disinfectant, also under carefully cc lled conditions. As chlorine dioxide has very low
solubility in water, care must be taken to avoid unsafe atmospheric concentrations for work-
ers due to off-gassing (EPA Guidance Manual).

Acidified Sodium Chlorite

Acidified sodium chlorite (ASC) is an oxychlorine mixture formed by acidification of
sodium chlorite to form a chl add i diate chemical species. The chlorous acid sup-
jparts active concentrations of strong oxidants (i.e. chlorate, chlorite, chlorine dioxide). ASC has
broad antimicrobial efficacy and is able to be used, as is indine, at addic pH which is valuable
for scale removal. ASC has US FDA approval for most equipment and environmental sanitiz-
ing applications. ASC solutions have also been approved by the US FDA as a “secondary direct
food additive permitted in food for human consumption” permitting antimicrobial surface
treatment of red meat, poultry, seafood and raw agricultural commodities (Allende et al., 2009),

ASC is most popular in food tissue spray applications where it can be used to provide
antimicrobial reduction compared to a normal water wash step. Corrosion can be a problem
as with any halide salt-containing system. Care needs to be taken to ensure proper equip-
ment rinsing as a dried acidic salt on metal surfaces can result in pitting corrosion if not
properly rinsed.

Peroxides

Hydrogen peroxide and peroxycarboxylic acid-based sanitizers are oxidizing sanitizers that
have an advantage over halide oxidizers with similar effects against bacteria and viruses but
are more effective in the presence of organic loads (especially proteins). These sanitizers break
down into non-hazardous by-products. Hydrogen peroxide and the peroxycarboxylic acids
are non-corrosive to stainless steel and the standard elastomers commonly used in food pro-
cessing facilities. While hydrogen peroxide is odorless, it g lly requires a fairly high con-
centration to deliver acceptable sanitizing results in a food process environment, Peroxyacetic
acid, the most common peroxycarboxylic acid, has an odor associated with it and can have a
higher use cost but is effective at a much lower concentration than hydrogen peroxide.

Other peroxycarboxylic acids, such as peroxyoctanoic acid, provide additional efficacy as
sanitizers over peroxyacelic acid alone and due to the lower vapor pressure will have less
associated odor in use (Fatemi and Frank, 19949),

Non-oxidizing Sanitizers

Non-oxidizing sanitizers typically used in food processing facilities include quaternary
ammonium compounds {quats), acid anionic surfactant systems and fatty acids.
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APPLICATION OF SANITIZERS IN FOOD PROCESSING FACILITIES

A sanitizing operation is generally performed after a thorough cleaning operation for CIP
and COP systems as well as for all environmental areas. Automated CIP/COP sanitizing
would use a non-foaming sanitizer while a foaming sanitizer would be used for environ-
mental surfaces (discussed above) as foam provides contact time for vertical surfaces as well
as a visual confirmation of sanitizer application. (In the case of sanitizers that are approved
for no-rinse applications, such foam would break and leave no visible residue.)

Any manual sanitizer application should not rely on mechanical action or scrubbing to
assist the sanitizing operation (using the cleaning operation for such removal). If applica-
tors, such as fabric or mop systems, are used for sanitizer application, care must be taken
that these applicators are themselves thoroughly cleaned, sanitized and stored separately
from equipment used for cleaning operations to avoid cross-contamination. It is usually rec-
ommended that cleaning equipment be color coded and stored in dry areas zoned against
the possible contamination of food product by cleaning equipment.

CLEANING VALIDATION AND VERIFICATION TECHNOLOGY

There are three main components to developing a cleaning program for any food produc-
tion area:

1. Acleaning and sanitizing p I needs to be developed that is based on the specific
legal and safety requirements for the food processing business.

2. Validation of that cleaning and sanitizing protocol requires development of tests for every
point in the cleaning process to prove that the process can meet regulatory standards,

3. Averification program needs to be instituted (usually consisting of a subset of the
validation test methods) in order to d the impl ted cleani
sanitizing programs are effective.

and

B

Toa little focus has been given in most food production facilities to validation of cleaning
and sanitizing protocols. Without proper validation of a cleaning and sanitizing protocol,
there can be no assurance that a cleaning program will be effective in providing contamina-
tion-free, safe food product. An example validation program description that can be used in
a food processing facility is shown in Table 273,

When a cleaning and sanitizing program is identified, the following steps are needed to
ensure a successful program:

1. The validation program must determine the points in the process that will be the most
difficult to clean and sanitize (Scipioni et al., 2002).

2. Cleaning and sanitizing methods should be evaluated specifically for the ability to
effectively remove all soil types from these tough to clean and /or sanitizer areas.

3. Asel of verification tests must be agreed upon to prove soil removal actually securs in
the difficult to clean areas. {These validation tests are generally much more rigorous
than the final verification portion of the final SSOP document to ensure the program
successfully cleans and sanitizes all potential failure points.)
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4. Multiple cleaning trials must be evaluated using the developed validation protocol
to prove that soil and microbial contamination are removed from the most difficult to
clean areas.

5. If this is a new procedure for an old system, a baseline study using the old cleaning and
sanitizing protocol and the validation test procedures is recommended to understand
whether the new protocol is actually providing a better result than the current protocol.

6. The validation team should evaluate data from the trials, optimize the cleaning and
sanitizing method and then determine verification tests and testing frequency required to
ensure long-term success of the validated protocol.

Allergen Validation: Prototype for Validation of Food Cleaning and Sanitizing
Operations

Validation for cleaning of food allergens can be used to define best practices for clean-
ing in food production facilities due to the similarity in goals between removal of allergen
and removal of microbial contamination (Jackson et al, 2008). As with microbial contami-
nation, allergen contamination can be distributed uniformly throughout food production
equipment or it may be inhomogeneously distributed in hard to reach, inaccessible areas
in the oquipmen! {emmples would be nut particles for allergens or biofilms for microbial

ination). Like allergens, a biofilm contamination may slough off equipment into food
pmdm:ls resulting in large but difficult to detect product contamination.

As described above, allergen issues in the general population have required develop-
ment of new cleaning techniques to ensure the safe removal of allergen proteins, Rigorous
validation programs were required in order for the food industry to meet the regulatory
requirements (such as the US Food Allergen Labeling and Consumer Protection Act of 2004
and similar strict labeling regulations in many other countries). Current guidelines require
certain proteins to be removed to less than a 2ppm residual - a level that is not always
measurable by available protein test methods for some allergens,

When a food manufacturer produces an allergen-containing food, a Fully validated
sanitation procedure needs to be implemented when switching back to production of non-
allergen food products. Such a validation of allergen removal, cleaning and sanitizing pro-
tocols not only has to take into account uniform allergen residue but also inhomogeneous
pieces of an allergen that may not be detected by a general allergen swabbing technique.
Standard cleaning methods often fail to remove detectable levels of allergens and special
procedures must be developed to completely eliminate residual allergens.

Allergen validations must include evaluation of the complete allergen program. For
example, if allergen cleaning is effective but the raw material handling program can permit
unintended allergen contamination into a food product (due to labeling issues, employee
error, ete.) the work of an allergen validation can be negated.

As with unintended microbial cross-contamination discussed above, a full allergen pro-
tection program in a facility requires a carefully planned program to place "hurdles” in
front of a contamination source to significantly lower the probability of a contamination
incident. In many cases, manufacturers have opted to build separate facilities and devel-
oped highly sophisticated raw material labeling and shipping programs to avoid any pos-
sibility for contamination.
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Surrogate validation tests need to be well thought out as microbial species should have
similar temperature and pH stability to a target microbial species. Non-microbial methods
should have a similar dissolution or removal rate as the food soil in the chosen cleaning and
sanitizing system being tested. Delivery of the surrogate can be through manual application
or added to a foed product during manufacture.

Dry Food Production Cleaning Validation

As discussed above, food produced in a dry process environment provides an especially
difficult challenge to food producers globally wanting to ensure pathogen-free food prod-
uct. A sanitation break defines a specific time where food processing equipment has been
completely cleaned and sanitized. For a dry food process, a sanitation break has not always
been considered to be a required stl.'p in a food pmduchon process as the lack of water in
these environments inhibits mi 1 th. Many dry ingredient ge and delivery
systems in these food production fnﬂlltles ha\.e gone for }‘cars without sanitation breaks
(with the focus instead being on elimination of pests). As a result of these practices there is
no distingui: raw material lot that can be used to determine an appropriate recall date
for food produced with that raw material.

Validation of a dry sanitation break is critical to permit lot definition for foed production
(GMaA, 2009). A dry process cleaning method, using little or no water and resulting in a sani-
tation break, would be focused on removal of microbial contamination and not necessar-
ily all evidence of a dry food soil. Validation of such a dry process cleaning method would
effectively involve the same validation steps as with wet cleaning. Verification testing on
food contact surfaces and environmental surfaces needs to be rigorous and focus on areas
most likely to harbor microbial contaminants, The special emphasis in dry facilities needs to
be on ensuring water contamination does not occur and that effective sanitizing programs
exist when water inadvertently is introduced into these dry environments. The sources of
water contamination include uni ded sources such as roofs, walls and floor leaks, water
piping leaks, condensation inside and outside food production equipment as well as water
intentionally brought into a facility by standard food production practices.

To ensure dry process cleaning and sanitizing methods eliminate microbial contamina-
tion in the food production equipment itself, surrogates for pathogens (as discussed above)
can be especially valuable. For difficult to disassemble arcas, sampling of these surfaces
during a validation project can be used to prove the surrogate can be removed with a dry
cleaning program or deactivated with a dry sanitizing step. Many food grade materials
can be spiked into food products, placed in difficult to clean sites and subsequently detected
by various methods at high sensitivity (such as proteins, inorganics or flavors) and bio-
logically active but safe food grade yeast and bacterial cultures can be spiked into a food
process and detected by standard plating techniques. The use of surrogates can, therefore,
provide a safe way to demonstrate that a dry food cleaning and sanitizing process has been
effective.

Cleaning Verification Tests

There are numerous verification tests to determine allergen and microbial contamination
on food production equipment (Brown, 2009). The Association of Analytical Communities
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system. CIF, COF and environmental cleaning systems and the associated cleaning and sani-
tizing l:hmustry and procedures for food production facilities are discussed. Additionally,

enc d in food production facility cleaning and sanitizing pro-
grams as well as validation and verification programs are reviewed. Special topics include
cleaning and sanitizing i ions and iated walidation programs for allergen

issues and dry food environments.
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RISKS OF OUTBREAKS ASSOCIATED FROM
INFECTED FOOD WORKERS

Outbreaks Contributed by Food Workers

me:lf‘);g;mp]me or worker is someone who works with unpackaged food, foed 55
o en ulensils or food contact surfaces. A food handler may be perenti
i "L“fh“ simply handles food but for this chapter all these terms are synonyee:
re :: involving infected food workers in many foodservice settings have been wik
b.,':: ted, with some resulting in many cases and deaths. In fact, food workers have prob
Thz implicated in spreading foodborne di s s B was prepared i
i ;,-.E::f of Mary Mallon (Typhoid Mary), who was a chronic carrier of Salmonelln T
uted to ik mm_P]e of the risks of colonized food workers infecting others. She is 3%
Duri ;:uilngr-l? illnesses and three deaths in the New York area between 1906 and 12
ston 5 Mallon's temporary confinement from 1907 ta 1909, health officials had anil
JoN o b imately ance a week. The samples came back with S Tiphis

1 PF ; Bl
20 of 163 samples tested, In the early 19205, Tony Labella, a food handler in the Nes "
d deaths, since he wais

farming co .
a chronic §. T unity, may have actually caused more illnesses an , sl syin
were rﬁh carrier, These were the years when typhoid was endemic 1 the USA

Fonily ably many other undocumented carriers who spread typhoid fever.
ew of foodbore disease outbreaks worldwide shows that food workers hr

N responsible for Y = Todd et al, 2007t

200083, b many of these outbreaks (Greig et al.. 2007; Todd < £
 2009). These authors collected 816 outbreak reports comprising 80,682 cases fr=
occurring in the &

event ;
three ;:::hﬁmg 1927 to the first quarter of 2006, with most of these |
o probable ne These outbreaks were caused by 14 agents: norovirus, Norwalk-like vin=

Poravirus (338), Salmonella enterica (151), hepatitis A virus (84), SIapiie?

Aurens (53), Shigelly
it - Shigelln spp. (33), Streptococeus ¥ A and G (17), and the pie
sites Cmm replococcus Lancefield groups ::Ihcﬁt‘ o that ke

, Giardia, and Cryp, e

quen; nd Cryplosporidium (23). It appears fro .

"mnignzl:,:f:ﬁfm’: staphylococcal and typhoid Olﬁgmakﬂ diminished over ime:

non-typhoidal sﬂf‘ A virus (HAV) saw little change, but those with norovirus and maj

time frm Nurwnl';umh were increasing, The terminology of norovirus has clw_l‘b'“’ L

have inclydeg or Norwalkdike or small round structured viruses and may it the ps
oth ¢ organism of most &

et similar viruses. Today norovirus (NoV) is th
has a low infectie=

ause it
dose and pyg b:[{:"‘j“f_““? spread person to person in the community,
found 1o by infocted, in many foodk outbreaks where food workers have be?

of the infectie

" S0me casgs, fh
the worker bl

becoming i) the sa“'m‘kcr may have been a victim rather than the cause

tantly disreparded oo, e a8 the customers or later. In other situations,
ate individig) amu::nnal hygienic practices, which may have been a result of inappropt
tomars 0 these ecﬁor:r;hc accepted way of doing business in the establishment, Practics
“n"“"" Carriers and gy t::* previously been documented, such as workers being asym
i ued 0 prepars foog WI’EI:i, the pathogen unknowingly while working, or they @@
11 ?wu' a high Probability BLis ""_"'WI‘-‘i to them, and sometimes others, that they weit
Involved more thar ? of contaminating food. Some of the outbreaks were very large
000 persons, four with more than 3000 ill. The larger outbrals
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tended to be extended over several days with a continuing source of infections, such as at
festivals, resorts and community events, or the contaminated product had been accessed by
a large number of eustomers. There were five outbreaks with more than 100 persons hospi-
talized, with attack rates ranging from 9.9 to 100%. However, overall, the hospitalization rate
was low (1.4%), and deaths were rare (0.11% of the documented 80,682 cases), Many of the
deaths were associated with high-risk persons (i.e. those who had underlying diseases, mal-
nutrition, or both, as in a refugee camp, or young children), but a few occurred with appar-
ently healthy adults. Unfortunately, and there is no indication that worker-related ilinesses
are diminishing, For instance, a study by the Indian Public Health Association in 2012 found
E. coli on the hands of nearly 11.2% of those who handie food in five star hotels, 47% of chefs
and waiting staff in smaller restaurants, and 84.7% of food vendors in roadside eateries
(Narayan, 2012). In addition, 11.2% of these roadside vendors carried amebic cysts that can
cause amebiasis, the third most common cause of death in India from parasitic infections.

Food Operations and Foods Implicated

An analysis of the settings for the food worker-related events in the above-mentioned
study showed that most of the outbreaks came from foodservice facilities (46.1%), followed
by catered events (154%), the home (102%), schools and child care centers (6.0%), and
healtheare institutions (5.3%). The single most frequently reported selting was restaurants.
Case numbers in oulbreaks in homes or at community events are probably underestimaled
because they are less likely to be reported than those involving commercial establishments.

threaks frequently occurred ¢ of the continual exposure of large groups to
a pathogen, either because the source had not been identified soon enough or because con-
trol measures had been insufficient to eliminate the agent, such as at refugee camps or large
outdoor events. However, in several other large outbreaks, the t of contaminated
food was so great that thousands of persons were exposed by the same batch of food; this
occurred with frosting on cakes, imported raspberries used in a variety of dessert dishes, and
items served at large receptions or commissaries. The agents in large outbreaks also tended
to be highly infectious, such as Shigella or NoV. Because ready-to-eat (RTE) foods are not fur-
ther processed or cooked, subsequent contamination by infected food workers frequently led
to outbreaks. These included produce and baked goods, as well as beverages that would not
normally allow the growth of pathogens. However, many of these were of viral origin with
sufficient particles to cause an infection without further mulliplitntinn. Foodservice outlets,
such as restaurants, catering companies and schools that served large numbers of patrons,
were the most frequent settings implicated. However, episodes linked to bak hospi-
tals, camps, homes and church meals highlighted the necessity for those who prepare and
serve meals in these operations to excuse themselves from food preparation if they are ill or
exposed to infected individuals. There were 18 outbreaks associated with commercial travel
in air flights, trains and cruise ships over several decades, although only the last seems to be
o major concern today. There are several outbreaks every year from cruise ships; often with
>2000 passengers per ship, who could be more likely the source of an enteric infection than
the crew; stalf typically ask illness questions before embarkation and squirt an antiseptic on
hands of cruisers before they eat. How effective these practices are is uncertain but they do
alert passengers of the risks of spread of foodbome infections in close quarters,
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FACTORS CONTRIBUTING TO OUTBREAKS

72

The most frequently reported factor associated with the involvement of the infe:
worker was bare hand contact with the food, followed by failure to properly wash b
inadequate cleaning of processing or preparation equipment or utensils, cross-contamins
of RTE foods by contaminated raw ingredients, and (for bacterial pathogens) tempes=
abuse. Many of the workers were asymptomatic shedders or had infected family mes
and/or used improper hygienic practices. Outbreaks were sorted into categories bused
how many workers were implicated, the origin of the infective agent (outbreak seling o<
sile), lhede‘é"’e of certainty that the worker(s) were the cause or were victims, wheths
not the workers denied illness, the ability of the agent to grow in the food, whether ol
workers and not the patrons were ill, and whether patrons were more responsible for &2
than the workers. The most frequent scenarios were (1) a single worker GsifEt
Fuﬂm-ak !’." directly infecting customers; (2) an infected worker contaminating fwds b=
“ces, typically after toileting, that were then temperature abused, leading o an put
2nd (3) multiple workers linked to an outbreak, but with no clear initiating source.

EXAMPLES OF OUTBREAKS CAUSED BY FOOD WORKERS
Sy examples suffice to indicate the tvpe of food worker contamination that can e
;:Smfm (Todd et al, 20073). In m:'?;f students at a Minnesota college develi?
Sscortaes inal symptoms from 25 April to 1 May, with most on 26-27 April lliness ¥
caeteria on ga o nSUming any cold salad bar items from the dining sefvice 3 the cils
iting and dmm‘”"‘P’“— The index case was a food preparer who reported developing ¥
had diare, ©a on 23 April after being exposed to children who also were vomiting =
later thay d": O;IhZZ April. This person called in sick on 24 April and symploms resdlie
of the week ¥ The employee then returned to work on 25 April and worked the mmmi'
of salag “e“:c:hﬁ_!ﬂlad bar section of the dining service, with extensive bare-hand conls
and cut frui. AdgieE ProPAration and stocking of the salad bar with lettuce, salad toppes
to “econdary eeitional cases, with onset after the weekend of 29-30 April were I_lk?l_"d—
Departmeny um of viral infection within dormitories and other campus seltings. T
tion avajlable, but th categorized the agent as viral based on the epidemiological mfl'ﬂﬂl
dates tha ey, G no specific agent was isolated. An ill call-in log was useful in determin®
In Leos A,.;iérg'w"“-‘ illand to ascertain the responsible employee,
Vs noted with unty in the same year, an increase in Salmonclla Thompson inl'thW-‘
<k al, 2005), A o 05t cases dining at a restaurant chain before developing illness (Kir
fi Testaurants I"-‘“mnll:nl study implicated burgers eaten by 23 individuals at the I
at threg other m;‘an addition, hamburger buns were also served at a catered luncheon 2
358 was a burger bl‘m"“’ where a further 15 S, Thompson cases were reported. The ind
ealen at the restay o Pnr,h" at a bakery that supplied buns for the chain, but she had ne!
baked bread and bl'-lnt chain. This full-time employee was responsible for removing frestd
Packaging them !n':'":. " ”:'L‘ cooling rack, feeding them through an automatic slicer ard
bread item (notally h_.:s'"hu"""' She did not wear gloves and handled every individu
¥ hamburger buns) at least twice with her bare hands. She worked fro®
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the day of illness onset on 13 July until she required overnight hospitalization on 17 July.
She resumed work after hospital discharge on 18 July and continued working until termi-
nation of employment on 23 July. Although stool specimens were taken during her hos-
pitalization, the results were not reported until 31 July, 2 weeks after onset of illness. The
patient’s brother, also employed at the bakery, became ill on 17 July, and continued to work
‘while ill until he was removed from work on 3 August. Presumably she infected him either
through contact or through consumption of buns handled by her. He was mainly respon-
sible for mixing dough but did some rotation of duties that would allow contamination of
bread items. The bakery did not offer any formal training on safe food-handling practices.
Furthermore, although many of the employees spoke only Spanish, the procedure manu-
als were written in English. As indicated above, low water activity does not allow bacterial
growth in most baked goods or the ingredients of cake frosting but there were a surpris-
ing number of outbreaks, some very large, associated with contaminated icing or frosting
on cakes and glazing on pastries. Direct contact between contaminated hands or arms and
the ingredients was enough to transfer NoV, HAV, Salmonella, 5. aurens and rotavirus to the
products in sufficient quantity to cause illness. Examples of these are: (1) 414 people were ill
with NoV after eating pastries served in a Winnipeg hotel; (2) 68 cases of HAV were assodi-
ated with eating buns and pickles handled by a worker in a Chattanooga fast food restau-
rant and who was an intravenous drug user; and (3) 12 HAV cases derived from an infected
cook who contaminated cream while preparing pastries in a Glasgow restaurant (Greig
et al., 2007),

Some outbreaks involving food workers are international in scope (Todd et al., 2007a).
For example, Salmonella Brandenburg was responsible for illnesses in 232 passengers,
27 cabin staff and 31 aircrew in 45 flights originating in Paris for many parts of the world,
including the United States, Canada, the Caribbean, Egypt, Senegal, Japan, Venezuela,
Brazil, Russia and eight other European countries in April 1976. The illnesses occurred from
6 to 11 April, and an alert was only triggered when an aircrew on a 9 April flight was con-
cemed about the ill people. However, despite this alert, meals continued to be prepared
and served until 11 April, and many more passengers are thought to have become ill than
the 290 eventually reported to the authorities, The organism was isolated from a variety of
cold foods, primarily fish. Only one of the 200 employees of the catering firm in Paris tested
for the pathogen had . Brandenburg isolated from the stools but this person had prepared
these cold dishes. Unfortunately, this employee was not recognized by the regular inspec-
tion and testing program in the establishment despite the fact that their surveillance pro-
gram had resulted in 14 suspensions of staff who had infections over the previous 2 years.

More recently, outbreaks from June to September 2005 of norovirus infection in Denmark
were linked to frozen raspberries imported from Poland. All outbreaks occurred in institu-
tions or commercial catering seltings. A cold dessert dish prepared from frozen raspberries,
which had not been heated, had been served one day before the start of each outbreak. In
the first five outbreaks, frozen r.'u.'pburry pieces had been used, which could be traced to the
same large batch imported to Denmark from Poland in the spring of 2005, In the last out-
break in September, the frozen raspberries had been supplied by a different Polish producer
to a different Danish importer and made into a traditional Danish dessert of buttermilk, fro-
mage frais, sugar, vanilla and raspberries. With 1143 cases in total, these raspberries caused
the largest number of foodborne infections attributable to a single vehicle in Denmark in
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many years. Delays in the implementation of a recall after the first large outbreak of 430p:
Ple in a hospital resulted in a second Jarge outbreak among elderly clients of a mealia
wheels service in early June. An estimated 400 mainly elderly people were affected i3
least 23 required hospitalization. Surprisingly, three different genotypes of norovins it
found in the six outbreaks. As Polish frozen raspberries were exported to several Eurpe
countries, outbreaks due to frozen raspberries would be expected beyond Denmark me
of Polish origin was reported. Contamination with norovirus may have occurred a.f,;:
level by fecally contaminated irrigation water, during harvesting by infected farm ;\‘ -
and/or during Pprocessing and freezing by infected workers at company Ie\'i:l._'l_?1ﬂ ﬂ:rhe
esis was that several independent contamination events took place, thus explaining e
erogeneous distribution of norovirus strains in the Danish shipments. Infected ‘I\W :
the harvesting or processing of the raspberries in Poland were a likely but not proven<ce®

PATHOGENS CARRIED BY FOOD WORKERS

Sources of Path ogens

nfections from body orifices P

The human bod A itting i
¥ bas several means of transmitting ! a transmitter of HAV), beces

marily fecal, nasal and skin sources (though urine can be
e xposed to the external m;t:mif.au:d environment through air, watet, fi mf:
contact with other humans and animals. Sources of pathogens, therefore, ||:|clud'e v’[md;
foag e nasopharyngeal or oropharyngeal secretions, often being tr-msmltted!:o o
oo ontact surfaces, The likelihood that workers cause illness in patrons and fellow o
:.'hrs depends on severa] factors: the numbers of organisms requi red to initiate an infedt .
2 site of colonization and the length of their carriage in infected persons. P.'llhn_',;u'l::
iveid i!‘"’""' skin or fecal origin are fm:lst likely to be transmilted by the hands Ili"'"'-‘ﬂ'D u;
ﬂ’fg"rnps and palms), as hands are the parts of the body that frequently touch Ihi:\'n;
H-M"“d anal areas. The pathogens most likely to be transmitted by food workers 3 )
ol Shigella and Staphylococcus aureus. Unfortunately, such pathogens ean
i Mumbers in or on the bady during an infection. This is particularly true k".. ml:esmln;
lﬂLlu‘“l?s Where levels can reach 101! infectious cells or particles per gram of feces, @ s
1to 100 i [5 m frequent. Some pathogens appear to be able to infect at d‘_’-‘f‘"’ ::d;‘m
"Piwdcsunllss' including virues, parasites and some bacteria. Although para sitic fo a5
i ﬂnu illness arp rare, the dose for Cyelospura, Cryplosporidiinm and Entamocha may e
path % ':.”tfﬂncyst_ Based on outbreak data and other infectious disease studies, o ¥
‘?‘u’[’:nn-;\\llh low minimum infections doses are Comprylobacter, E. coli O157:H7, Sﬂfﬂh'@-
(<100CFy :,fm other Salmonell serotypes), Shigella dysenteriae, HAV, NoV and rolayini
other F, Mj”Pamc]q,l Interestingly, n;ﬂy rarely have Campylobacter, E. coli O157:H7 o=
oty Ppes been implicated in food worker-associated outbreaks,

Incubation Periods

For ill .
Petsons, these can range from a few hours, e.g. 5. aureus enterotoxin, o man

weeks, ep
il Typhi. The longer the incubation period, the more opportunite
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there are that an infected person will excrete the pathogen. This is equally important for
a worker's contact persons, mostly likely the family or fellow workers, who may be
the persons initially infected and excreting. The duration of illnesses is important too,
Gastroenteritis symptoms may last many days or even weeks or months, e.g. chronic diar-
thea, as in cases of infection with Salmonella Typhi, Shigella spp., HAV and the protozoan
parasites. Since employees want to retum to work quickly after illness, and they do not
usually receive paid sick leave, they may work while continuing to be ill or enly having
mild symptoms like occasional diarrhea, without reporting their conditions to mana
ment. Post-symptomatic long-term shedding can also occur with Campylobacter, Salmonella,
Shigelln, V. cholerae, Yersinin, enteric viruses and parasites.

Fecal Contamination of Hands

Lack of hand hygiene compliance means that fecal contamination of fingers and hands is
not uncommon (Todd et al, 2010¢). Maybe it is not generally understood that the fecal-oral
route is the main source of enteric infection from pathogens present in the feces of ill, con-
valescent or otherwise colonized persons because no visible feces is present on fingers or
hands after normal defecation. It is difficult for managers of food operations to identify food
workers who may be excreting pathogens, even when these workers voluntarily report their
illnesses (whether there is a policy for reporting illnesses or not), because workers can shed
pathogens during the prodrome phase of illness or can be long-term excretors or asymp-
tomatic carriers. Some convalescing individuals have excreted Sahionella for 102 days, and
most individuals infected with vinuses remain asymptomatic while discharging infective
particles into their dings. Fecal contamination on the hands is linked to the limited
effectiveness of toilet paper use. The fecal mass on fingers after defecation has been esti-
mated from 10-**g to >1mg (Todd et al., 2008b). This means that there could be 10° fecal
coliforms present on hands when initially contaminated, and pathogens if present could be
in substantial numbers (Table 28.1). There is limited information on carriage rates before,
during and after illness and in asymptomatic individuals. Carriage rates range between <1
and 36%, and shedding can occur many days before symptoms appear, making exclusion
of excreting employees from the food environment very difficult. The soil matrix, relative
humidity and temperature all influence pathogen survival. Declines can be rapid on hands,
but most pathogens that cause foodborne illness survive long enough on hands and contact
surfaces to allow some transfer lo food or fellow workers during a shift. Salmonella can sur-
vive for several hours on fingertips if they are not washed. Non-enveloped viruses such as
NoV, rhinovirus and enterovirus are more stable on skin than are viruses with envelopes,
such as the influenza virus,

HYGIENIC PRACTICES OF FOOD WORKERS

Spread of Pathogens in the Food Industry

Personal hygiene is critical to reduce the opportunities for pathogen transmission. This
is of particular concern in the food and healthcare industries where food is served and
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TABLE28.1  Levels of Pathogens in Clinical Specimens and Body Exeretions

Pathogen

Cy {levellg or ml)

Source of Ce

Saluemelly

5. murens and
strepocoecy

5 puugeres

5. pyogenes

Enterovinases (coxsacki
virus, echowirys,
polio virus, ete)

Hepatitis A virus

Feces, while il or early

cony:

Feces, in lale excretion period
Infants excrete longer than adults

Feces, while in

convalescence

Pus in infeeted
lesions

Saliva in a sneeze
from carriers

Saliva in a congh
Ironn garricrs

Feoes, highest numbers
before symploms begin

10°=107 CFU
10°-10° CFU

6 x 10" CFU 15 days after illness

5 3 107 x 107 CFU {median, 6.0 % 10° CFUJ
<10 days alter illness

1.3 % 10°-1.6 x 10° CFU (median, 10x
CFU) 10-19 days after illness

<107 3.5 x 10° CFU (median, 25 x1d' O
20-25 days alter illness 4
7.0 x 10°-1.8 x 10F CFU (median , 14218
CFU) 6-35 days after illness

2.0 10°-3,5 x 108 CFU (median, 55 11"
CFU) 42-50 days after illness

<107 x 10 CFU (median, 2.5 % 10 CFL)
659-102 days after llness

10P=10F CFU {median) for intra-abdomins
and anorectal and soft tissue infections (=
sample with almost exclusively 5. surss wd
two with beta hemolytic streptoeood)
Typieal person infected with streptocort
saliva 10" 1o 10 CFU; <100 CFU/ 154 5. em
1.5-4.5 feet from snecze seuros

One carries sneezed twice (Day 1 and Day B
saliva 3.2-7.5 » 10° CFU; 23-500 CFU/ 158 g
em. 1.5-9.5 feet from sneeze source: S0% of
the streptecoced remained in the air 10-1522
after the soveeze (10=16 min alter sAeezing
10" sireplocneci were cultunsd 9.5 fedt
away). A nase blow from a earrier info 2
handberchivl yielded 2.4 % 107 CFU matesial
from posterior pharynx comparcd with

AH % 10 CFU saliva

110" CFU (1/20 persors infected with
streptovoce coughed & CFU atreptoces/
154 5. crn, 9.5 fiet from cough source; mest !
the other 19 did not cough any streplocoon)
10107 % infoctious particles, 107 infection
partichs

10° virions
10" infectious partichs

[Combars!
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TABLE 28.1 (Continued)

Pathogen Source of € il « Inatlan (hewellg o sl
Norovirus Feces, while ill* 2200100 W02 1 1P s g famiel pinitens
Group G-l mecklan = WA w 11
Norovirus 2500 w7
Group G-I woples /g, lecal speciimen, medos = 26 2 0
Noravirus GLR29 3 W canprles /g o wbend
Group G-I
Nomovisus GIFA2.02 2 1 conpies /g, o stond
Group G174
Narovirus GIL, 381 % WP copies/ g of steeid
Group G-Il
.
Norovinus GIL/A 7.9 w0 10" copies /g of st
Group G-I/4
Rotavirus Feces and T0M particles excreted but enly 10710
vamitus while il infectious
100 times mone virus i vomitos e fes
& x 10"-10 x 10° infectivus partisle
>10" infectious partiches
10"%-10" in feces
Cryplosperadiion 10°-10° cocysts in a single bravel Scsemens
b 10107 oocysts
3 x 10" vocysts/day
Gisrdia <107 eysts daily in stouls
lambliafintestinalrs 1-5 % 10° cysts

Informifiom from Toud of al (Z00¢b 1 CFL = polony-forming units,
“levels it it med knnoww bt ansumned o be romilar f0 those i stnale,

people and patients touched. An extensive series of reviews of factors contributing to ous-
breaks by food workers and how they spread diseases revealed a composite list of proi-
lems uncovered during the investigations (Greig et al., 2007; Todd et al., 2000d). The majee
concerns focused on (1) hand washing, (2) sanitation of food contact surfaces, (31 facilin -
wide hygiene education and training, (4) incentives for workers to report their illnesses
(5) surveillance of the waork force by r gement, and (6) regular professional screer
employees for iliness, including nasal and stool samples obtained from staff returmin,
overseas travel. Food workers have been implicated in outbreaks of foodborne illness
hands contaminated by human or animal feces are a well-recognized mode of pathe,
transfer; sneczes, coughs, infected skin lesions and vomitus also have transmitted pat
from workers to food, patrons and fellow workers. Physical barriers such as food shue
(sneeze guards), utensils and appropriate protective clothing have value but are wsall
to completely prevent contamination of food or food contact surfaces by body seciets
far the most important action to avoid contamination of food is thi Cleanliness of the

Widespread lack of attention to any kind of major promotional campaign o
hygiene was reinforced when the US Food and Drug, Admindstration's (A Ny
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TABLE28.2  FDA Report on the Occurmrence of Foodborne [llness Risk Factors in Selected Instituticnal
Foodservice, Restaurant and Retail Food Store Facility Types (LS FI2A, 2009k)

Proper, Hand-washing =
Adequate Good Prevention of Facility, Hzl_uf-ﬂl‘"ﬂl
Hand Hygienic Contamination  Convenient/  Facility Clemal
Facility Type Washing (%) Practices (%) from Hands (%)  Accesslble (%)  Drying Devie®
RESTAURANTS
Fast food ECTY 75 263 184 155
Pull service 758 2432 %3 292 %2
RETAIL STORES
Delicatessens 520 133 63 174 133
Meatand poultry 184 1 00 61 &l
Seafood 16 53 2y 73 2
Produce 26 99 63 156 177
INSTITUTIONAL
Gon a6 123 20 233 4
Nursing homes. 344 121 125 129 56
Elementary schools  27.5 ns K6 215 54
Tohal AT 11-2a2 29463 61292 44-292

*tail Food Team conducted the third phase of a three-phase, 10-year study to measure th
Jecurrence of practices and behaviors commonly identified by the US Centers for Discs
Control and Prevention (CDC) as contributing factors in foodborne illness outbreaks: food
from unsafe sources; poor personal hygiene; inadequale cooking; improper _hnldutt,r_;!llm
and temperature; and eontaminated equipment/protection from contamination (US FOA
z“ﬁ'?' FDA Regional Retail Food Specialists collected data during site visits of over By
establishments representing nine distinct facility types (Table 28.2). Direct observations
Supplemented with information gained from discussions v management and food
employees, were used to document the establishments” compliance status. The operationd
areas most in need of improvement were employee hand washing, time-temperature cor
trol for safely foods, date marking of RTE foods and cleaning and sanitizing of food contad
Siiiaoes Unfor 1y, lack of compliance of personal hygienic practices has changed lit:
e over time (Todd el al, 2010¢). Auxiliary factors contributing to the lack of proper harid
washing were the lack of convenient hand-washing facilities and /or supplies of hand
cleanser/drying devices; temporary placement of mobile equipment in front of a hand sink
ﬂ"j‘-‘ I{le use of hand-washing facilities for other purposes. Avoidance of employecs ealing,
drinking and smoking in food preparation areas and working while experiencing pers
tent coughing and sneezing are critical to prevent pathogen transmission to foods and food
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TABLE 283 FDA Report on the Occurmence of Foodbome Liness Risk Factors in Selected Instinitional
Foodservice, Restaurant and Retail Food Store Facility Types; Effect of Manager Certification on Compliance of
Penumal Hygiene (LS FDA, 200%h)

Facility Total * Tutal kY Difference (%
Type Observed  In-Compli Observed  In-Compliance  In-Compli
Hospitals 65 723 384 B6 123
Nursing homes 165 B55 50 B3 =24
Elementary schools 168 563 295 844 10

Fast food restaurants 1846 pdi] n9 7Bl 6.0

Full service restaurants 37 502 240 67.9 17.7
Dielicatessens 153 659 335 83y 140

Meat and poultey 156 nr 73 L8 | 25
Seafood 125 864 257 934 7.00
FProduce 1z7 756 285 B4 138
Mﬂ::::,r vy porceatnges that wer signifeanify rghor = : arith § Certifid Food

contact surfaces, Improper employee actions could be attributed to a lack of knowledge
and for commitment to proper sanitation and controlling microbial growth.

Reinforcing the impartance of hand washing should be supported by a management
system that includes proper employee training and monitoring of the frequency and
tiveness of hand-washing practices as well as provision of physical infrastructure to §
tate hand washing, Alwood el al. {2004) conducted a survey of retail food establish
lo investigate the effect of hand-washing training, availability of hand-washing fac
and the ability of the person in charge (PIC) to describe hand washing according to
Minnesota Food Code on workers' ability to demonstrate food code-compliant hand wass
ing, Only 52% of the PICs could describe the hand-washing procedure outlined in thy
code, and only 48% of workers could demonstrate code-compliant hand w ashing. The
common problems observed were failure to wash for 20 seconds and failure to vse
gernail brush. There was a strong positive association between the PIC being a o
food manager and being able to describe the food code hand-washing procedure. 2
was an even stronger association between the PIC being able to describe hand wa
workers being able to demonstrate code-compliant hand washing. Significant asse
were detected among correct hand-washing demonstration, physical intrastiuciure X
washing and the hand-washing training methods used by the establishment. However
principal determinant of suceessful hand-washing demon
describe proper hand-washing procedure. This is cc
studies that the presence of a certified food protection manager is pesitively oo
the overall in-compliance percentages in certain facility types, especially o delis
restaurants, seafood departments and produce departments (Table 5 5

fon was the PICs
with the resulis «
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Poor personal hygiene, improper holding/time and femperature and contamal:
equipment/protection from contamination appear to be the risk factors for which the p
ence of 3 certified manager had the most positive correlation. This indicates that miy;
ment can have 2 positive influence on personal hygiene and other factors relating to fo
safety in foodservice establishments. Foodservice and retail food store operalor £
ensure that their management systems are designed to achieve active managenal &
ol over the risk factars, and regulators must ensure that their inspection, educatio &
enforcement efforts are geared toward the control of the risk factors commonly found to!
out of compliance,

Specifically, in the 2009 FDA report of a US national survey of 850 US food establishme=
fior & wariety of risk factors reported that observations of poor personal hygiene wer exe
vt oL “.I'Ed acruss facility types: restaurants (fast food, 24 2%, full service, 40.9%); ““
food establishments (delicatessen departments, 20.5%; meat and poultry departments, 65
safood departments, 8.%; produce departments/markets, 15.1%); institutional loode
"1‘:;“’“’5 (nursing homes, 16,0%; hospitals, 17.1%; clementary schools, 14.9%) (USFD
2F).

The types of poor hygienic practices were categorized into five areas. These Vet
(1) propez, adequate hand w.-nshjf.s (h_‘nd::: cleﬂfpﬂnd properly washed when and &
required); (2) good hygienic practices (food employees eat, drink and use tobacco o
designated areas/do not use a utensil more than once to taste food that is sold of served
do not handle or care for animals present; food employees experiencing persistent sneet
ing, coughing or runny nose do not work with exposed food, clean equipment, ““?'_'“]’- E
ens, unwrapped single-service o single-use articles); (3) prevention of contamination fr=
hands {m?lnyees do not contact exposed RTE food with their bare hands); (4) conveniet
o2 JF\’:ESIHE handlw“hins facilities (hand-washing facilities conveniently |l‘_““"“l i
accessible fut employees); ang (5) hand-washing facility, cl /drying deviee ﬂlIJ:d

wnshin‘ ! g facilities supplieq with hand deansc:{sar;ﬂnry towels/hand-drying d’g\-i,.cesj._Tu.&

2 m-':hmh,.m"‘-" out-ofcompliance actions related to these. All these were critl_f-'li s

mﬂlmhi i 55100 of pathogens, and the levels of out-of-compliance observations ¥en
75.8'{5 Il'wiefva); flllr the most important was inadequate, improper hand 1!{-’5‘-_"“_'*5 (184
of m‘g‘fwﬁ with b,:! :“’Ed by inconvenient or inaccessible hand-washing facilities, contad
The availability of :Ms and lack of good hygienic practices.
irectly linked to humer “C3P and sanitary towels/hand-dryi
d;ede& to ensure man iliness, js an ial component of the I3 ,
» personal hm‘!:“}m hand Washing. Also, this study shows the difference in attitudes
& off worst com o ‘h"'_di“t'mm food settings. Unexpectedly, full service rustaurant
ﬁm:vcd hand wﬂmmd With other facilitivs and institutions with over 75% no of poorly
30% for Ilirld-wulﬁnsi:ﬂr.n_“’l 50% seen with bare hand contact with RTE Fu_nd. almos!
lied with hand cw"'“‘ for employees inconveniently located, inaccessible or
?:ﬂcquaregwd hygienic */Sanitary towels or hand-drying devices, and almost 25% for
epartments dpmnnsgramr::m"" by employees in general. Even within retail stores some
o dequate hand wash ter hygienic practices than others; the number of observed
e may reflect the mﬁ;’:sd‘.“s tWice that for delicatessens than in the other departmenty
this o loss of a risk than vy, of employees that slicing, handling and displaying deli meats
cars *king with raw meats, seafood and produce.

ng devices, though ne
nt system
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PRACTICAL ASPECTS OF HAND HYGIENE

Rationale for Hand Washing to Avoid Transmission of Pathog

Hand washing removes dead skin cells, sweat, sebaceous secretions, associated resident
bacteria, transient microorganisms and any organic material adhering to the hands. The
transients are the more important to remove as they include the pathogenic bacteria, viruses
and parasites obtained through contact with other persons {and their own body fluids),
the environment (including water, sewage and animals), unprocessed food or ingredients
and food contact surfaces. An effective hand-wash method should remove most of these,
facilitated by the use of soaps, detergents and antimicrobial compounds (Todd et al., 2010¢).
However, hand washing never achieves sterility because of the presence of the resident skin
flora; and hands can become taminated with transients immediately after the wash-
ing and drying process. The efficacy of microbial removal depends on the type and level of
microbial and organic matter contamination present, the use of potable versus non-potable
water, the wash time, the type and volume of antiseptic (soap/detergent/alcohol gel) used,
the extent to which the fingers, palms, backs of hands, subungual area beneath the nails,
and wrists are exposed to the washing process, and the amount and vigor of the rubbing of
fingers and palms during rinsing.

Diarrheal and respiratory infections can be reduced where hand hygiene programs
focus on frequent washing with soap and water and for use of alcohol antiseptics, Thumbs,
palms, spaces between fingers and fingertips (including the fingernail area) are areas where
contamination is most likely to remain. A hygienic water source, typically potable water
from a piped system or decp well, is vital for effective hand washing. Even in develop-
ing countries with limited resources, spread of discase can be limited by proper hygiene.
In regions where sanitary waste disposable systems are limited, safe stool disposal (a pri-
mary barrier to transmission) may be more important than hand washing before eating,
which constitutes a secondary barrier. Additional information and recommendations for
hand hygiene are available from Boyce and Pittet (2002), although these apply to healthcare
employees and are not for food processors, preparers or servers.

Removal of Soil

The first step in hand washing is removal of the bioburden, typically visible dirt or con-
tamination with proteinaceous material, blood, other body fluids (e.g. fecal material or
urine) or food (e.g. meat protein). Water soluble material is easier to remove than fat, oil or
grease, but soaps can facilitate the removal of these lipid substances. Hand hygiene prac-
tices of food workers are dependent on the type of work involved and the type and nature
of the soil, The contamination level of hands after toilet use, changing diapers or handling
contaminated raw foods and food packing material can all contribute to soil containing up
to 1 million enteric bacteria per hand. Most surface microorganisms are easily flushed off
with washing, but some remain in cracks, crevices, skin folds and nail regions.

To reduce the potential for bacterial transfer, food workers may need to wash their hands
for longer than 15 seconds or may need to wash more often. Thorough rinsing is important
because this action also removes potential skin irritants and contact sensitizers originating
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in food, 3 =
hot wa:;,:(;;ﬁ;nf;:ﬂalb and facility disinfectants that could lead to dermatitis. Rinsing,
layer, cracking, fi /45°C) may cause scalding, irritation, pain, removal of the protedivtk
hand washin f.;n:iures “‘nd possible pathogen colonization, which can discourage .
Food em J;i result in subsequent increases in microbial counts on hand surfaces

. ; ‘“;: u,\'EE_s ihoﬁld clean their hands in a designated hand-washing sink
used for food pre SR f‘h‘s facility and not use other wash facilities such @2
for hand wastg paralion, janitorial purposes or ware washing. Employees may usti
h“"hiUIhudn-,ns in toilets common to both patrons and employees if approved byt

Hand Hygiene Antiseptic Products

Hand hygiene i
) ‘“ﬁsepgj?:_:;: “Emij term that applies to h
substance applied lmlhem surgical hand antisepsis.
arganisms (Todd ﬂ"a! _‘;k:n to reduce the microbial flora or inhibit the growth n!mr:
rine derivatives, iodine, 10d). Examples include alcohols, chlorhexidine glugonatt, &
compouncs -‘-“dtrich:; parachlorometaxylenol, chloroxylenol, quaternary ammeess
the term is still in yse Antiseptics were formerly called sanitizers in some settings, &
B e loedidad noov microorganisms from hand:
S3p acts as an emulsifier, suepntn r. and food processing and foodservice operas
decreases watgr mm" ler, suspending oil and dirt and allowing them to be washed of(

elfectiveness of soa ‘;em'““ and binds to dirt, oil and bacteria. Hard water reduces &
L ‘“"‘PosvdP:;( h tergents (surfactants) are compou nds that possess 8 cleaning ad
anionic, cationic, ay hﬂ::{""h'“" and lipophilic parts and can be divided into four gue
¥ language, Phiﬁ m"‘_ and nonionic. Detergents are often referred to as soaps in et
rhm’ very low concentration detergent that does not contain antimicrobial agents o &
ﬂ'it: Strong detergents 5 rations of antimicrobial agents that are effective solely as presnt
rlEani.: Bents contain :‘ e G_I'Fetli'vu than soaps for cleaning with hard water beas
m“wg ability. Such gy synthetic surfactant and ather chemicals that may improve

S sl fl!‘qucn“y uﬁmu are not usually used for hand cleaning. Milder delerges
ficient bial soap (o dE‘“"" for hand washing and are typically called soaps.
more :f? Teduce o mibilllh'g""“ contains an antiseptic agent at a concentration s
Pparachlo ectively than does e growth of microorganisms. These inactivalc pathoge
dorant a:z‘f""'lﬂ*}‘lnnnl"-‘him,,;?l’ alone, Triclosan, trh'lrx‘;lrh.'m—lrirh]ﬂmc.lrhan‘lidl' an
Banismg wiulhs in consumer ,Ik‘ﬂu.l are commonly used for their antibacterial and de
different H:,h ¢ither plain 5o Cenng leduch.. However, removal of tra Asient micne
the resident o C 509PS lhari'l’_l’;is"":P with an antibacterial compound is not significanth

Adﬂquafe?"rfu':‘:;sm Population, ude a disinfectant are additionally effective
elfective. For inﬂanu(:: :,":r“ also important for soaps with

en frequ ﬂ-‘?]:;rdm:w over several days, the
Personnel, S ent hang washing I:m:f-l‘d the normal skin microflora.
should nop Ps should have pood ed, a gentle product is required for acceptance It
contain ‘“"‘Puncmg th lathering ability, acceptable scent and consistency, and

at will cause skin irritation or dryness, The effectivenst

an antisephc hand wg

and washing,
is an antimiott

An antiseptic agent

al Jowerin

antimicrobial compounds 10 ke
residual effect of chlorher
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of these nonantimicrobial soaps can be improved with longer wash time and greater soap
volume. Moisturizers and emollients are materials added to hand creams to improve their
performance and the feel of the skin. Moisturizers add moisture to the skin, and emollients
provide a softening or soothing effect, smoothing dry and scaly skin areas.

Wiaterless antiseptic agents do not require the use of exogenous water. The term includes
different types of hand rubs [Ii{{uid formulations, SEL*‘-, foams, leaflets, towelettes and
wipes). An alcohol-based hand rub contains alcohol (in a lotion, rinse, gel or foam) and is
designed for application to the hands to reduce the growth of microorganisms. After appli-
cation, the individual rubs the hands together until the agent has dried and by this process
reduces the number of viable microorganisms on the hands. Such preparations may contain
one or more types of alcohol with excipients (inactive substances used as carriers for the
active ingredients of a medication), other active ingredients and humectants (emollients or
moisturizers, e.g. propylene glycol).

Effect of Friction during Hand Washing

Friction is well known as one of the most important elements in hand washing, dis-
lodging microflora from the skin surface during both the washing and rinsing stages.
Unfortunately, any aspect of the hand-washing process that decreases friction (e.g. soft
water versus hard water, soft bristle brushes versus coarse bristle brushes) and any type of
soap by its nature will reduce the mechanical removal of any microflora, particularly when
hands are soiled. Wipes also decrease friction.

Cleaning Long and Artificial Fingernails

Oulbreaks have been linked to workers with long or artificial fingernails, which are very
difficult to clean even with appropriate soaps, hand rubs or gels. The greatest reduction of
inoculated microbial populations is obtained by washing with liquid soap plus a nailbrush,
and the least reduction was obtained by rubbing hands with the alcohol gel. Because nail
polish or varnish can chip off and fall into food, and any cosmetic item that can be brushed
or fall off, there should I;-e a policy that no staff are allowed to wear nail polish, varnish, fake

gernails or false ey hes in food processing and preparation areas. Another reason for
banning fingernail polish is because chipped fingemnail polish or fingemail polish wom for
more than 4 days fosters increased bacterial numbers on the nails. These results indicate that
best practices for fingernail sanitation by food workers include maintaining short fingermails
and scrubbing them with soap and a nailbrush while washing hands; nails should not be
polished. Artificial nail use by food and healthcare workers should be prevented, and the
FDA Food Code (US FIDA, 200%a) prohibits the use of artificial nails 'h)r food workers unless
gloves are worn.

Duration and Frequency of Hand Washing

Hand-washing efficiency is affected by two aspects of hand washing: how well (soaps, fric-
tion and duration) and how often (frequency) it is done. Both aspects are important for lim-
iting hand contamination. The duration of the hand-washing process is a critical factor for
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removing microorganisms, and hand-washing times of 15 to 30 seconds have boe &
mended by different agencies around the world with slightly different emphases. The
version of the Food Code states that hands and arms should be washed for at least 20 s
with 10 to 15 seconds of vigorous scrubbing, and that individuals must use 2 paper i
or other barrier when touching surfaces to prevent recontamination of hands aftet wet
“The World Health Organization states that 40 to 60 seconds total should be used for Wi
hands with soap and water, rinsing and drying them, and 20 to 30 seconds for disinlet
the hands with an alcohol-based formulation. Hand-wash times are sometimes encoifs
b)_' suggesting that everyone recite the alphabet or sing “Happy Birthday” or similar |
ditty during washing to obfain maximum pathogen removal. The American Suﬂt"{m
Tesfing and Materials (ASTM) recommends wetting hands under warm water at 1000

(3810 42°C), applying 3ml of hand-washing product and rubbing all hand surfaces VST,
concentrating on interdigital parts (Guzewich and Ross, 1969). Washing for toolong m;:m
age the skin, bringing the skin resident flora to the surface, increasing the number o B2
ganisms recovered from hands and damaging the epithelial layer. Unfortunately, oSty
of workers in different settings have revealed that less time is spent on actual w#l:fd
has been recommended, sometimes as low as 9-11 seconds, and soap was not atways

Hand-washing Water Temperature
should be as hot

Common sense suggests that hand-washing water temperatures
comiorable (between 10 and 120°F/43 and 49-C). However, water temperature 1
shown not to be influential in hand hygiene efficacy when plain or anies imb]al’ mﬁ“
used. No significant differences in bacterial reductions of either resident of e 2
ria were found for any of the washing and rinsing temperatures during normal hand \-\‘ :
ing with a non-antimicrobial soap. Vigorous friction during washing is more il
removal of bactera than i the type of soap, the length of the wash time of the e
;’ the water. However, washing and rinsing hands at excessively low mmprratuﬂ-'fr cqul'll
ent to those found in a refrigerated cutting room, is uncomfortable and also may ints l"
mharh:l-wnshing compliance, The 2001 FDA Food Code amended the 19‘)9’\'015!:::1'“
mnin§5 the recommended water temperature for hand washing (0 100°F/57.7°C, 44
o ever since (LS FDA, 2009a). Thus, the temperature of hand-wash
ortable, preferably warm but not hot.

ing water shoud

Double Hand Washing

‘ﬂ“'l:':;unl::fn’t‘.:‘ﬁ wns,hms is meant to address residual fecal finger contamin
let facilities Lnd:‘? o ":w subungual region of the nails after defecation or con e
15 used to prody 3?”.“”"' 5"‘?'5 ?-"l_‘l door knobs or handles. In this pmci:dllln', a nailbrus
ing. The h::ui o ;I er on fingertips, hands and arm surfaces during initial hand wash
rubbing hand ::‘;“ en rinsed and relathered, without using the nailbrush, by vignrouds
towels. A double -ﬂ"::‘mﬂﬁ‘ thoroughly rinsing and then drying with disposable pape
use the toilet AI$ 2% S N ten recommended when employees begin a shift and after they
cacy of hand 1 .,h'wb this sequential approach has been considered to enhance the off
f Washing, research has shown anly a slight gain in cleanliness with the secon?

ation, includin
tact with b
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washing, but it may be valuable as an alternative to gloving because of the high degree of
enteric bacteria removal. However, if a nailbrush is used about 10 times, enough organic
material will accumulate in the brush storage sanitizer solution that bacteria could begin to
grow, allowing the storage solution to become a source of bacterial contamination for work-

hands. This possible contamination is the reason why nailbrushes are not recommended
for use in high-care food handling facilities in Europe (Todd et al., 2010c),

Issues at Hand-washing Stations

A worker can become contaminated from hands and clothing at hygiene stations and
automated hand-washing machines from organisms deposited by a previous user on water
faucet handles, sink counter tops, door handles and soap dispenser buttons (Todd et al,
2010d), Whereas an ideal hand-washing station has faucets that operate automatically or
through use of a knee, foot or elbow, in most restrooms and many food preparation facili-
ties, these types of faucets are not available, increasing the risk of cross-contamination
through use of ¢ inated faucet handles. Thus, inadequate hand washing may actu-
ally further spread microbial contaminants, particularly environmentally resistant enteric
viruses. One solution to prevent recontamination of cleaned hands is to use disposable
paper towels for turning off faucets and opening restroom doors. Another possible source of
contamination is from water droplet sprays and aerosols dispersed from the water flow of
taps or nozzles and the action of the hands during hand washing. Managers of food prepa-
ration operations should be encouraged to check for water droplet transfer by observing the
station wetness after use, and modify the faucet system appropriately.

Hand-washing machines have been used as a way to improve hand-washing effective-
ness and compliance since the washing time is controlled. Some units are also designed
for glove washing. Automated cleansing systems have been considered to reduce variabil-
ity in hand-washing effectivemess. However, manual hand washing is sometimes preferred
by many employees, and less observed use of the automatic sinks by employees would
decrease overall hand-washing compliance, There have also been instances of water con-
faminated with potential pathogens, and some designs of hand-washing machines make
contamination of slecves and already washed hands possible. Nevertheless, the FDA
authorizes the use of approved automatic hand-washing facilities.

Deying of Hands

Moist hands transfer microorganisms more readily than dry hands and, therefore, dry-
ing is an important step in the hand-washing process, but is often ignored by individuals
who do a quick rinse with or without soap followed by a dab on a towel or simply shake the
large droplets off. Effective hand drying includes enough time to remove moisture through
absorption, and microorganisms on surface skin layers through friction on towels, If patho-
gens are deposited onto reusable towels, they can survive long enough so that successive
users’ hands become contaminated. Thus, single-use paper towels are generally considerad
to be more hygienic than cloth towels. The main issue is that the time taken to dry hands
and wrists thoroughly is considered too long,. Electric air dryers are increasingly av ailable
in both food facilities and public arcas, and today's models are much faster at deving, The
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: the
concern that microarganisms might accumulate in the driers and create a;m:]::;:;m
are tumed on has not been shown to be the case, and air drying has beer ith ol th tatvels
the highest reduction in the numbers of bacteria and viruses compared with clo

Alcohol-based Antiseptics and Wipes

Alcohol-based hand rubs (ABHRs) are antiseptics containing “mw:::.t ;i:!r:
n-propanol er a combination of these and are now in common use. They ilf_: provided
than many non-alcoholic products when hands are relatively clean from s:ci;i et al, 20164
enough of the compound is used and the exposure time is not too short {Ta reduce the s
They also do not require thorough rubbing as do soap and water and so “t:a:t! causing A
of dermatitis. However, there are issues that prevent their complete F fDDé particles I-"‘
ness of skin and stinging of cuts, and they do not act well when H’“;f-oi.idcnts of the ke
present. Flammability may be a concern but there are very few reported in roducts like CH:
hol bumning users. There is, however, no residual effect compared with p reductiond
or triclosan, and these are sometimes added to alcohols, There can be a 3'5:13'? minute b
bacteria on hands after a 30-second application and 4-5 log,, reduction a] ped vinuses b
viruses are more difficult 1o inactivate. Alcohol at 60-95% d':m'm,m. En:eli“{
R0t spares, pocysts and non-enveloped viruses, such as NaV, ACAAYINIE ox but they are Mo
Foam sanitizers may be beiter than gels in removing e o healthcare intb
expensive lo use. Although they are used more and more exclusively in I ; policies in
tions, alcohol-based antiseptics should not replace hand-washing and d?qn&_&p particulal
vod industry because of a greater variety of soils encountered b}.. p l;r hands of foxd
with meat, poultry and fish products, Therefore, for most operations, the
workers should be washed before application of hand sanitizers. .d by vigors
Minsing hands under running water and use of alcohol antisep tic followe Antiseptt
Wiping with a paper towel is the most effective approach to removing “r?’t(:l-'imrs. wet
wipes are widely used and typically contain benzalkonium chloml:lt-._ rnmlsl it W
ting agents and emuleifiers. Dry Hssue wiping combined with an!:mwmtlmn e i
use without Finsing is at least as effective as wash ing with soap and water. .L.- lhlm‘ an
are most effective for removing microorganisms on clean surfaces, and not where
many food particles and feeal matter,

Vigilance during Qutbreaks

When there are reported community outbreaks, more than the usual number of dir
rheal illnesses in tonl"red locations sllli?l as army b;se.-.-, cruise ships and refugee ramps.ﬂ.
even family-associated enteric illnesses, food npt:rnlim managers, employees and hnme.:..—arI
grs must be especially vigilant to avoid the spread of pathogens. Certain microorganism
with low infectious doses have been known for decades to quickly infect exposed persare
through dircct and indirect contact. Such pathogens include some of the E. coli pe

Salmonclly Typhi, Shigelia dysenleriae, Vibrio cholerac and more recently NoV. Cholera and
shigellosis outbreaks are good examples of this, e

The 1994 cholera epidemic in Guinea -Bissau, West Africa, resulted in over 15,00
reported cases and 300 deaths. The outbreak of cholera was strongly associated with eating

HE FOOD SAFETY ASSURANCE SYSTEMS



BARRIERS IN FOOD OMERATIONS TO LIMIT STREAD OF PATHOUINS ‘LI

ata funeral with a non-disinfected corpse and with touching (i.e. transporting, washing) the
bady. Because a corpse will commonly leak feces, persons handling dead bodies are likely o
be exposed Lo gastrointestinal organisms (such as V. cholerae). The cultural practice of sery

ing meals to guests at funerals by the same people who prepared the body was discour-
aged during this outbreak, and community leaders were informed about the risk of cholers
transmission during fi Is, that meals should not be served at funerals and that bodies
of persons dying of cholera should be disinfected. Although this was done, outhreaks corn-
tinued in several villages following funerals in some regions of the country. This former
widespread practice only rarely occurs today because of education and government action
However, funeral employees may be exposed through direct contact with the victim’s body
and soiled clothes, and transmission can occur directly through the fecal-oral route. While
this should provoke caution in handling the body itself, it is also important to note that
equipment used by the funeral industry such as storage facilities, vehicles and stretchers
may alsa be contaminated. Thus, especially during a cholera or any other enteric disease
epidemic, disinfection of bodies and equipment must be assiduously adhered to.

The following are six other examples where the rapid spread of disease led to large out-
breaks (Todd et al, 2007b); (1) at a resort in Haiti in 1984, a worker infected with Shigelln
flexmeri transmitted shigellosis to 1136 guests over a 3-week period where cating a raw or very
rare hamburger and having a roommate who was ill and a younger age were significantly
associated with acquiring the disease; (2) at the 1987 Rainbow outdoor gathering in North
Carolina, many thousands of attendees were infected with Shigella sonnei through water, food
and person-lo-person spread because sanitary facilities were very limited out-

doors; (3) at a Michigan music festival in 1988, again mainly outd tofu salad

nated by infected food workers resulted in 3175 cases of shigellosis caused by Shigella sonei
over a 3-week period; (4) in Japan in 1989, thousands of school children ate meals contami-
nated with NoV prepared in a central commissary; (5) NoV outbreaks twice occurred on two
consecutive cruises around the Hawaiian Islands, omce in 1990 and again in 1992; and (6) in
1990, Mozambican refugees in a Malawian camp were infected with cholera via contaminated
water and food for an undetermined time; hands were placed into stored household drink-
ing water, and there was improper reheating of leftover food. All of these cases reinforce the
requircment that during times where there are community outbreaks, or infections at higher
levels than normal, food processing and service operators need to be extremely diligent in
enforcing p I hygiene and sanitation guidelines, and where necessary have a tempo-
rary closure of operations; particular attention should be given to consumption of food where
preparation and hand hygiene facilities are limited such as outdoors or in camps,

BARRIERS IN FOOD OPERATIONS TO LIMIT
SPREAD OF PATHOGENS

Barriers to Contamination of Food

Physical and chemical barriers to prevent microbial contamination of food are introdu el
to prevent or reduce the transfer of pathogens Lo o oods or food contact saifaces from
the hands of an employee, from raw meat, poultry, fish/shellfish, fruits or vegetables o
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unprocessed jonte ,

dust and pest:ng::ﬂ‘::; ‘;:1?:3 the environment in the facility or from outdoors w
by hands should be prevented b s and service operations, direct contactof b
are not worn (Todd et al., 2010: :V(_ s of well-designed barriers, especially when gl
decades in food mlﬂ '; ;Dl\::: -”‘_F)J- Although many barriers have been used |
questioned or their use mg, mbe ; w‘f_;"lce operations, their effectiveness is somete
building walls and doors to ;‘“ e ignored. Physical barriers include properly engines
and food preparation areas; M"'Im_ﬂ-' the flow of outside particles and pests to food star
by customers and workers: :Sh-lﬂ{:'is to prevent aerosol contamination of displayed f
overalls, boots and hairm-;:“-,r Soling designated strictly for work (these include go
sils such as 7 ) Il'lth-!dlng pathogens from infected family members; and
SNl s T lipwe b pevel ciieel SUHG between hands 2nd
Opportunities for fhﬁshg?::;:wd processing buildings should be so deslz'sn-ed that &
fd- this requires a flow of food tﬂ.:::l?f dﬁ"ntamna:ed by the raw ingredients are 1=
Iimmnwh& mixing and other m:h erent z?n{:s to separate
apply, from eooking, pa kap' ng steps, where general good manufacturing pr
Zong areas they work i“g": & hf:"g and storage areas. Employees should only enter &

dm'!i'"l,' cloth.'ng P llh.lif!_: m 3 more contaminated zone to a cleaner one anly
Sontamination can enter rooue b ol Jocie 1 like boots in disinfectant. Unfortunsi
el ) Wet foors, 1 s croded flooring, leaky roofs of 4
'?“::3! tools such as mops and :'::::rt's o e bty ik e
;ﬁf&omﬁfv:?‘?;‘;ﬁpzd even credit cards, should be handled separately from a5
Morkers, o changing giowes fnd washung penc, between handii preferably dane by
Dfm.nn Practice, in fast food I'ncil-t-w“h'"s hands between handling money and touchss
"“::r:.' and speed lt‘quin,-::l '::::_’::mltll enterprises, this is not always done becaist

“hemical barrigrg i Lt : patrons.
::i':"m) from ;;m:‘:':'f‘ﬂ solutions used to remove microonganisms {iﬂd“f
hmimh: uniforms, work dnu‘; a::ls used during food production and preparation &%
slaughterh Malerial, e.g. with foces, bl soiled linens. Laundering, especially for highly
Pathogene > ™Y create acn s '}D'-' and vomitus such as in healthcare facilitis or e
One ﬁ.n;] o 5 of enteric pathogens and not effectively eliminate i
nt is

:'r"?::i:r: ;I:llnrl? it :::d[u::ylk::: :-TID}““ cat, There are no regulations or guideline
raw or ming 0 0¢ colonized and weusne food thatfs kiksly to contain pathogens, tha
Managers h*;"“"!‘ processed food ill.']‘l'{"i ;4_ these organisms at work. Thus, cnns‘umﬂ ion o
them not 1o ew no control of '-‘T“PIU\-'u.'sI Tl“.lll-'d as high risk foods should be discouraged
g rnilkat risky foods and can refu f:'-“—‘ﬂ!fe the work environment but they can advee
o in company ﬂ‘dfcics:j.,[: serve these, such as steak tartar, alfalfa sprout

those for raw mater

Effectiveness of Gloves

When 1
Yom co k
tal 3 rrectly in health, i
sj::i‘::;? infection rates and iy el gloves have consistently reduced hospt
yBienic valte durts rI‘N‘ ere adopted later in food operations. Although uler
i food production and preparation to limit contact betwes
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workers and food, for many operations hands need to be in regular contact with food much
of the time. Glove use has been emphasized through the widespread distribution of the 1S
Food and Drug Administration (FDA) Food Code (200%a), and their use has increased in hos-
pital foodservice facilities operated under hazard analysis critical control point (HACCP)
systems. When gloves are wom properly, the risk of pathogen transmission can be reduced
considerably, but carcful inspection of gloves must be done to ensure that it is appropriste for
the required tasks (Todd et al., 2010b). Hoelzer et al. (2012) consider that gloves can be 2 major
source of Listeria monocyfogeres contamination in retail deli operations. Their use certainly can
be monitored by management and food control agencies by observing the gloves on workers
and the discards in trash receptacles, and by reviewing glove purchase invoices. However, it
is more difficult to determine their proper use to avoid food contamination, and glove use still
is not mandatory in many jurisdictions because of conflicting data on their utility.

Although gloves give some benefit, they do not completely p t pathogen transfer
and hand-washing compliance is less when gloves are worn. Some studies show that indica-
tors of pathogens were similarly present on gloves and hands, and found that the outside
of the glove was highly contaminated at the end of a 3-hour period regardless of whether
gloves had been changed or hands had been washed, and that bare hands with hourly
washes and antiseptics provided a higher level of hand sanitization than did gloved hands
with and without washing. Hand washing and glove use were more likely to occur in con-
junction with food preparation than with other activities and when workers were not busy,
and in general workers who wear gloves do not remove them and wash their hands as often
as they should. Gloves are also prone to pinhole leaks or punctures by jewelry on fingers or
artificial or long fingernails, as well as operational stress. Occlusion of the skin after exten-
sive use with warmth and moisture build-up can lead to microbial growth, particularly
from resident staphylococei. Therefore, gloves should be considered an adjunct to and not a
replacement for hand washing for food production and preparation operations.

Arguments for glove use are (1) gloves protect the worker from foods that can cause dam
age to the skin, e.g. acidic ingredients, (2) gloves protect the food from direct hand contact
(3) glove use is easily observed to verify hygiene compliance, unlike assessing hand - washing
frequency and thoroughness, and (4) gloves can be used to cover skin damage or infections
Arguments against glove use are (1) gloves can reduce operational dexterity and increase the
risk of injury, (2) higher levels of food contamination are possible in the event of glove tail
ure, (3) a small percentage of gloves have pinhole leaks that are not possible o detect betore
use, {4) gloves can be worn for longer than they should be, (5) gloves give a false sense of
security as a substitute for good hand hygiene practices, and (6) gloves inciease the sk of
hand irritation. Thus, proper hand hygiene is essential in addition to gloving,
ers. The best :lppm.‘lth is to use mullip]l- hurdles, including gploves, other bariers and » P
priate hand washing, to prevent transfer of bacterial, parasitic and viral pathogens to foasd

The procedure for removing disposable gloves to minimize contamination of the hads
and enviranment can be done as follows: (1) grasp one of the gloves and Pl it part way o
so that the glove will turn inside aut; (2) with the fiest glove P
the second glove so that the exposed bare hands or fing ch e outside of eithe
glove; (3) with the first glove over the e, gyrasp e second glove near U cufl and pull
it part of the way off to turn the glove inside out, keeping the second glove pactially on the
hand to avoid touching the outside surface of the firdt glove with the bave hand, (43 pull off

nd other barm

Iy oy the and semionve
wdonot v
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the two gloves at the same time, being careful to touch only the inside surfaces of the glove
with the bare hands; (5) dispose of the gloves by placing inside out in the trash; (6) wah
hands thoroughly. Other important points to consider are: do not touch the face or cloft
ing with contaminated gloves; change gloves when heavily soiled or if they are tomn; donet
wash or reuse disposable gloves; and, in any operation with gloves and hands, work from
clean to dirty to minimize potential ination risks.

Food Shields and Utensils as Barriers against Contamination

Despite a lack of scientific data that food shields (formerly called sneeze guards) are effec
tive for protecting food from airborne contaminants, most food businesses with a bufit
salad bar or display of saleable RTE food use these guards. Unfortunately, food shiclds prob-
ably cannot protect food from highly aerosolized particles such as viruses; although a vom
iting event in a foodservice area is a rare event, all exposed food must be discarded (Tecd
et al,, 2010a). Utensils adequate for dispensing foods include spatulas, tongs, Scoops, Spoor.
ladles, smgle-use dispensers and thin papers for grasping and weighing deli meats and sen-
ing bakery items. Some of these utensils should also be used for mixing foods and handling
patentially contaminated foods such as raw meat, so that the hands of food workers are lest
likely to become contaminated. When food operations adopt a palicy that includes single-we
items o avoid risks of contamination, these items must never be reused. These items fk“
must be protected from contamination until their use; specifically, they must not come in&
contact with food or the skin or mouth of a person. Utensils that are not single use should be
thoroughly washed and sanitized before reuse. In some operations utensils and papers tend
to be used inconsistently or not at all. Outbreaks attributed to contaminated utensils are mad
likely contaminated by a food worker. Food employees also should wear hair restraints suh
as hats, hair coverings or nets, beard restraints and clothing that cover body hair, which ar
designed and worn to cffectively keep their hair from contacting exposed food, food conlat
surfaces including clean equipment, ulensils, linens and single-use items.

Protective work clothing means any clothing provided by the emplover to protect the
waorker from hazards in the waorkplace or to prevent contamination of the warkplace by
malerials the worker may bring into it on their personal clothing. Work clothes, such a
overalls, can be sources of contamination of other persons, food contact surfaces and foods
themselves, In general, protective clothing of food workers should not be worn while the
are eating, drinking, smoking or visiting the toilet, Diapering a sick child at home whil

wearing a uniform has led to a foodborne disease outbreak in a healthcare institution. Yet
there are surprisingly few instances in food codes to request the proper location of toilet
the effectiveness of washrooms and that outer clothing should be removed before any toild:
ing activity. However, it is preferable to install toilets that will flush automatically and have
sink faucets and antiseptic dispensers designed to have a minimum of hand contact.

Management should insist that separate sinks are installed for food preparation, dish
washing and deaning, and hand washing, and they are used properly. Protective cloth
ing. such as uniforms and overalls, should not be capable of holding anything that could
become foreign matter, as well as pens, repair tools, or knives, ctc, as there is a chance thes
items could fall out and contaminate the food items, e.g., only have pockets on the inside
or preferably no pockets at all with access to pockets only in non-work clothes. Washrooms
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with toilets and hand sinks should be some distance away from food processing and prepa-
ration areas but not so far as to discourage their use on a regular basis. Do_'.ign the wash-
room fadility, including installing hooks on which to hang the clothes, so that staff have
to remove the outer layer of protective clothing before engaging in any toileting activity
(McFoodies, 2012). Dirty uniforms, overalls and other clothing should be placed in a recep-
tacle or movable container in order to deliver them to the laundry. If employees have to
launder their own work clothes, there should be periodic checks to ensure this is done as
frequently and properly as required. As previously indicated, laundering of highly infec-
tious material (most likely in healthcare facilities but also in homes where there has been
diarrhea) can cause aerosols and infect the user.

The 2009 FDA Food Code states in general that workplace contaminants means chemical
or biological substances arising from workplace processes, and may include airborne con-
taminants or contaminants on surfaces, such as tables, benches, eating utensils, clothing or
skin. The employer must ensure food is not stored or consumed in areas where the presence
of these contaminants could result in a hazard to workers as a result of ingestion with food
or beverages. Managers should observe facility personnel for clean outer clothing, effec-
tive hair restraints, prohibited jewelry and the condition or protection of fingernails, and if
the employees regularly change their clothes in the establishment, lockers or other suitable
facilities shall be used for the orderly storage of employee clothing and other possessions.

In today’s society where cell phones are commonplace, they should not be allowed in
food processing and preparation areas as they are a distraction from the work at hand and
can also fall into open containers of food; in addition, because of frequent handling, they
can be contaminated with many types of microorganisms including pathogens. Make it a
policy that no staff are allowed to take mobile phones into food processing areas.

Improving Compliance

Lack of compliance for hygienic practices is notorious in both the healthcare and food indus-
tries, particularly the washing and /or sanitizing of hands (Todd et al., 2010¢). This ean be illus-
trated by a study of food workers from 29 catering businesses that produced high-risk foods
in Wales (Clayton and Griffiths, 2004). Hand hygiene practices were carried out adequately
on only 31% of the required occasions and were not even attempted 55% of the time. Errors
included touching potentially contaminated objects or surfaces including hair and face without
subsequent hand washing, improper handling of potentially contaminated foods, and failure
to adequately clean potentially contaminated food contact surfaces and also frequently used
objects such as telephones, cupboards and shelves, food containers, equipment and door han-
dles. Two main hand hygiene emors were identified: (1) a failure to use soap and (2) a failure
to dry hands quately. Infrequent cleaning of such surfaces coupled with a failure to wash
hands may help explain the high bacterial counts noted on these same surfaces in other studies.

Other common challenges that make it hard to clean include issues that affect
employee compliance with company and heath authority hygiene guidelines and regulatio
(1) lack of facilities providing sufficient warm water and hand driers in an easily accessible
location; (2) lack of employee motivation; (3) lack of education and training; and (4) lack 05 a
managerial role model. One of the most effective tools for change is the culture ﬂlf the organiza-
tion to encourage food safety and hand hygiene through example and pertinent information.
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Hand Hygiene Occasions

Hands should be clean and properly washed in food operati
actions. These include: (1) aiter touching bare human body parts other than clean handsz
clean, exposed portions of wrists and arms; (2) after visiting the washroom for toilei%gs
twilet cleaning; (3) after caring for or handling any kind of animal; (4) after cgughlrfs. !N:
ing, using a handkerchief or disposable tissue, using tobacco, eating or qnnuns.{ih_‘
handling soiled equipment or utensils, e, after disassembly and cleaning of PO

€quipment; (6) before donning gloves for working with food; (7) durmlg fo'ad pro:::t
Preparation or service, as often as necessary to remove soil and contamination a0 &
vent cross-confamination when changing tasks, e.g., when handling both raw Iand_m :
sl {5! alter engaging in other activities that contaminate the hands, as specified in hygis
Euidelines and management policies. . .
There are many guidelines on how to wash and dry hands; these differ slightly it V%
ing for approaches and times. The basic steps are outlined as follows: (1) remove 2
bangles, all jewelry, except a simple wedding band before any operation producing orp
paring food; (2) rinse hands, wrists and arms (including prosthetic devices if apfrpilwf_
under clean, warm, running water, rubbing fingers and palms to remove any visible &
-tnc! food particls; (3) apply the recommended amount of antiseptic cleaning compaun
typically 1ml but more may be required after certain operations; automatic soapfi&:llmf
). d 10 bar soap, but these have to be monitored to maintain sufficient liquid o
o: foam and to prevent their contamination though employee use; (4) rub hands lr’ogt;
; Borously for 10 to 15 seconds while ensuring that soil is removed from the palms, bet q
1T and backs of hands and wrists; (5) remove visible soil from under the fingemad
::E:‘: fingernail brush as recommended; (6) thoroughly rinse hands under clean, N-::i
uum.n & thoroughly dry hands, wrists and arms using single-use dispn_S-lbit' fdﬂ: i
dm“ntu:mu;ym I:Iﬂ supplies a new towel at each use, nhht.".:tt‘d air, hand dry
zed air blast, as approved by the regulatory authority.
Empby-“s should be careful not tfipl‘lwﬂlﬂlzl}lirmtc h'ind.-. :?urir!g the washing and dry
31:["% by touching faucets, sinks and contact with toilets; automatic hand washljrfﬂ
where rh?" :‘-:"\‘-'tls to tumn off faucets and open doors reduce this risk. In Hm!lff fav.‘:I:
lar care m‘::g:mpb)'e’ h'[ld-n'nming facility is in the public Wﬂ:ih.mom {li‘lft‘lﬂ'. pe
take about -lll-wl'km to avoid recontamination. The whole hand hygiene upt-mlmn;l o
In addition, oyt Lno depending on how much soil is originally present on the ha :
after i m.lrblc hand washi i may be ded for employees after toileting
Operations involving hands i el

ons before or after e

EXCLUSION OF INFECTED EMPLOYEES TO WORK IN SPECIFIC
FOOD OPERATIONS

Policies for Food Worker Exclusions

indﬁ-‘i:::l (-)rg."“'isms f’“_lﬂ fecal sources are excreted during an infection, whether th
ally hours :S symplomatic or not, but the infection exists over a limited time period (uss:
£ 1o weeks). Many of these enteric pathogens are of concern to food workes
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e.g. Salmonelln, Shigella, HAV and NoV. These pathogens can contaminate the hands after
defecation or from touching fecally-soiled clothing or surfaces. The use of toilet paper is
no guarantee of preventing feces reaching uncontaminated hands, and finger contact is
almost 100% certain for those individuals with diarthea. Thorough hand hygiene following
any defecation has to be ingrained as a lifelong habit. Changing diapers with loose stools,
cleaning after episodes of vomiting or diarrhea by family members, washing dirty linens
and contact with sick or healthy pels also are well-established risk factors. Fecal matter and
vomitus can remain on clothing following home clean-ups and be transmitted to kitchen
environments at work. There is no way for management to detect such a scenario and work-
ers must take precautions before returning to work, e.g., change out of street clothing into
work uniforms or overalls, thoroughly wash their hands and arms, and admit potential
exposure to pathogens.

Policies do exist in many jurisdictions, however, for the exclusion of food workers
infected with pathogens from working with food, but these are difficult to implement effec-
tively. Whereas it may be possible to identify an individual showing symptoms of frank
enteric disease like vomiting and diarrhea, it is much more difficult to determine if workers
are excreting pathogens when they appear perfectly normal healthwise. Post-symptomatic
workers may continue to excrete pathogens, but at lower rates, for days, weeks and occa-
sionally years. Shedding duration can be measured only by a regular stool-testing regi-
men, and even so this approach often is ineffective, costly and not always recommended
because of the intermittent pathogen excretion. Even with an apparently effective policy, an
outbreak can occur; several hundred cases of salmonellosis occurred from airline meals in
1976 because the infected employee was not identified during regular inspection and test-
ing of the establishment. The extent of asymptomatic food workers excreting pathogens
can be estimated from a study in Turkey where 1.6% of 307,954 workers in military food-
service operations were positive for enteric pathogens in stool specimens (Kir et al, 2006).
However, the World Health Organization concluded that asymptomatic carriers of nonty-
phoidal Salironella, Shigella, V. cholerae and enteric viruses pose only minimal risks as long as
good hygiene is practiced (WHO, 1959).

Stool Testing

Stool testing and exclusion of workers has been an issue for many decades, and recom-
mendations differ among jurisdictions, with no consistent approach for stool testing and
worker exclusions. Typically, three negative stool specimens are required before an infected
food employee can return to work. However, the linically well food worker with formed
stools should be allowed back at work without further examination of fecal specimens.
Generally, pathogen-negative stool samples, either pre-employment or from an employee
recovering from a diarrheal illness, are not necessary conditions of employment or retum to
work. Exceptions may be considered for typhoid and paratyphoid infections an:d ill'hl‘ﬂ:ﬁm
caused by enterohemorrhagic E. coli, since these are severe diseases and infected ;ndlv:t_‘]uﬂ_.s
can excrete the pathogens for long periods after recovery. When E. coli 0157:H7 infection is
identified in a food worker, the worker should be excluded from work until bowel move-
ments are normal and two negative fecal samples taken 48 hours apart have been uf-tained.,
Symptomless contacts of a person with HAV infection can continue food handling, but
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warkers who have symptoms of hepatitis, have been in an outbreak or have been associated
with family members suffering from HAV infection, or have traveled to regions where HAV
is endemic would be excluded from work until they have a medical release based on labara-
tory testing. Those infected with norovirus should be treated the same way as for HAV.

Unfortunately, from the above information it is impossible to determine when employes
are free from a pathogen since excretion can occur sporadically for many weeks or months
after apparent recovery. However, it is likely the pathogen levels in their stools become
increasingly low over time and even if some fecal matter remains on fingers after defecation,
any organisms can be removed through vigorous hand hygienic practices. The same posi-
tion should apply for asymptomatic persons with levels in stools assumed to be lower than
for those with frank enteric symptoms. Thus, the best policy is to exclude those who show
signs of nausea, vomiting, abdominal cramps or diarrhea (concern should also be raised fﬂf
sore throat, fever and jaundice though these may have non-enteric pathogen origins) until
they recover. Treat every employee as if he or she is infected and excreting at low pathogen
levels, but that proper hand washing and drying and other barriers to pathogen spread are
taught and enforced. Employees should report gastrointestinal illness to their supervisors
but this may not happen until the symptoms are obvious to co-workers.

1 suffering from an illness involving jaundice, diarrhea, vomiting, fever, sore throat with
fever, discharge [rom ear, eye and nose or visibly infected skin lesions {such as boils, cuts)a
food worker should report to his or her supervisor. The supervisor should then use discre-
tion as to whether or not the person should be subjected to certain restrictions or suspended
from food processing, handling or serving duties. Medical advice may be necessary in mak-
ing this decision (WHO, 2000).

Health department clearance for some symptoms may be required by law which may or
may not expect three consecutive stool specimens to be negative. Also, employees returning
from a region of the world with certain endemic enteric diseases like typhoid and dysenlery
should be asked to be cleared by the health department. When employees or patrons give
indications of enteric illness, or there are community outbreaks, managers should be par-
ticularly vigilant about preventing spread of pathogens in the food production, preparation
and serving environment. Since young children tend to excrete higher levels of pathagens
than adults, employees with such children should also inform their managers and take spe-
cial precautions to avoid any fecal transfer.

Lack of Health Benefits

Unfortunately, although more people are employed in the food industry (»15%) than in
any other sector in the United States, benefits are very limited for these workers, often at
the minimum wage level, and this means there is a risk of ill employees going to work. In
the EU wages for food workers are generally higher than in the United States and sick leave
is likely to be more prevalent. When people go to work infected and ill, they perform less
efficiently and can also infect others, which can contribute to more employees who stay af
home ill and also those wha decide to come to work as newly infected persons (Todd ef al,
200%a), Paid sick leave policies have been shown to reduce the rate of contagious infections
in the workplace by isolating sick workers at home. Failure ta take time off to regain one's
health actually led to longer absences because health worsened, and as an illness spread
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within the workplace additional workers were affected, raising the total employee absence
time. For instance, in a 2012 report of the Food Chain Workers Alliance, entitled “The Hands
That Feed Us: Challenges and Opportunities for Workers along the Food Chain” (Food
Chain, 2012), 79% of food system workers do not have a single paid sick day, or do not
know if they have paid sick days, and 58% lack health coverage. Consequently, 53% admit-
ted to picking, processing, selling, cooking and serving food while sick for an average of at
least 3 days per year. This issue of employees in the food industry being paid low wages
and having few or no health benefits applies to all regions of the world, and is likely to be
worse in developing © ies. It will be i ing to see whether existing policies for paid
sick leave will remain in place during the current economic downturn, especially in Europe.
Thus, until sick leave policies are more universally accepted, the risk of a food employee
transmitting pathogens at work is high.

CONCLUSION

Although hand hygiene is not a new concept for prevention of disease spread, it still
remains the best strategy to reduce the opportunities for transfer of microorganisms to
foods. Exclusion of employees colonized and excreting enteric pathogens is a generally
failed policy to detect carriers and should only be applied to workers returning from coun-
tries with endemic diseases such as typhoid and cholera, or who have been exposed to
enterohemorrhagic E. coli, such as on a farm, or exposed to ill persons. The asymptomatic
carrier state is perhaps normal for many persons, and certainly those recovering from an
enteric infection can excrete the causative pathogen for weeks and months. Also, about half
the population harbors Stephylococcus aureus in the nasopharynx, and its presence should
not be used to close an operation by health authorities because it is found in one or more
workers (a5 has happened on many occasions, particularly in developing countries), or dis-
miss a carrier. Proper investigations of outbreaks can help to identify risk factors associated
with food workers (and other sources) and aid in inlpll.‘rlu'i\l'it\g appropriate prevention and
control strategies (Todd ot al., 2011).

To limit pathogen transfer, the use of appropriate physical barriers, e.g., building design,
utensils, food shields, gloves, hair nets and an effective hand hygiene policy, is the best
strategy food processing and foodservice managers can implement. Yet, employees continu-
ally forget to wash their hands or do so ineffectively, and foodborne outbreaks associated
with lapses in hand hygiene in food operations, particularly foodservice facilities, occur
right up to the present time, The key components affecting risk of pathogen transmission
are hand hygiene compliance, hygiene efficiency and cross-contamination. Compliance
reflects (1) the frequency of the cleansing process, (2) the willingness to adhere to the rec-
ommended procedures, (3) hygiene efficiency through the combined effects of washing,
brushing, rinsing, drying, sanitizing, gloving, etc., () prevention of cross-contamination
by having more hands-free operations, (5) handling less raw and more processed food, and
{8) working on sanitized surfaces. The parts of the hands that are most likely to retain fecal
ar food contamination are the thumbs, palms, spaces between fingers and fingertips (includ-
ing the fi ngernail area), and employees and employers need to focus on ensuring these are
well cleaned before they start or resume work on RTE food.
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Training and monitoring of activities alone are not sufficient. Monitoring can be aoos
plished by direct observation and recording of positive and negative behaviors or by sn
automated system of recording use of water, soaps or ABHRs. A major consideration is theabd
ity to alter human behavior by peer pressure, such as positive deviance, or through reward
and penalties applied to both management and other emplovees. These issues lead into e
critical impact of the cultural values of both society and workers' arganizations. The dimated
an institution is a key el inp ing positive change (Griffith et al., 2010). There are
components to this: the food safety culture of the organizati and the knowledge and prach
of the person in charge (PIC) of the specific operations such as in a franchise. How manage
ment creates and supports the food safety culture within a business may be the most importat
factor for determining whether that business can avoid violations on inspection, foodbome i
ness of its patrons or costly recall of its products. The more confident the business is in the pr-
duction and/ or service of its food, the more likely it will implement proper hygienic measis=
and institule effective training of the staff, both managers and other employees. r

The PIC of the workers on the line needs complete knowledge of food safety risks in th
company’s operations and why hand hygiene, including adequate washing, is necessary
avoid contamination of the food and its contact surfaces. He or she has to demonstrate mal
ing; use of the different barriers, including washing hands frequently. The presence of a wel
trained PIC provides a system for routine observation and feedback and for rnuklﬂs hand
hygiene easy and convenient with necessary supplies regularly stocked, putting remindes
in the workplace, requesting better engincered facilities, avoiding overcrowding, unde:
staffing and excessive workload, facilitating skin care for workers’ hands, and implemen
ing administrative sanctions and/or rewards, Collaboration and advice from local heal®
departments and their inspectors should be encouraged, because these departments shoult
be more involved in education than in regulation to effect change. Any change in oper
tional practices is where vigilance should be heightened, and employees and their actios
must be carefully monitored to determine whether new risks may arise.
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INTRODUCTION

Man is in direct competition with a variety of other species for food. These compelr
tors not only consume the product but also contaminate the product with feces, exuvia o
hairs, frass and microorganisms. They can also alter the physical properties of the produt
by increasing temperature and possibly moisture content, and pose health threats by acting
as vectors of pathogens and parasites. The importance of implementing effective pest mar
agement strategies cannot be overemphasized as the discovery of live insect stages or cf
taminants such as insect fragments and exuviae, or rodent hairs and droppings, has pevet
financial implications. Such incidents usually lead to the recall of the entire distribution d
a particular product and may result in expensive litigation procedures, but potentially the
greater financial loss is the longer-term effect an consumer confidence in the product vhid
may never be fully restored. ;

In food production facilities there is a constant threat of pest populations becoming
established as food is always present and there are many locations and access I”_o".“sh
Ppests to enter and find refuges. Insect food pests are cosmopolitan while food I.aam'ﬁm
twice as likely to encounter rodent problems in comparison with domestic premises i
legally bound to practice high food safety standards (HGCA, 2002). Many procedures ét
1’_‘3 adopted to prevent pest access, to detect their presence on arrival and to control infests
tions when they occur, and these are discussed below.

PESTS OF FOOD PROCESSING AND PRODUCTION FACILITIES AND
THE RISKS THEY IMPOSE

_ Any site where food is gathered, sorted, processed or stored is an altraction to wander
ing rodents, birds, insects or mites whose lives depend on the successful location of fnud
sources. Farmers, crop storage and distribution specialists, food processors and retailers
al 'l':"'d to take precautions to render their premises less vulnerable to exploitation by
pests.

While problems from vertebrate pests can largely be addressed by exclusion strale
git-s_, the same is not true for insect and mite pests, although exclusion strategies are sl
an important ingredient of pest gement. Incoming supplies are the primary source of
mm_a‘"d many species can become established in the fabric of the building, feeding
on food residues and wandering (o and from harborages 1o locate new supplies.

Vertebrate Pests

Rats, mice, sparrows and pigeons are ubiquitous and major sources of contamination of
food products in food processing facilities. They act as vectors of Salmonella, Shigella and
Lg!fnsplm bacteria, various viruses, rickettsiae causing Q fever and other pathogens. Weils
discase caused by Leplospirosis icterohaemorrhagine picked up by contact with rat excreta an
be fatal, as can some cases of Safmonciln food poisoning. Rodents also cause damage by the
gnawing of wood, plastics, electric cabling and even metal water pipes, sometimes with ot
astrophic consequences, For birds, netting of openings and needle-matting of surfaces are
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well established, effective strategies to prevent ingress, but problems may still occur where
continual access for transport is needed or weathering of buildings provides openings in
inaccessible areas of roofing where birds such as sparrows, starlings or pigeons can gain
access.

Rodent-proofing is a more complex problem as in addition to the obvious exclusion of
ground-level entry points, attention needs to be paid to the drainage system as well as roof-
ing eaves as rodents will ascend drainpipes, either internally or externally, and gain access
to lofts and then through the whole building via heating ducts or piping and along electrical
conduit routes. Access of rats from sewerage systems is also not an uncommon occurrence
so screens and other barriers should be in place and regularly maintained. The use of roden-
ticides for rat control requires the involvement of trained operators and even after careful
observance of regulations is still a potential risk to non-target organisms (Eason et al., 2010),
Resistance has developed to anticoagulants such as warfarin and now only second genera-
tion compounds are in widespread use, difenacoum and bromadiolone for use indoors and
outdoors and the more toxic brodifacoum and flocoumafen for indoor use only under care-
fully controlled conditions. Formulation and mixture with an apprapriate food is of critical
importance as baits are readily rejected. All baiting stations should be checked weekly and
replaced if necessary (HGCA, 2002).

Anticoagulants have always been less effective against mice because of aveidance fol-
lowing small intakes of bait, and since the loss of calciferal based on vitamin Dy no really
effective bait is available. Physical traps are used to complement anticoagulant baiting stral-
egies along with single dose agents based on alphachloralose or zinc phosphide. In addition
sodium cyanide and aluminum phosphide formulations are available for fumigation treat-
ment of rat harborages and burrows away from occupied buildings, However, none of these
complementary measures can guarantee adequate control and for each facility an effective
exclusion and trapping strategy is therefore a necessity.

Externally, access by rodents to buildings is prevented by elearance of all shrubbery and
disused machinery from the vicinity of the exterior walls and the deployment of traps at
regular intervals around the property and both inside and outside potential points of
entry into buildings. A typical layout of trap deployment for a food facility is presented in
Figure 29,1,

Beetle Pests

Coleoptera is the largest order of insects and provides the majority of stored product
pests with over 20 species of beetle or weevil of worldwide importance in international
trade. Table 29.1 lists some that are commonly associated with food processing facilities,
together with their food preferences and requirements for rapid development. Many species
are of tropical origin that have arrived and become established in heated premises since the
advent of international trade. Others, such as the biscuit beetle and granary weevil, famous
for infesting sailors” biscuits and grain supplies in the days of sailing ships, are native _lu
temperate regions. Excavations of archeological sites have found dead specimens of the bis-
cuit beetle in leather artifacts dating back to Roman times and in the remains of food left in
tombs in ancient Egypt.
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Bait Stations (rodent)

() Firstiine of defense

« With bait
= Placed outside the facility

()  Second line of defense

Do ® O

(O Third line of defense

= Without bait

= On either side of the
entrance point

- Transparent cover for
easy contrel

« Placed inside the facilty

Property
[©)] (D)
FIGURE 20.1 - Atypical ayout of rodent traps for the of a foosd processing enterprise. By peraisen

Swle_d—pmduci beetles may be divided into two categories, those developing externally
on semiprocessed foods and among fincly divided products, and those internal feeden
dl‘“"?PlﬂB within whole seeds such as cereal grains and legumes, The latter group includes
bruchids, weevils (Curculionidac) and grain borers {Bostrichidae) which cause problems
because of infested raw materials and rarely become endemic in the structure of the food
Pl'Ud'l-l_Cl-'bUl'l facility. They are, however, notoriously difficult to eradicate because they avoid

ion and are protected from direct contact with control measures. The lesser grain
borer and the granary and rice weevils occur as pests of rice and flour mills in this manner
(Figure 26,2,

Those beetles feeding on semiprocessed materials or foods may again be divided into
two groups, those with relatively short-lived adults (anobiids such as cigarette beetle, and
dmﬂldi such as Khapra beetle) and those whose adult stage may last a year or longet
In‘tlus latter group, including the Tribolium and Cryptolestes species which are serious flour
!'H-ﬂi pests, and the Oryzaephilus fand also Tribolin m) species (Figure 29.3) occurring widely
in !’fﬂ“*‘ﬂ cercal, pet food and confectionery manufacturers, both larval and adult stages
actively feed on food products, It is this group that often establishes residual infestations in
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TABLE 29.1 Developmental Requirements of Beetle and Morh Pests Often Found in Food Processing
Facill

Species

Food Preferences

Developmental RangelOptimum,
and Fastest Multiplication Rate

Cryplolestes ferrughiveis
(Stephens)

Rust-red grain beetle
Cryptelesies hurcious [Grouvelle)
Turkish grain beetle

Gratecerus covmitis ()
Broad-hormed flour beetle
Lasiederma sorvicorne (F)
Cigarette or tobacco beetls

Oryzsephilus wereator (Fauvel)
Merchant grain beetle
Oryzacplilus surmanensas (L)
Sawtoath grain beetle
Rigzopertha doneinica (F)
Lesser grain borer

Sttophilies gronaris (L)
Granary weewvil

Sitophilus eryzae (L)

Rice weevil

Stegobriam panicenm (L)
Biscuit or bread beetle

Tribsoliram corsfusum J. du Val
Confused flour beetle

Triblinim casteneion (Herbst)
Rust-red or red flour beetle

(Covowra oephalonios (Stainton)
Rice math

Eptiestia coutella (Walker)
Tropical warcheuse moth,
almond moth

Ephestia elutelln (Hubner)
Warehouse ur tobacco moth

Ephiestia kischmrella Zeller
The Mediterranean Nour moth
or mill moth

Ploddia interpumctelin (Hubner)
Indian meal moth

Grains, Nour, meals, oilseeds, dried fruit
and other dried vegetable materials

Cereal products, notably wiheat flour
Cereal products

Cocoa, soybeans, tobacco, various
cereals, spices, textiles and many other
products

Oilseeds, dried fruit, nuts and cocoa
beans

Cereal grains, cereal products, dried
fruits, nuts and some oilseeds

Cereal grains, flours, meals and
macaroni

Cereal grains (exclusively intemal grain
foeder)

Cereal grains (exclusively intemal gram
feeder)

Ceneal products and many other dried
vegetable and animal products

Cereal products, copra, groundnuts,
sisarmie and il 5

Cereal products, groundnuts, cacao,
spices, dried figs and dates, copra, dried
yam, palm kemels, muts and oilsceds
Cervals, cerval products, dried fruit,
seeds, cocoa and ground nuts

Daried fruit, nuts, cencals and cerval
products, cocaa beans, spices, copra,
carobs, pulses and dried vegetables

Graln, cocoa, dried vegetable products

Cereals and cereal products

Dried fruit and nuts, cereals and cereal
products, cocoa, oilseeds, confectionery,
citrus pulp, dried vegetables, pulses,
sevds and carchs

20-38"C, min rh. ¢. 30%./32-35°C,
60-fold in 4 weeks

€ 20-36°C, min ch 50%/28-33'C,
. 40-fold in 4 werks

15-35°C, min rh. 30%/c 30°C,
© 20-fold in 4 wesks

22-38°C, min ch. 30%/32-35°C,
2-fold in 4 weeks

17-38°C, min 30% eh./30-35°C,
. 30-fold in 4 woeks

A3HC, miin rh. c. 407/ 31-34°C,
50-fold in 4 weeks

19-40°C, min rh. 30%/32-35"C
A0-old in 4 weeks

15-30°C, min ch. c. 50%/25'C,
15-fold in 4 weeks

15-34°C, min ch. ¢ 40%/28-30°C,
3Hfold in 4 weeks

17-32°C, min rh. ¢ 60°%/25-26°C,
75-fold in 4 weeks

Z)-36°C, min rh 20M%/30-32°C,
60-fold in 4 wizks

22-40°C, min rh. 2%/ 32-35°C,
Ti-fold in 4 weeks

18-35"C, min th. S0%/30°C,
50-Fold in 4 weeks

17-36"C, min rh. 25%/30-32°C,
6-fold in 4 wirks

10-30"C, min rh. 2006/ 25°C,
20-Fuld i 4 weeks

W30, min ch, 20%/25-28°C,
50-fold in 4 weeks

18-36°C, min rh. 2000/ 30-32°C,
SU-fold in 4 weels

Dhata fromt Parious rewtres, sev Fl
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3 ha damsmmicn; . Grasay
FIGURE 29.2 Two intermally feeding grain beetles: A. Lesser grain barer Rigyzopert
weevil Sitaphilus gramariug.

- pephilits surinsnems
FIGURE 29.3 Two extemally feeding grain beetles: A, Saw-toothed grain beethe Oryzariilus 1
B. Rust-red flour bectle Tritviium aaslmenim,

cracks, crevices and voids where food material escaping from processing mil:lln(‘n?w:‘::‘
accumulate, The long-lived adults seek out harborages from which Ifrcj' wani l:JI.'Ic]\ i
a daily eycle, to scavenge for food and locate additional oviposition sites from wh
infestations may start, ‘ .
Despite their tropical origin and need of warm conditions for breeding, adults of mnn; spe
cies of stored product beetle, both *internal” and * 1" feeders, are highly cold toleras!
and can readily overwinter in parts of the facility. Long-term infestation problems are revealed
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FIGURE 294 Two moth pests of stored products: A. Brown house math Hofmasmophile pseudospretella;
B. Almond moth Ephestia cautella,

if the mealworm Tenebrio moliter L., at 12-17mm in length the largest of all stored product bee-
tles, Gratocerus spp. flour beetles or spider beetles (Ptinidae) are present in the facility.

Moths

Most moth pests of food processing facilities belong to the family Pyralidae, although the
brown house moth Hofmannoplala psewdospretella (Stainton) (Figure 29.4A), and the white-
shouldered house moth Endrosis sarvitrella (L), are commonly encountered in damper,
cooler situations such as mill basements and storage areas (Bell, 2003). Adult moths do not
feed and damage is caused by the larval stage which features a heavily sclerotized head
capsule with biting and chewing mouthparts while the rest of the elongated body is flex-
ible, unpigmented and unsclerotized. In addition to the © and contamination of
food, moth larvae produce silk from glands in the mouth which builds into webbing that
can obstruct machinery and slow down production lines.

Oviposition in pyralid moths occurs from dusk onwards, but is inhibited by light (Bell, 1951).
The egg stage lasts a maximum of 7 days at 25°C and there are five larval instars. The dura-
tion of the larval stage is influenced by temperature, food source, humidity and whether or not
a larval erwlnll:ru'lg diﬂp'lusc occurs at the fifth instar. On completing their development, in

forp vord se, larvae spin a tough cocoon which may be double-layered.
The pupal stage lasts about twice the dusration of the egg; stage at a particular temperature and
adults are short lived, females laying most of their 200-300 eggs within 3 days.

The rice moth is a serious pest of mills in hot damp climates but can become established
in heated premises anywhere in the world, The tropical warehouse or almond moth Ephestia
cautella (Figure 29.4B) is the most frequently intercepted moth pest on food imports into the
developed world and a common pest of food processing facilities. The Mediterranean flour
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moth E. kuehniella is the principal moth pest of flour mills and bakeries in temperate g
of the world while the warehouse moth E. elufella, as its name suggests, is largely confine
to warehouse storage areas where it overwinters as a diapausing larva, able to tolerate tem
peratures down to —10°C, The arrest is triggered by late summer day lengths of less thin
14 hours (Strumpel, 1969). The Indianmeal moth Plodia interpunciella, perhaps the mast e
satile of all the pyralid species in occupying niches in the food industry, can also overwinl
as a diapausing larva. ' =

Details of the developmental limits and optima for each species are provided in Table > L
together with their food preferences.

Other Insects

Cockroaches, flies, ants and psocids can also cause probl
ﬁ:;"l'hv principal cockroaches belong to the genera Periplancta, 2
produced in capsules, with up to 40 r egg case and nympl :
within 12 w:ek':.i Cockroachuf are d:cig:e T«t:}grf and, partia).:] arly Blatella germanica fLﬂ\{
can cause allergenic problems, besides the obvious risks of contamination and spoilige
food (Ebeling, 1991), Most species are cryptic, hiding in refuges with access to food f!”'d“ﬂ'

Many different flies are hygiene threats in industry, including house flies, blow fies, ft
flies and drain flies, each originating from different sources of hygiene failure. They can
mit many fecal and oral-bome pathogens. UV Light traps are widely employed to mons
and control flies in bakeries, restaurants and food processing plants and keep prnblemf‘ ﬂ"_"“
control as long as adequate attention is paid to remove potential breeding sites (Taylor, 2005

Ants have caused problems at most food production or processing premises at some hie
or other. Worker ants forage for food and carry it back to a central nest often at a consd
erable distance from the food source, leaving a chemical trail from that source. The resul
is that increasing numbers of workers appear in the facility, all following the same pth
(Beatsun Camphell, 1991). Two species regularly causing problems in houses, hotels, restas
rants, hospitals, warchouses and food production and processing facilities are the comme
black ant Lasius niger (1.) and the pharach’s ant Menonsorium pharaonis (L.). The latter canbe
controlled by insecticide baits based on juvenile hormone activity because, unlike the Las
SPP. there is usually only a single queen producing eggs in the nesl.

Psocids are tiny, primitive insects feeding mainly on molds and decaying vegetable maie
rial in damp situations. They sometimes appear in huge numbers on food materials in corr
mercial or domestic premises. The smallest opening in a food package can provide a poirt
of entry for the minute nymphal stages. The commonest species is Lipascelis bostrychapid
Badonnel, a rapid-moving, wingless, pale-colored insect about Tmm long for which only

o are known, Parthenogenetic multiplication can be rapid, but temperatures above
20rCand high humidity are needed for egg production (Tumer, 1994).

ems in food processing faale
Blatta or Blatella. Eggs &
can mature o aduls

Mites

Mites, more closely related to spiders than insects and extremely small, utilize micro-
environments of moderate temperature and raised humidity. The most important family
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associated with food storage problenss is Acaridae, twnggh (e e ook e & o i gt
Iactis {L.) (Carpoglyphidae) and cosmopolitan fowd ite Lopadog e desline e (B bipapib
(Glycyphagidae) are also pests, The Tike cyvte inchuddes o Wdet tnrval slspe by
cally followed by three nymphal stages prior fo the veproductive adult stige Thies sl
of increase is unparalleled by any fnsoct. with only T4 days Beling nevalind b oomgilais
development under optimal conditions and with a single female bebngg alile e grestie o
555-600 eggs (Cunnington. 1955 Bocsek 191). Eggs are vold tolevant and in somve s
cies development can procead down to 57C but in all spoecies Tow hammbdities gore veos
development.

The flour mite Amrus sin L is able to infest any food used by humons i (e Joeal spv
ronmental conditions are suitable. The mold mite Tvroplagus putrescentioe (Schiank) is gor
haps the most cosmopolitan mite pest of stored products, occurring in any product with »
high fat or protein content. The tiniest opening permits entry of mites into packaged pred.
ucts and, once inside, an unph taint is produced in the substrate. Many mites are alse

strongly allergenic.

MINIMIZING PEST OCCURRENCE IN FOOD PREMISES

It can be seen from the optimum requirements of insect pest species that the ideal envi-
ronment of food processing premises should be one of low temperature, low humidity and
an absence of accessible food sources. Unfortunately none of these parameters can be main-
tained throughout a site and so there are always tensions in striving for the right balance
between production needs and pest avoidance. Most food ingredients are vulnerable to pest
attack, especially those with an equilibrium relative humidity above 65%, and the continual
movement of commedities to and from trade premises poses a constant threat of importing
pests. In nearly every country legislation dernands the highest standards for any food prod
uct destined for human consumption, o the elimination of pest contamination of food is of
paramount importance for the industry

Effective control measures carried out at the source of raw ingredienty provide a vival
start to the chain that leads to the final processed product. Buildings need 1o be designed
to avoid access points from outside and doors and windowns need 10 be preciston fitted and
kept closed whenever possible. Recessing of erternal drainpipes prevents o wady access
route to the eaves for rodents and wall surfaces should have o smooth Bnlnh oty inskde
and outside. Internally, minimization of voids, bedges, crevicss or disad spaces an o
tant aspect at the planning stage as these provide locatians w) It prentn can eakab
lish refuges. New machinery and facility wtruction should dnclode pest preventive desigo
as a prionty. Rigorous, systemabis clesring ok processing machinery and ool (LR (VI TR
areas on a regular basis helps redues rigks ol i atieans Lvcommingg cotaldished Taonely awd
appropriate removal of accurmulatars te and dedaris by vacuum cleaning, sweeping and
washing is another vital aspect o be dhes nssagenwnd practioe. Shivaimbingng pasilu
distribution 1o reduce residence time in store, and avidanoe ol sl alongeide wiler oo
secure pmduru.uemr/nln in the guest o svold infestabion problems. Came shaibd alsa
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be taken to avoid stacking products in comners or near to walls, which reduces acoess iz
cleaning and creates a harborage for pests.

Packaging can be an effective measure for reducing access of pests to FD,M s
als after processing but standard carton designs generally provide little protection g
stored product insects, The spot weld glue patterns commonly used tend to leave chot
through which smaller insect or mite stages can enter and does not provide a complele
(Mullen and Mowery, 2000), Card, paper and cellophane wrappings are the least i
0 insect penetration, while polycarbonate, some polyesters, polyurethane and alumina
foil are much more resistant (Rao et al., 1972; Cline, 1978; Highland, 1934 B"wdlu']'a;
Collins, 2003). All packaging is vulnerable to damage by rodents, and insects such &
lesser grain borer, biscuit beetle, cigarette beetle and larger larvae of pyralid moth speds
possess powerful biting mouthparts and are also able to penetrate most films. Any m
ures to improve packaging design by reducing the chance of an incomplete seal, and rem
ing joins, folds and corners that are susceptible to mechanical d’-"'}‘"&'“ e pmvfde devesy
for insect mouthparts, should be implemented. Over-wraps also improve @‘sunim,:{:
ticularly if applied as shrink-wraps fitting tightly around the P“_k*";"' ’? .h]w ﬂl
protection is provided by the “form-fill-seal” machines employed in modified atn b
or vacuum packaging. A heat-molded base tray is filled with product and a flat lid is
sealed across the top in the relevant atmosphere for the product. 4

All the above measures have economic implications and require there to be an a2
quate profit margin for the final product. Furthermore, although the presence °‘Pf‘siljs::
be minimized, total elimination of pest incidence can never be guarantecd. There is
fore a need for measures to detect pests at an early stage before they locate and damg:
the product. Meanwhile research continues to refine methods of excluding and ‘.‘"‘"“
ling pests (Riudavels et al, 2009 Moetman, 2010), but problems can only be al\'eldtd it
vigilance is maintained and ma gement procedures are optimized and  rigorowly
applied.

PEST DETECTION STRATEGIES

A vital part of pest management programs is the carly detection of pests. Many systans
of _‘“PPI“S have been employed over the years, nng;ng from sticky papers and lapes
baited traps of various kind and thin lines of grease or food grade mineral oil around pro-
cessing machinery or other vulnerable areas, The present focus is on the use of phero-
mones, the volatile chemicals released by the pest insects themselves that function as 2
means of communication between individuals (Burkholder and Ma, 1985 Camphell
2007), and en food volatiles (Collins et al,, 2007). Pheromones are particularly importan
for insect reproduction, both in long-range attraction of the opposite sex and short-range
mate location,

The chemical structure of pheromones has been analyzed for a la rge number of speces
of concem in stored product protection (Burkholder and Ma, 1985; Phillips, 1997). A list of
some of the materials that have been isolated and identified is given in Table 292, Ther
are two basic types of pheromone involved in pest detection systems, sex pheromones and
aggregation pheromones. i
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TABLE 29.2  Anmactants Produced by Some Stored Produet Beetles und Mol

Species Attractant Dietalln
Lasionderma serricorne Serricoming Sew phummunmlumlmal by fupaialon
Cigarette beetle (4.6 yl-7=hydl 3 i Commenctally avallalite
Stegobium paniceiem Siegobinone: (23-dihydro-2,3,5- Sex phermone producsd by fomalis
Bascuit wrimethyl-6{1-methyl-Zaoxobutyl)dH-  Commercially availitile
pyran—t-one)
Riyzspertha d x icalure: (1-methylbutyl-(E)-2- Aggregation pheromone produced by
Lesser grain borer methyl-2-pentenaate) males. Commercially availabile
Cryplolestes fermugineis Ferrulactones [and II EE)-4-8- Two-campanent  apgregation
Rust-red grain beetle dien-10-clide, and (3Z, pt by males.
lls)}dodm-llqudc. respectively] Cummhny available
Cryptolestes turcicus (Z.Z)5 F=tetradecad en-13-olide Aggregation phemomone produced
Twrkish grain beethe by males
Sitophilies granarivs Sitophilate: (1-cthylpropyl-2-methyl-3- A gation phy Produsced by
Granary weevil hydroxy-pentanoat) males. Commercially available
Sitophlus oryzae and Sitapkiles  Both species phi < (5-hyd Agpreg: ph produced by
SR A-methyl-3heptanone, the 45, SR males. Commercially available
Rice weevil and Maize weevil  enantiomer)
Trogoderma grmariun Y28 minture of (£} and Sex pheromone produced by females
Khapea beetle (B 1i-meethyl-E-hexadecenal
Carpophilus (2A5B)E-3,57-trimethy]-2 4,6 8= Agpregation pheramone prodised by
Dried Frunt beetle decatetraene and related compounds males. Commaercial lure availilsle
Canpophilus dimidiatus (3.5,7.9)6-6,5-dicthyl-4-methyl-357.9-  Aggregation ph we provduced by
Carn sap bevtle dodecatetracne mathes. Commercial ure availabshe
i errar Rer 3dedecen-1l-alide  Agg pheromone prsdued s
w‘mh beetle and Z.2-3 6-dodecadien-11-alide mnln L& lmlmrn.u'l Ture avaktalsle
Oneoeplilus purinamensts Re of ZZ-3 frdodecad Agpgregation phevmene prastucst b
Saw-toathed grain beethe 1-olide, ZZ-3.6-dodecadienolide and males,
275 etradecadien-13-alide Commercial lure available
Tenchrio malitor 4-trethyi-T-neananaol S e oo ol by sl
Yellow meal worm
Gralrcrres coriutics (Rlacoradiens Aggregation phevsmome posduos
Bevad-hirmed flour beetle LT
Tribuline confustim, Tritoliune Both species: 48 ER-dimethyldecana ARRregation phesomene prasbosst b
P —1 il

Confused Mour beetle, Rust-red
Bour beethe

Thogoicrima 9pp.
Warehouse beetles

Corvyrar cephalonice
Rice math

(ZF 1 4-methyl-B-hewadetonal

Farnewal: (EE-
dodecatrienal)

7D 1=trimetlivl- 26, 10

Commencbal T avallatde

Sl

ol luve av it
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TABLE 29.2 (Continued)

Species Altractant Details
Epfaestis coutelin Z-A-tetradecenyl-acetate Sex pheromone produced by s
Tmpical warehouse of almond Commercial lure available
math
Ephestia elutella ZETA: (Z, E-9,12tetradecadienyl- Sex pheromone produced be feis.
Warchouse moth scetate}, and ZETOH: Commerrial lure availsble
(7 E-5,12-tetradecadienal)

Epestin Eschmielia ZETA:(Z 9,2 tetradecadienyl-acetale)  Sex ph produced by fi=is
Mediterrancan flaur moth Commercial lure availible

1 y femain
Plodis interpanctells ZETOM: (2, £9,12tctradecadienal),  Sex pheromone p ;'" o
Indianmeal moth ZETA: (Z, E-9,12-tetradecadienyl- Comenercial lure availab

acetate), and Z, £-9,12-tetradecadienal

Sex Pheromones

Sex pheromanes are usually emitted by females to attract males for mating. 111:;1::
been reported from many moths and certain families of beetles inchudlos 4% il Il:«'
Bruchidae and Dermestidae in which adults are relatively short-lived and feed very it
not at all (Burkholder and Ma, 1955), ¢ i

Sex pheromone activity may be exclusive to a single species but mmn‘HJHIE.‘ 1z
be shared between several related species. Thus, the sex pheromone TDA e ‘,{-;
tetradecadienyl acetate (also known as ZETA), is active not only against Plodia inleqiie
but also against at least four other of its pyralid relatives (Brady et al., 1971). Similady, &
anobiids Stegobium panicenm and Anobiunt prinictatum share stegobinone I[K”“""h'""-_ i
1975), and several Trogoderma spp. share (Z)-14-methy)--hexadecenal (Cross et al. 1476}

Aggregation Pheromones

Apgregation pheromones are usually produced by males and attract both sexes to s
able habitats and food sources where maling can then proceed. Beetles of I fene
Bostrichidae, Cucujidae, Curculionidae and Tencbrionidae which have adults thal s
and are relatively long:lived substantially release pheromones of this type. As with the @

ones, aggregation pheromones may involve mixtures of materials and refated spe
cies may share a common pheromone (Table 29.2). Aggregation pheromones have also ber
reported from mites (Kuwahara ot al, 1982),

Food Volatiles

A wide range of volatiles and aromas emitted from food materials are attractive to stord
product insects, notably those from groundnuts and carobs, and even plain water is effec
tive in attracting moth species in dry conditions (Wakefield et al., 2006; Nansen et al, 209
Food bait traps have been emplayed widely in food processing facilities to monitor for the
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presence of beetle pests with varying degrees of success. The combined use of pheromones
and food attractants offers the prospect of a monitoring system for a wide range of pest
species.

Pheromones as Pest Management Tools for Detection and Monitoring of Pest
Populations

Pheromones are powerful attractants because of the extreme sensitivity of insects to these
cues, and enable infestations to be detected at very low levels when visual or other forms of
inspection are unlikely to be successful. This information is a critical input for pest manage-
ment programs and associated decision-support systems in the food industry, where con-
tamination, not enly by whole insects but by fragments of them, is a major public health
issue. Discovery in a laboratory oil flotation test of rodent hairs, mite or insect fragments in
a product sample is the retrospective discovery of a control failure, requiring urgent action
to locate the source and revise pest management procedures.

Ph are often plex mixtures of related compounds and their stereo-isomers
can evoke vastly different responses in the species concerned; correct identification, synthe-
sis and blending of the components is essential. Efficient delivery mechanisms for phero-
mones are also crucial. They must be capable of being adjusted to produce the appropriate
concentration level for the species concerned, releasing the pheromone at a uniform rate,
and have a capacity consistent with the particular application and operational lifetime. Trap
design is important for both walking and flying insects. The distribution of traps in the
treatment area is also a key factor. A vital issue after detecting the presence of insects in a
facility is the accurate location of the infestation origin and to this end, precision targeting of
infestation sources by spatial analysis has proved useful (Campbell, 2007; Trematerra et al.,
2007), enabling control measures to get under way before other signs are evident,

PEST CONTROL STRATEGIES
Chemical Control Methods

Until recently chemicals were the mainstay for pest control in the food and agricultural
industry but there has been a steady move away from reliance on biocides as a succes-
sion of adverse side effects for one compound or another have come to light. Hence the
more toxic substances have largely been replaced and the use of the remaining materi-
als is being confined to application to surfaces or areas where subsequent contact with
food or packaging is unlikely, thus avoiding the problem of chemical transfer to the food
{Highland et al., 1984).

Insect Growth Regulators

In recent years the focus has been on developing compounds of highly specific action,
based on the physiology of the pest. In this area chemicals that act by distupting insect life
cyeles have been developed. Insect growth regulators have come into use for the protection
of many stored products such as grain (Oberlander e al, 1997). Methoprene, fenoxycarb
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and hydroprene are commercially available juvenile hormone agonists, which cause the ter-

minal disruption of insect develop but have little or no mammalian toxicity. Their use
in admixture on grain or on surfaces such as fabrics can confer protection against pests for
OVera year.

A second group of insect growth regulators act by interfering with the molting hormone
ecdysone with consequent prevention of normal metamorphosis and these are effective
against Lepidoptera. A third group, effective against cockroaches, act by inhibiting the syn-
thesis of chitin which also prevents normal molting of immature stages. Besides the very
long life of the compounds, which can be an issue in international trade if residues of any
added chemical are detected, another constraint for the use of insect growth regulators has

been in integrated pest fu prog where eco ieally important bip-control
agents may be adversely affected.
Insecticides and Repellents

The use of insecticidal sprays and dusis has been a routi for spot treatment of

localized infestations and surface application to areas of high risk. Organophosphorus and
pyrethroid compounds remain in use for this purpose though registrations on some com:
pounds are lapsing in many countries, restricting the choice available. Much effort is being
placed on the search for new insecticidal compounds of botanical origin and some such as
azadirachtin from the neem Iree have joined with pyrethrins as registered botanical insec:
ticides. A more recent addition, the bacterial metabolite-based product, spinosad (Fang
el al, 2002), is also available as a dust formulation. Dichlorvos space sprays have now been
replaced by ULV or aerosol treatments of synergized pyrethrins or pyrethroids in food pre-
duction facilities, sometimes in mixture with an insect growth regulator such as methoprene
(Arthur, 2010), but are only effective against flying insects. The field of insect repellency is one
still under investigation, a non-toxic, non-specific insect and mite repellent being the goal

Fumiganis

For many years fumigants have been relied upon for the whaole site treatment option
when infestation problems get out of control. Flour mills and chocolate factories would typk-
cally have an annual fumigation by a licensed company to have a fresh start, To be effective
the fumigant had to be suitable for rapid and even distribution throughout the treatment
area and in order to minimize production downtime it had to be effective against pests
within 24 hours. The first fumigant in widespread use for treatment of structures, hydrogen
cyanide, was replaced in the 1960s by methyl bromide, which, though less of an acute tovic
risk to operators was still a highly toxic compound. It was ly effective when used in
a well-sealed structure, being an excellent penetrant of voids conlaining food residues and
highly toxic to all pests, ad1i|.-\—in5 control within 24 hours.

Methyl bromide, listed as an ozone depleting compound under the Montreal Protocol in
1992, was phased out from all but a few specialist uses in non-Article 5 (developed) countries
in January 2005. Developing countries can continue using methyl bromide until 2015, beyand
which their use also will be confined to a few quarantine-related circumstances (UNER, Z00)
The only other fumigant widely registered at the start of this century was phosphine, which
is an excellent fumigant for commadities in store where the longer residence times permit
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the long exposure periods (up to 3 weeks at 15°C) required for effective control of pests. Best
results are obtained by using a double layer of polythene sheets for packaged materials and
treatments may only be carried by registered pest control operators who apply the aluminum
or magnesium phosphide gas releasing formulations and dispose of the residues remaining at
the end of the treatment according to established procedures, Access to the building in which
the fumigation is carried out must be restricted and gas monitoring is required during the
24-hour aeration period after unsheeting to ensure that local atmosphere threshold limit val-
ues are not exceeded before releasing the stock for handling.

Phosphine is, however, difficult to use in food processing premises because of its cor-
rosive properties against electronic equipment and the long exposure times required,
especially at temperatures below 25°C. Although an altemative fumigant, sulfuryl fluo-
ride (trade name Profume), has been registered for use in empty flour mills starting in
Switzerland in 2003, in the UK and Italy from 2004, and now in many European countries,
Australia, the USA and Canada, concerns over its global warming potential and the signifi-
cance of fluoride residues have delayed registrations for use on many food materials or in
structures where raw or processed food is present. Its use also requires additional heating as
insect eggs are tolerant and would otherwise require long exposure times for control (Bell,

2006). With increasing pressures for the safe and effective use of chemicals, any move away
from heavy reliance on them is obviously desirable.

Physical Control Methods

There are opportunities and limitations for the use of physical control methods in struc-
tures. The use of modified atmosphere (MA) techniques for space treatments, for example,
is restricted 1o specialist chambers because whereas buildings can be scaled sufficiently for
fumigation, they cannot be sealed to the much higher standard required for MA applica-
tions. Scope for use of sonic, microwave or radiation technologies is also very limited.
Nevertheless several physical methods are of value in the controlling of pest outbreaks.

Heat

For the food processing industry the downtime and production loss arising from whole
site treatments to combat pest problems has restricted control options to those which act most
rapidly and effectively. This was the principal reason for adopting methyl bromide as the
mainstay for a reliable annual whole-site treatment strategy. Heating to 47°C or above results
in rapid immobilization and death of insect and mite stages within a few hours. Heat is thus
one of the few options offering a similar rate of action to chemical fumigation. The pring-
pal problem for heat disinfestation, though, is the planning of heating requirements and heat
source deployment to obtain a uniform heat profile throughout the structure without causing
high localized temperatures which would cause damage to structual or electronic compo-
nents. The temperature of air from heaters needs to be limited to 65-70°C to avoid activat-
ing sprinklers or causing expansion and cracking; and air speeds should not exceed S5m/s to
avoid dust explosions. Structural heal treatment invalves raising the building temperature to
50-55°C at a rate of 5°C per hour. Sufficient heaters to ensure that 50°C is reached within 6-8
hours are required. Spot heat treatments may also be carried out where a zone of a processing
facility or an item of machinery is heated to above 50°C with a forced hot air stream.
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Much progress has been made using a combination of heating strategies, often in con-
junction with the use of inert dusts to treat areas difficult to heat such as voids and ﬂﬂif
procedure first tested in Canada and further developed in Europe (Dowdy and Ficlds, 20
Bell et al., 2004). Residual infestations in deep-seated harborages in the basement or ele
where remain a particular problem. It must be remembered that the target temperatures ot
control must be reached at the point where the insects reside in the structure, a process that
may take 24 hours, and that the presence of protective material such as food residues a2
lower the temperature experienced by the insect (Bartlett et al_. 2005).

Cold

The intense periods of winter cold have long been used by millers and warehouse keepers
in Canada and the northern USA for a “freeze-out” of pests and there is seldom any need [
additional control methods in the first few months after treatment. Cold can also be used
a spot treatment by the injection of liquid nitrogen inta confined spaces such as wall voids
However, insulation in walls can affect cold distribution, leaving protected warm spots. Ao
surfaces can be stained and warping of wooden structural components may occur.

Most insects succumb to exposure at temperatures below —10°C within a few days while b
10°C imsect reproduction ceases and population levels of most pests slowly decline (Fields, it
“The stage of development of the pest is a factor in its cold resistance: egys are more sensitive, ind
adults or larvae, especially those in diapause, are the most cold tolerant. Nevertheless adults of
most species can survive temperatures around 4°C for many months and so can readily ovenwar
ter in buildings in temperate climates, In consequence, cold exposure requires very long holding
times to be effective and this is rarely achicvable in the production areas of food processing fadl
tics. Nevertheless, the use of designated cold storage areas for incoming ingredients is a widely
practiced measure in many industries in spite of the requirement for high capital investmenl.

Iimpaction

Many situations in which agricultural products are mechanically conveyed during food
processing offer the opportunity for control of insects by shock, abrasion and impaction
The principle was developed over 70 years ago for use in the fAour milling industry and
impaction machines such as the “Entoleter” became a routine fixture in facilities such
flour mills (Pagani et al,, 2006). In the Entoleter, flour falls between two rapidly spinning
discs, Centrifugal force pushes the flour 1o the edges of the discs where it impacts a row o
steel pegs mounted on the rims, and is thrown against the ouler steel casing before falling
into the basal receiving hopper, The material passing through the Entoleter thus encoun:
ters two major impactions and this effectively controls all free living insect stages. Impaction
machines can also kill a high percentage of insects such as weevils developing inside cenal
kemels (Vincent et al., 2003; Bec ket 2010),

Inert Dusis

Inert dusts cover a wide range of materials includ ing clays, sands, ashes, diatomaceous
earths (I?E. Iuml%z_mj remains of diatoms consisting mainly of silica with small amounts o
other mmt'rnls_). silica aerogels and non-silica dusts, such as phosphate and lime. Inert dusts
have a long history of use for grain protection (Ebeling, 1971). Their lethal action against
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pests is caused by dehydration, the cuticular waxes being adsorbed by the desiccant upon
prolonged contact. Abrasion of the cuticular joints in mobile stages may also be a contribu-

tary factor but recent formulations are being designed to minimize their abrasive properties
to protect conveying machinery.
Inert dusts are regi d in many cc ies for treatment of grain and pulses against

insect pests and for use as sprays applied to the fabric of food premises to minimize residual
infestation and migration of pests. They form a useful part of I'M strategies providing an
alternative to chemical protectants for pest control (Dowdy and Fields, 2002). Some formu-
lations are accepted as suitable for use on foods certified as "organic” in some countries,
DEs are widely used as food and processing additives.

Irradiation

Irradiation from a cobalt-60 source has been used primarily as a bactericide for many
years for treatment of some commodities, mainly spices, but also for dried and fresh fruit,
potatoes, onions and poultry. It requires proximity to a commercial treatment source to be
practical and consumer acceptance has limited its widespread use.

The methodologies for use of irradiation include exposure of a commodity by continuous
flow through an immadiator or by batch treatment of cartons by pallet load, or indirect meth-
ods such as sterile male release for pest population management. A 10-MeV electron beam
unit has also been in use for certain applications but the reduced safety concerns are out-
weighed by the very low | bility of dities, restricting the form in which they
can be presented for treatment.

Sterile male release has given effective control of Iu:a\'yI field infestations of insects but
apart from application in certain warehouse situations is not of relevance to the food indus-
try where the avoidance of insect presence is the goal.

Biological Control Methods

Many organisms are known lo attack, infect or parasitize stored product insects, some ¢
which are listed in Table 2.3, The use of such organisms in food processing facilities is lim-
ited by the need to ensure that their presence does not itself lead to problems as discovery
of any insect fragments in a finished product is unacceptable. Nevertheless opportunities
exist for their deployment in receival facilities to deal with background pest levels in empty
stores as an alternative to cold storage or fabric treatments with insecticides (Scholler et al,
1947). Pathogens are in use in conjunction with attractants to provide a control system for
flying pests (Kellen and Hoffmann, 1957), and also as additives to bulk commodities such as
cereals (Wakefield et al., 2010).

Use af Pheromones for Population Control

Pheromones can be used to provide the attraction agent for mass trapping to physically
remove insects, by disrupting mating to prevent breeding, or by acting as an attracticide
1o a point where pesticides, pathagens or sterilizing agents are used as the control agent.
The technique is used to reduce pest populations to manageable levels rather than elimi-
nate them and is most suited to confined areas, It is most effective at relatively low start-
ing population densities. Aggregzation pheromones are more cffective than sex pheromones
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TABLE 29.3  Potential Bioconim
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ol Agents and their Possible Target Food Pest Species

ParasitelPred. 5 o P Host Species/Trey
Anssopleromalus ealendrae (Howard)  Prerumalid wasp, endoparasite  Lastodena servicame, REyzepe
attacking larvae Sitapl:lus spp.
Chomlomits hcpais Wesiiond e e Lasioderma serricome, Riyzeperiha dmet
madum; Inrvae Sitophilis spp., Trogoderma grans i
Dumackus discelor (Walker) M d wasp, endog rgobitim p
all-ddn,; larvae
Larigphagus distinguendus (Foerster)  Prerumalid wasp, endop Lasioderma serricorne, Shepos ”
attacking Lirvae beyzoperiha dominica, Sy
Pieomals ol Ashnead. Preromali wasp, endoparaite  Lacoderms srricome, SHophius TP
ou.mm: and pupae
Zatropus incertus {Ashmead) lid wasp, i oryzae
alhdunﬁ larvae
Cepllsnomia gailicels Ashanead Bethylid wasp, ectuparasite Lasiouderma serricorne, Steg F
attacking larvae
Coplulorsomia tersatis Ashmead Bethylid wasp, ectoparasite Oryzacplhilus spp.
altacking larvae :
Ceptialomantua weslersiont Gahan Bethyled wasp, ectoparasite Cryptelestes ferrugineus, C. turciots
attacking larvae
Iabrob i e o d) wasps, Pyralid muths
nd H. hebelar Say endoparasites attacking larvae
fenturin cancseins (Gravenborst)  Ichneumonid wasp, Pyralid moths
endoparasite attacking larvae
Trichogranma cecsectie Marschal, Trichogrammatid wasps Pyralic moths
T. exmreseens Westwuod and attacking e
T. pretivsum (Riley)
Acarophenas tribolii Newstead and Predatory mite attacking eggs  Tenwbrionid beetles
Duvall and small Larvae
Chewletus eruites (Scheank) Prodatory mite attacking eggs  Slared product beetles and moths ofher
and small larvac than internal grain feeders
Pyeinates tritict L Fussat & Stored product beeths and motts othe
Montagne than internal grain foeders
Fyamales wentnicosus (Nevepar) Predatory mite attacking egge Most stored product bectles and meths
and small larvae
Xulocorts favipes (Rester) Predatary bug ANl Froe-living stages of stored product
bevtles and muoths
Adelina spp., Farinocystis tribwlic, Pathwenog i srinies  Cryplolestes ferrugineus, Oryzmephilus gy,
Mattesta diaspora, M. orvzacil, it Trilwlium spp., Plodin nterunctells
Nevwemun spp.
Bacillus thringiensix and B.cens  Entomopathogenic bacteria Lasinderma serricorne, Pyralid math larvee
Polyhed rosis viruses Larval pathagens Pyralid moths
;mmmhminnl"‘ I E pathogenic fungus Sitophitus spp., Tribalinn spp., Onmirpkia

PP
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because both sexes are attracted to the traps. Nevertheless mass trapping has been success-
fully trialed with sex pheromones against moths in flour mills to reduce pest populations to
a constant low level (Trematerra and Gentile, 2010). The pheromone trap is baited with an
insecticide such as cypermethrin or another quick knockdown agent or arrestant to retain
the attracted moth. Alternatively a pathogen source may be incorporated to disseminate dis-
case through the pest population.

Another approach is to use sex pheromones to disrupt mating. It is achieved by flooding
the environment with the sex pheromaone of the target species so that mating behavior is
disrupted by false-trail following and sensory fatigue so that mate location and reproduc-
tion is minimized, The dispensers need to release adequate amounts of pheromone over a
prolonged period and treatments need to be applied before emergence of the target species
over a wide area for successful results.

Integrated Pest Management (IPM)

IPM is a pest risk-r B tapy h combining a selection of the methods described
above in a way that addresses sociveconomic, health and environmental risks in a sustain-
able manner while maintaining an acceptable level of productivity. It is highly information
based, integrating knowledge about the pests with knowledge about the Facility to avoid
pest problems and maintain high product quality. A book edited by Heaps (2006) reviews
the present status of IPM for mills and processing facilities. For successful implementation,
adequate training of industry staff on the tools employed is necessary and this is a prob-
lem in some countries where there are few opportunities for formal professional education
(Bartosik, 2010). In many cases pest management is contracted out by companies to a regis-
tered pest control company with specialist trained staff, but for any management strategy
to work the minimum requirement is that a weekly inspection of facilities, and particularly
trapping and baiting locations, is carried out and coupled with a clearly laid-out line of
action if evidence of pest presence is obtained.

EMERGING THREATS FOR THE SUCCESSFUL MAINTENANCE
OF PEST MANAGEMENT

The big issue regarding the continued successful use of chemicals for control of stored
product pests is the development of resistance. Pests have become resistant (o insecticides,
insects growth regulators, fumigants such as phosphine and even to some bacteria-based
sprays. The problem is often comy led by cross-resistance to other groups of compound.
Resistance to phosphine was first detected more than 30 years ago and more recently occur-
rences of slrmgiy resistant strains have been reported from Australia (Nayak et al,, 2010)
in the rusty flat grain beetle Cryptolestes ferruginens. To achieve control of this strain at 20°C
a concentration of 720 ppm needs to be maintained for 24 days, a far greater dosage than
needed to combat previously encountered high resistance levels in the lesser grain borer
Riiyzopertha dominiea, and other pests,

Adoption of alternative strategies that avoid chemical control tends to be costly and labor
intensive. This places a burden on the manufacturer that cannot always be passed on to the
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consumer and can result in lower standards of pest management than when chemicals were
in wider use. A related effect that is often overlooked is that the reduced market for chen-
icals results in products being withdrawn from the market, particularly when an existirg
compound comes up for regulatory review on a prefixed b ble. Product registration &
required in most countries for each chemical intended for use in pest control. Significant
efforts have to be undertaken by commercial companies to conduct research, assemble and
submit a registration package to obtain a label for legal use of a new compound or to extend
the use of one that is under review. The registration process is very costly with lengthy
delays and requires that the company developing the product has a high level of technically
qualified personnel. Applications are often returned with requests for more data, increasing
the expenditure. Where the company can only see a small market in a particular country of
application, they are unlikely to proceed with registration. This can result in the disappear-
ance of existing compounds from the market, reducing the options for pest control.

Although some problems remain, pest management standards in the food industry have
never been higher and research is actively in progress to keep abreast of developments #
new pests and new products and procedures come inlo being.
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INTRODUCTION

Preparing food in the home or food service is frequently the last link in the food chain
before food is consumed and in essence it entails catering/preparing and serving of food.
Safe food handling at this point is critical in preventing foodborne illness and also in main-
taining the food safety measures undertaken by other supply chain participants up to this
point. This is one of the most complex links within the food supply continuum and presents
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challenges in managing food safety risks. This is related to many factors such as diversity of
foods prepared within a facility or at a food event; the multi-ingredient or component nature
of the food handled; extremes in volume of foods handled and size of the aperations; wide
ranges of food worker education and communication levels and high employment tumover.
and overriding socioeconomic factors enabling safe food handling practices worldwide.

The principles of safe food handling in the home and food service are not dissimilar lo
the basic principles in other sectors that are presented in Chapters 33-36. The technologies
employed, elements of food safety assurance and food safety management in accompany”
ing chapters are also relevant. The food safety hazards are common also although their ina-
dences can vary in this sector. Differences at this end of the food chain are related to the
nature of the food preparation practices, the potential for hazard exposure associated with
those practices and the opp ity for the persistence and growth of microbial pathogensif
there is poor control of food safety, particularly when there are no further controls for ther
elimination or reduction before consumption. While the principles of safe food handling ar
similar, a more flexible approach in their impl tion is often ¥, tailoring food
safety management to accord with local culture, economics and available infrastructure,
particularly in the domestic and the informal food services sectors. In this chapler empha-
sis s placed on specific aspects of safe food handling in food services and the home and
some of the challenges in managing food safety programs are highlighted. It is assumed the
basic principles of food safety r e t, foodbome h. ds and their control in other
chapters are read in conjunction with this chapter.

handling in the home may simply be serving food procured outside the home or the
preparation of meals from raw, partially or fully ready-to-eat food. Food services for the pur-
pose of this chapter include the preparation of any food or meal prepaned outside the home
f“d may be either temg Y or per ambulatory or on a fixed site. Some examples
include food preparation in vendor stalls or vehicles in streets or markets, bars and restaurants,
cafeterias and canteens {eg. in schools, workplaces, shupping cenlers), care facilities (e child
3‘}““'? and aged care centers, hospitals, institutions), catering operations, transport (boats,
trains and planes) and many others. Foods available in food services such as street venders
and market stalls may have been prepared in homes and small cottage industries. In poor com:
munities, people may rely on food prepared by ambulatory vendors and in markets as they
do S8 have the facilitics for preparation at their dwelling place. In contrast, in developed
countries, the increasing trend is to eat food prepared outside the home and to buy food from
markets in association with busy lifestyles, income growth, health and environmental con-
sciousness (Price, 1997, USDA, 2009). Almost one-half of every dollar spent on food in the USA
is believed to be spent on food from restaurants (lones and Angulo, 2006). Food prepared in
these sectors can be for one or a few persons in a single sitting or il may be catering with thou-
sands of meals, stored and served at a later time, resembling industrial-scale food manufacture.

EVIDENCE OF FOODBORNE ILLNESS AND CONSEQUENCES

'{!iflbnd safety r'—"k managers can obtain valuable information from foodborne illness sur-
; ance on priority hazards and their health impact, the most vulnerable populations, the
vods attributed and locations where they were consumed and prepared, and factors that
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may have contributed to the food being hazardous. Surveillance is not universally available
and most is derived from developed countries. Most data are based on outbreaks and do
not include the many sporadic cases that occur. If high numbers of consumers are exposed
at a common time or place there is a greater chance an outbreak will be recognized. Often
locations or setting of outbreaks that are reported are places where food was consumed and
not necessarily where it was prepared. Notwithstanding some of these biases, such data
provide valuable insights and guidance in food safety management.

Food services and the home are frequently cited as the location for foodborne illness out-
breaks. In 2007 in the USA, 40% of 503 confirmed outbreaks were reported as located in res-
taurants and delicatessens and 16% in private homes (CDC, 2010). In the UK in 2006, among
66 outbreaks, the setting was restaurants for 58% and homes and private locations for 18%
(EFSA, 2008). In Australia in 2008, r were reported as the location of 43% of con-
firmed and suspected outbreaks (OzFoodNet, 2009).

The health risk associated with the 1 of contaminated food depends on the
level of the hazard and severity of the associated health consequences. The susceptibility of
the individual consumer is an important risk factor for foodbome illness where those with
a developing, declining or impaired immune status such as the very young, the elderly and
the ill are most vulnerable and may experience the most severe health consequences. For
example, among 17,468 laboratory-confirmed cases of enteric infection in the USA in 2009,
the reported incidence was highest among children aged less than 4 years and the percent-
age of persons hospitalized and the case fatality rate were highest among persons aged
more than 50 vears (MMWR, 2010).

The number of vulnerable persons is increasing as the proportion of aged persons in the pop-
ulation is increasing, advancing medical intervention is extending life expectancy of the health-
impaired and immune-deficient persons, and while young children remain at high risk of
exposure particularly in aneas of poor sanitation and hygiene. All this means safe food handling
for vulnerable persons is increasingly necognized as a priority public health activity worldwide.
Food consumed by vulnerable persons living in the community may be prepared domestically
or purchased from the informal food sector or may be provided by a delivery service from a
communily food service facility. Vulnerable people may also be gathered in special care facilities
(e.g. hospitals, child daycare and aged care centers) where they may be exposed to food pre-
pared in food service operations, Authorities have taken action to recommend the avoidance of
certain foods for vulnerable populations in institutions; however, adherence to these guidelines
has been reported to require improvement (Dalton et al., 2000 Nelson et al,, 2008).

While the public health cost of illness resulting from a food safety failure in this sector is
similar to that in others, the cost to an individual business can be greater. A medium or small
operator may no longer be viable following loss of a license, adverse publicity, litigation and
legal costs, and loss of customers following an incident or recall, There is an increasing trend
for public disclosure of regulatory hygiene inspection ratings of restaurants and similar out-
lets on official websites or by placing a notice on the outside of the premises. Adverse results
can be quickly disseminated via the media and internet social networking. The intention of
these programs, also known as “scores on doors” or “name and shame,” is to allow consum-
ers to make informed choices based on hygiene inspections about the places in which they
choose to cat and from which they purchase food. It is anticipated that businesses will be
encouraged to improve hygiene standards as negative publicity is damaging for trade.

1. FOOD SAFETY ASSURANCE SYSTEMS
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At national and international levels, reports of foodborne illness are damaging for Irade
and tourism, Food services directly interface with travelers who are frequently ‘““!P‘w
to eat their food while in transit or at their destination and are unable to prepare their 0wn
food. An incident of illness related to business or recreational travel has a particularly lst
ing impact if it is associated with loss of time and earnings or if it is incapacitating, From2
public health perspective infected travelers present a specific concern as they are a puImD.i]
means for the spread of exotic diseases around the world. For example, cholera and typhoid
are diseases that are endemic in regions of poor sanitation and hygiene. In developed
regions these diseases occur mainly in travelers returning from endemic areas. New or rare
strains of biological agents can be introduced into a country via traveless as, for exampk,
Salmanella Enteritidis is not endemic in Australia and of the cases of infection that occur mest
are among travelers from overseas (OzFoodNet, 2009).

FOOD SAFETY HAZARDS

Food safety | 15 of may be biological, physical or chemical. In developed cou-
tries outbreaks of the following microorganisms and their toxins are most commenly reported
predominantly enteric viruses, a non-typhoidal Salmonella enterica, and Camplobacter spp. fel:
lowed by staphylococcal enterotoxins, Clostridium perfringens, pathogenic Escherichia colt (par-
ticularly enterohemorrhagic pathotypes), Bacillus cerens, Vibirio parahaenolyticus and marine
toxins (CDC, 2010; EFSA, 2009), Others include Shigella spp., other pathogenic Vitrio spp. and
Brucella spp. These microorganisms may be included also in sporadie incidents where routes
of transmission are not determined. Parasitic infections include Ginndin lamiblia, Cruplosporidiur
and Cyclospora sp. In regions of poor sanitation and hygiene and in certain endemic regions
Hepatitis A virus S, Typhi and pathogenic E, coli, i 1 igenic funpi and a broader range of
parasites may be more important. Other hazards vary depending on the local features such
as human and zoonotic discase epidemiclogy and the presence of toxic animals and plants
I'h_rm?cnl hazards (stores, metal, plastic, insects, bone and seeds, ete) have a greater chance
of being undetected in food sold at markets and street stalls compared with packaged food
sueum:lh)’ facturers. Physical h s introduced during food handling {Band-Aids,
!mgﬂm. broken glass, ete) can pass unnoticed at this final stage of the food chain. They

€an be introduced during food preparation or by consumers when using self-service facilities

"?5’"-?“"““'1 and veterinary chemicals, non-a pproved food additives and accidental con-

tamination with chemicals used for cleaning and sanitization are important, particularly
Whm.c there is limited contrul of or regulatory compliance with food safety in primary pro-
ductivn, ar.'d facturing and in i pl wation of safe operating procedures, Allergens
are a particular concern in this sector as much of the food is unpackaged and unlabeled
making it more difficult to inform the consumer of the entire ingredient list.

FOOD SAFETY RISK FACTORS

In outbreaks, foods attributed are often multi-ingredient dishes and overall mast food
commodity groups are included as a main component or as an ingredient. There are several
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food handling factors repeatedly reported following outbreak investigations, In the UK in
2006, among 66 outbreaks were included inappropriate food storage (14%), infected food
handler (6%), cross-contamination (33%) and inadequate heat treatment (18%) of food
(EFSA, 2009). An assessment of the foodborne illness risk factors in institutional foodservice,
restaurants and retail food stores was undertaken in the USA in 2000 and 2004 with recur-
ring nisk factors identified, namely: improper holding time and temperature, poor personal
hygiene and contaminated equipment (USFDA, 2004). The frequency of failure of compli-
ance in these areas in different foodservice operations is shown in Table 30.1.

FOOD SAFETY MANAGEMENT

Most governments are moving progressively to require all food businesses, including
food service operations, to be registered and to have a food safety program or plan in place.

A proactive and preventive approach is preferred and the hazard analysis critical con-
trol point (HACCP) system has been chosen by many authorities as the basis for such food
safety programs although other approaches may be taken (CAC, 1969). HACCP is described
in Chapter 31 and includes a series of defined steps based on scientific evidence; however, it
may not be practical to apply HACCP in its entirety in this sector, for example in small and
less developed businesses. To overcome this, a food safety program that is based on core
HACCP principles may be more appropriate where hazards are identificd and controls for
their management and corrective actions are put in place, provided the approach remains
based on sound knowledge of food safety (Carvalheiro and Rocha, 2008). Flexibility allow-
ing procedures to be in proportion to the health risk, size and type of business, and capabil-
ity, with emphasis on relevance and future improvement, is more important than detail and

TABLE 30.1  Fooslbome Nllness Risk Factors and Rates (Percent) at which Selected Instinational Foodservice,

Restaurant, arl Retail Food Store Facilivy Types Wene out of Compliance in the USA n 2003, Duta taken from
(USFDA, £004)

Institutional Food Service Restawrants Retail
Nursing Elementary Full Fast Meat and

Risk Factor Hospitals  Homes  Schoals Serviee Food Deli  Poullsy  Seafood
Improper holding /time 40,3 W7 .8 636 47 #H4 D8 @2
and temperature
Contaminaied 189 204 212 ¥a 21y 4 M4 00
equipment/ protection
[ronm contamninabion
Poor personal hygciene 175 202 163 427 32 15 N4 168
Other/chemical 134 181 135 kT 43 2159 163 175
Inadequite cooking 63 50 45 5K Wl L -
Faod from unsafe sources 0.5 iz 30 130 3 50 50 127

"Lt bevels of mers-comgpfianice
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TABLE 30.2  The Waerld Health Onganization’s Five Keys to Safer Food (WHO, 2006)

Keep chean
Separale raw and cooked

Cook tharoughly

Keep ford at safe temperatures
Use safe water and raw materials

complexity. The challenges of universal implementation of HACCP have been recognized
internationally. More detailed information is available in “Guidance to governments on the
application of HACCP in small/less developed food businesses” (FAO/WHO, 2005).

Food services vary in operational organization, e.g. food may be prepared in individual
units or in a centralized facility serving satellite units; food may be prepared on sile of
brought in partially (for assembly) or wholly prefabricated from suppliers to economize
on skills, labor and equipment, Similarly food consumed in the home may be Pltpill‘d
there or purchased from a food vendor or food service, Food safety risk management gen-
erally lies with the owner/primary care giver and/or the person(s) responsible for the
food service operation. By purchasing pre-prepared food the safety management is passed
on partially; however, the food service manager is responsible for ensuring incoming
products are procured from a safe and reliable source and food distributed to branch units
remains safe.

Safe food handling in the home and the general community can also be based on the
application of HACCP principles. Food handlers in these settings acquire their food safety
knowledge through educational messages provided by their relatives and community con-
tacts, schools, community centers, authorities and the media. These messages should be
based on the identification of the major local food safety hazards together with practical and
culturally appropriate safe food handling practices for their control. The Froe Keys to Safer
Food is a simple global health message developed by the World Health Organization (WHO)
that is based on scientific evidence and is for use in education of all types of food handlers,
including ordinary consumers. The message and training materials for adoption to different
audiences are available online at http:/ fwwwowho int/ foodsafety fconsumer/ Skeys/on/.

The Five Keys to Safer Food are shown in Table 302,

APPLICATION OF HACCP PRINCIPLES TO FOOD SERVICE AND THE
HOME

The Codex Alimentarius Commission provides a sequential approach for the application
of the seven HACCP principles and this approach is considered in relation to preparation of
food in foud services and the home (CAC, 1964),

Food service aperations can range from large multinational corparations to very small
and less developed businesses. The personnel similarly range from large multidiscipli-
nary workforces to a single individual. While in the former the resources and capability
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to develop food safety programs may be available in-house or can be commissioned,
for the latter this will most likely be lacking. For those lacking the expertise or resources
expert advice and assistance in establishing an effective food safety plan may be obtained
from industry and trade organizations, from regulatory authorities and hygiene inspec-
tors, from consultants and from extension services provided by some educational institu-
tions. Information for self-help can be obtained from published literature and from model
HACCF guides and similar resources developed for various commodities and business
types that can be applied following adaption to a particular business. Regulatory authori-

ties may provide manuals, tables, forms and nhl:ckli.‘.ls to guide and assist in development
of food. safety programs that mect their requirements. The WHO (hitp:// www.who.int/
foodsafety fen/) and the Food and Agriculture Organization (FAO) (https/ S www.fao, org/
15!&);11;’&!3:1&.?) provide resource material including guides to food safety risk analysis and
its components of risk assessment, management and communication with guidance for
developing countries and less formal food sectors such as street vended foods. Risk assess-
ments for specific food safety hazards both biclogical and chemical and specific products
are also available. The Codex Alimentarius Commission provides a wide range of Codes,
Guidelines and Standards for general principles of food hygiene, for specific commodi-
ties and specific food handling locations. These are available in hard copy or can be down-
loaded from their website at hitp:/ /www.codesalimentariusnet/ web /index_enjsp (cited
August 2010).

PREREQUISITE PROGRAMS

A successful food safety 5! depends on basic hygienic and sanitary operating con-
ditions, known as “prerequisite” programs (CAC, 1969), In undeveloped communities there
may be limited understanding of basic hygiene and a lack of infrastructure available to
enable basic hygiene p Juisites to be impl 1 (Vollaard et al,, 2004). HACCP-based
programs may have to be staged to allow implementation of basic hygiene first, or if the
food services in question are the only source of accessible food and nutrition for the com-
munity they need to occur concurrently to maintain the food supply. In its simplest applica-
tion, prerequisite requirements are not identified as separate from managing critical control
points, For example, in the WHO Five Keys that can be applied in the community and with
small food services such as street foods, these basic hygiene requirements are included in

clean” and *use safe water and raw materials” along with control points (Table 30.2),
Education and training are included in prerequisite programs; however, because of their
importance they are discussed under a separate heading in this chapter.

Design, Layout and Facilities

There are some unique aspects in the application of prerequisite programs in food services
and homes compared with other parts of the food chain. The location, design and layout of
some food services are examples as they can be temporary or permanent, mobile, ambula-
tory or fixed, and they may have very limited space for food preparation. Space for storage
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of food and for storing cleaning agents, etc. can also be limited, increasing the opportunity
for cross-contamination. Those in vendor vehicles and stalls in streets and markets may lak
access to services such as power, potable waler, sewerage and waste removal. Affordable
vehicles or stalls designed with food safety taken into account could be made or provided for
rental on a community basis, The provision of designated sites for stalls and vendors with
access to shared facilities and materials and conducive to the preparation of safe food also
help to overcome this. Such venues provide a convenient location for authorities o com-
municate with and to provide education and training for the food handlers. There has been
considerable study of food services and vendors of this type and the Codex Alimentarnus
Commission provides specific guides such as the “Revised regional guidelines for the design
of control measures for street-vended foods in Africa” (CAC, 1999) as does WHO and FAQ
from their websites. Many local authorities provide safe food handling guidelines specifi-
cally for food services and individuals preparing food when traveling, for charities and com-
munity groups, at markets and temporary events, and in home-based businesses.

Control of Incoming Materials

Prerequisite programs include managing the quality of incoming raw materials and
ensuring they are from approved suppliers and are safe and fit for the intended purpose
Food services and homes are frequently cited as the setting for illness outbreaks; how-
ever, the contamination may occur earlier in the food chain and this location is the place
of consumption (Jaceb and Powell, 2009). The quality of the incoming ingredients or foods
is important particularly if the food is consumed with no further processing and if it is
intended for high risk individuals. There have been some notable examples of contami-
nated raw ingredients used in food services and homes. Salmonellosis outbreaks attributed
to egg and egg-related dishes prepared in food services and homes have been assodiated
repeatedly with the purchase of cracked and dirty shell eggs and eggs not produced under
approved quality assurance schemes together with inadequately cooked or uncooked eggs
and egg-based dishes (Slinke ot al, 2009). Pathogenic Vibrio spp. are a food safety risk in
shellfish, particularly in oysters, that are popular in food services where they are served
raw. The health risk has been closely related to pre-harvest management and post-harved
handling leading to regulatory controls (Del*aola et al., 2010), Raw oysters should only be
accepted from approved sites and with identification labels.

The intentional or unintentional addition of unapproved food additives or chemi-
cals in food occurs particularly in regions where good hygiene practices and enforcement
of controls are limited. The addition of melamine to powdered milk used in infant for
mula resulted in a nationwide outbreak of serious illness in children (FAO/ WHO, 2004)
Uncooked chicken pieces accidentally contaminated with ammonia during a refrigerant
leak in a warehouse then prepared for a school lunch resulted in 157 persons becoming ill
(Dwaorkin et al., 2004), ‘

Ice, while not a food, is often used to keep food chilled. Both the ice and the water from
melted ice can come into direet contact with prepared food or food to be eaten raw. Jee
should be made from potable water or if this is not available at least it should be from a rebi-
able and known source.
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Personal Hygiene

The variety of food services and residential dwellings presents various opportunities
for food to be exposed to the envi and pests, contact surfaces, other foods, food
workers and the general public. In a review of 816 foodbome outbreaks where food work-
ers were involved, Todd et al. (2007) reported bare hand contact was the most frequently
reported risk factor followed by failure to properly wash hands, inadequate cleaning of pro-
cessing or preparation equipment or utensils, cross-contamination of ready-to-eat foods by

inated raw ingredi and (for bacterial pathogens where growth is required) tem-
perature abuse.

Food handling in this sector remains largely manual; food is chopped, sliced, portioned,
plated or assembled and embellished, sometimes repeatedly, increasing the risk of expo-
sure to the environment, surfaces and food handlers. Food is consumed after direct contact
with serving dishes and implements, plates and cutlery that are cleaned for reuse or may be
intended for single use. Heat and chemicals are commonly used to ensure that the number
of microorganisms on utensils and surfaces have been reduced to a level that does not com-
promise the safety of the food that comes in contact or cause infectious diseases. Automated
washing machines are highly effective as they allow the use of high water temperatures and
strong cleaning agents. Minimizing food residue, followed by manual washing and sani-
tizing, is also effective. In food services and homes with minimal facilitics, washing with
soap and clean water and drying in the sun are practical alternatives although not optimal
solutions,

Food prepared in this sector is exposed to food handlers during preparation and serv-
ing and to the general public during self-service, retail purchase and in the home. Other
diners can be a source of infection if infected when handling common utensils or in con-
tact with food as can occur in self-service and smorgasbord-style operations. This is rec-
ognized in the spread of norovirus infection where vomit from an ill person can spread
infection to other diners via aerosols (Boxman et al., 2009), Personal hygiene and sanitary
operaling conditions are important in minimizing opportunities for contamination espe-
cially when at this point food receives no further processing to eliminate contaminants.
Education and training in personal hygiene, in encouraging infected workers to report ill-
nesses, and in the provision of facilities to enable good personal hygiene is necessary and
has to be ongoing especially where the workers have a high turnover and limited motiva-
tion to comply.

In these settings food can be exposed at any point through the food flow to handler's
hands or excretions from lesions, sneezes and vomit, the exception being where operations
are automated or enclosed. Infections reported in association with infected food handlers
in food service and homes include typhoid, shigellosis, streptococeal, hepatitis A, norovi-
rus and protozoan (Toxoplasma, Cryptosporidium and Giandin) infections, and staphylococcal
intoxications. Food workers have been symptomatic or asymptomatic shedders of patho-
gens; they may have been exposed to infected family members or contacts; and have subse-
quently used improper personal hygiene practices (Todd et al., 2007). The pathogen source
is not always obvious. In a salmonellosis outbreak linked to delicatessen foods the infection
was believed to be transmitted via the food handlers who had contact with chickens carry-
ing Satmonella at home (Hedican ot al., 2010). It is not always possible to determine whether

L. FOOD SAFETY ASSURANCE SYSTEMS



SAFE HANDLIMNG OF FOOD IN HOMES AND FOOD SERVICES

830 »

BOX 30.1

ARGUMENTS FOR AND AGAINST THE USE OF
GLOVES BY FOOD HANDLERS (TODD ET AL., 2010)

Arguments for Glove Use: Arguments Against Glove Use:

Gloves protect the waorker from foeds fingredionts  Gloves ean reduce operational dexterity and

that can cause damage to their skin increase the risk of injury for workers

Ghoves protect the food from direct hand contact  Higher levels of food contamination are posaible in
the event of glove failune

Glove use is more easily vbserved to venfy Senall numbers of gloves have pinhole leaks thatare
hygiene compliance versus hand washing not possible to detect before use

Glovies can be wed to cover warker skin damage
or infectinns

Gloves can be worn for longer than they should be

Gloves give a false sense of security as a substitute
for good hand hygiene practices
Gloves increase the risk of hand irnitation

the food worker is also a victim having eaten some of the contaminated food while at work,
whether infected by a co-worker or if they were the cause (Todd ct al., 2007).

Failure 1o wash hands properly or lack of hand-washing supplies and facilities are fr
quently contributing factors in outbreaks (Todd ot al, 2007). Norovirus infections are com-
lnun]y_ linked to infected food handlers and this has been conclusively demonstrated by
detection of an outbreak virus strain on the hands of the food worker preparing the impl-
cated fmc! (Boxman et al, 2009). Use of clean tongs, cutlery or gloves prevents bare hand
:"""‘" with food. Gloves offer a barrier to hand contact and are commonly used as 2

Ygiene measure in food service. Glove use is debated and some of the arguments for and
against identified by Todd et al. (2010) are shown in Box 30.1.

While gloves can reduce the opportunity for contamination of food from bare hands they
r-;m also be a source of contamination if inappropriately used (Todd et al, 2010). Disposable
IE::{T are used when fl.i\l:ldliﬂs ready-to-gat foods and reusable gloves may e used when
Gbm“‘sﬂ:trdfmd that will receive a microbiological kill step before serving, e, raw meats
s ﬁ: be clean and sanitized if reused and color coded to allow ease of detection if
ity ot l'ds:lill.'ﬂlt'i:l during use. Hands should be washed before gloving and loss of integ-

g dl-"“'l‘rfﬁ_i'lﬂllld be ensured such as by limiting use of jeselry, maintaining shorl fin
glerrlal s and avoiding Punmmes from sharp objects in foods or the work environment. Whene
fﬂ‘:‘mﬁ used strategies will be needed 1o encourage food workers 1o comply with glove us,
i 2{“:'?1-'M| must ensure the glove supply is continuous and conveniently located (Todd

HL FOOD SAFETY ASSURANCE SYSTEMS



PREREQUISITE FROCRAMS 831
Maintenance and Sanitation

Equipment used in food preparation and assembly (e.g. slicers, shredders, mixers, con-
veyors) have multiple parts and crevices where food residue can accumulate allowing bac-
teria to harbor and grow. Total disassembly of equipment, cleaning and sanitizing, or heat
disinfection of the entire apparatus to reach inaccessible parts may be required for hygiene
maintenance. An outbreak of salmonellosis attributed to lettuce served at a fast food chain
was traced to the shredder used in its preparation (Stafford et al., 2002). The same serotype
of Salmonella as the patients’ was detected in the shredder where it had remained due to
poor mainty The fer of L. monocylog from meat slicers to roasted meats and
fermented sausages during slicing has been demonstrated experimentally (Lin ot al., 2006).
L. monocytogenes was subsequently shown to grow on the sliced and packaged uncured
roast turkey meat during storage at 4°C.

In food services there are often multiple food types prepared and handled simultaneously
and the area and Ffacilities available for food handling or storage can be minimal. Activity
and demand in these operations can escalate during peak service periods such as meal
times, These scenarios can provide opp ities for ero: ination if they are not con-
trolled with preplanning and effective prerequisite programs. The ready manner in which
cross-contamination can occur has been demonstrated experimentally with Camypylobacter
spp. on raw chicken transferred to ready-to-eat salads by using the same cutting boards and
knives and by unwashed hands (Van Asselt et al, 2008). Luber (2009) studied the internal con-
tamination of eggs and external contamination of poultry with Salmonella and Campylobacter,
respectively, and the associated risks. The study concluded cross-contamination from the
use of the same cutting board for chicken meat and salad without cleaning in between or
spreading of pathogens via the kilchen environment seemed to be of greater importance
than the risk associated with undercooking of poultry meat or eggs.

In large facilities, a single direction for the flow of food from raw materials to final prod-
uct, designated equipment, tools and storage/chilling units for raw and cooked foods, and
restricted movement of food workers between raw and cooked food preparation areas can
be engineered to prevent the opportunity for cross-contamination. In small operations this
may not be possible and practical interventions may have to be devised. Examples include
hand washing between handling raw and cooked foods, designated and identified equip-
ment and utensils for use exclusively with raw or cooked foods, and protecied storage of
ready-to-vat and cooked food above raw food in stores or refrigerators. Products used in the
preparation of allergen-free meals have to be stored and kept scparate at all times.

Food residues remaining on poorly cleaned and sanitized equipment, surfaces and fix-
tiures provide a reservoir for bacteria that can transfer to food during processing repeat-
edly over time. Listeria monocylogenes, an environmental bacterium relatively resistant to
environmental conditions, is able to grow at refrigeration temperatures and has been found
in many food processing environments, cold stores and refrigerators in food services and
homes (FAC/WHC), 2004). The bacterium can colonize seals and surfaces in cold storage
and refrigeration units, containers and pallets. Minimizing the presence of L. monvoylogenes
in equipment and premises with hygiene maintenance and standard operating procedures
is essential. The numbers of L. monocytogenes in food can be further controlled by minimiz-
ing the time durin!; which growth could occur; this could include labeling ready-to-eat food
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with the date of preparation, and determining the date by which the food can be safety con-
sumed using predictive models.

HAZARD ANALYSIS

Product Flow

In retail and food services, products may range from a single product line (hamburger
pizza, satay, shellfish, fruit) to a diversity of products varied at regular intervals (e.g. meals
in restaurants, cafeterias, institutions, transport caterers). The product may be prepared to
a strictly controlled formula (e.g. fast food chains and other food service franchises) or may
change opportunistically. There may be a single product and process (e.g. ice cream) or van-
ous food components and processes combined in a final complex food product (eg: plated
meal service, eatering operation and restaurant). Ideally a food safety plan should be estab-
lished for each product line. However, where there are multiple food lines, undertaking this
for each food item would take considerable resources and is not necessary. It is more effi-
cient to prepare plans for broadly grouped products. This is most often based on common
food preparation processes and the flow of a food through the operation from raw matenial
receipt to consumption. For example, a catering operation may prepare menu items with
recipes differing in major ingredients (e.g. meat, chicken, seafood) although with common
processing (e.g. cooking, holding or serving). In this example, common cont rols of adequate
cooking and cooling would place them in the same group even though the hazards identi-
fied and the critical limits may differ.

The basis for grouping foods will vary with the type of business. Some lypical process
steps and examples along the product path or flow through foed services or in homes for
cooked food are shown in the columns in Table 30,3, These examples are not exclusive as
other variations and process technologies (see Part 11 of this book) may be employed. The
groups are formed based on common steps of cooking and further differentiated based on
whether the food is held after cooking and, if so, the storage temperatures, the option of
reheating and the need for final holding and holding temperature.

Another example is an approach proposed by the USA government for food services and
retail establishments based on the number of times the food passes through the lempen-
ture zone where bacterial growth may occur during the flow of food through the operation
(USFIA, 2006). The temperature zone referred to as the “lemperature danger zone” is defined
as 5°C {41°F) to 57°C (135°F). Other food flows may occur although the number of passages

through the temperature danger zone is the key to the three categories of preparation processes

Process 1: Food preparation with no cook step {no cook step to destroy pathogens).
Example flow: Receive —Store - Prepare - Hold = Serve

Provess 2: Preparation for same day service (passes through the temperature danger zone onc)
Example flow: Receive - Store - Prepare - Cook = Hold = Serve

Process 3: Complex food preparation (passes through the temperature danger zone twote
three times always).

Example flow: Receive - Store - Prepane - Cook — Cool — Reheat - Hot Hold - Serve
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TABLE 30.3 Ewamples of Commaon Processing Steps and the Flow of Food from Receipt to Consumer (Top
to Bortom of Table) during Preparation in Food Service, Retail and the Home and Food Groupings
Food Groups
Cook = Chill ishort/

Process Sieps Fresh - Serve Cook - Serve extended shelf-life) Cook - Freeze
Recrive + + + +
Store + + + *
Prepare + + + +
Cook: == + + +
Casol - + +
Assemnble, All (asepticor  — +i = + +
non-aseplic) seal, label
Chill +/= - +
Freere +f= - +
Store/ distribuie - = i =
Reheat - - + +
Hot hald - - +/= +f=
Serve/sell + + + +
Examples Raw oysters, sashimi,  Fried chicken, Pre-cooked meals. meats. sauces,

preen salads, cul fruils,  hamburgers, cooked  soups, entries, desserts, pizzas

sliced couked meats, egs, hot vegetables,

cheese, meat (o be stir-frics, noodle

cooked by customer) dishes
"4 Pasorse meeluded.
"= Provree et invclusial,

*= i prosfuct mene Be cosdod of flvis st or pastrwriand an pucks aftvr Sllmg.

Intended Use

Food items prepared for vulnerable persons should be given special attention due to their

increased suscept

lity to food safety hazards. Special flow diagrams for their foods may be

required as additional controls and the design of a special formula or menu may be needed
to minimize the risk. Foods prepared for consumers with intolerance to allergens also
require individual plans to ensure freedom from contamination with the specific allergen.

Potential Hazards

The hazards that can reasonably be expected to occur in foods and be present in the food
handling environment or in other inputs during food handling in this sector are as varied as
the types of food involved and may be biological, physical or chemical. Evidence for some
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hazards commonly reported in foodborne illness outbreaks attributed to food p’r'ipamd and
consumed in these settings have been described above (see “Food Safety Hazards”).

The efficacy, feasibility, sustainability and cost effectiveness of controlling |denuht_d haz
ards are important considerations especially for many small and less developed businesses
at this point of the food chain. If control cannot be ensured menus should be ﬂ!_dﬁm‘dr
products or processes reformulated or foods restricted or prohibited from use. An importan!
consideration is the intended use of the product particularly if catering for high risk groups
There have been frequent outbreak scenarios linking specific pathogens, at-risk groups
and settings in this sector that have resulted in authorities developing specific regulations
or guidelines o ensure safety. Neonates are susceptible to Cronabacter sakazakii, an enviroa:
mental bacterium that may be present in powdered infant formula. If formula is reconsti
tuted and held at temperatures allowing survival of the bacterium and for enough time (o
allow growth it may present a hazard for neonates and infants (FAOQ/WI IO._ZUWH- This sce-
nario could occur in hospital settings preparing formula for nursery inpatients ilf'd strin-
gent microbiological criteria are used for these powders, A higher probability of infection
with E. coli 0157 following exposure to lower pathogen concentrations is known 1o occur
in children and the elderly, and food services, schools, aged care and daycare f.n_cll ities have
been the location of outbreaks (Desmarchelier and Fegan, 2006). Foods high risk for 0157
STEC should be avoided for these vulnerable groups. The elderly, iJ'rl.rrIunl:-lil-l|'lr'lft'-\'f-:L“I and
pregnant women are at highest risk of listeriosis and education programs and guidelines for

vulnerable p rec ling avoidance of high risks food are widely recommended
or enforced by authorities (Dalton et al,, 2010). el
Some ial 1 s are more fi tly associated with food handling practices in

this sector. For example, sparr-fnrmlngl Inclé:ii (Clostridium spp. and Bacillus spp.) and
toin-producing bacteria (Staphylococcus aureus, Bacillus spp. and C. botulinum) that gener-
ally have to grow in food before it becomes hazardous. Suitable conditions can occur in food
supporting growth with poor control of cooking, cooling and holding temperatures and
lack of control of the duration the food is held at those temperatures. The extensive direct
handling of foods can result in the introduction of pathogens such as norovirus, hepatitis
A virus, protozeans, 5. Typhi and Shigella spp., if poor personal hygiene is practiced among
food workers as already discussed. This is a concern when no further treatment is applied
that would result in their inactivation. Pathogenic Vibrie spp. and parasites in foods such as
fruit and vegetables and seafood obtained from an unsafe source and served raw will simi-
larly not be inactivated before consumption.
Just as foods can be grouped according to common processes to overcome the complexity
in food services and homes, hazards that can be controlled with similar approaches may be
considered collectively. Although this is not exclusive some examples are shown in Table 304

Critical Control Points and Limits

Establishing and implementing control measures and critical limits in this scetor is sim-
plified if few product lines and processes are involved or if foods and hazards are grouped
as described above. Food safety metrics, as described in Chapters 1, 31 and 33, can be
applied although formal application will depend on the size of the operation. Some food
safety controls and their critical limits may be proscribed by regulations enforced by local,
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TABLE 30.4 Groups of Hazards that ure of Concern in Food Services and the Home and Examples of
Common Approaches for cheir Control. These Controls are Examples and not Meant 1o be Exelusive

- o Minimize or Eliminale the Hazard
Hazard Group Technologies for: GHI
Non-spore forming bacteria Inactivation or removal Sale raw materials
(g, C: Sahmanell Controlling growth Maintain prrsenal and equipment
E evli and Vibrio spp.) hygiene

Avoid cross-contsmination

Spure-forming bactena {e.g. Clostridium:  Contrulling growth to prevent

Maintain personal and equipment
and Bacillus spp.) and tosin-producing. outgrowth bacterial spores and  hygiene
organisms (5. sureus, Clostridium and toxin production Avaid cross-contamination
Bagillus spp.)
Fecal-ural route of transmission Safe raw materials
(emtenic viruses, 5. Tuphi, Shigelln spp., Personal hy ghene
patasites) Avaid cress~contamination
Physieal and chernical hazards Saffe raw materials
Sale chemical storage
Maintain equipment hygiene and
safety
Allengenn

Safe raw materials

Maintain equipment hygiene
Avald cross-contamination
Personnel vith consumer contact
trained to provide cansumer advice

regional or national governments. These can include specific controls, criteria and critical
limits in the management of food safety practices applied at steps such as receipt, storage,
processing, display, packaging, transportation and for recalls. There may also be regulations
applying to the safety requirements for specific commodity groups (e.g. dairy; eggs, meat,
fruit and vegelables, seafood, ete)). The person managing the food safety programs should
be aware of local, regional or national regulatory requirements and must incorporate them
in the food safety program.

The risk factors commonly identified in association with foodborne illness outbreaks in
food services and home setlings provide evidence for the most common failures in manag-
ing food safety. This information provides an indication of imp food safety controls to
be emphasized and re-enforced. The following lack of controls is commonly reported in dif-
ferent countries, the first two are most common (EFSA, 2009; USFDA, 2004).

* Inadequate heat treatment of food.

Inappropriate storage of food, i.c. improper holding time and temperature (cold holding
of potentially hazardous food and inadequate date marking of ready-to-eat food).
Failure in control of general hygiene measures such as poor personal hygiene.
Inadequate cleaning and sanitization of equipment leading to food contamination.
Failure to keep raw and cooked food separated to avoid cross-contamination.

U
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Some examples and highlights for this sector are discussed here, Cooking or allemate
processing to inactivate or remove biological hazards and effective chilling and freezing 1o
control growth of biological hazards {see Part | and II) have been presented in detail in ear
lier sections of this publication and should be consulted as they are not repeated.

A variety of foods prepared in food services and homes have been implicated in out-
breaks where inadequate cooking was reported, E. coli O157 and 5. Enteritidss are examples
of particular concern as there is a higher probability of infection for at-risk groups from low
numbers of these bacteria present after they have survived the cooking process (Vought and
Tatini, 1995). Undercooked ground beef burgers (Desmarchelier and Fegan, _2003] and egg-
based dishes have been implicated (Marcus et al., 2007) in outbreaks of infections from these
bacteria, respectively. It is important that the required temperature is reached at all pots
in the food and for the time determined to render it safe. Determining these critical limit
should be based on sound scientific evidence and cooking processes controlled. Some heat
ing processes may be overlooked as, for example, an outbreak of campylobacteriosis was
linked to garlic bread. Following laboratory investigation it was revealed the internal tem-
perature reached 19-22°C and this was inadequate to kill the bacterium in the contaminated
butter {Zhao et al., 2000). .

The preparation of food before cooking can impact on the l:fﬁ'cﬁl‘('nu::b of the cmh.ns

process. Outbreaks of salmonellosis and campylobacteriosis occur following consumphon
of inadequately cooked chicken (Bryan and Duyle, 1995). Frozen food such as large whele
poultry carcasses and picces of meat should be completely thawed in advance in a refrig:
erator or by microwaving under control. Where this is not possible due to limited faciliies
‘hawing under potable running water under controlled conditions (eg. at a temperature
f 21°C for not more than 4 hours) can be substituted (CAC, 1949). This does not ARl
irm]lul- portions of manufactured frozen ready-to-cook products that should be cooked
according to the manufacturer’s cooking instructions on the package label. Improper thaw-
ing of whale frozen chickens can oceur when trying to reduce time to meet unexpected
demand for additional food during peak service hours or when consumer sales have been
underestimated.

F'.‘md preparation in this sector takes place in advance of serving in most types of food
services. It also occurs in homes with busy and time poor occupants or when food is pre
pared in homes for special events or for vendors, Ingredients, meal components or whole
_lnmls can be held hot, chilled or frozen until required for assembly, reheating and/or serv-
ing. As this involves food being exposed 1o temperature danger zones, often more than
once, critical control points should be identified.

; aging thie critical & I time limits in these zones requires an understanding of
microbial behavior as well as the dynamics of heat transfer in foods and the relationship with
the structure and volume of food containers. Critical limits are chosen for individual prod-
ucts to meet the required performance objectives (see Chapters 31 and 33). Inexperienced food
!undh:_a may not have the level of knowledge to determine these parameters, These may be
stated in food regulations that specify temperatures for hot and cold holding of ready-to-eat
food, and that define the maximum duration of holding before refrigeration, before reheat-
e be’““'l the food should be served, Foodbomne illness in the community has offen been

associated with events (e.g. celebrations, functions, picnics) where larger than usual quantities
of food are prepared and temperature and time management is lacking by persons ignorant of
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hazards associated with scaling up domestic food practices (McLaughlin et al., 2006). Persons
commencing cottage industries and preparation of home-based food production need to
become acquainted with basic food hygiene and safety before commencing business,

The accurate way to monitor cooking and cooling is to measure the internal temperature
of each product and record the duration. The practicality of temperature and time moni-
toring, verification and recording for every food item will vary with the size of the apera-
tion, the volume and range of food prepared. Fast food operations may cook hundreds of a
particular item, e.g. hamburgers at peak times. In this situation it may be more practical to
werify that the pracess and the equipment are consistently capable of achieving the required
cooking performance and undertake less frequent but regular testing and record keeping,
Implementation of controls, the use of thermometers and recording equipment, verifica-
tion and monitoring can be impractical in many poor regions and in many homes. While it
is an aspirational goal, some level of safety assurance may be achieved more practically in
the interim by exploring local and culturally relevant practices that can be substituted. For
example, recommending food or water comes to a “rolling boil” for sufficient time may be
an interim compromise for cooking, in areas of poor sanitation and hygiene and with mini-
mal facilities. Identification of changes in a food's texture and taste after processes such as
cooking and acidification may offer a degree of protection. Women in traditional societies
after many years of experience may be able to judge when acidification is adequate by taste.
Promations of food safety for eggs and 5. Enteritidis recommend eggs should be cooked
until the yolk and white are no longer runny. However, temperature and color change in red
meat and crustaceans may not reliably indicate sufficient heat has been reached to inactivate
vegetative bacteria.

Producing food in this sector is dependent on multiple activities where dangerous tem-
perature zones occur and can be cumulative, e.g. storing, thawing (raw or cooked), pre-
paring, portioning, assembling, holding (hot or cold), reheating, displaying, packaging,
transporting, ete. While having food pass through this danger zone may be unavoidable the
duration in that zone can be strictly minimized so that bacterial growth is insufficient for
the food to become hazardous. Bacterin may be present because they have survived cook-
ing or other processing, they may have been introduced post-processing or the food may be
unprocessed and served raw. Some important considerations include date marking and con-
trol of cold storage duration to control psychrotrophs; managing batch sizes, unit volumes
and container design to enhance heat and cold transfer; and ensuring the capability and
maonitoring of hot or cold holding equipment (e.g. display cabinets, bain-maries, trolleys,
transport modules and vehicles to meet requirements). These should be considered for both
regular production volumes and take into account peak production times or unexpected
events, When an operation is stretched beyond its anticipated production errors can occur
as the food safety plan was not designed to accommodate these increases.

Both vegetative bacteria and those from spore-formers following vegetative cell forma-
tion, and toxin-producing bacteria, can often grow quickly in foods common in food ser-
vices during cooling or reheating and have no other hurdles to inhibit growth. Errors at this
stage are not reversible by cooking to eliminate bacteria as some toxing, such as staphylococ-
cal or B. cereus toxins, if formed, may be heat resistant

Inadequate cooling has often been associated with outbreaks of foodborne illness in food
services and homes where the food attributed had been cooked (McLaughlin «t al, 2006
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Shapiro et al, 1999) or contaminated post-cooking (Todd et al,, 2007), was raw or contined
raw ingredients (Mannes et al, 2010). Mannes et al. (2010) reported a salmanellosts outhresk
invelving 319 cases, almost a 100% attack rate, which provides an example of the extent of
contamination that can occur and the consequences for public health when conlam.jnilﬂs e
present in raw ingredients and poor hygienic practices and inadequate refrigeration ocns
The attributed food vehicle was raw egg mayonnaise included in chicken and P":"‘k rolls e
pared in a bakery. 5. Typhimurivm isolates matching the case isolates were detected in the raw
egg mayonnaise, ham, pork, chicken, pate and shell eggs, and from swabs of the preparation
bench, tongs, meat slicer, floor drain and display tray, and in environmental samples taken
at the source premises. A refrigeration storage breakdown and inadequate refrigeration inthe
display unit were observed. The count of S. Typhimurium in the raw egg mayonnaise simple
was in excess of 1.1 x 107 colony-forming units/mL and suggested significant growth of cor
taminants in the raw eggs occurred in the raw egg mayonnaise during either the Faulty refrig-
erated storage and /or after the rolls were held in a display unit with poor “‘“‘p‘mm'.mm
Fruits and vegetables have been linked increasingly to cases of foodborne illness o fous
services and home settings (1ynch et al., 2009). These foods are frequently eaten raw either
alone or in salads. Viruses and parasites introduced at primary production or during food
handling will not grow during storage but can persist and cause infections (CDC, 20
Evidence is growing of the ability of bacterial pathogens (e.g. E. coli 0157 and L. many:
fogenes) to persist and grow in produce under certain conditions (Lynch et al., 2009 E i
O157 will grow on cut or damaged surfaces of salad leaves at a more rapid rate than on
intact leafl surfaces (Khalil and Frank, 2010) and growth may occur under ‘“"du"’“’f of tes-
perature abuse during storage (Delaquis et al , 2007). Such conditions can occur in this m
In the home and in underdeveloped businesses, those preparing food will not determine
critical contral points formally. They will practice control measures they have leant from
family and community contacts, from recipes and from messages provided by the media
and authoritics. Public education messages can be based on sound scientific information, for
example in the WHO Five Keys to Food Safety “Cook thoroughly” and “Keep food at ssfe
temperatures” capture the important conteols discussed (Table 30.2). Authorities and educ-
tion groups provide numerous fact sheets on food safety controls such as cooking co rectly
and temperature control. Some messages are for specific consumer groups at high risk (il
elderly, I'-,ﬂblll.'& Pregnant women) or they may be targeted at a specific food and/or haz-
ard {special care foods, hamburgers and E. coli 0157, eggs and S, Enteritidis). Messages may
be disseminated at a particular time of year when authorities know failures in food safely
occur and re-enforcement is required (n;ulung turkey at Christmas or Thanksgiving, cook-
ing barbecues, summer eating, emergency evenis),

Ma"'-"_"f"“"'s may define safety control points for users of their products through
_"W Pm"lﬂ‘:"" of instructions on labels or package inserts. Some common examples
include a_dvme on storage, ey, refrigeration, refrigeration temperature and storage dura
tion required for perishable or shelf-stable product after opening; on preparation, such as
whether or not to wash ready-to-cat packaged fresh leafy produce, or ingredient use; on
cooking or Whﬂﬂl:"ﬂ- including times and temperatures and ways to measure lemperature;
and cooking or i methods such as required microwave operating capacity and use.

Hiness outbreaks have been associated with manufactured foods for which consum-
ers were required to apply critical lethality steps before consumption. Examples include
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BOX 30.2

SOME EXAMPLES OF CONSUMER
MISINTERPRETATIONS AND EXPECTATIONS

Consumer expectations:

* Manufactured food is safe regardless of
instructions for further pathogen lethality
treatments

* Methods on labels are validated for use in
consumer’s food preparation setting

A manufactured ready-to-cook product
appearance that may cause user misinterpre-
tation the product is fully cooked:

* Batters and crumbs that are sct and have
a cooked color

* Plastic trays can be associated with
microwave reheating rather than cooking

Instructions that can confuse lethality
level of heat treatment requined:

# Both microwave and cooking instructions
can be confusing as microwaves are
commonly used for reheating
Consumers may have limited knowledge
of microwave wattage

* Consumers are not able 1o calibrate

temperature measuring devices

* Char-grill marks Washing fresh and fresh-cut produce in
* Browned pie crusts

water removes all pathogens.

contaminated ready-to-cook foods such as frozen chicken enirées, breaded products
(NACMCF, 2006) and pies (MacDougall et al, 2004), Such products may have been manu-
factured with partial cooking then chilled or frozen and may appear to the consumer to be
fully cooked. The products were then reheated inadequately and consumed.

Such outbreaks have emphasized that manufacturers need to ensure the safety status
of their products, how the consumer will handle their product, how accurately their pack-
age labels and instructions can be interpreted, and provide guidance on how to apply vali-
dated controls (NACMCE, 2006). Further considerations in developing cooking instructions to
Cnsue h-l.hnlily to pathogenic bacteria may include product compaesition, geometry, tempera-
ture before couking and proper monitoring using ther Some ples of consumer
expectations and some misinterpretations when handling minimally processed and processed
foods that need to be considered by manufacturers and suppliers are provided in Box 302

Monitoring and Corrective Action

Managers and supervisors should have sufficient knowledge of food hygiene and safety
principles and practices to be able to monitor the food safety measures and to make deci-
sions when deviations occur and for the corrective action to be taken. Employees should be
informed of their role in this process and on how to document and communicate the out-
comes to management. In a small business this responsibility may lie with a single individ-
ual whao should be appropriately trained and available to make decisions when the business
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is operating. In very small or underdeveloped businesses, street vendors, elc., the relevant
authority may have to take this responsibility through regular inspection and guidance on
corrective actions and solutions when necessary. .
Itis apparent in the salmonellosis outbreak investigation of Mannes et al. {2010) described
above that failures occurred in the quality of the raw eggs, general hygiene and when stor-
ing the raw egg mayonnaise both during the refrigerated storage prior to preparation of the
pork and chicken rolls and after in the display cabinet. The use of pasteurized egg.
Bygienic practices, corrective action taken to discard the product after faulty refrigerated
storage and monitoring display holding temperatures would all have helped to prevent the

high numbers of Salmonzll.

Validation and Verification
Validation of the effectiveness of a food safety program, verification that is crperatmg in
accordance and auditing are described in (}.ap,;,f 445::1 d 51. The implementa nut\ o'f:::hﬁ
activities and auditing of the programs should ideally be prioritized in accordance witl .
food safety risk of the business. For example, the risk would be significant in larg; 1;:;'
tutions catering for vulnerable persons compared with a small vendor nf_u low n_-i" o
to low sisk individuals, It is reasonable to expect that as a minimum nquwmrnrtl:td o
services should document their food safety plan, keep records relating 1o I‘h Pthc u
:‘:::": in the plan including action taken in the event of a deviation, nr:i review the proce
any changes take i roduced or the processes used.
In some m’:‘sm mﬂl:\-c::pi:"bf.ﬁ;a in mderﬂefeluped regions this may be m'
ndertaken less formally by local authorities. Large-scale wmmwria‘I hfod service olcr t‘:lshr
community facilities {eg. schools, daycare centers, hospitals and Lnsl!tuhmal care Grn'j Ibf
renls) may retain food samples for at least until the end of its shell-life 50 as to be avai ah 1:-
future possible analysis in the event of an investigation into the product’s safety or quality.

EDUCATION AND TRAINING

A successful food safe . i celopment of a food safety culture among
o tand staff. H*idw::;::;:;[‘;::ld;‘al!vrgﬁ as often there is a high turnover
flaff and their education level can range from highly qualified chefs and food technal-
mla to minimally educated and illiterate workers. Non-professional food work in the
receive o dustry s attractive to poorly skilled and itinerant waorkers and they oflen
ited j.:,mmm" Wages, These workers may include newly arrived immigrants with lim-
undert sl uage ability and different cultural backgrounds or they may be students or others
aspirati B casual work, Given their employment status and the fact they may have other
toi:d ons for theie long:-term life plans they may not be motivated to make a commitment

salety and quality in the short term (Choudhury 1 al.. 2011). )
ershi i establishing a sustainable food safety culture depends on commitment, ].('nd—
IIP and support from management in making food safety a foundation value inte-
?:::.:lm'i With other business functions, Seaman and Faves (2010} conducted a study among
industry managers in London, England, and found while most managers were aware
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of their responsibilities in training they often did not provide adequate support for prac-
fices or evaluation of their effectiveness. Poor motivation has been associated with lack of
g for non-compliance (Niode et al,, 2011).

Continuous training, education and supportive supervision are required, These should
be culturally appropriate and tailored to account for language capability, literacy and edu-
cation levels, Dalton et al. (2010) conducted a national case—control study of listeriosis in
Australia and recommended prevention messages should be disseminated in multiple lan-
guages as they identified a lack of uptake of education messages in English among women
from families where English was a second language.

The messages should be positive although the c ] of non: pliance should
also be clear. Multiple approaches should be provided internally, via authorities or by
consultants and some examples include demonstrations, use of multimedia communica-
tions and high profile community individuals (Powell et al, 2009). Novel approaches can
be sought. Chapman et al. (2010} evaluated the use of regular topical information sheets
placed in highly visible areas that had successful outcomes. Training may have to begin
with basic hygiene and practical demonstrations before HACCP principles and could be
provided by authorities before or at the time of business registration and licensing for
less developed businesses. For domestic food handlers and food handlers in general, the
WHO Keys provide basic food safety messages. Additional messages are required for at-
nisk groups on safe food choices and food handling. These can be provided through mul-
tiple channels such as community and industry groups, schools, public media and social
networking

Whmmpl:nnm is poor, understanding behaviors and barriers to adoption should be
explored and alternate approaches that address overcoming the barriers developed. MNiode
etal. 2011) found from interviewing managers of Asian and Mexican restaurants in north-
em California that training would be improved if based on foods common to their cuisine
and appropriate visual aids were used for employees. Barriers to be addressed in imple-
menting food safety messages among restaurant workers have included time constraints,
inconvenience, inadequate training and inadequate resources (Howells ot al., 2008), Nesbitt
th al (2064} identified factors to be addressed among domestic food handlers in Canada
and included demographic characteristics, They found increasing total annual household

income, male sex and elderly status were associated with increases in certain high risk food
behaviors,

CONCLUSIONS

Preparing food in food services and the home is the last step before food is consumed.
Food production in this sector is increasing in developed countries, and in poor communi-
ties the population may be dependent on food prepared by others as their sole source of
nutrition. Ensuring food salety in this sector is a eritical link in the food chain continuum;
however, it is also faced with specific challenges. Evidence from {oodborne illness surveil-
lance, the identification of risk factors and at-risk groups, and from understanding impedi-
ments, behaviors and cultural beliefs that influence the uptake of food safety practices are
some of the activities that are helping to improve food safety in this sector,
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INTRODUCTION

HACCP stands for the hazard analysis and critical control puin.t system. Today it
is known more by its acronym than its full name. HACCE as defined by the Codex
Alimentarius Commission is a system that sdentifies, coaliiates and controls hezards which are
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FIGURE 31.1 Overview uf the foou safety assurance system In the food industzy.

significant for food safety, Worldwide, it is considered as the reference method for food safely
assurance. However, a pointed out in Chapter 1, to be effective in ensuring food safety,
HACCP has to be implemented in conjunction with a number of ather programs, some of
which are part of the “prerequisites programs.” Examples of these are cleaning and sanita-
tion, pest management, hygienic design, etc; they are often grouped under the term $0d
lygienic practice, Some other activities also related to food safety management, suctat con-
ﬂnnn-mll_\p]ainl handimg_ environmental and pathogen monitoring, chemical contami-
nants monitoring and audits, are verifications which are also required in the HACCP system
but are often implemented separately (Figure 31.1). It is nevertheless important that the
design of these actvities and programs and their outcome be carried out in coordination
with the HACCP system, jp. these different programs have to be geared into each other as
the whn._-els of the same machinery (Figure 31.2).

Or‘.gmlly, the HACCP system was introduced to ensure the microbiological safety of
food !m:dum. Later on, its use was ext ended to all types of foodborne hazards, including
fufan:i.li:l‘r:'z:mm mmg‘né and physical hazards. The HACCP approach can also be used

such as the water gy, .

There have been many dekaes and ancles on the challenges in the appiication of the
sl_rmm. In particular in small and Jesg developed businesses. Even in large food operations,
ine @ppication of the system has not been without difficulties, partly because of mispercep-
tion of the system and Partly because of the lack of understanding and /or commitment of
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FIGURE 31.2  The figure illustrates the importance of an integrated approach 1o food safety management and
the interaction betwieen Uhe different o f e food safety system.

necessary resources. The successful application of HACCP requires considerable expertise,
time investment and multidisciplinary collaboration.

Considering the importance of food safety for consumers’ health and for businesses, such
an investment is fully justified, as without food safely there will be no business.

HISTORICAL BACKGROUND
HACCP was originally designed by the Pillsbury Company, together with the National
Are tics and Space Administrati

(NASA) and the US Army Laboratories at Natick,
They developed the HACCT system to ensure the safety of food for astronauts. For many
years after its conception, the system was promoted by international organizations such
as the World Health Organization and applied on a voluntary basis in certain food indus-
tries (Motarjemi et al, 1996), In 1993, the Codex Alimentarius Commission recognized 1he
HACCF system as a powerful tool to improve food safety and established the Codex guide-
lines for the Application of the HACCP system. This has had major implications for the wide-
spread implementation of the HACCP system. Another event in the history of food safety
provided a major impetus for the promotion of HACCP. In 1995, with the estahlnn‘.'lhrnenr of
the World Trade Organization and the coming into force of the Agreement on Sanitary and
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848 §l. HAZARD AN ALYSIS AND CRITICAL CONTROL POINT SYSTEM (HACCP)

Phytosanitary Measures (WTO/SPS), the work of Codex, i.e. its standards, guidelines and
recommendations (including the Codex document on the Hazard Analysis and Critical
Control Point system and Guidelines for its application) became the international reference
or the “yardstick” for national requirements in food safety. This implied that WTO member
states needed to take the work of the Codex Alimentarius into consideration and align their
national Il.-gz'slatiun with the provisions of the Codex Alimentarius Commission, unless they
could provide scientific evidence that the Codex Standards did not provide adequate health
protection for their population. This meant that de facto the application of the HACCP sys-
tem became an international requirement for food safety assurance. Today, the principles
0f HACCP are integrated in the national legislation of many c ies as well as in the 1SO
22000 standards, i.e. the standards defining the requirements for the management of food
safety developed by the International Standard Organization (150, 2005).

THE NEED FOR HACCP

Up until the introduction of the HACCP system, the food safety assurance system was
a reactive one, Le. based on the implementation of directives referred to as “codes of prac-
tice” which were developed based on experience, combined with end-product testing. Such
codes had to be fairly general in order to be applicable in diverse situations of food pro-
duction and food processing, Therefore, they could not and did not consider hazards which
Wwhere specific to a food product, ie. its ingredients and/or the specific conditions of oper-
ation. As with globalization and changes in society, the nature and origin of raw material
were becoming more and more diverse, the technology used in food production and pro-
cessing more complex, and the traditional approach became increasingly inadequate for
Preventing and controlling hazards in foods. Also, with increased industrialization, mass
production and distribution of food, the risk of large-scale foodbome discase outbreaks as
has been experienced in recent years became greater. Many foodbome pathogens proved
to be particularly virulent, in particular with the vulnerable group of the population, and
ed to severe or chronic health problems, if not death. It had become clear that t'l_hf-pﬂ-ldUC!
testing, until that time used as the main quality contral method, proved to be inadequate
for providing assurance, since a large number of samples would need to be tested o have
2 certain degree of assurance of safely; in practice, adequate end-product testing to (’b_l-'""
reliable information was economically not feasible, and often the results would be received
after the product had been marketed and/or eaten
Thus there was a clear need for a more effective system of food safety assurance, whene
and risks with a given product would be identified and measures necessary for
ontrolling these hazards would be prospectively determined and deployed. It is against
this background that the HACCP system was introduced to complement the traditional
Approach to enhance food safety assurance. With time, it was also experienced that HACCP
m‘“‘ be best applied if it were combined with the application of general codes of hygienc
i N0t as a stand-alone system. In other words, the general codes of hygiene would be
%ed 23 3 first line of defense to have general hygienic condition of food production, pro-
% Oor any other operations (transport, distribution, preparation, etc.). HACCP would
"Pplied a5 a second line of defense to have a tailor-made system of food safety assurance
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for the product under consideration, and end-product testing would be carried out as a
last line of defense for confirmation that the preventive measures are effective (Motarjemi
etal., 1996),

In summary, the benefits of the HACCT system lie in the fact that HACCP:

1. Is a proactive approach to food safety management; this means it allows conceivable and
reasonably expected hazards to be identified, even when failures have not previously
been experienced. It is particularly useful for new operations.

2 Is flexible, i.e. necessary control measures can be adapted to changes in operations, such
as change in equipment design, in processing procedures and technological development.

3. Helps to target resources to the most critical part of the food operations,

4. Is applicable to the entire food chain, from the raw material to the end product, i.e.
growing, harvesting, processing/manufacturing, transport and distribution, preparation
and consumption.

5. Overcomes many of the limitations of the traditional approaches to food safety control,
generally based on:

a. snap-shot inspection, which is a rather ineffective approach in foreseeing potential
problems;

b. end-product testing, which would entail high costs for analysis and which would lead
to identifying problems without understanding their cause

PRINCIPLES OF THE HACCP SYSTEM

As gtipulated in the Codex guidelines on HACCP, the HACCP system is comprised of
seven principles. These are as follows:
Principle 1: Conducting a hazard analysis.
Principle 2: Determining the critical control peints (CCPs).
Principle 3; Establishing critical limits,
Principle 4: Establishing a system to monitor control of the CCP.
Principle 5: Establishing the corrective action to be taken when monitoring indicates that
a particular CCP is not under control. 3
Principle &: Establishing procedures for verification to confirm that the HACCP system is
working effectively.
Principle 7: Establishing doc jon c ing all procedures and records
appropriate to these principles and their upplicutim

To ensure the most effective outcome, the application of the HACCP system is Clil‘l“ltd
out following a number of steps. The Codex Guidelines outline 12 steps for cwf:l}lclmg an
HACCP study and establishing an HACCP plan. To this should be added the training of dif-
ferent operators, implementation of the plan as well as a number of prerequisite activitics.

With regard to the HACCP application, the importance of validating the of
the HACCT system needs to be highlighted. This means that at every step in !he develop-
ment of the HACCP study, it is important to ensure that decisions are valid, i.e. that they
are established based on a scientific and technical basis. In particular, the control measures
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must be effective and achieve the expected outcome (e.g. regulatory or industry limit, per-
formance or food safety objectives). As such, validation is the assurance in the food safety
assurance system. As the Codex Guidelines for HACCP are not explicit on the subject of
validation, separate guidelines on the validation of control measures have been established
by the Codex Alimentarius (Codex, 2008).

APPLICATION OF HACCP

Prerequisites to the Application of HACCP

: The term prevequisite refers to all the measures and activities which T :
in order i suppori the application of the HACCP system. Very often, I].us‘[erm is used for
technical programs that need to be in place, such as cleaning and sanitation or generally
Boud hygienic practices. However, for the purpose of this text, the term is uu-d in a broader
stnse in order to highlight the fact that certain conditions, other than tedm:cal_mgsurels,
;:;;,;'e?d to be fulfilled before HACCP can be successfully implemented (Motarjemi et al,

eed to be in place

L Management commitment. The use of the HACCP system is very PESOUNLS = a0 I:::w;‘
intensive. At times, it involves huge costs or investment as its application may uncerp

the need f i in the oduction and/or guality of
e P tl:ancd before, a successful

Product, or change in the supplier of raw material. As men .
implementation fnquims hig!},ficwi and multidisciplinary expertise as well as ime 3
investment, Therefore, the understanding of the management on the need and bencfits
of the HACCP system and its implications in terms of financial and human m,Smlm’S l[!
“ssential and is a conditio sine qua non for the successful application of HACCP, short o
Which HACCP studies become only a paper exercise. G o

al principles of hygiene. As mentioned above, before applying the HAC ds."" L
# €ertain number of programs and activities, gencrally considered as part of goo
hygienic practice, have to be implemented to ensure that products are manufacturcd, »
Processed or handled in the minimum conditions of hygiene and ;;um;l practices and that
hm"“]]}' known risks are as far as possible prevented. Failing which !:hl'_ number of

o control through the HACCP will be large and the system will be difficult and
ety to manage Depending on the type of business and the stage of the food chain,

Predefined rules, procedures and practices are referred to as govd agriculture
;Wk“' Bood animal husbandry, good manufacturing practice, good transportation

s ele,
ﬂtlpwl}mh' such codes refer to generic control measures that apply to a given sector
Prod 00d chain, regardless of its specific conditions (e.g. environment, ingredients,
cony uct formulation, production and processing). However, it is to be noted that a
pm;,:j Measure recommended in a code, thus implemented as part of prerequisite
™, can still be identified as control measure in an HACCP plan.
Intematianal Standardization Organization has elaborated a standard for the
diegy Fent of food safety in organizations, referred to as SO 20005, This standard
inguishes betwveen the terms “prerequisites” and “operational prerequisites”
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BOX 31.1

DEFINITIONS OF PREREQUISITES ACCORDING TO
1SO 22 000 STANDARDS (ISO 2005)
I50 22000 defines the term “prerequisite®

3 Operational prerequisite program
aetolons (operational PRP)
Prmquisiu: program These are identified by the hazard analy-

sis as essential in order to control the likeli-
hood of introducing food safety hazards in,
and/or the contamination or proliferation of
food safety hazards in the product(s) or in,
the processing environment.

Basic conditions and activities that are

to i 1 a hygienic environ-

ment throughout the food chain that is

suitable for the production, handling and

provision of safe end products and safe food
for human consumption.

3

(Box 31.1). The latter refers to control measures identified in the HACCP studies for
;vntﬂ;ﬂins a hazard; without the step in the food operation being considered as critical
or safety.
Scientific research. Scientific and technical data and know-how are fundamental to any
proactive and science-based food safety assurance system, such as HACCT. The type of
scientific research that is needed entails:
a. Toxicological and epid logical research, HACCP being a risk-based system,
such toxicological and epidemiological data are needed in order to evaluate the
health significance of the different compounds, the degree of risk they present and
their sources, In principle, such guidance should be provided by public health
authoritivs.
Epidemiology of microorganisms. Epidemiological data can provide guidance on
the type of food that is the vector of a pathogen, on risk factors, health consequences
and on various information (e.. record of previous outbreaks) necessary for hazard
analysis,
Ecology of microorganisms. Understanding the ecology of microorganisms is essential
for evaluating the potential source, likelihood of contamination, survival o growth of
a pathogen in an environment, food or during processing.
. Mechanism of formation of contaminants. Certain contaminants are formed
during processing or manufacturing, be it in the industrial setting or in the home.
Understanding the mechanism of formation of such contaminants is essential 1'Inr
devising control measures, e.5. designing the process to minimize their formation.
Validated analytical methods. Validated analytical methods will be needed to manage
hazards in foods, be it for verification purposes or as control measures for certain types of
hazards (e.jz. chemical contaminants).

L4

n

[
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5. Data on the level of occurrence. The first principle of HACCP on hazard analysis calls for

an evaluation of the risk, including the likelihood of occurrence, Data on the occurrence

OI: haz;rds in food is thus fundamental for a first evaluation and hazard analysis (see also

above).

DEIl.'mlmahon of acceptable level. A control measure is defined as “Any action and

activity that can be used to prevent or eliminate a food safety hazard or reduce it fo

an acceptable level * This brings in the concept of “acceptable level.” To be able to

manage foodborne hazards, in particular when the occurrence of the agent cannot be

fully prevented, there is a need to know to what level the hazard in question must be

controlled and to decide on a limit of acceptability for the hazard in question.

The determination of this level, preferably by regulatory authorities, or short of this

by industry associations, is very important both for the industry and for consumers.

_Surh limits, over and above providing guidance for managing the hazard in question

in the context of HACCP or any other equivalent food safety assurance system, ensure

:ucmku_:isgmuppmch to food safety through the food supply chain and on the global
rket.

For a number of chemical hazards, such limits have been established and regulatory
tandards at national or i ional level (Codex) are available. In recent years, a
similar concept has emerged for microbial agents. In principle, it is “""5"1?,“’,& L
10 case of foodbomne illness s acceptable and ideally there should be “zero incidents
of foodborne illness, However, as for the presence of naturally occurring or
Environmental contaminants, realistically this is not possible since many pat
make part of our environment and /or the microbial flora of food animals. Gen
with the p Iy available resources or technologies, their eradication isnot
feasible. Therefore, authorities are considering setting a maximum level of m '.cm:b"{
Contamination of food at the time of consumption, referred to as food safety objective.
This would ensure that the incidence of foodborne illness will be maintained within a
certain accepted or folerated level. This accepted/tolerated level of iliness is referred
1025 the appropriate level of protection (ALOF). Food safety objectives can also be
translated jngy performance objectives,? i.¢. the maximum level of contamination at
AN early stage of the food chain, or performance criteria defining the performance of

OPeration in terms of growth or reduction of microorganisms. Such food safety
s ves, or in the case of chemical hazards, regulatory limits, need to be decided
ahdw‘.nd' preferably by the regulatory authorities, In other words, regulatory norms
the Standards provide guidance to industry as to what level they should control
ingo azardsin the food and how stringent should be their control measures. Such
H‘&‘;ﬁm will be necessary for their validation of their process when designing the
plan,

L

8
erally,

3
&’:;:fm“‘“_“"“mlh the maienum frequency and /or concentration of a hazard in a feod at the
I\ that provides of contributes tn the sppropriate level of protection (ALOF)
Foad ey, hh""‘“_"" and /or concentration of # (microbial) hazard in a food at 2 specified step in the
g 'PFllﬂh‘It: time of consumptinn that still provides ar contribistes 16 the achievement of an FSO or
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It must be remembered that against all the preconceived ideas that regulatory
requirements are an unnecessary burden for the food industry, they are extremely
important for the food industry in designing their food safety plan, provided that they
are based on science and take into account other factors such as feasibility and costs
for industry and consumers (Motarjemi and Mortimore, 2005), It is aleo to be noted
that regulatory standards, or norms, are values which delineate between acceptable or
unacceptable presence of a given contaminant or foodbome pathogen. Even though
they may not always be based on a strict risk assessment, they are viewed as the safety
standard by the regulatory authorities who have decided on the limits, by the consumers,
and by society at large. Exceeding this limit should be considered as a violation of the
safety standards of the society.

Guidance for the Application of HACCP System

Depending on the type of operations and regions of the world, there are different
approaches to HACCE. For the purpose of this text, the part of work where step-by-step
analysis of hazards and control measures are carried out is referred to as an HACCP
study, whereas the outcome of the study where the critical control points and the meas-
ures taken at those steps of the food operation are outlined is referred to as an HACCP
plan* Sometimes, due to the complexity of the production, it is easier to develop different
HACCP plans for different parts of the production. In such cases, it is important to ensure
that a proper link between the different HACCP plans exists, It is equally important that an
HACCP study also covers rework.

Application of HACCP principles is proceded by a number of activities. These prelimi-
nary steps of HACCP application set the conditions for an accurate and valid HACCP
study. For instance, the validity of hazard analysis relies on the expertise of the team,
the precision with which various aspects of the product are described, e.g. the raw ingre-
dients and their source, the supplier assurance system (e.g. availability of a supplier audit
report), manufacturing steps and conditions, description of packaging and other auxiliary
products, intended use of product, regulatory requirement, potential use or abuse by target
consumers

Step 1 — Assembling the team, Food safety is a multidisciplinary system. To design the
safety of a product and foresee its safe production, there is a need for a team of experts of
different background and experience. The type of expertise depends on the product and
conditions of treatment or handling, and on the scope of the HACCP study, i.e. whether it
covers chemical agents, microbial agents, allergens, the full food chain or part of the chain.
Therefore, it should be decided on a case-by-case basis. Examples of experts who could be
considered are: microbiologist, chemist, toxicologist, nutritionist, operator, veterinarian/
agronomist, food technologist/ food processing engineer and regulatory expert. 4

The importance of teamwork and of the expertise of the team cannot be emphasized
cnough as it is the available expertise in the team that will be the determining factor for

*A document prepared in accordance with the principles of HACCT to ensure control over hazards that ane
significant for foad eafety in a scgment of the food chain
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the quality and accuracy of the HACCP study. What is certain is that HACCP is not a one-
person job as often experienced. Usually, a team leader referred to as a “coordinator” is
#ssigned for the team. The coordinator has the responsibility to drive the development and
m:.nntenfance of the HACCF study in collaboration with the team members. The team will
also decide on the scope of the HACCP study. As alluded to above, this consists in decid-
ing which types of hazards (microbiological, chemical, physical) and which part of the foad
chain the study will cover. It is possible to start with one hazard (e-g- Salmoriella) or one type
of hazards (e g, microbiological) and to extend to other types of hazards at a later stage.
 Step 2~ Description of the product. A full description of the product should be drawn up.
including conditions for raw material storage, transport and distribution, and preparation
by the end-users. The more in-depth such a description is done, the smaller the risk of over-
looking a factor that can influence the presence of a hazard. Examples of information that
could be included are:

. 'I’Ifhﬂl is the product? 1
:\;hal s its formulation and composition (raw materials and ingredients, physicochemical
rameters potentially influencing safety (e.g. pH, a,,)?
Wflal_is the ﬁalure nfi;m pruduct,sl:.g. Ir{-s[h. %zﬁnl.:d,.f!riﬂd, vacuum-packaged?
::,a“' i the product manufactured / processed?
hatis the packaging?
t type of storage, transport and distribution are required?
tis the shell-life of the product?
e there any other special considerations that need to be add ressed, for instance a
Previous recond of safety of the product (see “Hazard Analysis,” below)?

A frequent shoricoming is that these descriptions are not detailed enough to allow an in-
::w'l hazard analysis. In absence of such inE:rmnriun. important hazards may be ;rlusa'd
Eid::g hazard analysis. Not infrequently, HACCP plans are developed without fully con-
in u.ung the supplier's food safety assurance, and subsequently hazards that may be present

gy W Material are overlooked.

Pwtmdl_::‘"-r' steps following manufacturing. ie. hazards which may
Omitt d"b?tmn_ and most importantly during preparation by consumers, ol
condig Wring certain HACCP studies. For certain types of products, factors such as the
Wj:: for storage of the product during distribution or for the targtl'l L_‘i.l'ill'lrﬂ(‘l'.uf
“'ﬂud.mg.:r the potential mishandling of the product may be crucial for designing safety,

Step3_ |4 ity for providing information on the safe use of the product.
the  Mentiication of intended wse. Information on the intended use should be based on
the prodycq vse of the product by the end or e - including the country where

will be sold. Examples of information that need to be considered are:

.
. Whn.: ::l:"; intended use (home retail, foodservice, further manufacturing)?
* Whatig ., *ation procedures are required by the consumer/customer?
. amh?:"’"hll for mishandling?
Sl Tget consumers (age, health status)?
‘“nm:g I‘;"u’:l‘“""qﬁun is important to ensure that the safety of the product is designed
fequirements or needs of the target customer or consumers, For instance, if

pccur during trans-
are frequently
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the product is to be sold in ancther country or to specific consumer groups, e.g. children, the
limits applicable for the country in question or target consumers must be taken into account.
The identified use will also determine which kind of information and instruction would be
required on the package, as for certain products additional control measures may be at the
customer or consumer end (e.g. cold storage, labeling for allergens, age of jon or
condition of consumption). As it will be explained elsewhere in the book, it is 1mpu:1anl that
any assumption on the intended use of a product, e.g. age, hygienic condition of prepara-
tion and consumption, consumer practice, be validated (i.e. a reality check). For instance, in
an outbreak associated with cookie dough, implicating some 70 persons in the United States
in 2009, it was found that some US consumers had the practice of tasting the raw cookie
dough. After the outbreak, the instruction on the package had to be revised.

Step 4 — Construct the flow diagram. The flow diagram should cover all the major steps*
in the operation and the conditions for these, particularly steps likely to influence safety. It
should, as far as possible, cover the entire food chain, including storage, warchousing, dis-
tribution and product handling downstream.

The flow diagram must reflect the real process of production, processing and manu-
facturing, or handling of the food product. Lack of accuracy may seriously jeopardize the
quality of the HACCP study and the validity of decisions. All technical data such as tem
perature, time, pH, etc. should, as far as possible, be noted on the flow diagram. This can
enhance visibility and understanding of the conditions of operations. It will allow an over-
view of the operations and identification of any possible risks associated with product
design or operation.

It is also important to consider how the circulation of water and air and employee traffic
can impact on the safety of the product, and, for this purpose, the flow diagram of water, air
and people (or zoning plan) should also be taken into account. In this context, all building
or reconstruction activities should also be considered as they may lead to the contamination
of the factory environment with foodbome pathogens.

Step 5 = Ou-site confirmation of the flow diagram. This step in the development of the
HACCP plan is intended to verify that the flow diagram reflects the real process and that
no important consideration has been omitted. Very often, this step is neglected; however,
a scrupulous on-site verification of the flow diagram, together with the examination of
hygienic conditions by the entire HACCP team will be a strong basis for hazard analysis.
To this end, it is important to check the correctness of information or whether information
was overlooked, This should be checked during the period of operation and cleaning, but
also during idle hours. Talking to operators working on line can also help in disclosing sig-
nificant details. The on-site verification of the flow diagram is also an occasion for the mem-
bers of the team to fully understand the role of the different operations units and the way

the equipment works, as this insight is important for the evaluation of risks associated with
operations.

4 A point, procedure, operation or stage in the food chamn, including raw materials, from primary production
to final consumnption. The term “step” here refers to the steps in production, manufacturing. and processang
operation and not to the step in the development of the HACCP plan
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Step 6 ~ Hazard analysis. Hazard analysis is defined as the process of collecting and inter
Preting information on hazards and conditions leading to their presence to decide which
Are significant for food safety, and should be addressed in the HACCP plan. In practice, this
consists in listing all potential hazards associated with each step of operations (from raw
material to final use), and in evaluating their significance, i.e. taking into account their likeli
hood of occurrence and their health CONSEqUENCES.

For this purpose, it is imperatively important to examine the past record of safety of the
Product in question. This should include:

* Outbreaks, contamination or other types of adverse events (including cases of fraud)
assaciated with the product or agent in question; ’

® Risk factors, e g. level of hazard, status of the host, nature of the organism; and

> U"dfﬂy‘ing factors, i.e. errors and their root cause leading to the incident.

There have been numerous outbreaks or contamination incidents, including cases of
hud.that could have been prevented if the previous record of safety of the product were

mn?d. ¥
Note that a hazard is defined as “a biological, chemical, or physical agent in, or cond-
Yiam of food, with the polential to cause an adverse health effect.” The term “condition” also
includes aspects related to the properties of food. Examples are its consistency and form,
Which may cause choking, and the nutritional composition of the food, such as infant for
Mula, or food, where excess or lack of a nutrient may endanger health. The property is
F [v")' much linked to intended use of a product as some products may not be appropri-
® for a specific target prou A by
S, at first all ;.:'.(gﬁ_ﬂ'i;wds associated with the various steps will be identified; this

50 includes hazardous conditions of food. At each step, control measures needed to con-
rol the hazards are also determined. More than one control measure may be required to

fonirol a ha i - . it is fundamental to understand the
e ke o e e e full understand-

< T8 and parameters (hat characterize the control measures and to havi |
& of the feature of the hazards fe.g. ecology and epidemiology of mimmrﬁnmams{. !
o often hazards are described in general terms, e.g. “microbivlogical hazard kllhlf‘dli
w::’d‘?hg Salmonella, 5. aureus or hepatitis A virus. Although hlilfh an np_prmch may in
fasts be practical, it is often misleading, and in regard to microbiological hazards, it
) even bmaﬂmus. The reason is that microorganisms differ in their behavior, ecology
fontrol measures, For instance, the ecology and control measure for S. aureus are much
Ot than that for Salmanells or viruses. Thus, unless organisms share s}mlilnlr -\:‘;J'u;;.}-
emiology, as far as ible they should be considered specifically. Similarly, chemi-
::llh:n::'m"hsw Ph_\’!l:zrfu:ds, should be defined indivji:ua lly so that valid safety
Al methods of detection or testing can be identified. i ]
Qualifiey uestion in the hazard analysis is whether a hazard presents a significant risk and
ated Mlh.: A signtificant hazand. In the plethora of hazards that may theoretically be associ-
2 rea) W material or an operation, it is often difficult to decide which hazards present
"'dlafh”;‘;w‘ and warrant a strict control under the HACCP plan. 1t is clear that the
WH’( sy depends on many factors, among others on the source of the raw material, ie.
00 allony; rance of the supplier, the hygienic and other prerequisite conditions of opera-
"6 contamination, survival or growth of an agent, whether during the process
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TABLE3L1 The Different Types of Dam that may be Needed for Hazard Analysis
Hazards

Microargansims

Examples of Data

Health consequences, infectious dose of the agent, epidemiologscal informatian
on the prevalence of the agent in the country fraow material, thermal resistance,
survival, growth characteristics

Food position and food ch it

Target consumers and ther health conditions

Status of Good Hygienic Practice (GHP) and other prerequisites

Legislation and safety standards

Climatic conditions, droughis, insed attacks and stress [actors
Surveys, alerts, historical reconds and monitoring data
Agriculture practice (harvest, transport and storage)

Target consumers {infants, adults, pris)

Legislation and enforcement

Agricultune prachioes

Infections in animals or disease of plants

Surveys, alerts, historical reconds and / or monitoring data
Target consumers

Allergens Mature of raw material

Evaluation of cross-contact at the supplier or during transport
Evaluation ul cross-contact on the factury premises

Food safety managernment system at the supplier

Verification data /historical record

Target consumers

Myeotoxing

Physical hazards Size, shape and nature of the hazard

Quality assurance at the supplier
Good manulacturing/hygienic practices on the premises
Targel consumers and possible handling upon use

there are other steps that would remove or control the hazards to safe levels, and/or the
intended use of the product and the consumer itself. For instance, opportunistic pathogens
like Cronobacter sakazakii are a threat mainly to newborns but not to healthy adults. Thus,
it can be a significant hazard in an HACCP study of infant formula and not for adult food.
Itis for this reason that during the hazard analysis, over and above being able to identify
the potential hazards, the conditions in which food or its ingredients are produced and
processed should ideally be considered from farm to fork; as far as possible, it should be
ensured that good hygienic practices are implemented throughout the food chain.

At the hazard analysis step, each hazard is to be evaluated for ils degree of risk and is
classified as significant or not significant. Risk is defined as a function of the probability of
an adverse health effect and the severity of that effect, consequential to (a) hazard(s) in food.
S0, in the context of HACCP and ensuring safety of products, for evaluating risks, two
of information need to be considered: (1) likelihood of occurrence of the hazard in the food
and (2) the health consequences, Table 31.1 provides examples of data that will need to be
considered for the analysis of different types of hazards.
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Likglihoed of occurrence af levels Ikely to cause harm
occurence above reguintory safely standards

FIGURE 31,3 crence of the hazardous agent and the
The evaluation of risk accarding to the likelihood of n::unl'.lrd iy

ity o heabh consesjuences, Hazards ilentilied as high risk must be

Hazards which are I & raw material or during operation and present
& health concern for u:i’;;m;mquu‘,umd as significant hazards and would need to
2 olled through critical control peints, s explained below. However, for the haz-
23 which are vigwed as non-significant on the grounds that the conditions uf production,
Processing and for handling will make any risk unlikely or remote, monitoring .I-nruw_{.nes.
confiry 10 a5 verification, are carried out. The objective of these monitoring activities is to
Sumed that existing measures are effective and that the risk of the hazard, as pre-
m' Femains low at all times. 2
Imm:"' of risks does not always provide a black or white answer. Efr:n when
Figuce e evaluated as non-significant, there may be different degrees of residual risk
=y hzul. Thus, depending on the degree of risk, a different frequency of monitoring
Taw my, onsidered. For instance, for bolognaise sauce, where tomato is considered as a
tions ufm" should the operalor use fresh tomalo from a supplier with unknown condi-
of the Production, then Salmonella should be idered as a significant hazard, cooking
o the a2 the cuntol messure and the step of cooking a critical control point (ccr),
SOlirceq will be controlled through the HACCP plan. However, if the tomatoes are
under ;::" supplier which is audited and if there is confirmation that they are produced
be wml’m:m a good food safety assurance system, then the risk can
35 low and the hazard as non-significant. Nevertheless, the supplier should

1. FOOD SAFETY ASSURANCE SYSTEMS



APPLICATION OF HACCT 859

be periodically audited and the tomatoes also periodically tested for Salmenclln as a way to
verify the hazard analysis. Clearly, if canned tomatoes are used, the canning process will
remove the agent, and the risk of Salmonella can be considered as practicably negligible; in
this case there will be no need for testing, i.e. the frequency of testing can be nil.

Step 7 — Determine the critical control points (CCPs). In general, the critical contrel point
refers to the step in the operations at which control is essential to eliminate, reduce or main-
tain a hazard at an acceptable level; in other words, a step at which, if the hazard in ques-
tion is not controlled, the product is likely to be unsafe. From the above we can understand
that we are referring here to significant hazards. A CCP can be different steps in the oper-
ation, from raw materials to a location, process, procedure or practice, including product
formulation.

The designation of a step as a CCP usually has many implications over and above the
need to set up a very strict monitoring procedure. It can also imply that all the records need
to be reviewed, verified and signed before the product is rel i. This may imes
delay the release of the product, particularly if the monitoring is based on testing, Also, if
the critical limits at the CCP have been violated and the product has accidentally reached
the market, consideration must be given to product recall.

Acondition for a step to be considered as a CCP is the fact that it should be possible to effec-
tively monitor the step. Also, if a hazard is identified as significant, and no possible contral
measure exists, then the product or process must be modified. This principle of modification is
often overlooked in practice and not infrequently, for business rea , food establishments try
1o cope with a risky condition rather than to modify the process. For instance, it has occurred
that a raw material is considered as a high risk because there is a doubt on the quality assur-
ance of the supplier. Yet, instead of changing the supplier, testing of raw material is used as a
means for lling, foodbome pathogens, while as wed before, testing for microbial
agents cannot be an effective control measure and should be seen as a verification of the sup-
plier quality assurance. In such a case, the supplier should be changed.

The determination of a CCP can be facililated by the application of a decision tree, which
supports a logical reasoning approach. Figure 31.4 provides an example of a decision tree,
but other decision trees can also be used.

A lack of understanding or an inconsistent use of terms often leads to confusion. Not
infrequently, the term “significant hazard” is confused with CCP, e, aflatoxin is referred
to as CCT, or a control measure is taken for a CCP while a CCP refers to the “step” in the
operation and control measure is the activity carried out at the step to prevent a food safet
hazard exceeding an acceptable level. .

Step B — Establishing critical limits. Critical limits® are basically limits of acceptability
unacceptability of control parameters. Therefore, they should always refer to the monit
ing parameters. Depending on the type of hazards and control measures, the nature of cril
cal limits may be different. For microorganisms or hazards where testing is not a reliable
method of control and physicochemical methods are used for controlling the hazard, eritical
limits refer to the process parameters. They are values such as pH, a,,, temperature, time
{or flow rate), salinity, level of chlorine, overpressure, etc. For hazards where testing can be

* A critical limit is a criterion which separates acceptability from unacceptability.
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oi] Do controf preventative measure(s) axist? '
Mndw slep, process or
pn:n‘lud

Is conirol at this stop necessary

o I3 the siep gned 1o eliminate of reduce the
Fkaly occurence of a hazard to an acceptable level? (%)

!

Could s wilh idanbiled d(5) eccur in excess of

tovels) or oould these increase 19 unacceptable

Bcepinbln
levais? ()

Wi lwhaquump eliminate identified hazard(s) of reduce
Bkely occurnce to an acceptable (**)

[} p‘z d In the: process.
““Wmmmu b defined within the overall objectives in identifying the CCPs

M4 Euampiet s deision e o ot Mlsratarics Copnmilssion {CAC 2003}
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used as a reliable method for control, then values such as maximum residue limits (for agro-
chemicals) or maximum levels (for contaminants) can be adopted.

As several parameters may be important for controlling a step (e.g. for heat treatment,
both time and temperature are determining factors), more than one critical limit may be
needed. Therefore, the parameters necessary to monitor a step must be carefully identified.
In HACCP, critical limits are associated with the CCPs. However, even if the HACCP study
does not result in specific CCPs, limits for control p could be defined to ensure
that control measures are applied in a correct manner.

Sometimes, when the control measure takes place in homes or in foodservice establish-
ments where tools for physical measurements do not exist, it is possible to use indirect
measures such as color or texture as monitoring parameters. For instance, as a critical limit
in the home environment, it could be recommended that eggs should be cooked until they
become firm, or meat should be grilled until it is no longer red. Such a recommendation
could be idered when fi lating the instruction on the package. In food operations,
visual methods of monitoring can also be used as a means to ensure that certain measures
have taken place, e.g. a production line has been cleaned between two products according
to the established procedure to prevent eross-contamination of allergens.

Step 9 - Ectablishing a monitoring system for each CCP. In the context of HACCP as defined
by the Codex Alimentarius, monitoring is the act of conducting a planned sequence of
observations or measurements of control parameters to assess whether a CCP is under con-
trol. Note that the monitoring which is carried out at a CCP, be it measurement or obser-
vation, is relative to the critical limits. Monitoring can be a physical measurement, visual
inspection or chemical analysis,

The frequency of monitoring should be set 5o as to detect loss of control at the CCP and
enable the necessary adjustments to control the process and prevent violation of the eritical
limits. Where possible, process adjustment should be made when monitoring resulls indi-
cate a trend toward loss of control at a CCP. From the above, it is essential that very rigorous
manitoring procedures must be established at the CCP,

Even when a step is not considered as a CCT, this should not be interpreted as that step
not being important nor should it preclude monitoring of the control measure(s). Only the
stringency and significance of the monitoring are different. To differentiate these two types
of monitoring, for the purpose of this text we will refer to CCP monitoring versus verifi-
cation monitoring. As mentioned above, the frequency of monitoring as verification can be
adjusted according to the level of risk {Figure 31.3). Whether the monitoring is carried out at
a CCP to ensure control, or as means for verification, it is important to have a consolidated
and validated monitoring plan, indicating the type of monitoring, the frequency and time of
execution, the method, the person responsible and actions in case of non-compliance.

A common failure in establishing a monitoring procedure for a CCP' is omitting one or
several key control parameters, For instance, not infrequently it is observed that, at the pas-
leurization step, which is often a CCF, only the temperature is monitored. The duration of
the heat treatment, or the flow rate of the product, which is a determining factor for the
duration of heat treatment, is not monitored, For water disinfection, only residual chlo-
rine is considered and other factors such as contact time, pH of water and turbidity, which
impact on the chlorination efficiency, are not considered.
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It has ori "
midm;k:sbgcnp:"mmd that some important steps in the operation have not been
R e an the grl?unds ﬂul they cannot be moenitored “continuously” or 2
0l parsmetens i nt method is not available. It is certainly much betier to measure con-
% e m!h:dsm an Uh'lelt'mrle manner, eg. with a temperature recorder. However, lack
Pt a5 ¥ ll;;' monitoring should not be a reason for not considering a step in the
TR T i ::nrlllml at that step is important and visual observation can be effec-
The concept ds eviations from acceptability, then the step can be considered as a CCF.
with specific an;"“"“uﬂ)' is also misunderstaod. Monitoring a CCP should be carried out
B liP;Edl-'fﬂm"wd frequency. This may be every second, hour, day or defined
o =) pplicable. Huwel\-'t'r. this has to be set in such a way that if a deviation i
mented in a t “‘;‘Eﬂl or operational limits are violated, the corrective actions can be imple-

Step 10 Es:'::lr manner before the product is released.
tive actions islting corrective actions. When applying the HACCP system, specific carrec:
7% shows Po:“sft be developed at each CCP in order to deal with deviations when monitor-
under control of control, The actions must ensure that the CCP(s) has/have been brought
sible disposity 50 that only safe products reach the consumer: Strictly, this also includes pos-
by-case bacy "l“"‘u' the affected product. However, this decision should be made on a case-
times whmlfl tis frequently observed that corrective actions are not well defined. There are
R gond p'm_:hq:am mentioned as “see the QA manager o production ma nager.” While it is
important Ie"-: that in times of problems the operator consullt his superior, it is neveriheless
control, Mud‘mm:nt _lh.,» specific corrective actions that have to be carried oul to restore

rective ;:JS ensuring that no unsafe product is released.
therefore the on should also prevent recurrence of the mishap leading to loss of control;
problem 4o f a0y deviation should be thoroughly investigated and the root cause of

- &h;"'““'-‘d (see Chapter 40).

ishing procedures for verification. Verification refers to the application of meth-
Pliance wigy Ih!h'!!s and other evaluations, in addition to CCP mon itoring, to delermine com-
ivencss of u:-'\m’ plan. In practice, verification activitics are carried out to verify the
what is p, he HACCE plan and if it is implemented correctly, in other words, to check if

AS such, \rni; done and if the HACCP is well maintained and working as expected.
thay hmm cations may include a variety of activities and collection of data to confirm

plan is valid as well as well implemented. It can include:

L R
Mmaler, .
2 Envi l'hn:l "‘""5 and /or supplier’s audit for verifyving supplier’s quality assurance.

Trom,
3 Clﬂnﬂunol:] Manitoring for verifying the effidency of cleaning and sanitation.
4 MG%‘?“‘P“'ML in particular those used
Programs ang ons for confirming the adequate impl
5 Review of g, ,::w HACCP system.
keptundr rds and of monitoring data confirming that the process paramelers are

uny
& Entpnogy e 214 Vithin established lmits.
System, § for verifying the adequate implementation and efficiency of the

for monitaring of CCPs.
ementation of prerequisite

*Corrvetiye
Ao,
l0s of conpye, are defined as the action i
. 16 be Eaken when the results of monitoring at the CCP indicate

m
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Vatidation Yerification

FIGURE 31.5 In validating a decision, thres aspects, ie. training and competence of employee, sultability and
performance of the equipment and method, and scientific and technical data, need to be considered

7. Verifying the consumer complaints to ensure the adequate implementation and efficacy
of the food safety assurance system.

8. Verifying the training of employees involved in the implementation of prerequisite
activities and of the HACCP system.

It should be noted that verification should not be ceased on the grounds that the results
are negative; the results of monitoring are needed to be able to confirm that the food safety
assurance system is implemented and effective at all Hmes.

Principle 6 of HACCE also includes the concept of validation. The subject deserves some
attention as validation is the assurance in the food safety assurance system. Without vali-
dation, the HACCP study has no scientific basis. According fo the Codex Alimentarius
Commission, validation is obtaining evidence that the elements of the HACCP plan are
eifective. This can be further explained as the demonstration that decisions made during the
HACCP study have a scientific and /or technical basis and /or are based on accepted practices.

In validating the elements of an HACCP study, at each step it is important to consider
three aspects: (1) the scientific and technical data, (2) the equipment used, i.e. if it is suitable
for the intended use, and (3) the personnel who have to implement a decision (Figure 315).
Itis clear that designing a scientifically valid HACCP is of litle value without the equip-
ment used being suitable or the p | comp to impl t the decision. Vﬂl'-daliﬁf\
is often confused with verification. To make a distinction between these two activities, vali-
dation is carried during the product design and the development of the HACCP plan to
ensure that the plan is designed correctly, while verification is carried out as part of the
implementation of the HACCP plan to ensure conformity with the plan (Figure 316).

While validation and verification activities are separate activities, the results of verifica-
tion are of importance for (re-Jvalidating the HACCP study as illustrated in Fl&“_ﬂ‘ 3T
the results of verification show a problem, the first question that should be -151“3" Ixseas the
HACCP plan implemented as planned? If a gap is noticed in the implementation, this needs
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to be comrected. However, if the investigation shows that in spite of the implementation of
the HACCP system as planned, there is still an unsatisfactory situation, then the validation
of the HACCP study should be questioned.

Depending on the elements that need to be validated, the exercise can be based on:

Review of scientific literature and evaluation/extrapolation of inf i
Verification of conformance with regulatory requirements;

Past records of verification data, surveys, or other types of historical information.
Experi | trials, e.g. challenge tests.

Thus validation does not nec ily entail ive and expensive studies and can be
just verification of conformance with the regulatory requirements or extrapolation from
studies already conducted.

Often the question is raised as to what needs to be validated. In principle, all the steps in
the decision-making process need to be validated, from the hazards analysis, critical limits,
monitoring parameters to corrective actions and verification procedure (Scott, 2005) (Table
31I). The following example illustrates the importance of validating all measures: in an out-
break of 5. aurews in Japan in the year 2000, the factory manager repasteurized a milk prod-
uct which contained S. aureus toxin, Thus, the company applied a corrective action that was
not valid, as the S. aureus toxin is heat stable. Similarly, errors can happen in the monitor-
ing procedure if, for inst , the ther ple used for me g is mot set at a correct
point in the food product, or the analytical method and sampling procedure for testing for
a chemical are not valid. With regard to control of microorganisms, it is important to ensure
that the intervention considered will ensure the performance objective or performance cri-
terion.” For instance, in a canning process, the sterilization process should ensure a perfor-
mance objective of <1 spore/10%g C. botulium or a process criterion of 12 D reduction. This
translates into process parameters of 245min/121°C; or the process parameters of cold stor-
age (ie. shelf-life of a product at a given temperature) of a smoked product should ensure
that there is no growth of psychrotrophic bacteria such as Listeria monocytogenes to above the
food safety objective (e.g. 100 Listeria/ ). Further examples of validation are provided in the
Codex Guidelines for Validation of Food Safety Control (CAC 2008). While the validation
of processing steps for killing and/or prevention of growth are often evident to food opera-
tions, the validation measures at the supplier, transport or consumer level are not always
evident. For instance, for allergen management, to ensure correct information on the pack-
age, it is essential to verify the validation at the supplier level of their allergen control plan
and of their allergen declaration. Similarly, it is important to validate the information pro-
vided to customers and consumers, i.e, that the control measure which is recommended at
the consumer level, such as time and temperature of the storage of the product, is valid, and
that the information is clearly communicated. For the latter, a focus group could be organ-
ized to evaluate the clarity of information. Again, in line with the principle of medification
of product design where control measures are not feasible (see Q1 in Figure 31.4), if a survey

?Performance criterion (I*C). The eifect in frequency and / or eoncentration of a hazard in a food that must be
achieved by the application of ane or more control measures to provide or contribute 1o a PO or an FSO.

UL FOOD SAFETY ASSURANCE SYSTEMS



866 3I. HAZARTY ANALYS!S ANDCRITICAL CONTROL POINT SYSTEM {HACCE}

TABLE3L2  Examples of Activities thire Need to be Validated, s Applicable

Frinciples Validation
Conductinga hazand  Ensuring:
aralysis - Appropriate expertise is used in identifying potential hazards. For instance, pablsc
health guidance of regulatory req: are checked, 1 i
searched, eoperts arc consulted and previous recurds of conlamination or outbreaks
an: cxamined.
- Mdentified control measures are effective in achieving the food salety or
biectives, the design of equipment is adequate to achieve these criteria and
personne] are qualified for the purpose.
Where hazards idered as non signif ing; that:
- includ ppli ing of food, or ather

uite prog; g ! practices, p
conditivns (e . regulatory measures, epidemiological situation of the country) are
adequate to conirol the hazards to safe levels.

Deeterminmng the Ersuirinng that g Teadlinng tor ich of CCPs are valid fsee above),
entcal conteul points  persannel are properly trained in identifying CCPs and understand the sigs
e ofa CCT:
,n: "'n lishing crtical  As applicable, ensuring that critical lemits are:

- Consistent with the performance or praduct criteria needed to meet food safety or

rmance VEs.
= it gl o i pecortson
marketed and for the specifications of customens i these are stricter.
s fishing a sysiem Ensuring that:
Fonétor the CCP - All paramters nesded to monilor control measures are selecled correctly:
5. limdt of detection or guantitation,

= Equipmunt or methocds s hor mamitoring (¢

! i tid, calibrated and functioning correctly.
el ackeequately trained in the wse of
calidate their teaining),

- Peronned are compeent, trustworth
equipment or the methods o monitaring (i
- Parsonned knaw what ta o in case of deviati

‘Gcormuctive  Ensuiring that
=~ Measures fareseen for correcting a deviation are effective.
~ Staff are adequately trained in imph ¥ ive actions in case of deviation
=~ Traccability is working cffectively.
Etoblising procs ey
for verificali Ensuring that: 1
- Limits flincluding specifications) set for product of environmental besting are valid
and comply with regulatory mequirements and product oF provess specifications
= Mithods for lesting and proceduns are vald and carricd oul by compelent

:
= All verifieation procedures are valid; data are adequately reviewed by competent
m“ personnel and acted upon.
dociimentaion Ensuring that documentation and records:

= Meet the negulatory andl/or customer FoqUIncments.

~ Démansirate the hazard analysis and HACCP plan, and include data on valulation,
resubts of CCP muanitiring and verifications, as wiell s cormective actions in case of
deviation.

= Include rot cause analysis in case of P {near miss oF incid,

—_— = Aliow loran efficeni and speedy traceability and trace-back.

s ).
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of consumer/customer practice and knowledge shows that the implementation of a fore-
seen control measure is not feasible at the consumer and customer level, the design of the
product should be modified and/or the product in question should be considered unsuit-
able for the customer and should not be sold.

Validation should usually take place during the design of the product or during the
HACCP study, i.e. before the implementation of the HACCP study. However, if there is a
change or when new information comes forth, the need for revalidation must be considered.

Step 12 = Establishing documentation and record keeping. Documentation and record keeping
often give the perception that HACCP is a paper exercise. Whereas these play a pivotal role in
food safety as they ane an important and effective means of communication, they allow com-
munication with other colleagues on how food safety is planned and implemented and on the
infc ion that was considered in the decision-making process. Documentation can play an
important role in maintaining the HACCP plan, reviewing and if necessary revising decisions.

Documentation also provides law enforcers, auditors and customers with evidence and
inf on the (1) h ds analysis conducted, i.e. what hazards are considered and
controlled, (2) the hazards which are considered significant and are controlled by a CCP
step, and (3) evidence that the food safety assurance system has been continuously under
control.

Documents are also important in case an incident needs to be investigated. They provide
evidence that all appropriate actions have been taken or provide guidance on the possible
source of a problem.

Examples of documentation and records that should be collected and reviewed are:

Procedures and requirements reganding GHP (e.g, pest management plan and records,
personnel health and hygiene requirements and records, etc.).

HACCP study, including hazard analysis, determination of control measures,
parameters and eritical limits, and the HACCP plan as well as the validation data.
Product formulation (specifications) and manufacturing process.

Specification lo suppliers or any other information to stakeholders in the food chain, e.g.
to transporters and distributors for further handling of food.

Reports of audits of suppliers, transporters, distributors.

Records of CCP muonitoring and the procedures used, as well as corrective actions taken
in case of deviations.

Verification activities (see above) as well as validation data or studies.

Records of investigation and follow-up of non-compliance and /or corrective actions.
Records of training of personnel, the nature and scope of their training as compared to
their responsibility.

Periodical review of the HACCP study and the HACCT plan.

Tables 31.3 and 31.4 provide examples of templates that can be used to document the key
decisions of the HACCP study and the HACCP plan.

. ®

-

Implementation of the HACCP Plan and its Maintenance

The implementation of the HACCP plan at a production site starts with the training of
personnel, including all personnel involved in one or several activities of the HACCP
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TABLE 313 Example of Template for Documenting the HACCP Study

Control Corrective
Steps  Hamards  Meaures CCPYes/No  Limits  Monitoring  Actions Verification
TABLE 314 Example of Temglate to Recond the HACC Plan
Control Corrective 2
S Hazards Messures Limits Monitoring Actions Verification

995: Williams et al.,, 2003). In doing so, the
sks and responsibilities, the impor-
nforming the HACCP team or the
or the prerequisites (e.g.

system and for the prerequisite activities (WHO, 1
managers and employces should be informed of their ta
ce and significance of their measures, the need for i
coordinator of the team of any change or deviation from the plan or the
m"”“_‘vlnm observed during audits, verification data showing unsatisfactory results, or
‘g in the process or supplier). It is to be remembered that non-compliance with the pre-
requisites has a bearing on the hazard analysis done during the HACCP study and its oul-
:;F i'1-'" the HACCP plan. A major outbreak of salmonellosis in Germany, affecting some
dmdduldmn, resulted from a sudden change of the supplier. Incidents related to unde-
allergens are also frequently associated with a change of supplier without taking the
n’w measures o examine the impact of the change on the operations and the product
us, any of the above conditions should triggera re-examination of the HACCP study.
whim responsible for implementing the HACCT should fully understand the
pliance at of complianee of CCPs and the need for thorough investigation of any nan-com-
: al these steps. The root cause of such near misses, up to the responsibility of man-
gement, needs to be established, b
plan n.‘rum]r:;e l"?P"mtion of prerequisites and of the HACCP system, the II)\(.:Cl"
study to “verif :“l:ﬂlllmd (Figure 31.6). This means a pe:iudicai review of the HACCP
in the light of En.-:| at the HACCP has indeed been maintained and continues to be valid
periodical review i:lrsl intemal or external developments. It is (0 be emphasized that the
the records, The I'Iu||: verification of maintenance of the HACCP system and an update of
Thus, contrary to the fenance of the HACCP plan itsclf should be done on a continual basis.
nance of HACCP dw_f:::lﬂl practice, HACCF is not a one-time exercise. Also, the mainte-
a5 certain changes in the mm""y lead to inmaa-d_cmlml but can also be lu.-ncfnc':al.
can result in the need for lesser ent of production or impro in the prerequisit
material is changed 1o o Pﬂ‘\fuﬂ“m!mﬂ through the HACCP plan, as for instance if the raw
which has lesser risk of certain contaminants,
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Over and above verification data, two types of information and changes should trigger a

re-examination of the HACCP study and plan, and its validation.

1. Changes related 1o internal operations. Examples are:
a. Change of the supplier, their practices or where the raw material is sourced

b. Change in recipe, product formulation or packaging (including labeling)

¢. Change in the process line, equipment and material

d. Change in personnel

e. Change in food production environment, in particular in case of temporary
maintenance work, which can lead to the exposure of the factory environment to
foodbome pathogens

f. Change in transport or distribution channel

g Change in target consumer and intended use and /or conditions of use (a product is
intended for a younger age that previously considered)

Changes, external to the operations, i.e. related to the environment where the product is

produced, processed or sold. Examples of these changes are:

a. Emergence of new pathogens or chemical contaminants

b. Changes in regulatory requirements where the product is sold

¢ Changes in technology, analytical capabilities, monitoring tools

d. Changes in the demography and /or consumers’ practices or perception

e. Environmental contamination or social factors

f. Report of incidents, outbreaks or errors in other operations in the world or new data
on food contamination previously not known

r

Figure 31.8 illustrates the entire cycle of an HACCP application, from hazard analysis
based on the examination of the status of prerequisite programs, to the implementation of
the HACCP plan and its maintenance.

HACCP IN SMALL BUSINESSES OR LESS DEVELOPED BUSINESS

Worldwide, it is recognized that the HACCP system may be difficult to implement in
small or less developed businesses due to lack of resources, An approach that some govern-
ments have taken to address this problem is to assist these businesses by carrying a generic
HACCT study for a category of a product, and based on the outcome of the study, to develop
an HACCP-based code of practice. Such an approach combines the requirements provided in
a code as well as specific measures required for a specific product category of products.

ASSESSMENT OF HACCP

Whether as regulators, auditors or managers in a y, professionals may be brough
in to evaluate the HACCP plan of a company (WHO, 1998; Motarjemi, 2000). Since HACCP
requires a multidisciplinary expertise, one cannol rely on the assessment of auditors to ensure
adequacy and validity of the HACCP study. However, auditors can check the understanding
of the principles of HACCP and the vigilance with which these are implemented, validated

1l FOOD SAFETY ASSURANCE SYSTEMS
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an HACCP study, taking into account various informanion incuding

““GUREI 318 The press o developing
7

Id maintained. Auditors and i rainst the indiseriminate use of a
While inspectors are cautioned agains

i -ahm:‘l ) a checklist provides some benefits and ensurcs completeness ‘.1f the s

1 not evalve into a tick-box approach, replacing critical evaluation. Like the

ghilent ol the I'l"“:cplﬂllﬂ. its assessment requines a certain degree of expertise, as often

7 s are earried out to function as an aide-mémoire. Guidance on the regulatory ass -_-:l_q:n;:;l

1M;mhm internal audit is provided in Chapter 38, as woll as elsewhere. (WHOL

CONCLUSION

as -‘lTl‘l‘enl;n ol “'frHAOZP system is not a stand-alone system, but it should be seen
food saf m,,,l n‘.,'uud Agement. It compl ts basic good hygienic practices in
mr\!f?ormmgm by targeting product-specific hazards and devising control measures
5 8 Fisks relevant to the product and conditions of operations.
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However, it is not a magic wand and it is not a panacea for all problems. It can be a pow-
erful tool for the management of food safety only if it is correctly understood and applied
and if there is adequate commitment by the management for providing necessary resources
and expertise (Motarjemi and Kaf in, 1999). Tt should not be seen as a measure for regu-
latory authorities and /or impl 1 to satisfy the requirement of authorities; otherwise it
becomes a bureaucratic exercise, with a massive amount of paperwork without much added
value. It has to be used in the context of true commitment to food safety.

Finally, for more in-depth reading and understanding of the HACCP system, the reader
is referred to a number of good books which have been written in this area; among these

is Wallace et al. (2011) Food Safety for the 21st Century: Managing HACCP and Food Safety
troughout the Global Supply Chain.
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INTRODUCTION

For vver two decades, HACCP has been promoted internationally, pnrhrular_l.y in indus-
irialized countries, as a method to enhance food safety assurance systems in the food
industry. Nevertheless, in spite of the advance of HACCP as a core method for ‘o'.:‘d safety
management, large-scale foodborne diseases outbreaks, food contamination incidents or
food recalls of major importance have continued to occur

Tisl $v2s hlLommprunt

A bl a5 VAT 5 B4 SO 000 873 104 larstet b A gt s
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Often the question has been raised as to why, despite the application of HACCP system,
such incidents continue to happen? There are a number of explanations for this paradox. An
in-depth review of these is given elsewhere (Motarjemi and Kiiferstein, 1999), Here we limit
aurselves to stress anly two points: (1) without any doubt, without the HACCP system, we
would have experienced many more incidents and (2) considering the quantity of industri-
ally produced food on the market, the number of incidents is relatively low.

As for any preventive measures, one cannol collect statistics and trends for events which
have not occurred. Also, HACCP is not a panacea for all problems and the application of
HACCF, no matter how rigorously implemented, cannot prevent all kind of incidents. Some
of the major incidents, which have marked the history of food safety, could not have been
prevented, with even the strictest application of the system. This is particularly the case
where the problems are due to the malevolence of some ind ividuals such as the }.m:J:Ie_nI of
melamine with pet food in the USA in 2007, or the emergence of a new hazard or finding a
new source for it, previously unknown, ¢.g. semicarbazide in baby food in 2003.

Having said this, when the health of consumers is at stake, any incident is one too many and
all efforts should be put in place to prevent food safety incidents. What is particularly unaceep-
table is where by negligence an incident is repeated. This is where HACCP application should
be of help, provided that it is properly understood, applicd and the resource and infrastructures
mecessary for it are put in place, particularly so as fo review and update tlu_ system in response
10 new knowledge. To this end, ““'“E“"H'“ of a company must be committed to providing the
TecEssary resources, j.e. qualified human resources is a conditio sine qua non and is perhaps the

most important Achilles’ heel in the implementation of HACCP. Figure 32.1 shows a rool cause
analysisof the frequent shortcomings in the HACCP application. |

This chapter highlights misconceptinns and common errors in the irlnp]cmenmt_mnl of

» Which have repeatedly been observed and which led to failures in the application
of the system and have thus undermined the potential of the system 1o prevent incidents,

Somie of the inf, i 4 here is mentioned in the previous chapter on Hazard
Analysis and Critical Control Point System (HACCF) (Chapter 31). Nevertheless, some
salient parts in relation to failures in the implementation of HACCP are highlighied here,
Readers who are already conversant with the HACCP system, but would like to further
improve the application of HACCF, may wish to focus on the gu idance given in this chapter.

MISCONCEPTIONS

HACCP should not be Seen as a Measure for Authorities or Certification Bodies

Sometimes, HAQC i implemented mainly with the objective of satisfying the require-
“":ﬂ'l: of authorities, or is seen as a task that is mandatory, without the management of

e business really sewing it v ing its principles and truly endorsing its
Sinplich b y g its value, understanding its pnincp y 5

HACCP can be helpful only if it is carried out with the specific objective of managing
il’ood safety in an effective manner, . taking the right decision, ensuring that the deci-
’j"?“ are actually effective and correctly implemented. In particular, it can help managers
to identify those steps in the process that should receive the highest degree of attention and

NI FOOD SAFETY ASSURANCE SYSTEMS
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Koot cause analysts of frequent shoricomings in te application of the HACCT system.

FIGURE 32.1

surveillance. When HACCP is applied only with the objective to meet the satisfaction of
authorities, it will lead to a massive amount of paperwork without much added value. In

this case, it has very little chance to become a meaningful exercise and there is a real risk
that it will be seen as a burden by all personnel.

HACCEP should not be Reduced to Simply Paperwork

Although the HACCT study includes desktop activities, HACCP is not a paper exercise.
The proper application of HACCP implies scientific and technical expertise, monitoring of
critical control point (CCP’) parameters, verification of good manufacturing practice (GMP)
on the factory floor, reviewing verification data (eg. results of raw material monitoring,
manitoring consumer complaints and calibration of key equipment), training of people, etc.
HACCT should alsp not be equated with filling forms. In many cases, a number of forms
have been created to facilitate the systematic approach and thinking process. However, this
should not replace the eritical thinking and scientific and technical expertise required to
carry out a HACCP study ~ it is the quality of content that is important, not the form itself.

HACCP is not One Man's Job
As mentioned above, one of the biggest added values of HACCP is the promotion

of multidisciplinary teamwork. To carry out a proper HACCP study, it is fundamental to

10 FOOD SAFETY ASSURANCE SYSTEMS
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draw on the right and adequate expertise, The importance of a multidisciplinary team is
particularly high when safety is considered at the product and process development. It is
at this stage that many potential hazards have to be considered and managing the _s?fe!}'
of the product needs to be thought through. As an example, mirrobl'aloglsulﬂnd w_tenmr
ians usually have not been educated and trained in equipment and process line design, nor
in process measurement, control and monitoring. They will therefore never be able to do
2 useful HACCP exercise on their own. The involvement of somebody with an gdmlc
engineering background is in most cases essential, as is the inclusion of personnel with
appropriate operations and food safety knowledge.

HACCP is not a Stand-Alone System

A major misunderstanding or error in the application of HACCP is that it is viewed a3
@ separate system. HACCP should be seen as an approach to food safety assurance; its
application draws on an array of measures such as GMP, audits, monitoring, traceabil
ity, ele. (Figure 322). Therefore, it is essential that as part of a HACCP study, the state o

GMP 5

GMP 2 GMP 3

GMP 6

.FTG URE 3.2 Schematic illustration to explin the relationship between GMP, CCP and verificalion activities
The Eigure shows that HACCE helps all ocesary control measures often considensd as part of GMP. It also gives
wight to the contrml measures that are pastularly inyportant in terms of food safety,
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these different measures be carefully considered. For instance, during the hazard anal-
ysis, the decision on the likelihood of the presence of a given pathogen in the ingredient
will depend on its source. Knowledge about the origin of the raw material and conditions
of production, previous record of safety, all audit and monitoring data of the supplier are
essential for deciding on the significance of a pathogen. These require having traceability
of the ingredient and information on the epidemiological situation of the country where the
raw material is produced or on processing conditions of the supplier, should the ingredi-
ent be a semi-processed product. Similarly, the likelihood of recontamination of the food

product is related to the cleaning procedures and the state of application of the good
hygienic practices.

HACCP is not a One-off Exercise

Many see HACCP as a one-time exercise, and once the study is carried out, it is rarely
reviewed or updated, First, HACCP is a tool for decision-making. As such, it should be flex-
ible and should be part of the everyday thinking process. As the situation evalves, decisions
may also need to be changed. For instance, a step in the process may temporarily need to
be considered as a critical control point (CCP) until there is enough assurance that the risks
are adequately under control. Or, the frequency of the verification of a supplier's products
could be modified as the supplier confidence increases

Second, maintenance of a HACCP plan is as important as its development and imple-
mentation. Each time a factor related to food producti e.g. supplier, an ingredient, the
process, the equipment, target consumer, etc, is changed, the consequence of this change on
the hazard analysis needs to be considered and if necessary the HACCP plan needs to be
changed.

Similarly, when new information becomes available, for instance when authorities com-
municale an alert aboul a new hazard or when verification data (e.g. pathogen monitor-
ing, consumer complaints, raw material monitoring, audit reports of suppliers, industry
information, etc.) indicate a new threat, such information should prompt the HACCP team
to revisit their study and evaluate the adequacy of their measures. For instance, if verifi-
cation data (e.g. audit report of the supplier) or raw material monitoring indicate that the
supplier’s food safety assurance is inadequate, this may necessitate a change of supplier or
increased frequency of verification of the supplier’s products.

Documentation and Record Keeping are not Bureaucratic Work

Documentation and records play a pivotal role in food ,r,.afgty as they are an important
and effective means of communication. They allow communication with other colleagues or
provide evidence to customers or regulatory authorities on how food safety is pianm_rd and
implemented and on what the bases for decisions are. Documentation can play an impor-
tant role in maintaining the HACCP plan, ie. reviewing and if necessary revising decisions,
providing evidence that appropriate measures have been taken in times of problems.

However, the value of the documentation lies in the quality and quantity of informa-
tion that it contains. If the information is superficial or not adequate, the documentation
becomes more a bureaucratic work than a tool for communication.

Il FOOD SAFETY ASSURANCE SYSTEMS



878 31 HACCP MISCONCEPTIONS

In case of incidents, HACCP records provide evidence that the appropriate actions have
been taken and facilitate the investigation of the causes of problems.

HACCP does not Work if there is no CCP during the Food Chain from
Farm to Fork

A fundamental principle of HACCP is to identify significant hazards and control
measure(s) that are essential to eliminate or reduce the hazards to acceptable levels, Where
such a control measurels) is not in place, it is important to modify the production process
and/er its conditions (e, labeling or providing information on the 5wr.1,ge_cundllwns or
instruction of use). In many instances (particularly in the case of raw I‘oodsj_. significant h_a.z-
ards are identified, but there is no CCP during the food chain at which point the reduction
of the hazard 1o an acceptable level can be achieved and no modification Is,_ur can be, mndlu
to the food chain. For example, the CCP for hamburgers is at the pn.‘p:lr_atlur! step, u-ml- is
no real CCP at the slaughterhouse or meat plant level. Unless the meat is irradiated, cooking
of hamburgers by consumers must become a CCP and consumers should be imperatively
and adequately informed about their role. In these cases, if it is not acceptable to have a CcCcP
it consumer level, the application of HACCP per se will not make food safe.

HACCP is not only Qualitative

There is a general misconception that the decisions taken within HACCP studies are
qualitative. Hﬁw«. during the hazard analysis, the likelihood (possible, probable or
likely) of contamination with a chemical contaminant, survival or growith of an organism or
production of toxin and the magnitude of these evenis can also be estimated. Muru._ww, the

iency of control has to be d ined, Le. how effectively a processing step
can eliminate or reduce a pathogen to an uu-plnbk- level (evaluated in terms of log reduc-
tion), or what the extent of microbial growth will be during the shelf-life of a product under
Biven conditions.
These

pls are lly addressed under the principle of validation of the control
measures (CAC, 2008) and should not be mistaken for the concept of microbial risk asscss-
ment. The latter, recommended in the framework of Codex Alimentarius as one of the three
elements of “risk analysis,” is a governmental activity with the aim of integrating scientific
facts into the dedision-making process.

COMMON ERRORS OR SHORTCOMINGS IN THE APPLICATION OF
HACCP

There are also a number of systematic weaknesses in the application of HACCF. The root
cause of many major or international incidents can be attributed to these errors or short-
comings. Table 32 1 shows a variety of well-known food safety incidents and outbreaks and
considers the likely errors and shortcomings in the application of HACCP and food safety
management systems.

1l FOODSAFETY ASSURANCE SYSTEMS
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TABLE 32.1 Some Examples of Food Safety Incidents and Presumed Weaknesses in the Application of
HACCP that Led to the Incident

See Cammon Ermors
and Shortcomings
Year  Place Incident Likely HACCPFSMS Weakness Section Mumber
1993 Germany Salmmella in paprika Maintenance of the HACCP plan. ie. 13
chips Change in supplier and shorteomings in
the control of the raw material
194 USA in Sh i the scope of the HACCP 2,7
and licatis isi
{i.e. lack of dedicated transpart, and poor
GHIy
1996 UK Salmanella, cheddar Weal in the valid: i 1l zn
checse measures, o cormoctive action, lack of
golH peindiph
2000 Japan 5, ureus with milk Weaknisss in the hazard analysis, lack 167.1,1213
products of knmwledge reganding risk, lack of
P i for raw milk during
power failure, non-valid corrective
actions, inadequale commumication
during incident
A2 Eumpe Recall of honey due lo VWeakness in the hazard analysis and 1,6
C i verification of suppt
202 Norway S, wierens in ice eream Poar implementation of 612
programimes (e failure in the
maintenance of the dispenaing machine,
cleaning and disinfection of the system,
and the pasteurization of ice-cream mix).
Poar verification and validation of
conirol measures at the customer.
Weakness im the scope of the HACCT
202 Denmark Reall of spoiled baby — CCP was ot manitored corectly %1
food poorly sterilued Corrective achions were not vahd
[products released in spite of CCP
violation)
NG Germany Thiamine and Infant Error 1 the validation of the composition 12
formuls and weakniss in the verification of the
product composition before its release
2005 Inbernaticnal Il nb Wieak: i the hazard analysis and 16,12
(17X} From ink of verification
packaging
200 International

Berzene and softdrinks  Weakness in the hazard analysis,
venification and maintenance of fhe
HACCE plan

16,12
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TABLE 30,1 (Continued)

See Common Errors
and Shortcomings
Jent - Flmes Incident Likely HACCR/FSMS Weakness Section Number
208 USA Safweonells and chicken in the contrul 2,612
pie [eemmunication with consumers on the
microwave heating of products)
06 UK s inchocnlate  Weaknesses in seprograms,  1,5,6,7,11
lack of knawledge and technical
expertise, poor communication
07 Europe  Sunflowerod Weslanoss in hazand analysis. 1.6,12,13
inated with { HACCP plan and
mineral il ex-Ukrame  verification (monitoring suppliers)
007 USA Selmorella in pesnut Substantial weaknesses in prevequisite 6,12
Sutier programs
WM USA Sobmmedio  pomenst, . Eubtmntial i 57
i programs, inadequale segregation
between raw and ruasted prantis.
204 China Melamine in infant Weakness in the hazard analysis, 1,2,6,13
farmulat maindenance of the HACCT and lailu
In verification, inadeuate raw material
safety comtral; lack of knowledge of
Pl
24 2 criminal offence it s possible that
those involved may have gone ahead
anyway)
ol Eli 057 incookie  Weakness in the hazard analysis of the 2,612
dough raw material and comyumer prractices and
validation of control measires (silety
Enstructions o consimers)
1,212

M Germany, Enteraggrezative £ olf Weakness in prerequisite programs and
France OIOLHE and femugreek  verification of suppliens

x A inctdenl vvrh melaine, pY ™ i the Lsited Shates @ ressl? of contaminated bt
o s, = e 2007 i the Uwated States @ resnlt of
hutem vpurted from Chi e forst pcewernd i

1. Expertise. The success of a HACCP study and resulting plan depends on the expertise
empiayed. A HACCT study is a task mql{iring both s;‘_ngH fic and technical expertise
(agronomy, velerinary science, food safety microbiology and chemistry, engineering and
technology, consumer knowledge) and operational information and experience. When
there is o access to such experts on site, the HACCP study can be reviewed by relevant

experts,
2 Past record of safety, Analysis of foodborne disease oulbreaks and incidents, even certain

£hee bl 'nl.‘d Wwhich a priori may seem unpredictable, are often repetition of previous
events and in most cases preventable if they were better examined and taken into
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account in HACCP studies. Therefore during a hazard analysis, data on the past record
of the safety of the product, including any incident, case report of illness or outbreaks,
epidemiclogical data on the event and its root causes need to be considered,

Farm to fork approach. Although the importance of an integrated approach to food
safety and consideration of all steps from farm to fork has been stressed time and again
in recent years, nevertheless, frequently HACCP plans are developed without fully
considering this principle, For instance, HACCP plans are developed without fully
censidering the supplier food safety assurance, and subsequently, hazards that may be
present in the raw material are overlooked.

Similarly, those steps following manufacturing are frequently omitted during HACCP
studies, for example hazards that may occur during transport, distribution and most
importantly during preparation by For certain types of products, factors
such as the conditions for storage of the product during distribution, target customer/
consumer or the potential mishandling of the product may be crucial for designing
safety, including the necessity for providing information on the safe use of the product.
Shortcomings in the application of this point have been the source of numerous reported
incidents: salmonellosis and chicken pie in 2006, E. coli infection and cookie dough 2008,

The implication of this principle is that as far as feasible, one should investigate and
understand:

a. The source, arigin, conditions of production of raw materials and ingredients;
b. Conditions of transport and distribution; and
¢ Handling, storage and preparation practices by s and customers.

This insight is essential for determining what control measures (including labeling
and handling instructions) need to be considered outside the factory, e.g. at the supplier,
transport, distribution and consumer /customer levels. Based on these, we should then
define and communicate the:

a, requirements to suppliers;
b. expectations (o transporters and distributors; and provide
c. validated instructions for safe preparation and handling of products to caterers and

CONSUMErs,

Flow diagram. Very often, low diagrams used for the HACCP study do not reflect the
real processing and manufacturing conditions of the product. Lack of accuracy and detail
may seriously jeopardize the quality of the HACCP study and the validity of decisions.
Product description. Validity of hazard analysis relies on the precision with which
various aspects of the product are described, e.g. the raw ingredients and their source,
the supplier assurance system (e.g. availability of an audit report), manufacturing steps
and conditions, description of packaging and other auxiliary products, potential use or
abuse by target consumers. Too often these descriptions are not detailed enough to allow
an in-depth hazard analysis. In absence of such information, important hazards may be
missed during hazard analysis.

Consideration of circulation of air and water and employee traffic. When conducting
the HACCP study, the flow diagram is often limited to the product. It is important

also to consider how the eirculation of water and air and employee traffic (or zoning)
can impact on the safety of the product. In this context, all building or reconstruction
activities should also be considered as they may often lead to increased contamination

. FOOD SAFETY ASSURANCE SYSTEMS



882 31 HALCT MISCONCEFTIONS

of the environment with pathogens, as well as foreign materials. For these reasons it is
useful also to consider site layout diagrams and to spend time observing the operation in
practice.

. Hazard analysis. Hazard analysis is a process of describing and evaluating potential

hazards. Very often hazards are described in general terms, e.g. “microbiological
hazard” instead of specifying Salnonell, 5. aurcus, hepatitis A virus, etc. Although such
an approach may in some cases be practical, it is often misleading and in regard to
microbiological hazards, it may even be dangerous. The reason is that microorganisms
differ in their behavior, ecology and control measures. For instance, the ecology and thus
control measure for 5. aureus is much different than that for Safwonelly or viruses. Thus,
tinless organisms share similar ecology and epidemiology, as far as possible they should
be considered specifically. Similarly, chemical contaminants should be clearly defined so
that valid safety limits and methods of testing can be identified.

Similarly, control measures must also be defined and detailed as much as possible. For
instance, instead of stating good hygiene practice (GHF), it should specify washing, dis-
infecting and drying hands or hand hygiene.

The hazard analysis must include an evaluation of likelihood of oceurrence and sever-
ity of effect of each hazard identified. This allows the identification of the significant haz-
ards (see also point 8 below), which must be controlled for the food o be safe. Companics
who do not take the time to do a thorough evaluation often struggle with establishment
of the correct CCPs for the process concerned and their accompanying control and moni-
toring procedures.

As mentioned before, hazard analysis must also be carried out taking into considera-
tion the status and effectiveness of prerequisite activities, e.g. GME, supplier quality
assurance (review of the supplier audit report, ensuring that the audit has addressed the
concem considered in the hazard analysis). -

The hazard analysis should also take into consideration relevant historical informa-
tiom, such as the previous safety record of a product or its ingredients or previous food
safety incidents involving similar products and processes.

- CCPs ot just good manufacturing practices, One of the major difficultics in HACCP is
the differentiation or understanding of whal is at a certain production step GMI” and
what isa CCP. Sometimes, operators have reported that a step, which is considered as a
GMP: cannot be a CCP,

To explain this, we need to go back to the time before HACCT. Food safety in the food
Processing and manufacturing industry was ensured through a number of measures
relferned to as good manufacturing meﬁm; (GMP). Some processing operations, today
:e!'u—mi 10 as control measures, such as heat t t{es p ization), were then
considered a good manufacturing practice. Thus, what in the past was referred to as GMP
in HACCP termis wlogy may today be referred to as control measires.

_ I the context of HACCE, some of these control measures (ar GMP), which play a
significant role in controlling a specific hazard, received higher weight and the step at
which the control measure is applied is thus now considered a CCP (Figure 32.3). In
other words, a hazard analysis can actually permit to identify which good manufactur-
Ing practices are of direct relevance to food safety and if there is any additional measure
which should be considered as part of GMP or with today’s terminology prerequisites

=
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FIGURE 32.3 Srhumtlc Illmlnnm o nplnn that dlﬂlxlm measures implemented as part of food safety

e

system are and need to b dered as part of the HACCT study.

programs. Therefore the question of CCI® or GMP is a wrong question as both are interre-
lated. With the HACCP system we can strengthen the GMP to cover food safety concerns
and also identify those GMP practices that are of importance for a close surveillance. This
thinking process has been the basis for developing HACCP-based codes of practices for
the small and developing businesses,
bel"art of this confusion comes from mistaking the term CCF for control measures (see

low).
Meaning of lerms: significant hazards, CCP's and monitoring. Lack of understanding or
inconsistent use of terms often leads to confusion. Frequently, the term significant hazard
is confused with CCP (e.g. aflatoxin is referred to as a CCP) or a control measure is taken
for a CCP. This confusion also contributes to misconceptions mentioned above in relation
to GMP versus control measure or CCP,

‘To be crystal clear: a CCP is a step in the food operation whi a control
is an intervention specifically designed to prevent, reduce or eliminate the hazard. To
differentiate these two concepts, s CCP is usually a step in the flow diagram of the food
production, while for the control measure this is not always the case, For instance, CIP of
an installation is a control mensure to eliminate the risk of contamination of food, but does
not enter in the process of food production itself and is thus not a step or CCF. This does
not preclude the fact that the processing step at which the CIP is applied can be a control
measure and that the CII” is mentioned as a comment on the flow diagram.

It has also been experienced that some important steps in the operation have not been
considered as CCPs on the grounds that they cannot be monitored “continuously” or
a physical measurement method is not available. It is certainly much belter to measure
control parameters in an objective manner, e.g. using a temperature recorder. However, a
lack of such methods for monitoring should not be a reason for not considering a step in
the process as CCI. If control at that step is important and that visual/off-line control can
be effective in detecting deviations from acceptability, then the step can be considered as
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CCP. The concupt of continuity is also misund, d. The recording of a parameter lead-
ing to a line between iwo measurements is often mistaken for the concept of continuity.
Monitoring a CCP should be carried out with specific and predetermined frequency. This
may be every second, hour, day or defined moments as applicable‘ However, this has to
i"::ﬂ-'ul-ldl that if a deviation is observed and critical limits are violated, the corrective
actions can be implemented in a timely manner before the product is released.

10. Significance of CCPs. As stated above, CCPs are steps in the food production that nist
be under control to produce a safe product. For each CCP critical limits are established
to define the parameters that must be achieved to ensure safety. As such these limits
define the acceptability or unacceptability of a product or a process. For food safety,
CCPs and their associated critical limits are the most important steps and aspects of
the operation. Wiere a critical control point is violated, the product miust be considered as
potentially unsafe,

Therefore it is extremely important that:
3. These steps are identified and controlled correctly, i.e. all parameters need to
be fqﬂlmﬂt‘d and identified and that the critical limits are validated, including
:’?'“’_dm“uﬂ of any regulatory requirement.
b. loring of provid that the control measures(s) are correctly
implemented and are within the defined critical limits. Therefore:
= The monitoring of CCPs must be carried out under the responsibility of trusted
and well-trained operators.
- Responsibility and the c
ated o r i
the event of a CCP failure.

Methods and procedures used for monitoring, be it a physical measurement,

_""“"J inspection or chemical analysis, must be up to date, and valid for the

intended use (including sampling and sensitivity of method).

Microbial testing is verification and is generally not suitable for CCP testing. An

]! of failures of CCPs must be clearly
luding the corrective actions that must be taken in

exception is for the release of certain high-risk raw materials;
i quipm and ials used for itoring must function cornectly, be well
maintained and calibrated. The freq y of itoring must be set so as (o

ensure that if there is a deviation, corrective action is applied in time to corroct the
IP;:?:'M during production and /o to assure that unsafe product does not leave
ory.
5 M;mi:::"m ?r CCP monitering are part of release criteria.
b takien g o CF-T'- When establishing a monitoring procedure for a CCF, care should
to identify all the parameters that will impact the efficiency of the control
;“;::Ilﬂ‘écFor instance, it is frequently observed that at the pasteurization step, which is
Wi[prnd' n[;’ W!"' the temperature is monitored and the residence ime is ignored. Or for
£ sintection, only residual chlorine is considered and other factors such as contact
hchP:':;‘ Water and turbidity, which impact on the chlorination efficiency, are not

12. Coerective actions, While itis 0 good practice that in times of problems the operator

m“:::!ih his superior, il is nevertheless essential that corrective actions needed to restore
control be clearly and precisely defined in the HACCP study: For instance, it should
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be stated “reheating the product” or “sieving the product” rather than “call the QA or
production manager.”

Also, the procedures for blocking and eventually reworking or disposing of products

that have not met safety or quality criteria should be carefully examined to prevent or
minimize the possibility of any human error or accidental release. The efficacy of the
corrective actions applied must be validated.

Effectiveness of HACCP cannot be ensured without validation and verification.
One of the greatest weaknesses in the application of HACCE has been that very little
attention has been given to validation and verification activities.

Validation. A HACCP study whose elements are not valid will have limited benefits,
Validation brings assurance in the design of the food safety assurance system. In
absence of validation, there is no assurance that control measures will be effective in
ensuring food safety and the HACCP studies may indeed become a paper exercise,
Validation consists of proving evidence and documenting that the elements of the
HACCP are effective and for have a scientific and technical basis. It should include:

= Identifi 1and evaluation of hazards

- Effecti of cantrol (including corrective actions)
- Correctness of CCPs

= Critical limits

- CCIF monitoring

= Corrective action
- Suitability of verification activities

Validation does not necessarily require an experimental approach or complicated
tests (such as challenge tests) but may simply consist of confirming consistency with
regulatory requirements, examining scientific literature, consulting experts, provid-
ing historical data and so on to substantiate the elements of the HACCP plan.
Verification. An equally important principle of HACCP that is sometimes overlooked
or carried out independently from HACCP is verification. Verification is the
application of methods, procedures, tests and other evaluations, in addition to
monitoring at CCPs to determine compliance with the HACCP plan. Verification
provides confirmation that HACCP is implemented according to the plan, and is
effective. Verification includes activities such as:

- Environmental monitoring

Pathogen monitoring

- End-product testing

Raw material testing for chemical contaminants

= Audit of the factory and its food safety management systems
- Calibration of equipment

- Consumer complaints monitorin

These activities, even if not part of the release procedures are essential to ensure
that preventive measures are implemented correctly.

Therefore, data collected through verification activities should be carefully exam-
ined and analyzed in terms of compliance and trends, Where a deviation from
acceptable conditions is observed or the trend indicates an abnormal situation, impli-
cations for product safety should be evaluated, an investigation should be carried out
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as to the root cause of the problem, and the situation should be corrected. The cause

may be failure in implementation or shortcomings in validation.

14. Maintenance. Maintenance of a HACCP is a means for addressing management of
change. The environment and conditions under which food is produced is constantly
changing. Examples of changes are:

a. Emergence of new hazards and/or new information about existing hazards, e.g.
knowledge about outbreaks in a sector of the food chain.

b. Changes in the regulatory requirements.

. Changes in the i ded use of the product and/or ¢

d. Change and differences in the climatic conditions (where the raw material is

produced and where the final product is transported and consumed).

e. Change in the country where the product is to be exported to leading toa number of
other changes as mentioned above.

£ Changes in the source of the raw material.

g Changes in practices at the supplier.

h. Changes in recipe, process or equipment.

i. Changes in the factory environment, e g. reconstructions, change of persannel.

To ensure that the hazard analysis and control measures remnain valid, it is important
that each time a change is reported, the HACCP study is reviewed and the validation
of control measures, critical limits, monitoring procedures, corrective action and veri-
fication procedures are reconfirmed. This means that each change should prompt a
reflection on possible consequences for food safety and the need for amending existing
control measures of setting up new measures.

Review of the HACCP study does not necessarily mean an immediate and full revi-
sion of the HACCP study and associated plan. In many cases, it can be simply a note to
document that:

a. The change in question has been considered and control measures have been modified
as follows, or
b. It has been concluded that the change did notimpact on food safety on the following

]
S

Erou
The various notes can be consolidated during the annual review of the HACCT study:
15, Different (Modular) HACCP plans, Often, due to the complexity of the production, it
is easier to develop different HACCP plans for different parts of the production. This is
usually known as Modular HACCTP plans as the process is split into “process modules”
and HACCP principles are applied to each one. Tt is important 1o ensure that a proper
limk between the different HACCP plans exists and that errors do not occur as a result of
this practice, e.g. skipping a step, omitting certain hazards.

CONCLUSIONS

The advance of HACCP has had a significant and positive impact on the managemen of
food safety. However, to fully benefit from the advantages of HACCP, a proper understand-
ing, application and true commitment is needed.
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Some of the major shortcomings in the design and implementation of the HACCP plans
have been:

Lack of experience and expertise in the design of the HACCP plan.

Ignoring previous records of safety of the product, e.g. incidents associated with the

products.

Failing to ider the regulatory or ¢ requirements.

Overlooking implications of practices upstream, i.e. at the suppliers, or downstream

(transport, distribution, handling and preparation).

Gaps in the validation of the hazard identification and control measures and taking into

consideration the state of prerequisites programs.

Shortcomings in the review of the verification data (e.g. pathogen and environmental

maonitoring of food production premises) or end-product testing.

* Shortcomings in the maintenance of the HACCP plan in the light of verification data or
changes.

It must be reiterated that HACCP is not a panacea to all problems and it is not a magic
wand. It is a tool, among many others, to manage and enhance food safety. Its effectiveness
in eliminating or reducing hazards to an acceptable level depends on how it is used.
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INTRODUCTION

 Microbiological testing programs play an important role in the verification of the effec-
tiveness of control measures for many food products. Such programs may include meni-
toring! of the production environment and processing equipment, and testing of raw
materials” in-process and finished produets. The relevance and application of testing pro-
grams depend upon the design of the product and process, the hygienic status of the pro-
cessing environment and the availability of other verification information about a product
lot, Microorganisms are often distributed ur ly in foodstuffs and the Pmctic.'llily and
economics of sampling make product testing incflective as control measures. Likewise,
environmental monitoring provides a snapshot of the hygienic status of the environment or
processing equipment at the time and locations that samples were taken. Product and envi-
ronmental testing are lagging indicators of hygienie failures as they do not directly control
“‘,"' root conditions that lead to contamination. As such, they are most effective when used
within a system of risk-based preventive controls, such as HACCPE, hygienic zoning and
other prerequisite programs, and when they work together with other verification activities
A assess the condition of the food safety system.

Microbiological testing may also be used to support the design and validation of con-
trol measures in a food safety management system. Testing may be used to determine ini-
tial ‘microbial levels on raw materials or in-process product prior o the application of
A microbiocidal process in order to establish the level of reduction required. Testing may
£ls be m‘dm to determine the surviving levels of target microorganisms in a foodstuff
Iﬂc.“ microbiocidal process is applied in order to confirm that the desired reductions ane
M- It is aften difficult to obtain quantitative information on the levels of pathogens
present in a foodstuff prior to processing as levels of these organisms are often low a nd une-
venly distributed, and information in verification testing programs and other surveys arc
based on analysis of presence or absence of the target organism, providing little information

1 - A
v::ﬁm manisoring” is ued in this chapter b indicate the use of testing of preducts of the environment in
i programs. This is different from the use of the term “menitonng” in HACCT studics, which is the
e duning g 40 ensure that a critical control point is within established critical Limits
(Chapter 31,
':: term “raw mal_rndh‘in this ehapter refers to raw agricultural products, processed ingredients and
contact packaging materials used in the manufacture of food products
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on population levels (ILSI Europe, 2010; Jongenberger et al., 2012a,b). Where quantitative
data are available for indicator organisms, it may be possible to extrapolate these data to
estimate worst-case initial loads of the target pathogen. Most often validation studies are
conducted using samples artificially inoculated with levels of target organisms sufficient
to determine the reduction achievable by the process. Strains used in such studies are rep-
resentative of those of concern in the foodstuff and are pre-conditioned to most closely
approximate their physiological state prior to processing. Regulatory and industry reviews
provide additional guidance on the use and application of microbiological testing in valida-
tion (ICMSE, 2011; NACMCE, 2006, 2010; Codex Alimentarius Commission, 2008b; Swanson
etal, 2000; Zwietering et al., 2010).

The remainder of this chapter will focus on the use of microbiological testing as verifi-
cation in food safety management systems. The role of environmental, raw material and
finished product monitoring programs will be discussed as well as approaches to their
development and implementation.

WHEN ARE MICROBIOLOGICAL TESTING PROGRAMS USEFUL FOR
VERIFICATION?

Due to their cost and complexity, microbiological testing programs are only applied
when they can provide relevant information about a product and process. Understanding
the appropriate application of microbiological testing requires an understanding of the
significance of microbial levels at various points in the process. The contnbution of prod-
uct, process and environmental factors to the ability to achieve the required microbiologi-
cal limits in manufactured products is described in a conceptual equation developed by the
Intermational Commission on Microbiological Specifications for Foods (ICMSF). This equa-
tion illustrates the impact of various factors on the ability to manufacture product that does
not exceed a food salety objective (FS0) or performance objective (PO; Codex Alimentarius
Commission, 2000, 2008b; ICMSE, 2002; Stringer, 2004; Van Schothorst, 2009; Motarjemi
o Moy, in pross):

Hy — ER + Bl , e, = PO/FSO

An P50 is the maximum frequency and /or concentration of a microbiological hazard in
the foodstuff at the time of consumption necessary to achicve a public health objective such
as an appropriate level of protection (ALOP). This is established by regulatory authorities as
part of their risk management activities. Regulators may also define a PO, i.e. the maximum
frequency and/or concentration of a hazard in a food at a specified step in the food chain
before the time of consumption, in order to meet an FSO (Figure 33.1). Likewise a perfor-
mance criterion (PC) may be established to communicate the required outcome for a con-
trol measure or series of control measures, such as microbiocidal or microbiostatic controls
(Codex Alimentarius Commission, 2007b, 2008b; ICMSF, 2002, 2011),

A PO or PC may also be developed by the manufacturer based upon an established FS0,
where one exists, or based upon the levels of relevant microbiological hazards necessary for
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Performance
. Perfarmance. Performance Food safsty
objective Process f et
T l Plo PO d#FSG“
[Proces | [Prooess ] Paskaqing || [Transport ] [Retai | [Preparation] [Consumpten]
I
‘chlarion Hiplrinies critorion criterion
(Spacification)
FIGURE 33.1 The role of food safety objectives, per chjectives and biolugical criteria in food

safety management fadaptod from Gorris, 5 Codra i miarmies Connaissian, 200748,

product safety as determined in the HACCP study. The ability to produce a product that is
equal to or below the PO is based upon the initial microbial levels in raw materials (Hg), the
presence of conditions that could increase microbial levels during storage and processing
(Elg}, the presence of conditions that could lead to the recontamination of the product or
raw materials from equipment or the factory environment (Elgc) and the microbial reduc-
tion achieved as a resull of process controls (ER). Such an understanding of the contribution
and inlerrelatedness of factors affecting microbiological quality and safety can assist those

developing a product or process o determine the appropriate combination of control meas-
used to determine the application and nature

ures to ensure product safety. It can also be
of the correspandi itoring progy necessary to verify the effectiveness of these
controls.

Examples of the application of microbiological monitoring programs for the verilication
of various products are provided in Table 33.1. Testing may be useful to verify the hygienic
status of raw materials that are not subject to a lethal process, either in a dry mix or assembly
operation, or where they ane added after the application of a lethal process, Testing may also
be useful for raw materials that are exposed to conditions that would allow the outgrowth of
microonganisms to levels greater than that which the applied processes are capable of inacti-
valing. T_nsthgis“ lly y for raw ials that will be subjected to a process
that will inactivate the levels of pathogens or spoilage organisms present in the raw materials

Environmental manitoring may be necessary to verify the application of environmental
qmtrulslwhcrz raw malerials, in-process or finished products are exposed to the produc-
tion ¢ without a subseq microbiocidal step. Such monitoring may not be rel-
evant !'ur products that are enclosed during processing and packaging unless the hygienic
mditu_un of the environment where the finished product is handled may have an impact
on llll? ingress of microorganisms (for example, contact with cooling water or poor hygienic
handling of retorted products prior to cooling).
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TABLE 33.1 Examples of Testing Applicd to Products and Process Conrols

Manitaring Program
Product Type Applied Parameters Evaluated  Loeation and Frequency
Dy mix product or Raw matenal Relevant pathogen Depends upon raw material risk; for
aother product assembled and hygienic indieator  example, testing of each lot of high
without further organisms risk material by supplice and for
mmucrobiocidal process receiving factory

Environment Relevant pathogen Areas where raw materials are
and hygienic indicator  handled and product is exposed
organisms prior io packaging, Weoekly

sampling which may invalve
rotation of sites.

Fineshed produsct Relevant For new processing lines or where
and hygicnic indicator  there is evidenee ol a hygienic
orgal cancern for the product and process.

Teriodic testing according to risk
Products receiving a Raw material Relovant pathogen For raw materials added after the
micmbiocidal process and and hygienic indicator  thermal prcess, Depends upon raw
expased to the environment organisms malenal risk; for example, lesting
alter processing and prior of each lot of high risk material by
to packaging supplicr and for receiving factory

Envitanment Relevant pathogen Equiprvent and environment
and hygienic indicator  where products are exposed post-

i f e facw betvoven raw
and eouked material handling areas

Finished prod; Relevant pathags For new g lines or whene
andd hygienic indicator  there is evidence of 2 hygienic

i ok i vonliact s
Periodic testing acoording to risk
Products that are inpack  Finished product Total plate count and  Bach lot to establish history of
pasteurized total colif total  perf guing frog
Entervbacteriaceae thased upon risk
Hot-filled products Finished product Total plate count Each lot to establish history of
and ot mald and yeast angeing [requency
(foe high-acid products) based upon risk
Troduet processed for Fanished product Incubation testng Representative samples from
commercial sterility and each production line, includes
aseptically packapged samples From each (iller head and
samples broen events that could
affect hygiene {start-up, sioppage,
maintenance)
Low-acid products Finished product Incubation testing A small number of representative:
commercially sterilized samphes from each lot, includes
in hermetically sealed events {Mark-up, soppage,
containers mainenance)

tAdopted from GALA 2
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A finished product testing program may have a role in verifying the overall function-
ing of preventive control measures for products that rely on various supplicr, production
and environmental controls, such as products blended or assembled without a suhsfqugnl
lethality control measure, or products exposed to the environment following the application
of a microbiocidal process. A finished product testing program is less relevant for products
that receive a process in the final package, but may play a role in verifying the n_ppllcn_tlnq of
a thermal process, evaluating the functioning of a production line over time or investigating
potential process failures. _

Details on the application of raw ial, envi tal and finished produict monitor-
ing programs are discussed in subsequent sections of this chapter.

PREREQUISITES TO THE DEVELOPMENT AND IMPLEMENTATION
OF MICROBIOLOGICAL TESTING PROGRAMS

ng programs are developed and
hat identify and establish appro-

_ Effective product testing and environmental monitori
umplemented only after the implementation of programs t
priate preventive controls:

* Hazard analysis and critical control point system;

* Hygienic design of equipment and processing environment;

* Hygienic zoning controls to prevent entry, harborage and growth of pathogens;
* Awell-designed raw malerial selection and verification program;

* Personnel training to ensure that control measures are applied correctly.

Microbiological testing is of limited value in the absence of such preventive controls;
however, microbiological testing and monitoring programs can be effective tools for verifi-
cation when they are based upon a thorough understanding of the product and process as
determined in these programs.

Requirements of Regulatory Agencies and Customers

Finished product requirements may be defined in customer specifications or in regula-
tory requirements, Regulatory requirements may be expressed as FSOs at the point of con-
sumption or as POs for the finished product after production or for product on the mﬂlkmj
(see Chapler 31). Often, requirements are expressed indirectly as within-lot microbiologi-
cal criteria for Jot acceptance, increasingly following the format developed by ICMSF and
adopted by the Codex Alimentarius Commission (Figure 33 1). For some products, betweeen-
lot criteria are established as an ongoing assessment of process control (ICMSE, 2002; Codex
Alimentarius Commissian, 1997). Some regulatory bodies have systematically established
microbivlogical eriteria for relevant eategorics of ready-to-eat products (e Canada,
European Union, Hong Kong). Other regulatary bodies have developed criteria for fin-
ished products or raw malerials as needed based upon an identified risk or in response to
the occurrence of public health incidents or a specific public health concern (NRC, 2003).
Where such criteria exist they can be used to determine the appropriate design of products
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and process controls necessary to meet these criteria, and the testing programs necessary
to ensure that the criteria are consistently met. Microbiological criteria should not be mis-
taken with FSO or PO. The former define the acceptability or unacceptability of products
(in or out), the latter is used for designing the control measures, defining the expected /
desired performance in verification programs and establishing expectations in contractual
agreements,

In many cases there are no criteria specified for a product in regulation or in customer
requirements; instead there is a general requirement for the producer to manufacture safe
products. It is therefore the producer’s responsibility to determine the necessary PO, PC,
microbiological criteria and supporting verification programs for raw materials, processing
environments and finished products. For some products, industry guidance has been devel-
oped to support manufacturers in the development of appropriate product and process cri-
teria (Chen et al., 2009, b; GMA, 2010; MAF/NZ, 2011; NFI/NFPA, 2002; Scott et al., 2009).

Hazard Analysis and Critical Control Point Study

Microorganisms of concern for the product and process are identified in the hazard anal-
ysis conducted as part of the HACCP study. The study will identify at what point in the
process microorganisms will be introduced or multiply and will identify the type and loca-
tion of control measures necessary to ensure the hazards are controlled. This will be based
upon an understanding of the microbiology of raw materials, the effect of processes applied
during manufacture, the exposure of the product or raw material during processing and
after the application of a microbiocidal process, the behavior of the pathogen in the prod-
uct (survival, growth, inactivation) and the impact of consumer preparation and reasonably
expecied misuse. The HACCT study will also identify the p | including
logical monitoring, that are necessary to verify the ongoing functioning of the preventive
controls for the identified hazards.

The HACCP study is focused on microorganisms of food safely concem; however,
information from the study can also be used to evaluate the impact of product attributes,

handling and distribution conditions on product spoilage and thus the relevance of non-
pathogenic spoilage organisms in testing programs.

Zoning of the Factory Envir and Hygienic Design of Equipment

Hygienic zoning is the separation of factory areas based upon the risk of product con-
tamination and the corresponding hyvgienic and preventive controls necessary to ensure
that cross-contamination of products and raw materials does not occur (Duffy et al., 2003;
Halah, 2005; Scott et al., 2009). Such controls may include physical barriers, cleaning, prac-
tices, restrictions on the control of the movement of people, materials and equipment, man-
agement of tools, air flow and personnel practices required for each area and for movement
between areas. Control measures include those specific to the area as well as those neces-
sary at the entry to or transition between zones, for example bebween areas that must be
dry cleaned and areas that are wet cleaned, or between arcas where unprocessed, highly
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contaminated materials are handled and where products are handled that have received a
microbiocidal process, or where raw materials are handled that will be used in a process
without application of a microbiocidal process.

Zoning studies consider product design, process flow, equipment design, exposun of
raw materials and product before and after microbiocidal processes, movement of people,
materials, equipment and waste, air and utilities flow, prior history of the product type and
processing facility, The studies identify sensitive areas of the process (e.g. areas where prod-
uct is exposed to the environment), high risk areas and activities (handling of highly con-
taminated material such as raw meat, maintenance activities, management n!’_wasltl and
factors that could lead to cross-contamination into sensitive areas. Good hygienic practices,

and logistical control are identified including cleaning and sanitation
practices necessary to ensure protection of the product from co ination. Areas of the fac-
tory are classified ling to the required hygienic ¢ Is (Table 33.2). =

The most stringent controls may be needed at the interface between high risk activi-
ties and areas of the factory where in, of pathogens into processing areas can oecur
(through personnel or other activities), for example:

¥ hait e with Sall Ila from other
B

* Toprotect arvas that must be kept dry to p
arcas of the factory that must be wet cdleaned;

* Toensure that pathogens present in materials where their presence is likely do “F"_“"""'
into production areas where product is exposed following a mlcrul:-l't)ci.dnl process;

* Toensure control of the environment where product is exposed that is intended for
sensitive populations; S f

* To ensure the application of hygienic controls is sufficient to prevent the contamination of
5:‘:;:19 chilled products with Listeria nonocytogenes that may grow during storage of

uct,

Sampling sites at such interfaces will be included in environmental monitoring programs
o wnh.'"" the effectiveness of control measures. )

S‘Pmﬁﬂ!lamplunfmning controls are available in regulatory and industry guidance on
the control of food borne pathogens (Chen et al,, 2009, Codex Alimentarius Commission,
20073, 20082, US FDA, 2008, USDA FSIS, 2012, GMA, 2010, 2012a; NFI/NFPA, 2002,
rNPpkfn et al, 1999). The outcome of zoning studies is often included in zoning maps,
which identify the hygienic classification of areas, and includes the movement of people,
;‘m:'l?' ?qillf'pmmg, waste and air. Such maps are valuable in identifying relevant sites to

n envi Ve

iny
A study of the hygienic design of l*q'ti;'m:nl and manufacturing environment will help
to identify where potuntial harborage points exist in the process. These include points
whete food or water can collect and /or which are difficult to clean. In many cases the iden-
h",“hm of such areas of concem in hygienic design and zoning studies, such as harberage
points ar hollow bodies in equipment or production areas or traffic patterns, will resull in
corructive actions to address the concern. Until these areas can be addressed they will be
under increased scruting in environmental monitoring programs.
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TABLE 33.2  Hypienic Zoning Classifi

ions and Sample Prioriti

Hygiene Zone Environmental
Classification Definitions Example Meoniterdng Sites®
High hygiene Area of factory where Infant formula dry mixing, Product contact
(high eare) products, raw materials packaging. surface /line/ Z1
or equipment highly Milk powder spray-dirving. 22/F
BeEnsihive bo contamination Post-oven handling/ 3T
are handled, processed or packaging of chilled RTE
stored Toods supporting the
ruwth of Listeria momocyfogesres.
Clean equipment and toals
storage for high hygiene
activities
Medium hygiene  Area whire products, raw Assembly, handling of Product contact
{mediu ] and equip are fmzen processed products. surface/line/Z1
exposed or stored and where Blending. molding of /T
they are senaitive i tami fectionery pmducts. 232
intended for thee consumer prior o packaging. Z4/T3
without elevated sensitivity; Dry blending aren for
‘where growth of microbvial SOUP mixes
pathogens is not possible in the Clean equipment and
supply chain toods storage for micliven
Ty giene activities,
Storage of rework,
in-process products
Basic/low hygiens  Arcas Where activitios will noi Starage of finished o
Hlaw care) result in the contamination of products. 23
products (for example, siorage of Sloeage area for raw
raw materials and linished products  materdal and ingg.
inenclosed packaging), or products  Storage of processing
or materials are handled prior 1o 8 equipment prior to
microbiocidal process. If movement  cleaning (ather than
of people, material, air and waler ane  those used in high risk
ot controlled, arca could become activitia),
& source of cross-contamination of Storage of cleaning
2 Storage of n-process
materialy of ingredients
i pezaled containens
High risk. Areas where materials are Handling and processing ZA/T3 (a8
handled with a high protability of raw meat and poultry, interlace between
ol comtamination with microbial unprucessed vegetables, m"“"f"’,
pathogens raw milk, raw cocon beans oquiprent, e,
and nuts, raw cereals
Nt zoned Arcas isolated from prodisction Officess, hanch oo, entry Investigation
nrtivities

Bubkry, change fooms

*Sor v site defimitionts, Tibe 350
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MICROBIOLOGICAL MONITORING OF THE FACTORY
ENVIRONMENT

Environmental monitoring programs are used as a verification of the effectiveness of con-
trol measures to prevent the ingress, harborage and multiplication of microbial pathogens in
the production environment, specifically:

» Effectiveness of cleaning and sanitation procedures;
» Effectiveness of environmental controls:

« Controls associated with hygienic zoning

* Muovement of people, equipment and materials

= Construction and mainienance activities h
* Identification of areas of ingress or harborage so that they can be eliminated;

* Investigation of the impact of adverse findings.

The application and design of environmental monitoring programs “"5|_1 depend upon
the risks associated with the product and process. For example, an evaluation may not be
needed of the processing areas for products that are processed in enclosed systems and
filled aseptically or hot-filled. Likewise, products that are processed in their final package
and are not exposed to the envi after p. ing may not require stringent smn'plmg
programs unless there is a risk of recontamination (for example, through micro-leaks in the
seams of cans during cooling following a thermal process). e :

While an environmental monitoring program can be a valuable verification tool, it only
provides a picture of the sites analyzed during the day samples are taken. However, when
evaluated along with other samples taken from a production line or process environment over
time, it can provide useful information regarding ongoing status or trends in hygienic control

Selection of Pathogens and Indicator Organisms

The pathogens that are the focus of the environmental monitoring programs will
be determined by the hazard analysis in the HACCP and zoning studies. Generally,
Salmonedla and Listeria manocylogenes are the pathogens of env ironmental concern,
although other pathogens may be included based upon product and risk {for example,
Cranobacter spp. in infant formula; Staphylococcus aureus or Bacillus cerens as investiga-
tive sampling in areas where outgrowth of the organism during processing is a concern)
Environmental monitoring programs include the pathogen of concern; however, the infre-
quent or sporadic distribution of these organisms often makes them difficult to detect,
even when they are present in the factory environment. A program focused solely on
the isolation of the target pathogen will enly identify a problem when it occurs and may
not identify early enough that conditions are or have been present that would also allow
the ingress or growth of the pathogen of concern. Because of this, effective environmen-
tal monitoring programs include hygienic indicators, selected according to their ability to
demonstrate the presence of conditions that would lead to the presence or growth of the
pathogen of concern.
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Processing Environments where Wet Cleaning is Conducted

Listeria monocylogenes is the primary environmental pathogen of concern in processing
environments where wet cleaning is used. The most eff indicator organi for the
presence of L. monocytogenes in the envi are other L. of the Listerin genus
(USDA FSIS, 2012; US FDA, 2008, 2013). Because they are very closely related to L. monocy-
togeries, the detection of non-monocutogenes members of the Listeria genus (Listeria spp.) indi-
cates that conditions exist that could also lead to the presence of L. monocyfogenes. Detection
of these indicators will initiate a root cause analysis and increased investigative testing of
equipment or the environment from which the isolation occurred to ensure that the root
cause is investigated. Recovery of Listeria spp. or L. monocylogenes from product contact sur-
faces or nearby areas on equipment or the environment may also initiate or intensify fin-
ished product testing to verify that the product is not affected.

Quantitative indicators, such as Enterobacteriaceae, coliforms or total plate counts,
may be useful for monitoring the effectiveness of cleaning and sanitation procedures or to
assess whether conditions exist that allow multiplication of microorganisms on or around
processing equipment. Because they are heat sensitive, Enterobacteriaceae and coliforms
are useful for the evaluation of the hygienic status of the processing line after a thermal

Total plate counts (TPC) may be used to monitor that conditions are present during
processing that could lead to the outgrowth of 5. aurcus or B. cerens. High TPC results
are foll 1 by investigative pling of 1 harborage sites in or on processing
equipment or holding containers (e.g. tanks, totes, mixers), where product and mois-
ture may be present that could lead to the growth of these organisms. Such testing is
usually conducted as an investigation of out-of-specification results from finished prod-
ucts. Because TPC is a quantitative hygiene indicator, expected baseline levels are estab-
lished through an analysis taken of clean surfaces when it is known that cleaning and
sanitation were effect Due to the broad variety of microorganisms that will be recov-
ered for TPC analysis, it is most effectively used for the evaluation of product contact

surfaces or nearby surfaces and is less useful for areas of the environment away from the
processing line,

The inclusion of mold and yeast may be useful in monitoring programs for the exposed-
product environment of products for which yeast and mold spoilage are a concern (such as
chilled dairy products, intermediate moisture pasta, etc.).

ATT bioluminescence involves the detection of adenosine tri-phosphate (ATP) present
in food material through the generation of a luminescent signal expressed in relative light
units (RLU). The intensity of the signal is proportional to the level of ATP present and is an
indirect indicator of the amount of biomass present. ATP bioluminescence may be used to
verify the effectiveness of cleaning by measuring the presence of signals originating from
residues present on product contact surfaces after cleaning (Moore et al, 2001; Powell and
Atwell, 1997, Whitchead and Smith, 200%). To properly evaluate signals detected by bio-
luminescence equipment a baseline signal is established through the analysis of clean sur-
faces. An elevated signal will indicate that product residues are present, indicating that
cleaning was inadequate and the surface needs to be recleaned,
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Processing Environments that are Dry Cleaned or Controlled-wet Cleaned

Salmonella is the primary pathogen of concern in factory environments where dry mate-
rials are handled or low moisture products are manufactured and where dry cleaning, or
in specific cases o lled-wet cleaning, is applied to ensure the absence of moisture from
the environment during processing (Duffy et al, 2003). Salmoneila can enter the environment
through the movement of people, equipment and materials or through the failure of zoning
controls between high risk and sensitive areas (for example, between arcas where raw cotoa
beans are stored and handled and roasted cocoa beans and cocoa products are exposed to
the environment). When moisture is present, Salmanella can multiply; however, even where
moisture is absent, the organism can persist for long periods up to years and multiply when
moisture re-enters the environment (Scott et al., 2009). Resident strains may remain dormant
only to reappear after some time due to a change in activity, such as a construction or main-
tenance event, or hygienic failure allowing the ingress of water.

Unlike the Listeria genus, there is currently no microorganism identified whose presence
will closely late with the pr of Sall lln. E. coli has been used as an indicator
of fecal contamination in water and as an indicator of post-process conta mination in d.'!.ll'}'
products, While the moniloring of E. cali in the environment may be part of a menitoring
program where fecal cross-contamination or growth is suspected, E. coli can persist in the
environment and its prosence in dry environments may not correlate directly with the pres-
ence of Salmenella (Cox et al., 1985; Kornacki and Johnson, 2001).

Salmanella is a member of the Enterobacteriaceae family and the quantitative analyscs of
the environment for members of this family are frequently included in pathogen monitor-
ing programs for dry envi Unlike Sali lla, which may only enter the environ-
ment rarely through a hygiene failure, many members of the Enterobacteriaceae family are
likely to be present at some level even in cean environments. An evaluation of the level
of Enterobacteriaceae present al a sampling site can provide information on whether con-
ditions are or have been present that could lead to the multiplication of Salmowella. As
Salmonella may or may not be present in the environment, there is not a direet correlation
between the presence or population of Enlerobacteriaceae and the presence of Salmonella;
M‘_-"‘m the use of quantitative determinations of Enterobacteriacear in environmental
monitoring programs will allow conditions that may lead to the multiplication of Selmanclla
to be identified and corrected. Enterobacteriaceae should only be included on product con-
tact surfaces or near product contact surfaces due to the variability of levels in non-process
arcas of the factory without strict hygiene controls. (Figure 33.2)

. For products intended for infants, Cronobacter spp. is a significant concern and i
in en_virw-mhl menitoring programs for infant formula manufacture w here ing
ents, in-process or finished product are exposed. As with Safmenelln, Crenobacter spp. is a
member of the Enterobacterincean family and control measures taken to prevent Salmonella
entry and harborage in the environment will also be effective for this organism. Cronobacter
5pp. has greater prevalence in the environment than Salmonella, increasing the importance
of proper management of control measures and the corresponding siringency of monitor-
ing programs. As with Salmonells, inclusion of quantitative Enterobacteriaceae as a hygiene
indicator can help to identify the presence of conditions that could lead to Cromobacter spp
harborage and growth (Codex Alimentarius Commission, 20083).
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FIGURE 33.2  Enterchacterinceae count at sample site A6S (near-product contact),

TABLE 33.3  Examples of R Lamvits and Int gion of O

Es b o Product
Residue Taken from Equipment Surfaces and Process Environment in 3 Pawdered Milk Factory

B i

Level Ll Action
<i0cfufp" Acceptable (expectod under gosd i nocessary
hyglenic practices)
10010 1009 cfu /g, Marginally acceptabile, Conditi Investig tial
may havie existed w allow the increase ol Camsis curmoctiod
ol Enterobacteriaceae (such as incffective
dry cleaning, leakage of water into the
environment, maintenance event)
>1000ctuly Unacceptabie. Likely prosene of waler Investigation conducted, polential
or other event has led to high levels of ool eauses enrrected.
Enterobacteriacear Increase sampling of finished
product and environment far
Entervbacteriaccac and pathogen
“For swmsc infing forsmale el weilk, proiusler G fores levels =10 gl forming falig misw be posiabl om produc 4 wcar prds
wrlact wibes; werropendimgly noaction heeshulily may need 1o be odjwted.
Enterobacteriaceae is a itative indicator, and baseline levels and reaction limits

need to be determined to .E.uuhlalc the interpretation of resulls and corresponding correc-
tive actions. Levels should be established with an understanding of the product and process
and what is achievable under good manufacturing practices. An example of such limits for a
milk powder factory is provided in Table \
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ATP bioluminescence may be applied to verify the effectiveness of a periodic wet-clean-
ing process, but is typically not useful for environmental monitoring programs in factories
manufacturing low moisture produets that are dry cleaned as the presence of product par-
ticulates on equipment surfaces will interfere with the ATP signal.

Selection of Environmental Monitoring Program Sites

Sample sites for environmental monitoring programs are selected based
identified in HACCF, zoning and hygienic design review, with the primary focus
lowing areas:

* Areas of equipment that are difficult to clean and could be harborage sites;

* High-traffic arcas;

* Interfaces where movement occurs between hygiene zones; g

* Interfaces between areas were raw, highly contarninated materials are handled and where
processed materials are handled after the application of a microbiocidal process (such as
cooking);

® Interfaces between wet- and dry-clean areas;

* Areas from where pathogens could be transferred into sensitive areas with exposed
produsct or raw materials through the movement of people, equipment and materials;

* Areas where pathogens could enter into the facility from outside the factory or from
higher risk areas within the factory.

Sampling sites are classified ding to the p tial for product contamination if the path-
Ogen was present at that site. Some companies have classified sampl e I
“zones” Wllieoﬂ'l‘rmmplniu have used other terminology for sample prioritization to avoid
confiusion with the classification of hygiene zones (Table 33 4). In fact, there may be a variety of
siles of different risk classification within a given hygienic zone {Table 33.2). The location and
number of sampling sites will vary based upon the nature of the product, the complexity okt
process, the degree of product and raw material exposure, the GMP practices necessary foi-»
particular production area, and the movement of people, equipment and materials.

Examples of potential sources and hart sites for Sal fla and L. monocylegenes
in food processing facilities are available il'lnl.',\-lidann' documents (Chen et al, 2009
UdeDA 2006) and can be valuable resources in establishing sites of focus for hygiene audits
an i I i p
The weight of samplin rogranis is laced on the most sensitive sampling locations,
This is reflcted in the nurber of smpluz selected and the sample frequency, with prior-
ity given to more sensitive areas. Product contact surfaces are analyzed according to risk of
produet exposure and sampling history. The number of sampling sites that are included in
an environmental monitoring program s based upon the nature of the product and process
and the design of the processing line and factory, The number of samples taken on a given

day will often be weighted based upon sensitivity (for example, a proportional
split of P1/22 60%, P2/22 30%, P3/23 10¢%). Greater emphasis will also be placed on his-
torically problematic areas, or those where an investigation has identified conditions that
may lead to ingress or harborage.

upon risk as
on the fol-
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TABLE 33.5 Example of Sample Frequency Based Upon Sire Prioritization and Level of Hygiene Concen

Minimum Sampling Frequencies per Sampling Siie or Area
Level of Hygiene Concern

Sile Prinritization NormalMoutine Elevated High
Product contact B week or based upon risk? 2 week Frrmiiggathe
MNear product contact 1% week 2 week Investigative
Nan-cantact near production line Ix menth 1% week e
Non-cantact away frum production Periosc As needed A4 nescad
i of sewpls sty for puthgens vl by lictin 4y risk e hirtoey

An example of sample frequency is included in Table 33.5. The frequency of sampling
will vary based upan risk; however, sampling in most cases is conducted weekly and
increased as a result of a finding (event potentially affecting hygiene, hygiene inspection
finding, finding of pathogen or ad trend of hygiene indicator in the environment). In
some cases sampling will be conducted less frequently, for example according to a produc-
tion schedule where a product or processing line is only used infrequently. “Due diligence”
programs that only involve infrequent sampling occasions (such as monthly, quarterly or
bi-annually) are generally not useful as they provide little information of the hygienic status
of a process and do not allow a rapid correction of hygienic failures and adjustment of sam-
pling programs when adverse resulls are oblained.

As their selection is based upon a risk assessment, the majority of sample sites in an envi-
! ing program are predetermined. Sampling programs should include a
FOF of investigati ples, taken based upon the results of hygicne audits or of

observations taken at the time of sampling. Established sampling sites may be modified

ased upon monitoring program findings. Where a number of sampling arcas are identified
sites may be rotated with a given number of sites sampled at each sampling occasion. For
example, a factory may select samples randomly using a numbering system classified by
sample priority. Some factories have assigned sampling sites to alternating sample sched-
ules, for example 1 week sampling is conducted for 50% of sites accarding to Schedule A,
the subsequent weck for the other 50% of sites according to Schedule B. In most cases the
sime sites are evaluated for hygiene indicators and for pathogens.

Sllﬂl are ideally identified on detailed factory maps, which may include information on
hygienic zoning of areas and 1 of people, equipment and malerials, This facilitates
the interpretation of data and also allows communication of data to factory personnel, or
to corporate microbiologists or sanitarians in a different location supporting the factory in
troubleshooting problems,
: stringency of an env I itoring program should be adaptable, increas-
ing upon adverse findings, events or insufficient inf jon on hygienic conditions. The
increased intensity is reflected in more frequent sampling, but also may be reflected in an

ber of sampling sites and investigative sampling focused around the area of
the adverse finding.
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An example of program adaptation is included in Table 335, In this example, sample

uencies are categorized by normal/routine, elevated and high concern. The elevation

of sample frequency may be applied to a specific production line where it is isolated from
other lines, or to a specific processing area that is the focus of the hygienic concern.

Elevated concern could result from:

Elevated level or adverse trend in quantitative hygiene indicator;

Maintenance event;

Exposure of factory area to the adverse conditions potentially impacting hygiene (for
example, roof leak, sprinkler operation, burst pipe);

# Breach of hygienic zoning controls;

+ Finding of pathogen in the processing area away from processing line.

High concern could result from:

Finding of pathogen or out-of-specification hygiene indicator (presence of Listeria spp.,

elevated Enterobacteriaceae) in product, on product contact surface or the environment
near the processing line,

..

The increased program intensity continues for a time sufficient to verify that the hygienic
status of the line has returned to normal. This could vary due to the nature of the prob-
lem Jeading to elevated concern and the sensitivity of the product. For example, increased
sampling may only be needed for a short period following a maintenance event. Sampling
at elevated or high concern may be continued for a longer period of time where evidence
(hygiene audits, test results) indicate a persistent problem or where investigation of a posi-
tive pathogen finding has not determined a clear root cause. Likewise heightened sampling
may be conducted for several weeks or months for a new factory or production line. A line

sampled under a high concern level may be placed on a pling prog for el d con-
cern for a period of time before returning to routine sampling,

Collection of Environmental Samples

As important as the selection of sampling locations to the success of an environmental
monitoring program is the effectiveness of sample collection procedures.

Samples collected immediately after cleaning and sanitation will verify the effectiveness of
this operation and the suitability of the line for the start-up of production. Samples collected
during production may indirectly verify cleaning effectiveness but will also verify the effec-
tiveness of control r aimed at p ing contarmination of p ing areas or produc-
tion lines, harborage or growth. Samples collected at the end of production will verify control
measures but may provide additional information on microbial growth during production and
can provide information on the risks associated with production, build-up of material on the
line and the intervals between cleaning and sanitation activities. Samples taken towards the
end of a production run are recommended; however, some sampling programs include a com-
bination of samples taken post-sanitation and samples taken during production.

The tools selected for sampling will depend upon the nature of the site to be sampled as
well as the level of residue/debris present at the site. Sterile, pre-moistened swabs may be
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most elfective for the sampling of small cracks and crevices on equipment and the c_n\'imn-
ment where moisture or product may collect, and for difficult-to-access areas. Sterile, pre-
moistened sponges are more effective for sampling larger sampling areas on equipment and
the environment. Sterile spatulas or scrapers may be used to sample product residue. Other
tools, such as sterilized disposable dusting cloths or mop heads, may be useful tools for col-
lecting samples from large areas in the environment during root cause investigations.

Pre-maistened swabs and sponges are available from several manufacturers, in some
cases with novel features that facilitate sampling of difficult areas and aseptic transfer of
sponge lo neutralizing buffer or other appropriate transport ml.'diu.m.‘ l.n cases W_\'hm‘
sponges are pre-moistened prior to use, it is important to squeeze the majority of ITII_Ju-l-Uﬂ‘
from the sponge prior to sampling, Where pre-moistened swabs or sponges are used in pro-
cessing areas or processing equipment that must be dry during production, the sampled
areas are dried after sampling by the technician taking the sample. 4

Sampling with swabs and sponges should use sufficient force to ensure that any contami-
nation present in the sampled arca is transferred to the sponge. In many cases, dn:hned_n.n:as
are sampled (e.g. 30cm?) which could be identified using a sterilized template, to facilitate
cumparison of quantitative results between sampling sites or trends in the same sampling
site over lime.

Agar contact plates are sometimes used to sample equipment surfaces. Sampling is con-
ducted through direct contact with the surface being sampled. Plates are then covered and
incubated until colonies develop which are then enumerated. The advantage of such meth-
ods for the analysis of quantitative indicators is that they require little or no advanced prep-
aration and no additional preparation after sampling other than incubation. liuw("_wr, they
are limited in their ability to transfer contamination present in cracks and crevices in equip-
ment and may lose effectiveness on surfaces with a large build-up of soil. :

Where present, the sampling of product residue or soil is preferable to the sampling of
“clean surfaces” s such mesidue is more likely to be a source of harborage. Samples are
taken with a sterilized brush, spoon, scraper or spatula, depending upon the material col-
lected, and transferred to a whirl-pack bag. When sampling build-up of product on surfaces
or the environment, care should be taken not to focus on the sampling of clean product, but
instead to focus activities on areas where the build-up of product and/or moisture could
lead to microbial harborage and growth.

Samples should be transported in a suitable buffer or other transport medium. In cases
where the residuals of sanitation chemicals may be present, in particular when sampling fol-
lowing a deaning/sanitation event, a neutralizing buffer should be used. 1l not analyzed
immediately after collecti \ples must be stored under refrigeration (0-=4°C) until they are

analyzed. (In some cases dry samples may be stored at room temperature if storage does not
affect the survival or level of the target cq;;nismor group.) If analyzed off-site, samples must be
shipped under refrigeration, with care taken to ensure that the refrigerant (such as an ice pack)
does not freeze the sample. Samples need to be analyzed soon after they are taken, preferably
within 36 hours (Andrews and Hammak. 2003; Evancho et al. 2002; Midura and Bryant, 2001),

In some cases, for example when sampling specific high priority sites, the same site is
analyzed al each sampling event, However, many locations identified for sampling will be
areas of the equipment or factory environment; for these areas specific sampling sites are
varied at each sampling event during routine sampling
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When sep ples are collected from the same site, for example for Salmonelle and
total Enterobacteriaceae, care must be taken not to swab the same area for both samples at the

same time; in these cases adjacent areas are sampled for the hygiene indicator or pathogen.
Investigative sampling will be conducted in the event of a pathogen finding or out-of-
specification hygiene indicator, or will be conducted when issues are observed during sam-
pling or during a hygiene audit that could impact safety. Following a pathogen finding,
sampling typically involves re-examination of the location of the finding and the surround-
ing area and may also include strategic sampling of other areas of the factory to investigate
the extent of contamination, the movement of the contaminant through the environment
andfor the origin or harborage point of the contaminant. When investigating potential
harborage sites in p ing equip t, it may be y to shut down and open the
processing line to allow access to sampling sites. In such cases sampling is done during a

scheduled or unscheduled shutdown, or a specific shutdown is scheduled to allow a suf-
ficient examination of the i

quipment. This is particularly important in an investigation of a
pathogen finding.

907

During routine monitoring, samples are sometimes pooled (i.e. combined into one sam-
ple) for analysis. Such pooling is generally done across similar areas or sample prioritization
sites (for example, samples taken from product contact surfaces) on a production line or in
a production area. Pooling is not recommended across production days, between produe-
tion lines or between sites of different prioritization. The advantage of pooling is greater
efficiency of cost and the ability to sample more sites in the program. The disadvantage is

that the source of contamination is more difficult to trace when adverse results are found
(USDA F515, 2012). For this reason, pooling is not reco ded for pling when con-
ducted under elevated or high concern.

Analysis and Interpretation of Environmental Monitoring Data
Monitoring data from a s

pling event reg the hygienic status of processing
equipment or the processing environment at the time that the samples were taken. For sam-

ples taken in response to an event (maintenance, observation of hygiene failure), such data
could indicate the impact of the failure, or, if taken following corrective actions, indicate the
effectiveness of those actions,

The presence of a pathogen or out-of-specification hygiene indicator are lagging indi-
cators of a failure of hygienic controls which has led to the presence or harborage of
pathogens, or to the presence of conditions that could potentially lead to the growth or mul-
tiplication of pathogens. Examples are elevated Enterobacteriaceas in dry environment, ele-
vated coliform in product contact sample and Listerin spp. in “wet” processing environment,
Unless abservations of hygiene deviations were made at the time of sampling, additional
investigation will be needed to determine the root cause of the failure and to ensure that any
corrective actions taken were effective, Depending on the location of the out-of-specification
sample, finished product sampling may be necded to verify that product was not affected.
Where pathogens are isolated from product contact surfaces, it is assumed that corre-
sponding product that has made contact with the surface is also positive for the pathogen.

Examples of the interpretation and actions in response to findings in monitoring programs
are included in Table 336,
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TABLE 33.6 Example of Chumges in Level of Concern and Resulting Actions from Pathogen and Out-of-

Specification Hygiene Indicators in Various Sample Types
Location of Resulting Level
Sample Finding* of Concern Action
Product contact Pathagen High Hilock affected product lot{s) and destray or
{produsction line) recondition; inttiate or intensify finished prodisect
testing; increase sampling of product contact surfaces
and environment to investigate; conduct investigation
of h:uﬁuﬂ;r sites and hygaenic praceices; conduct raw
material review
Hygiene High Initiate or intensify finished product testing: increse
indicatar sampling af product contact surfaces and environment
e investigate; conduct investigation of harborage sies
and hygienic controls; conduct raw material review
MNear prisfuct Pathigen High Initiate vr imtensify Anished product esting: increase
contadt (Z2/F1) sampling of product contact surfaces and environment
o investigate: conduct investigation of harborge sites
and hygienic controbs; conduct raw maternial review
Hygiene Elevated Increase sampling of product contact surfaces; initiate
indieater f the en W not in
plaulmphmml ﬁmslml product testing: cenduct
investigation of harburage sites and hygienic controls;
cunduct raw material mview
Nom-prodhuct Pathogen  Elevated Increase sampling of product contact surfaces. initiate
contact chose lo testing of the env consduct
production [ine investigation of harbarage sites and hygicnic controls
Hygiene Elevated Inerease sampling of product contact surfaces; initiate
indicator imvestigative testing of the environment; conduct
investigation of harborage siles and hygionic controls
Non-prod et Pathogen  Elevated Invitiante | g trsting of the enviromment to
conkset away routine fnormal® determine root cause, impact on senaitive areas;
from production conduct investigation of harborage sites and hygienic
line conirals
Hyghene Routine/) d pathegen & in area; conduct
Endicator inv nlpllmul’lullwa‘n-mlr- and hygienic controls
Finished product—— Pathogen—— Migh Block affected product It and destroy of recondition;
nitiate or intensify finished product testing. inerease
sampling of product contact sutlaces and ernvironment
by imvvesstigate: conduet investigation ol hasrage sibes
and hygienic practices; conduct raw material neview
Hygiene  High Initiate or intensify finished product tesling. increase
indicator sampling of product contact surlaces and environment

o anvestigate: conduct investigation of harborage sites.
and hygienic controls; conduct raw material review

Mnrﬂrmw mﬂnmmu‘wq%pn—ﬁnmmmm'm indicator.
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Within-specification monitoring results, along with other verification information (hygiene
audits, start-up checklist, visual evaluation of cleanliness) indicate that the envir was
of acceptable hygienic status on the day samples were collected. A systematic trend analy-
sis of environmental data over time can provide greater confidence in the hygienic status of
a processing line or processing area. A periodic short-term increase in a quantitative indica-
tor such as Enterobacteriaceae could indicate that an event occurred on or prior to the sam-
pling day impacting the hygiene of the area and facilitate a root cause investigation. Upward
trends in data could indicate a gradual loss of hygienic status and enable the problem to be
identified and addressed before the underlying hygiene issue leads to harborage or cross-
contamination with a pathogen.

The results of hygiene monitoring programs should be kept in a database (e, Excel
using pivot table functionality) facilitating the evaluation of trends and correlations in data
and the generation of graphical representations and reports. Results of qualitative analyses
(such as presence/absence for Salmonella, L. monocytogenes, Listeria spp.) are often docu-
mented on a factory map to facilitate the root cause analysis.

Serotyping or genetic typing to identify strains of isolated pathogens is often useful to the
root cause analysis. Serotyping is particularly useful for Salmonell, as there are greater than
2500 serotypes. Serotyping may also be conducted for Listerin; however, there are ewer sero-
types identified and genetic typing, such as through pulsed field gel electrophoresis, may pro-
vide greater precision for a root cause investigation (Jadhav et al,, 2012). Genetic typing has
also been used for Salmanella, Cronobacter spp. and other pathogens. Recurrence of the same
strain in multiple sampling events, on a variety of surfaces, or following cleaning usually
indicates harborage in the factory environment, The detection of different strains usually indi-
cates transient contamination due to multiple entries into the environment from one or more
routes of entry (such as through raw material or from the environment external to the factory).

Data from monitoring programs communicated to the factory food safety team for review
and development of corrective actions are needed. Program resulls may also be presented to
factory personnel at operational reviews and /or through the posting of program results.

ACCEPTANCE CRITERIA AND TESTING PROGRAMS FOR FINISHED
PRODUCTS AND RAW MATERIALS

Microbiological criteria may be established for finished products, raw materials and
in-process products to define the conformance of a product lot or processing line to per-
formance objectives and to define conditions of acceptance when verification testing is con-
ducted. Criteria may be established as requirements for products on the market or at import
by regulatory agencies, as a specification by a food manufacturer for finished products or
raw materials or as guidance by regulators or industry groups to food manufacturers. The
utility of product testing is limited when contaminants are present at low levels and une-
venly distributed. The costs of product testing are often significant due to the need to hold
a corresponding product lot during the time testing is conducted. Because of such limita-
tions, food safety management systems that incorporate preventive controls including good
hygienic practices and HACCP are much more effective than a reliance on finished product
tcﬁting in the absence of knowledge of such controls (ICMSF, 2002: NRC, TU85).
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Although statistically limited, finished product and raw material testing may be con-
ducted where there is limited information available about the hygienic status of a product
lot (for example, a regulator’s analysis of imported product or a food producer’s analysis
of raw materials). Testing may also be used for the evaluation of the suitability of finished
products or raw materials where there is information from other verification activities that
indicates an increased risk of contamination.

The development and application of acceptance criteria for finished products and raw
materials is discussed extensively by the ICMSF (2002). Lot acceptance criteria are exp
in sampling plans outlining the patt or indicator organismi(s) of o the number
of samples 1o be taken from a lot (), the limits of acceptance (¢, m and M) and the meth-
odology to be used in verifying conformance. Sampling plans in specifications are most
often defined as two-class attributes plans (acceptable and unacceptable) and three-class
attributes plans (acceptable, marginally acceptable and unacceptable). Two-class ﬂ“rl'bull..ﬁ
plans are defined by m, the level separating acceptable from unacceptable and ¢, the maxi-
mum allowable number of sample units yielding a result greater than m. For pathogens m is
often set at 0, indicating an absence of the organism in the analytical unit tested. Three-class
attribules plans are defined by m, the level separating acceptable from marginally accept-
able, M, the level separating marginally acceptable from unacceptable, and ¢, the maximum
allowable number of sample units yielding a result greater than m and less than M. If any
&ample is above M in a three-class plan the lot is rejected. Three-class plans are most ol'te_n
applied in criteria for quantitative hygienic indicator organisms as they account for vari-
ability in levels and allow identification and correction of trends before levels exceed criteria
that would result in lot rejection.

The ICMSF (2002) has developed standardized “cases,” sampling criteria with stringency
based upon the relative risk of the microorganism or group to be analyzed and the effect of
handling conditions on the relative product risk. The ICMSF has also developed representa-
tive criteria for specific product categories (ICMSF, 2011).

Guidance on the sampling and shipment of finished product and raw material samples for
analysis is provided in industry and regulatory guidance, including APHA (Midura and Bryant,
2001), FDA (Andrews and Hammack, 2003) and Codex Almentarius Commission (2004).

MICROBIOLOGICAL MONITORING OF RAW MATERIALS

The relevance of microorganisms in raw materdals is dependent upon the nature of the
ial, how it is p { and the ial's intended use. This will be determined in the
HACCP study for the raw material. Where the microbiology of the raw material is impor-
tant to the finished product micmbdofum; or where the microbiology of the raw material
is correlated to the quality of the material (for example, sensory characteristics reflected in
high plate counts), microbiological criteria are established and communicated to the vendor
in specifications included with the contractual agreement (Figure 33.1). Such criteria indi-
cate how a given lot of material will perform in analyses when inspected.
Raw material analysis is statistically limited; the presence of a microbial pathogen or an
out-of-specification hygienic indicator demonstrates that the lot was non-conforming, but
the failure to isolate a pathogen does not necessarily indicate it is absent from the lot. As
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a result, Taw material testing is most effective when it is part of an overall supplier man-
agement program that includes other verification activities, such as on-site audits, supplier
certification, evaluation of supplier performance and other inspection (such as sensory eval-
uation) of incoming material,

When raw material monitoring is conducted for more than one operation, the program
design will be based upon the most conservative use of the material. For example, a milk
powder lot intended for a dry-mix operation where it will receive no microbiocidal control
measure and for a wet-mix operation for a product that will be pasteurized will be analyzed
by the manufacturer according to the sampling plan and risk level of the dry-mix operation.

Establishment of Microbiological Specifications for Raw Material

Microbiological specifi for raw materials are only established when there is a spe-
cific need relative to the use of the material. It is important that specification limits estab-
lished are technically attainable by the supplier through the application of HACCP and
good hygienic practice. This is determined through an understanding of the nature of the
raw material and how it is processed. Unrealistic specifications can lead to the use of a mate-
rial that is unsuitable for its intended use even if the supplier has agreed to the specification,
or to the rejection of a raw material that by its design could not meet the specification limits.

Quantitative limits in specifications may be derived from industry guidance or regula-
tory standards. In the absence of such standards they are based upon an analysis of the raw
material over time and from a number of operations, during normal production. Such limits
must also be consistent with the expectations for finished products (as expressed in finished
product specifications) and the contribution that the raw material has on the microbiological
status of the finished product. Specification development should al ider those already
established by the supplier; however, supplier specifications often include parameters that
are not relevant to the use of the material, or do not include parameters or limits relevant to
the customer meed. 1F a raw material cannot meet expectation due to the method of manu-
facture of the material, it is not fit for purpose and a new material that ean meet require-
ments should be sourced or the finished product redesigned.

The stringency of microbiological specifications is based upon the risk of the material and
consequences of loss of control, and on the level of confidence needed to ensure that the raw
material meets microbiological requirements.

Specifications should follow a standardized format, such as that outlined by the ICMSF

(2002, 2011). Raw material specifications should be reviewed on an established frequency
(e annually) for relevance.

Design of a Raw Material Testing Program

The scope, frequency and location of testing are determined by the raw material nskmd
vendor performance. Material risk is a function of the likelihood of microbial hazards inher-
ent the materials to be present, the severily of the hazards, and how the material is “5€d For
example, a lower risk and thus a lower sampling frequency may be assigned to a material 'tha!'t
has robust contrals, that is to be used for a product that will be cooked by the consumer, or is
from a supplier with a good history of performance. A higher risk may be assigned to a raw
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material to be used in a product without the application of a microbiocidal process by the cus-
tomer that will be used by a sensitive consumer, for a material with frequent history of failure,
for a material from a new supplicr, or from a supplier with poor or marginal performance. An
example of a decision trec to support the classification of materials according to factors affect-
ing raw malerial risk is provided in Figure 333, The risk level may determine the stringency
of eriteria, frequency of testing or whether a certificate of analysis (COA) will be accepted in
place of testing upon receipt by the customer. An example of a raw material verification pro-
gram that is adapted to raw material risk and lier confidence is included in Table 337,
Verification of the conformance of a raw material lot to specification may be conducted
by the supplier and communicated in a COA, indicating through analytical testing the con-
formance of the specific lot to be purchased. Because testing for COA is conducted by the
supplier, often at a supplier’s own laboratory, customers requiring COAs from their suppli-
ers often conduct periodic (e.g. quarterdy, biannual) testing of incoming material to verify
conformance of the lot, and of the COA provided by the supplier to specification require-
ments. Verification lesting may also be conducted by the customer as pre-shipment (i.e.
before the lot has left the supplier) or upon receipt at the customer site. In the latter case, the
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TABLE 33.7 Example of a Baw Material Venfication Program Based Upon Raw Marerial Risk and Supplicr
fidence:

Coml

Supplier Tre-shipment Testing upon
Material Risk Confidence CoA Tossible Receipt
High High Each lat Yes Each lot
Medium Each lot No Each lot
Law Disgualify vendor
Medium High Each lut Yis Firsl 15 lots, then
quarterly
Medium Ench lot Yes Increase frequency
fe-g- monthly)
Law Each It Nao Each lot
Levw High Quarterly Yes First 10 lots, then
quareily
Medium Each lot Yes Manthly
Low Each lot Yes Increase frequency

material is blocked and is not used until the results of testing are obtained and evaluated for
conformance to specification.

MICROBIOLOGICAL MONITORING OF FINISHED PRODUCTS

Finished product testing may be used to verify the overall effectiveness of a food safety sys-
tem. Due to statistical limitations finished product testing cannot ensure the conformance of a
lot to safety requirements and is not effective as a preventive control; however, finished prod-
uct testing may be useful to evaluate the conformance of a lot to speafied microbiclogical eri-
teria (regulatory, customer or internal), and verify the overall effectivencss of control measures.

Such testing may be conducted as within-lot or between-lot testing to demonstrate that a
Tot or production line is under control. Within-lot finished product testing may be conducted
periodically or on each lob in response to regulatory or customer requirements. Where such
testing is required as part of the contractual agreement with a customer, a COA is usually pro-
vided indicating the laboratory results. In some cases regulators may require finished product
testing on a periodic frequency. Manufacturers will design control measures and conduct their
own testing more frequently to ensure that their system is able to meet regulatory criteria.

The design and use of finished product monitoring is based upon a variety of factors,
including:

« Sensitwity of finished product (growth, no growth, application of a lethal process);

+ Exposure of product during processing (e, assembled, post-lethality exposed vs. in-pack
pasteurization or hot fill);
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TABLE 33.8  Example of the Frequency of Microbislegical Testing of Finished Produces in a Verification

Level of Hygiene Concern  Finished Product Testing Notes

L Penodically based uponrisk  Periodic evaluation to venlfy conformance to

4 complete specification. Routine evaluation may be

ducted for hypgiene ind with

against complet: specification if threshold is

exceeded

El d cancemn Each prod, linefweek  Evaluation to verify confarmance to complele

specification, including pathogens, hygiene

indicator

High concern Each ot Evaluation to verify conformance to complete

specification, including pathogens, hygiene

indicator

* Performance objective/criteria cstablished for the finished product;
* Resulls of environmental monitoring or other verification of process environment hygiene;
* Risks associated with raw materials.

In some cases it is practical to routinely examine each lot only for hygiene indicators,
such as Enterobacteriaceae, coliforms or total plate count. Products that exceed a threshold
on this initial examination are subject to evaluation in a detailed examination to evaluate
_mn!nrmanw to complete criteria (including pathogens and indicators as defined in the fin-
ished product eriteria),

Examples of the application of finished product testing are included in Table 33.1. The
necessity and frequency of monitaring may be adapted by the level of concern of hygiene of
the product and process. An exa mple of such adjustment is included in Talle 338,

Development of Microbiological Specifications for Finished Products

Finished product specifications take into account relevant regulatory or customer require-
ments, the hazards that may be present in raw materials and the environment, the nature
of the product and process, and intended use of the material as determined in the HACCP
study. Specifications include pathogens of concern as well as relevant indicator organisms,

ined sampling plans and methodology. Sampling plans included in specifications should
follow ICMSF format, with stringency based upon the severity of the pathogen of concern,
the use of the product and the sensitivity of the consumer. Stringency may also be increased
for new products or production lines, or where prior history of the product or process lead
to a heightened concern. Sampling plan limits for m and M should be based upon an under-
standing of the raw materials and processes and ideally the results of testing of products
manufactured under good conditions on a variety of production days.

Sumt_' regulatory authorities have established “process” criteria, which evaluale the number
ql‘ positive samples as a proportion of samples collected from an operation over a period of
time: (ICMSF 2007). The period under evaluation is often a “moving window” of time where
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new results are assessed relative to a spedfied number of previous production days. These

criteria have been applied to the analysis of pathogens in raw animal products, where control
mieasures can reduce, but may not be able to eliminate, the presence of the pathogen of concem.

ROOT CAUSE ANALYSIS AND CORRECTIVE ACTIONS

The information collected in microbiological monitoring programs is used in conjunction
with other verification activities to assess the functioning of process and environmental con-
trols and to determine when adjustments are needed for these control measures.

A positive pathogen or out-of-specification hygiene finding in the environment, raw
material or finished product is a significant event and must generate an investigation,
including modification of verification activities, a determination of product impact and a
root cause analysis to determine what corrective actions are needed (Table 33.6). A positive
pathogen result in a product, raw material or product contact sample cannot be negated by
additional sampling unless there is confirmed evidence of a sampling or analytical error.
Corresponding product will need to be destroyed or reconditioned using a process suffi-
cient to inactivate the level of pathogenic microorganisms present in the material,

A simple conclusion of a “passing contamination” with a cleaning and sanitation event
followed by re-examination is not sufficient to ensure that the contamination will not recur.
Root cause investigations must include a serious examination of the underlying factors and
control-measure failures to ensure that appropriate corrective actions are taken and failures
are not repeated. In many cases it is not possible even in an in-depth investigation to make
a solid link to a specific root cause, In such situations all relevant factors that may have
contributed to the contamination are addressed and monitoring programs continue with

heightened stringency until there is confidence that the factors leading to the contamination
have been addressed.

References
Andrews, WL, Hammack, TS, 2003, Food pling and p af sample b Chapter 1
| Manual, eighth ed. United Emu Food and Drug Manlm Washington. DC.
e Pl M ScienceRescarch/ Lal v Methods/ B ABAM /

dirfi. |, Muoorman, M, Mever, ], of al, 200%. Contrel of Sémarelis in low
maisture foods 11 bygiene practices (o minimize Saleos el contamination and grov . Food Prot. Trends 24,
415445,

hen, Y Sont, Vb or, AL hue

v 1 Mesicman, AL Mever, |, o al, 2000, Contrel of Sal vuu-.lu I b -
ture fowmadda. 111 o % validation wironwmental menitoring, Food Proe. Tronds 29, 4955

Codes. Alimantariug Comenissien, 1997, Principles for the establishment ansd application of mnvhnh‘hlm
for fouds. CAC/GL 211997, <hitp:? Svvos nudonalimentarius ong /=,

Codex Alientarius Comenission, 2004, General guidelines on sampling. CAC/ GL S0-2004. <hity/ [ cadeas:
Tirnamtarius g/ >

Codex Al ius € 20074 Guidelines on the application of general principles of food hygienc to the:
control of Listeria monocytogenes in foods. CAC/GL 61-2007, <http, /[ www codesalimentaris. orgds.

Codex Alimentarius Commission, 2007b. Prisiplis and guidelines for the eonduc of mic toblobogical risk manage—
ment (MEM). CAC/GLAZ-2007. <bitp ¢ fwww codexalimentariug ong

1. FOOD SAFETY ASSURANCE SYSTEMS



916 5. MANACEMENT OF MICROBIOLOGICAL HAZARDS: ROLE OF TESTING AS VERIFICATION
Codex Alimentarius Commussion, 20082, Code of hygionic practice for powdered formulac for infents and young

memmm-p:ﬂmmmm“w.

Codex Al for the validation of food safety contral measures. CAC/GL
mm’fmmm

Cﬂl-l Hk.:\..rmsdmu, 1955, The wee and misusc of quantitative dcterminations of

in ford nup-imwm}.m

MLLHMG.HMH Mager, K. Masters, K, Meesters, Ma.}_mnrumw

*ﬂsufphm the g of dry particul rials. European Hygienic Engi Design Group.
36, <hitp ¢

Evasehs, GM, Sveum, WH.. Mobesg, L], Frark, |, 2001 wmmgdmww
emamnment In Downes, FF, ito, b (Ed ). Comp for the
mmmmmmhmmwﬁ-}s

Grovery Munubacturers Association. 20122 Principles fur path o pams Ewsrw
mhwnmﬂrmw SR . 5 \
\umaml\-ammu:yM|meeu5derwmmgmmm‘-tﬂmsl‘nﬂ-
Grocery Mamss ek

Wmﬁmmmm*rm Pndmleﬂn;fn(~ndmardpmm‘m GMA
Sudbesseon Dociort Na. FDAA-ZDTE-N-025] 20 May 2071 Indusstry Frod Safety Practars Infurming the FIA Fule

making Process. Grocen Manudacturers Waslington,
Geocery Association, 2010 Industry Handbock for the Safe Processing of Nuts Grocery
A stion, Waskington, DC, mlr!;ww ] Felerenloadsf hehnizl-gusd
andton s findustey_Handbook_for_Sabe_Procoaing i Wats_1et_Edition _ZZFesitpdl>.

Grero. LIGM, 2005 Foud salety aivective an integeal part of faod chain munagement. Ford Control 16, 52150
Holss, ] 205 fmproving soming within food processing plants. In: Lebweveld, HULM. Mossert, MLA., Holsh. 1
{Ed.. Handbook of Hygiene Comrol in the Ford Industrr Woodhend Publishing Lid.. Canbridge. England,
PP leRtaT
! Crmmeriisarn on Microbeclogical Specificortions for Frads (MST), 200, b chaw Trmplon, RE (E2L
4 *ﬂmu‘m? Micrabiclegical Testing in Food Safety Management Springer, New Yerk
Specifications for Foods (JOMSFL, 311 v choir Swaron, KM
&:‘:"Mmm" Use of Distz for Assesing Process Camtrol and Product Accrptance Sprngss,
meMMMmu fmpact of microbial distributions 0 food safety 1151
Extope Report Series. International Life Sciences Institute Eurcpe, Erussels, Belgium, <hitp / /v it rog/
w"‘-‘wmm S ZT01] ¥,
"'“‘-S-MKME.LE;% ismend fog B detertaon and subtrpang of Lty s
Misroibeel Sletheds s 22720
WLMLM’ T. Zuwcitering. MH. an-a . 20122 Impaat of microbul distributeens o
deling sapucts. Food Cunteud 26, oo,
"""""‘-L&"f"-l Jrdoce, T. Gowra. LGM.. Iﬂvrﬂ.K Zeriteriog, MLH. 20126, lmpact of micr b
‘o Clominal 2, Sia-320
ol gty . a8 quality and ssfety in
A Comnpurdlivm of Methoels for the Macrobiobagal Exsmmation of Fou
Aerizan Pl Halth Asceistion, Washingon, DC, pp. #9-62 =
TE. Sepant, RG. 201, Sampiing, plams, sampls collectirn, shipment. snd preparation for snalvib. In
Duwnes BT I, K (Eda,), Compendinm of Methods for the Micrchasiopcal Exarmnition of Foocds Amerstan
Heslth Associstion, Washizigton, DC. pp. 13-23.
Mrwery of Agrioubas et Foresery, New Zealand (MAF/NZ). 2011. Gsdance for the cuntrul of Listerss monevy-
e et fods, Part 2 Good Operating Pracnce. July 2011 o foxstalefy £ e/ eloray

Mosen. G.. Giilioh, C-. Felding. 1. 3001, & 2
rmupm..i'rnd:nmu; and recently deeloped methods for muonitor
g siartace i gaone withis nvh:mm -H\ﬂmumly Dair Foos! Epmiron. Senit. 21, 7540
lh-u—l-'l“ Moy, G, Riok manag, FF hazards. Encyciopedia of Frod Safety. Elsevier

L

1. FOOD SAFETY ASSURANCE SYSTEMS



I ————— e =

REEENCEE 917

Mmmmwmhmmmmmm
ioa. | Food Frot 8. N-1236
n-uwcmnwsmmmm;.e Tammeners &t doarmway

¥ R L Foud Pt 73, 1020
Tl Fame & T Froce A PELOITFAL 200 Loserns scencringene
Corel Mo, Diepit ¥ Mamoeal Fond Sefery Instsve o 2000 projecs mrzmiver I-51105-5708 S
Lz i d BT 5
R e -~ e Mo S, O o Fond T Foere
and Meprritoe, Boucl, T99E Ex ki A B

Famcts it Fat I, Maioral Ao Fom. Vimtmpr, D0 77 114
Hf—dmc_nmhw;i&t-dmm-dm
Sederis o Szie Food 2H3 = 3 impial ciess b SoedSc e ©

B Sy Fonall Nathoms Armfeues Frow mn’_w_m-m
i I e U ——— e
mis b | Etvecn. Hoelts K 7502

Soom VX T b Frewe T Kamre, [ Shomwmes W Moz 1o 5l I Comemsi o Smumeld o Low wewe

Sz, ML, Smboreses, [E 20t M“~;‘=\9ﬂ3-n#ﬂn={'m—w faita T e e
‘el ssanesi puet walitevers wnd verficanaar. | Pl Fee 03 TSI
Temphoe, I Sewr. WS S DT S—m"r‘_.ru:-_l' - TS Captidlstes 5 preemit JEss TSR
Later—g i Emnrrs Frouad mwiene. Some, 7% SNZeT
-- O o A mm—em“mmw FEHE Lol

= gt

Spt. INT Saipl - -!-hh.-dusu POF ..amsﬂnq_.u ATE ruicine_ % getize.
mtet St Fand vt Dbag Adenrsmtanen (US FD . 30 Cutdancs Sor s s o Lt Do
g o mEsgeeaed o fmewe su-ds-eni foedi it podance Fem IFH. Cased Sams B amd
Mdemrdaretion, Woskiegroe, DI 3rs e Sl g Rt e

e sy ol TTSL ez
Mhhﬂm‘mmmmmemssmmnww
Hﬁn“hwmmﬂmmmmﬂu_m
Caretein lor Fhuman Foef. Fropesed rde. pp W1I-8 Furcd Repges T8, Jndt=TIC4
e Sesertwerat, M. Zwerherumg, ML, foma, T Sediarag, KL, T MUE, 20 Retatng aurhaptal T b
fiwd mafiets yerniy es s pertormiancs chwetrr e P Ui I, =T

YT e ——
omoept. Food Cortend 27, 17961722

Further Reading

Grmeary Manufachumes Amorianen (CML ), TR mgﬁm-mﬁ—hmt‘-
chitp:/ Frearee grmamiine oy dosmlogsds / ectinical et gd wunte, 5

Tmtereatieanal Cpmmsesennt om My begasl Serncnens fr Seed WOWSF, 02 i dhatr T, RE (BAT
Micraorzrnismy i Foods 7 Misriblogcal Twr—nrmumww\ﬂ_‘ﬂv

Intermstionsl Commuasion on Mismtnalegeal Speeicsiares for Foods (ISR, JHT ‘n chas Swamser. KME

Bl Micruurpniems m Foots B L of Dacy Ly Acsessire Process Cotin il Producs Avsoptanes Sprogss.
Mo e,

I, FOOD SAFETY ASSURANCE SYSTEMS







34

Management of Chemical
Contaminants

Yasmine Motarjemi
Food Safety Munagement Consultant, Nyen, Switzerdand

Introduction

920 Analytical Aspects y26
Mature of Chemical Hazards 920  Application of the HACCP System to
Management of Chemicals 927
Health Consequences 921 Ydensification of Hazads 927
Factors Affecting the Occurrence of Analysis of the Hazands 928
Chemical Hazards 911 Cantred of Hazands 928
Regulatory Requirements and gzn;.l]!hwu_ gi;g
Challenges 922 e oty
CP Moniwring and Other Verification 930
Regulatory Compliance 923 Momitoring Plams 931
e Frequency of Monitaring 93
M-“;::'::;:ti:r e By tﬁ!‘ Principles i Setting a Monitwrning
o : D 931
SENE A auren: 28t ot Ak 933
Spevificationg 914 Validatim 933
Selecrion of the Supplicr 915 X S 91
Certificate of Analysis (CoA) gy Manienance of ihe HACEE SR

TR Ee uIY

£ 714 Elasrian . A1) gl sl



920 . MANAGEMENT OF CHEMECAL CONTAMINANTS

INTRODUCTION

Food can be the source of a broad range of chemical contaminants and residues u:f agro-
chemicals, Some may be present naturally, or they may occur as a result of contamination
or processing, or they also may be applied by the agriculture or manufacturing industry for
their functional properties. Sometimes, chemicals are also added for malicious reasons, e.g.
economic fraud, tampering or terrorism.

Thus, consideri ,PIE]::? hota of chemical hazards that may be present in food, a risk-
based approach for the management of these is usually needed. The HACCP system, a risk-
based approach to food safety assurance, was originally developed to manage the safety of
microbiological hazards in the food supply. But it is recognized that the principles of the
system can also be used for the manag of chemical ants.

This chapter describes the management of food chemical contaminants, based on
HACCP principles. However, it is to be noted that the application of HACCP may not be the

only approach. In any case it should ideally be based cn (1) a conscious and proactive analy-
sis of potential hazards - in particular those for which there are regulatory limits, (2) the
anallysis of their risk, based on sound scientific evidence, (3) setting in place effective meas-
ures 1o prevent or control their occurrence within agreed acceptable limits, and (4) verifying
that the food safety management system is effective.

NATURE OF CHEMICAL HAZARDS

Chemical hazards' can be broadly categorized as follows:

Envi 1 i iginate from the environment (soil, .

naturally or as a result of anthropogenic activity. They are present in/on the raw material

and they enter into the product in this way. Examples are loxic metals (cadmium,

lead, mercury, arsenic and aluminum), polychlorinated biphenyls (PCBs), dioxins and

radionuclides. B

* Naturally occurring toxins: are produced naturally by plants, algae, fungi or marine
organisms, Examples include: plant toxicants {e.g, solanine in potatoes), myeotoxins (e.g
aflatoxins), marine biotoxins {e.. saxitoxin responsible for paralytic shellfish poisoning).
Although some foodborne pathogens also produce toxins, they are often addressed in the
context of microbial food safety management.

s P ing inants: are undesiralbl compounds that are formed during the

freatrnent of food as the result of the interaction of its components, Examples are
acrylamide, chloropropanols, furan, benzene, ethyl carbamate.

* Packaging i are comp of packaging material or ink, which then
migrate into the product. Examples are Bisphenol A diglycidyl ether (BADGE), phthalates
and epoxidized soybean oil (ESBO). They are sometimes grouped under “surface contact
contaminants,”

ir, water), either

"Codex Al idders food allergens as a chemical hazard.

1. FOOD SAFETY ASSURANCE SYSTEMS



FACTORS AFFECTING THE OCCURRENCE OF CHEMICAL HAZARDS 921

Food additives: certain food additives, when present in high levels in food, may present
a health risk. An example is nitrate. In the scope of this text, only food additives that have
an established ADI are ¢ idered as “[ ial hazards."

P

« Agr chem veterinary drugs and pesticides. Similar to food additives,

g Is are idered as a hazard if they occur at levels above regulatory limits or
internally safety-based norms.

Additionally, foods may be subject to:

Accidental contamination from various chemical agents used for manufacturing
purposes; examples are disinfectants, cleaning agents and lubricants.

Adulteration, e.g. use of unauthorized substances such as unauthorized dyes. This is
olten practiced for economic reasons.

+ Terrorism or sabotage. These are often deliberately added to food for malicious reasons.

HEALTH CONSEQUENCES

Itis well established that the health consequences of chemical hazards depend on three
factors:
1. Nature of the agent.

2 Amount present in the food and the intake of consumers.
3. Vulnerability of consumers.

The health effects vary according to the dose. As Paracelsus (Swiss physician and chem-
ist, 1494-1541) stated, “All things are poison, and nothing is withoul poison; only the dose
permits something not to be poisonous,” or, more concisely, “The dose makes the poison.”
At high doses, chemical hazards can lead to acute or fatal intoxication, or allergic reaction
in the case of allergens. Upon long-term exposure at low doses, they can also cause adverse
health conditions and be a risk factor for various chronic diseases. For a thorough overview

of the health risks associated with chemicals, the reader is referred to Moy and Todd (in
press).

FACTORS AFFECTING THE OCCURRENCE OF CHEMICAL HAZARDS

Depending on the nature and the source of chemical hazards, different factors may influ-
ence their occurrence in the raw malerial or during processing. Understanding these fac-
tors and their consideration in the hazard analysis is essential for evaluating the likelihood
of vecurrence and deciding on appropriate control measures and verification activities.
Examples of such factors are:

« Agronomical

« General farm /agricultural practices (e.g. conventional, contract, bio).

» Disease in animals /plants.

» Nature of soil.

L. FOOD SAFETY ASSURANCE SYSTEMS
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922 14 MANAGEMENT OF CHEMICAL CONTAMINANTS

¢ Price and availability of agrochemicals (e.g- easy acoess to unapproved or banned

agrochemicals).
+ Climatie

« Climatic Nuctuations may stress plants and promote fungal attacks, which increase the
risk either of mycotoxins or of abuse when using agrochemicals.

* Stress caused by drought or excessive rain increase the risk of pre-harvest mold
growth. Droughts have also led to feeding cattle with plants not intended as feed, thus
contaminating unapproved agrochemicals. ;

+ Insect infestations also stress/damage plant tissues and increase the risk of mold
growth and subsequent mycotoxin formation.

» Environmental

¢ Industrial activity and pollution can lead to contamination of soil, atmosphere and
water with chemical hazards such as heavy metals or dioxins.

* Soil may also naturally contain high levels of certain chemical agents, such as heavy
metals and POPs (persistent organic pallutants). Mining activities can also increase

exposure to toxic metals.
= Suppliers” practices

* Suppliers’ farm or agricultural practices.

* Manufacturing practices and method of processing.

* Suppliers” QA system (preventive measures, monitoring measures).

= Legislation
* Regulatory requirements, i.e. if a country lacks appropriate legislation.
= Enforcement
* Ifthe authorities are not enforcing and monitoring the implementation of the legislation

REGULATORY REQUIREMENTS AND CHALLENGES

To protect consumers’ health and ensure the safety of the food supply, public health
authoritics establish maximum limits for various contaminants, maximum levels of use for
food additives and maximum residues limits (MRLs) for veterinary drugs and pesticides,
Specific migration limits are also established for various packaging contaminants,

One of the fundamental considerations in setting standards for chemicals is the health
effects of chemicals, from the perspective of both short-term and long-term exposure

At the national Jevel, regulatory standards, or norms, are generally established based on
the consideration of the health risk associated with a given chemical, but also taking into
account other factors such as feasibi lity to comply, nutritional needs and the diet of the pop-
ulation. Therefore, gulatory standards are often a trade-off between the health risk of a
chemical and what is achievable and appropriate for society, As such, it is a risk manage-
ment decision. Nevertheless, regulatory standards established for a chemical hazard are
viewed by society as a food safety standard and industry has the obligation to abide by these

standards. With respect to chemical | is, exceeding these standards must be seen as a
violation of food safety,

1. FOOD SAFETY ASSURANCE SYSTEMS



MANAGEMENT OF CHEMICALS IN INDUSTRY 913

At the international level, the World Health Organization (WHO) and the Food and
Agriculture Organization of the United Nations (FAO) sponzor the Joint Expert Committee
on Food Additives and Contaminants (JECFA) and the Joint Meeting on Pesticide Residues
(JMPR), which carry out risk assessment of chemical contaminants, food additives, veteri-
nary drugs and pesticides, respectively. Based on these risks assessments, the FAO/WHO
Codex Alimentarius C ission (CAC) establishes international dards for food.

Since the establishment of the World Trade Organization (WTO) and the coming into
force of the Agreement on the Sanitary and Phytosanitary Measures in 1995, the work of
CAC, e.g. its standards, have become the international reference for food safety. This means
that products that comply with Codex standards cannot be rejected on food safety grounds
by the WTO member states unless the importing country provides scientific evidence (based
on risk assessment) that the product in question is not appropriate for its population.

REGULATORY COMPLIANCE

The food industry has the obligation to comply with all the laws and regulations of the
country in which they market the food. Considering that some countries may have differ-
ent standards, multinational companies will have to p foods of different standards.
This raises the issue of double standards, or even that of dumping of foods of higher level
of contamination in countries with lower standards. For ethical reasons, it is thus recom-
mended that multinational companies meet the Codex Alimentarius standards as a mini-
mum; it must be noted that the Codex standards are today
agreed requirements for food safety.

Where national or i ional

pnized as the i ionally

| are not blished, the food industry still
has the obligation to produce safe food; thus in some cases, internal norms may be needed
on the basis of the due diligence principle.

MANAGEMENT OF CHEMICALS IN INDUSTRY

Prerequisites

HACCP is applied in conjunction with a number of supporting measures, which are gen-
erally referred to as prerequisites. The term is used to emphasize that the HACCP system is
not a stand-alone system and that its successful implemmhﬁun d!p?nds on a number of
programs embedded in the food safety management system such as (1) good isﬂﬂ-lllm"ﬂl
practice (GAP), good animal husbandry practice (GAHP) or good manufaciuring practice
(GMT), (2) supplier or vendor confidence level and (3) personnel training (including manag-
ers, supervisors, shop floor operators, technicians and laboratory personnel).

As most of the chemical contaminants in products come with the raw material and, once
present, generally cannot be removed, supplier/vendor management is a key pretequisite
in food businesses, Due to its importance, some key guidance is provided below.

1L FOODSAFETY ASSURANCE SYSTEMS




924 . MANAGEMENT OF CHEMICAL CONTAMINANTS

Additionally, there are other “measures” or requirements which are not usually referred
to a5 prerequisites, but which in practice are the conditio sine qua nons for the management of
chemical hazards. Therefore, they deserve to be mentioned here. These are:

« Scientific } ledge (e.g. und ding the mechanism of formation of processing
contaminants, conditions for growth of molds, impact of control measures, ete.).
* Legislation (e.g. norms, codes of practices) and enforcement.

Where these measures are not in place, the likelihood of a contaminant being present or
occurring is higher. Therefore, before conducting a hazard analysis, the implementation of the
above needs to be evaluated, and in case of gaps, their application needs to be improved in the
first place. In the interim, the risks which may ensue from the gaps in prerequisite programs
need to be considered in the hazard analysis, and the chemical in question must be considered
as potentially significant. For instance, during import of a raw material from a region or coun-
try where the legislation related to the use of veterinary drugs or pesticides is not established
or enforced, the likelihood of the presence of unauthonized residues in the commodity, mar-
keted in the selling country above safe or regulatory levels, must be considered likely.

Supplier Management
Considering that many chemical hazards are introduced into products through the raw
material, the importance of supplier management cannot be overemphasized, 1
Supplier management starts by selecting the supplier. However, before doing this,
there is a need 0 understand the suppliers” expectations and whether they will be capa-
ble of producing the material according to specifications. Therefore, the process starts with
d di i s, the quality and safety objectives and formulating the

spe:'iﬁutinm."
Specifications

A specification is a description of a material’s properties and values (e.g. physical, chemi-
cal, sensorial, microbiglogical, as well as transportation and storage requirements). One may
differentiate between purchasing specifications and finished product specifications,

Purchasing specifications is an important instrument to convey to suppliers the require-
ments in terms of food safoty and quality. As such, chemical contaminants that are likely to
be present in the raw material at an unacceptable level must be preseribed.

The requirements to be mentioned in the purchasing specifications must follow the haz-
ard analysis during the HACCP study, taking into account the conditions of production or
manufacturing of the raw or packaging material. In preparing the specifications, consulta-
tion of the supplier is recommended since the supplier will have specific expertise on the
subject. The regulatory requirements of the country where the product is manufactured
and/or sold are also important when establishing the specification.

For unauthorized compounds, the specification must indicate “absence.” The minimum
performance criterion of the analytical method” expressed as limit of detection (LoD} and /or

*Alsn roferred 1o as the Minimum Required Performance Limit (MRPL) in the EU legislation

M. FOOD SAFETY ASSURANCE SYSTEMS



MANAGEMENT OF CHEMICALS 1N INDUSTRY 925

Limit of quantification (LoQ) has to be given in this case. The units of the limits should be
expressed according to SInorms (e.g. mg/ kg, ng/1).

Finished product specification relates to norms for the final product and is especially
important for certain types of contaminants and products, such as products that constitute
an important part of the diet. The fnished product specification must conform to the regu-
latory requirements of the country where the product is sold and/or with the CAC norms,
whichever is stricter. The finished product specification rep the final consolidation of
all the requirements, be they regulatory, safety or quality related, and it is the key document
for compliance verification.

Selection of the Supplier

When selecting and approving a supplier, consideration must be given to the supplier’s

ability to meet the purchasing specifications, in particular the supplier’s:

. ds associated with their products.

+ Consideration of regulatory requirements in their HACCP studies.

* Raw material and management of their own supply chain.
.

-

A of chemical b

Traceability:

Implementation of control measures at the CCPs.

Practices with regard to the processing and storage of raw material and semi-finished or
finished products.

Monitoring activities and records.

Training program for p 1 as well as suppliers’ laboratory capabilities and
performance.

Certificate of Analysis (CoA)

As a confirmation of the suppliers' compliance with the requirements, a CoA may be
required. The CoA is to be viewed as a verification of control measures at the suppliers'
level Itis thus a plement to internal itoring. Hi , care must be taken that the
CoA is provided by a competent accredited or approved laboratory. In absence of accredita-
tion, a periodic independent or in-house verification of the CoA is necessary.

Alternatively, suppliers may provide a certificate of compliance (CoC). This is different
from a CoA. It is basically a certificate stating that the material complies with the require
ments, including compliance with the regulatory requirements or recognized international
standards. It is to be noted that a CoC is not based on the analytical results, and that its
validity depends on the measures that the supplier puts in place to meet the set require
ments. This has to be verified during audits of suppliers.

In the delivery of the certificate, the following conditions must be respacted:

¢ The certificate must refer to an actual analysis of the lot being delivered, not to an
average monthly sample, or to a previously analyzed lot. Tt must cover all the parameters
agreed with the supplier.

The sampling method and sampling plan must be mutually agreed upon.

The laboratory carrying out the analysis must be clearly identifiable on the certificate.
The report must identify the analytical methods used

The accuracy of results for chemical parameters must be verified periodically.

PR )
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Analytical Aspects
Besides the analytical performance of a test method that is used to analyze a specific

chemical hazard, the manner of reporting test results may also have an impact on the com-
parability and validity of analytical data. The following principles that need to be consid-
ered in the reporting of quantitatioe test results are as follows:

Form of the chemical hazard and unit of measurement: A test result should be reported
in the same form (active — chemical form) and with the same unit of measurement as that
given in the specified requirements (e.g. local regulatory limit, Codex Alimentarius).
Number of significant figures: If the requirement provides clear guidance, the same
number of significant figures should be reported. Otherwise, the test result should be
expressed with one significant figure more than the limit stated in the requirement. In
addition, the number of significant figures depends on the uncertainty of the analytical
method.

Correction for recovery: Generally test results are not corrected for recovery. They may

be corrected if the relative recovery is significant ly different from 100% (typically <70%

with good precision). In the latter case, both the measured and corrected value should be
griven, as well as the basis for correction, The recovery of a specific chemical hazard may
vary, depending on the sample matrix.

Reporting limits: Reporting limits are the LoD, which is key for banned or unauthorized
chemical compounds, and the LoQ. As for the recovery, the LoD and LoQ of a specific
analytical test method may vary depending on the sample matrix,

Uncertainty of measurement: In accordance with the standard 15O/ [EC 17025:2005, a
statement on the estimated measurement of uncertainty (MU) should be included in test
reports when:

® itis relevant o the validity or application of the test results;

* acustomer’s instructions so require; or

= the uncertainty affects compliance with a specification limit.

The final uncertainty is expressed as the interval (measured value + expanded ML), ata

95% confidence level,

Uu:tﬂlil'll'j' factors: However, some factors may contribute to discrepancies in the

analytical results, and should be considered in Further investigation in case of a

noncompliance:

* Heterogeneity of the product batch /lot.

s D‘_‘"m'" sampling procedures for analytical testing.

* Different analytical testing procedures (including sample preparation, analytical
method, quanti fication procedure, quality controls) with different performance
characteristics (e.g. detection limit, measurement of uncertainty).

* Different “rules” to assess the regulatory compliance (e.g. correction for recovery,
taking into account the measurement of uncertainty).

It 15 important to understand the principles that regulatory autharities apply to interpret
analytical test results and how they assess the compliance of a product against a require-
ment. The application of different principles for treating data may affect the eonclusion

1 of a product with a requirement.

regarding the compliance or non-c
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Many food business operators make use of external laboratories, or rely on the laborato-
ries operated by suppliers or co-manufacturers. Governments also have their own control
laboratories and may verify the compliance of products independently.

In order to be able to rely on the results of tests, it is best to refer to 15O accredited
laboratories.

APPLICATION OF THE HACCP SYSTEM TO MANAGEMENT
OF CHEMICALS

Identification of Hazards

A first step in the management of chemical contaminants ists in identifyi ial
hazards associated with the product and manufacturing process. The source of mnn)' cherm—
cal hazards is the raw commodity or packaging material itself. Most chemical hazards pre-
sent al source, i.e. raw material, will not be eliminated through processing. Some chemical
hazards may also be formed during processing or storage.

To identify potential chemical hazards, expertise is needed; hence the importance of inte-
grating an expert on the subject into the HACCP team. As a complement, or in absence of an
expert, the following sources of information can be consulted.

» Regulatory requi {considering the requi; ts of the country where the
product is to be sold). As products need to comply with the regulatory requirements, the

contaminants that should be examined are those for which regulatory authorities have

established some guidance or regulatory requirements.

Scientific literature can provide information on the type of hazards which are associated

with food, and their level of oecurrence,

Governmental and industry associations guidance material such as fact sheets, websites.

The guidance provided by the International Life Science Institute (ILSI) or the Global

Harmonization Database can be a source of such information.

Reports of surveillance of governments or industry, be it monitoring of chemical

contaminants in food and environment or reports of inspection of food control

capabilitics showing potential weaknesses in control, monitoring or analytical

capabilitics. A major food recall that occurred in 2001 in Europe in relation to

chloramphenicol in honey could perhaps have been anticipated if the report of FU

inspectors, showing lack of monitoring and of governmental laboratory capabilities

in China for enforcing legislation on veterinary drugs, had been shared with industry

associations,

Portals such as the RASFF (Rapid Alert System for Food and Feed). The accessible RASFF

portal database at hitp:/ /ec.europa.eu/ /rasif enables a search for RASFF notifications on

food and feed of interest or a particular hazard,

Certain chemical hazards, processing and packaging contaminants in particular, are best
addressed in the design of the product. Therefore, their prevention and control must be con-
sidered during the early stage of product development and reflected in a preliminary haz-
ard analysis using, .., the “Safety by Design” approach.

1. FOOD SAFETY ASSURANCE SYSTEMS
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Analysis of the Hazards

For hazards that are identified, a decision should be taken on their degree of risk, Those
which are viewed as high risk in the HACCP study are referred to as a “significant hazard.”
To identify which chemical hazard is significant, the following factors need to be considered:

« The likelihood of oecurrence of the hazard above safety/regulatory limits. This may be

estimated taking into consideration the factors influencing the occurrence of a hazard

(see section on factors influencing the occurrence of hazards above) and the prerequisite

programs in place. Data irming the proper impler ion of p isite programs

must be available, Examples are audit reports of the supplier or manufacturing site and

historical records such as monitoring data of the supplier.

The severity of health consequences of the agent, taking into consideration the target

consumer, the nature and the level of the chemical potentially present.

If a regulatory limit or an industry limit is not available, the decision on the significance

of a hazard could be based on food safety assessment. To this end, two types of data are

required:

# Areference dose: this is the dose below which exposure to that chemical can be
considered as safe (e.g. ADI, TDI, FTWI).

* An estimate of exposure’ based on food consumption data.

The degree of significance of a hazard can then be estimated by comparing the level of
exposure (o the particular chemical agent through a given food with the ADI or other equiv-
alent reference dose (TDI, PTWI). If the exposure does not represent a significant proportion
of the safe reference dose, the agent is not viewed as a significant food safety concern (e.g.
ratio of estimated intake to TDI or ADI <1). In other words, the significance of the hazard
can be evaluated based on the degree of contribution that it makes to the total exposure of
the target consumer. In case that degree is negligible, the hazard is considered not to be a
major food safety concern,

To calculate the level of exp , the worst-case scenario must be considered, ie. using
the maximum consumption of the product and the maximum amount of chemical that may
occur in the particular food, and based on historical records or other BUTVEYE.

Control of Hazards

Except for hazards that may oceur as a result of processing or storage, for a great propor-
tion of chemical hazards, the control measures are at the supplier level, ie. the application of
GAR, GAH, GMP! For packaging contaminants, the design and formulation of the mate-
rial as well as the application of specific GMI* measures at the supplier level are the control
measures. Thus, sourcing the raw material from reliable and approved suppliers is essential
for preventing these types of chemical hazards. Therefore, the customer of a raw material

Estimate of exposure (my/kg bw /day) = [maximum level of agent in the finished product
(img/g) x maximum amount of food consumed (g/day 1]/ bodyweight/ kgh
#In 150 22000 these control measures are refeered o as “preroquisites.”
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must clearly communicate its requirements (including the intended use of the raw material)
to the suppliers. Purchasing specifications is an important tool for this communication.

Testing the raw materials at reception is in principle a verification activity since it con-
firms the suppliers’ quality assurance program and u:olhpllam:e with the agreed epecifica-
tions. However, in situations where the confidence level is low, it can be considered as a
control nu.-a:nue. pmv:.ded. t.'hat it is carried out systematically on all lots of i incoming materi-
als, using a pling plan. Results of the analysis will then be part of the release
procedure.

For some hazards, selecting resistant varietics of raw materials can be considered as one
method to control a hazard, in which case the specific variety desired must be mentioned in
the raw material purchasing specification.

For processing contaminants such as acrylamide, the design and control of process
parameters or the formulation of the product may constitute the main control measure. For
certain types of mycotoxins, the control of I ditions (; &
humidity) of raw materials is the key control measure.

For lubricants, food grade quality and good maintenance practices must be considered as
key control measures (this is often done as part of GMP).

Preventing nu:':dmtnl or crass-contamination with chemicals requires good warehouse

tion of cleaning chemicals from food items, proper closing and
labellng 0fd1|.-m|ca1:- dedicated recipients, ete.

The control of hazards must at all times ensure that chemical hazards are prevented
eliminated or reduced to an acceplable fevel.

time, P

Critical Limits

The second principle of HACCP is the decision on the critical limit. This is the limit which
separates the acceptability from the unacceptability of a control parameter. These limits have
to be established based on the parameters that characterize a control measure. For instance,
if for the application of antibiotics, the control measure has to take account of a withdrawal
period, the monitoring parameter is time, and the critical limit is the number of days required
for the residues of antibiotics to decrease to an acceptable level, e.g. 7 days. However, for a
raw material where there is low supplier confidence or the supplier is not known, and the
testing of the raw material is considered as a means for controlling the hazards, the critical
limit is the regulatory standard of the country where the raw material is to  be used, nrpnﬁv.r-
ably the Codex norms if these are more stringent. For intermarket supplies, i
also be paid to ensuring that the finished product meets the regulatory limits of the m.l.ﬂu:t
where the product is sold and /or the Codex norm. If this requires a more stringent norm for

the raw material than the regulatory requirement of the wuntry whene the product is manu-
factured, then this should be stated in the requi icated to the suppli
Chemicals used by producers (e.g. .'l;,nxh\rmca]_s! or by food mnnnfa:lums {e.g. food
additives) should not be used in fwd production and manuf g if they have not been
evaluated and have not been proven safe for use.

For unapproved or prohibited chemicals, some governments may apply the concept
of zevo tolerance. This concept is based on the idea that if an agent is prohibited, its mere
presence at any level is an indication of violation of the legislation. However, many

1L FOOD SAFETY ASSURANCE SYSTEMS




930 H. MANAGEMENT OF CHEMICAL CONTAMINANTS

governments can be tolerant if the industry can demonstrate that the presence of the agent
in the product was inadvertent, a due diligence measure was taken to prevent it, the con-
taminant can have other sources, e.§. environment as was the case with melamine, the
level in the product is so minute that it does not present a harm to consumers and comec-
tive measures are taken to prevent it in future. Under such circumstances the governments
may allow the product on the market. In other cases, the governments may confiscate the
food and punish the producer, but destruction of such a food considered safe would not be
wise. At very low levels of contamination, there may be conflicts among the stakeholders of
the p or ab of such a sub ¢ and regulatory authorities may determine mini-
mum required performance limits (MRPLs) of the analytical method for such substances.
For processing contaminants, the critical limits correspond to the acceptable limits of the
processing parameter(s), e.g. temperature of the heat treatment. Similarly, for contaminants
associated with storage, the critical limits will be the acceptable limits of storage parameters

(temperature and,/or humidity).

CCP Monitoring

Where the raw material is considered as a CCT, the chemical hazard must be tested on
every batch and the results of testing must be made a release criterion. Correct and valid
sampling is essential. Where the distribution of the hazard is heterogencous (e.g. myeotox-
ins) and the raw material is considered as a CCP, the validation of the sampling method is
particularly critical for food safety and must be considered as compulsory.

Similarly, in line with HACCP principles, any processing or storage step which is identi-
fied as a CCP must be monitored; the parameters and frequency of monitoring must be set
50 that if the critical limit is violated, corrective actions can be applied in a timely manner.
For chemical agents, re-processing is generally not applicable and an infringement of the
acceptable level of the agent should lead to the rejection of the raw material or product.

Personnel entrusted with the t of CCPs must be well trained, be aware of
their responsibility and must completely es of an eventual fail-
ure of the CCP.

nd the conseq

CP Monitoring and Other Verification

In addition to CCP monitoring mentioned above, depending on the level of risk, a
verification procedure must be established to confirm that control measures (preventive
measures) are adequately implemented and the HACCP system is effective. For chemical
hazards, verification includes activities such as:

» Audit of the supplier.

= Factory audit.

e Verification of identity of the raw material upon receipt in the factory (e.g. visual
inspection) to confirm that the right variety is selected.

Maonitoring of the raw material for potential hazards according to the degree of risk as
well as other factors (see “Monitoring Flans (see next section page 931),").

» Testing of the finished products.
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Monitoring Plans

Frequency of Monitoring
Whether monitoring is implemented at a CCP for controlling a hazard or as a verifica-
tion measure to verify that the control measures are applied correctly, the frequency of mon-
itoring needs to be decided. In line with what has been mentioned above, this should be
decided on a risk-based approach. However, frequently health risk is not a sufficient cri-
terion since a one-time non-compliance may not present a significant health risk for the
consumer or may even present no risk, but may jeopardize the reputation of the business
or present cconomic risk in case of viclation of regulations and product recall. Therefore,
a two-step decision-making process is proposed here.
In a first step, the frequency of monitoring is decided taking into account:
The likelihood of occurrence of the i above acceptable levels in the raw
material, e.g. taking into consideration the prerequisite conditions (e.g. availability of
certificate of analysis).
* Health consequences for target consumers. in case of non-compliance and the anticipated
level of the contaminants in the final product.

In line with the decision tree (Figure 34.1), degending on the level of risk, the raw mate-
rial is considered as a CCP or Control Point (CP)°. If the risk is viewed as negligible, it may

Caonsidering fiold dala and the
prerequisies, s the presence ol the:

hazard at this stop {e.g raw material)
ol lovels above safetyregulatony Mmis
Thaky?
Mo Yos
Would consumption of the
food product have senous
health conmugquences? l
Yes
The step (e g. raw malerial) s &
The siap, o.4. row matenal, No CCP. The raw matenal should ba
I nol a CCP, The agent can Lested balora release.
e subyject to monitoring for
wverificalion to ensurn that

prevenbve measures are eficlent

FIGURE 34.1 Simplified decision ree for hasard analysis of chemicals

*Comtrol point is a step in the operation where control measures ane applied but the step is not considered as
a CCP. Nevertheless, the step is checked or surveyed for verilication purposes.

11l FOOD SAFETY ASSURANCE SYSTEMS



-
-
932 14, MANAGEMENT OF CHEMICAL CONTAMINANTS
Health consequences
L] Himze sdverte B4 ey ar Saricus a3 Death
3 hastth impact upon | heskh g
- lomg-ierm somiequercel
P g wpoa lrg-term |
arponure .
Very laely.
L
n
=
k- 2
Waderately iy
T
X
Bary
£
e i of
Unitely N testing teamg
OF 9aCa pF pasT

FIGURE 34.2 A schematic presentation of risk-based monioring

also be decided that no monitoring is required for food safety reasons. The monitoring fre-
quency decided at this step should in principle set the minimum requiremnent for testing
(Figure 34.2),
In & second step, the frequency of monitoring can be readjusted takir
“other factors and requirements”; examples are:
* Feasibility (availability of analytical method, speed of results).
* Regulatory requirements and /or public perception.
* Economic reasons: amount of raw material and /or product processes and implications in
case of a product recall,
= Impact on the image and reputation.

into consideration

Principles in Setting a Momitoring Plan
In setting up the monitoring plan, the following principles must be considered:

Time of testing must be adapted to the period associated with the highest risk of
contamination {e.g. monitoring of aflatoxin in cereals or nitrate in vegetables may require
higher frequency in specific seasons or climatic conditions).

« Samples must be taken at the arrival of the raw material.
= A certificate of analysis can be required in place of, or in combination w fication

ysis must be obtained from an accredited or
fied internally.

manitoring. However, the certificate of anal
approved laboratory and be periodically ve
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» Except for contaminants that occur during processing and manufacturing, most of the
efforts must be on the raw material. However, periodic testing of the finished products is
also advised in the following cases:

To verify that the HACCP plan is effectively implemented. This is important for

significant hazards.

To eonfirm compliance with the legislation.”

To verify that risks associated with processing or storage are under control.

1f a certificate of analysis is required by customers.”

If a certificate of analysis is required for i

E
P tion.

Corrective Action

In case of non-compliance, the following actions need to be considered:

Non-complying raw materials must be rejected and suppliers must be advised.
Depending on the situation and the gravity of the non-compliance, the need for
increasing the frequency of the verification activities (i.e. frequency of auditing and /or
monitoring materials for the potential hazards) or alternatively terminating the contract
must be considered. Fraudulent practices must lead to an immediate termination of the
contract,

Non-complying finished products must be blocked.

Any deviation must be immediately investigated and followed up.

For chemical hazards occurring as a result of processing or storage conditions, a
deviation from set standards must lead to a product reformulation or a change in
processing or storage conditions.

Validation

The principles of the HACCP system as well as of the Codex Alimentarius Commission
require validation of control measures. Validation consists in obtaining evidence that the
elements of the HACCP system are effective. As such, all the decisions relating to the differ-
ent principles of HACCP need to be validated to ensure that they have a scientific and/or
technical basis, and/or are based on accepted practices. These include consideration of the
need for validating:
= H ds which are ¢ ed as non-significant and efficiency of control measures

({operational prerequisites), ¢.g. suppliers” practices, monitoring and /or CoA.

Limits and for specifications.

The sampling scheme and procedures.

The analytical method (e.g. equipment, variability, sensitivity, approved and recognized
method).

*Provided that there is scientific evidence that the risk is associated with the product or related raw
malerials,

*ldemn as 5.
Hidem as 5.
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» Frequency of monitoring activities.

= Training and competence of personnel, from operators to laboratory (e.g. accreditation).
Necessary data, records and documentation providing the basis for decision-making

must be available.

Maintenance of the HACCP Plan

Results of monitoring and other verification activitics (e.g. audit of supplier, preventive
maintenance) as well as previous records of consumer complaints and or accidents must
be the subject of a continuous review. Hazard analysis and decisions on CCPs and/or fre-
quency of monitoring and other verification activities must be re-evaluated and the HACCP
and monitoring plan must be updated in the light of these data. Examples of technical or
scientific data that should prompt an update of the plan are:

Alerts (internal or external).

Surveys by authorities or national food insti

Reports or data on previous incidents or non-compliance.

MNew scientific devel P ts (e.g. gence of new potential hazards).

New or change in the regulatery requirements.

Change of supplier or suppliers’ practices.

Change in the country where the product is marketed.

Change in the intended use, preparation method or target consumer.

Change in the product formulation or process/storage conditions; change in faclors
influencing the occurrence of a hazard, such as environmental contamination or climatic
changes. The latter may for instance increase the risk of mold growth and formation of
mycobaxing, which in tum can lead to abuse of fungicides. Climatic changes may also
increase animal infections, leading to a higher use of antibiotics,

While the maintenance of the HACCP plan must be a continuous practice, it is a good
practice to periodically review collected data and their trend analysis, Types of data that
should be considered during such a review ane

* Results of in-house monitoring, including out-of-norm results.

* Survey or monitoring carried out by authorities {or planned to be carried out) or third partics.
o Verification of certificates of analysis.

# Performance of supplicrs (audit reports, supplicer s monitaring plan) and future audil plans.
* Information on emerging chemicals.

* Reports on laboratory competences,

The results of this review must lead to an analysis of trends and decisions for:

L I

* Enhancing preventive measures,

* Readjusting the frequency of monitoring.

* Selling up new monitoring activities or surveys.

+ G ication to regulatory authorities regarding the feasibility of the legislation.

o M of li Juest for audits, change in the frequency of monitoring or

- Ly

issuing wnmings].r
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In case of any report by regulatory authorities or other third parties (e.g. customer, con-
sumer organization) of non-complying products, a transparent and speedy reaction is
important to maintain credibility and the confidence of authorities. The following action is
recommended:

+ Handling of non-compliance and corrective actions - all non-compliances must be the
subject of immediate follow-up action and must lead to the adjustment of the food safety
management system, including monitoring activities. Handling of non-compliance and
incidents is explained in Chapter 40.

Further Reading

Motaremi, ¥, Sadler, B, Studer, A, Damdano, V., 20090, Application of the HAUCT approach lor the managemant
ol processang, contaminants. In: Sladler. RH., Linchack, D (B ), Proces Induced Foed Towicants and Health
Rsks. Jobn Wilay & Sons Inc., New Jersey

Moy, G.. Tedd, E. Overview of foodborne iliness and jpublic heath aspects. Part 2. Chemical, physical and other
hazards. Encyclopedia of Food Safety. Elsevier (in press).
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DESCRIPTION OF I1SSUES

Food defense, as used in this chapter, concerns the fntentional contamination of the food
supply. While governments have begun to take notice of this risk only in recent years, peo-
ple have been poisoning food since before the pyramids were built,

‘What is different today is the scale of the impact and the scope of the risk (Tumin, 200¥).
Modem agricultural methods, large-scale food manufacturing and efficient logistics tum
what might only have been a local problem into an inlernational crisis. A single farming
region may produce a commodity for much of a nation. A single factory may manufacture
food that is distributed across a continent, or produce an ingredient shipped around the
world (Cavallaro et al., 2011).

At the same time, terrorist attacks that reach across the world, increased global politi-
cal unrest and unprecedented global distribution of food magnify the risk. No longer must
we be concerned with only personal enemies, but we must also be concerned with extrem.
ist political factions with whom we have no contact. Another potential risk is with trading

partners half a world away.

DEFINITIONS FOR FOOD DEFENSE AND RELATED TERMS

Some waorking definitions are appropriate to frame the discussions in this chapler. As
a relatively new area of focus within governments and food producers, the terms used to
describe pr ions from intentional c wtion are evolving, The language may change

further as global partners continue to collaborate.

Food Safety

Food safety has its focus on reducing the risk of unintentional contamination in the food
supply, be it natural, accidental, a result of negligence or violation of food salety principles
due to technical ignorance.

Food safety is a well-established area of effort that has been around for decades
Universities worldwide have well-regarded food safety programs. Most governments have
agencies dedicated to food safety. Producers increasingly have food safety management
programs based on global standards, Cold-chain practices, risk analysis methods such as
operation risk method (ORM) and hazard analysis critical control point (HACCP) are well
understood fand Ilishlightgd Pmminenlly in reference materials such as this one),
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Food safety frequently focuses on a relatively short list of well-studied pathogens, such
a5 pathogenic strains of Listerin, E. coli and Salmonella, along with chemical contaminants
and physical hazards like wood or metal fragments. Some of these contaminants are inher-
ently found in the environment or production systems. Inspection and detection methods
exist for these agents. Many food processing systems include treatments (oxidizing or heat
treatments) or compositions (low water activity, pH) that inactivate pathogens.

Key points: Accidental contamination, well-established best practices, known agents.

Food Security

Food security has its focus on the availability of nutrition for a population.

Despite the large-scale agriculture, industrial food facturing and global distrik
of the global food supply, there is still a great deal of hunger in the world. The Food and
Agriculture Organization of the United Nations (FAO) estimates “that a total of 925 million
people are undemourished in 2010° with “developing countries account{ing] for 98 percent
of the world's undernourished people.” Many populations (nations, regions or people) have
an insufficient supply of food, and they are “Food Insecure.” Populations with sufficient
supplies of food have “Food Security,” This problem is projected to increase due to popula-
tion growth, climate change and related factors (FAO, 2010).

Note: Some documents may use the term food security to describe measures to reduce the
risk of intentional contamination. If you are unsure, you should try to clarify the local con-
text of the term.

Key points: Sufficient food for a population,

Food Defense

Food defense has its focus on the prevention of the infentioal contamination of the food
supply.

Many agents can be used for intentional contamination. In addition to the agents nor-
mally identificd with food safety, these can include other chemical, biological, physical or
even radiological agents. Many potential agents are highly toxic and are not prevented or
inactivated by conventional food safety interventions. Most of these potential agents are dif-
ficult to detect, or at least difficult to detect when in a variety of foods.

The motivations for intentional contamination can be as varied as the agents. They can
range from local gricvances to economic advantage to political disruption to mass casual-
ties, The capabilitics of perpetrating an intentional contamination also have a broad range,
from the limited effort of an individual to the significant capabilities of a well-organized
international terrorist cell,

Key points: Intentional contamination, unknown agents, limited detection methods,
motivations and capabilities vary with the perpetrator.

Food Protection

Food protection is an “umbrella term” to encompass both food safety and food defense
activities.
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This pays homage to the fact that it is often the food safety professionals that become
respansible for food defense. This reflects various similaritics and overlaps in the work of
food safety and food defense. For example, both food safety and food defense benefit from
control and inspection of incoming materials and from a robust recall and recovery pro-
gram. Note that in terms of regulatory authorities there are different organizations involved,
e.g. food control agencies for food safety versus police or hameland security agencies for
intentional contamination.

Note: There are also several fundamental differences between food safety and food
defi k of the i ional element. Malicious intent and intelligent adversar-
ies must be considered in food defense. A change in thinking is required when food
safety professionals also manage food defense measures. They must begin to “think like the
bad guy.”

Kgy I'l:ll:in&s: Emphasizes the similarities with food safety, may diminish the differences.

Bio-terrorism, Agro-terrorism and Bio-defense

Bi ism, agro and bio-def focus on biological attacks of several kinds.
These can be attacks against crops or livestock as well as the food we eat,

The inclusion of the word “terrorism” describes crimes that are politically motivated.
Food defense is concerned with intentional contamination of food that is politically moti-
vated and motivations that are economic or revenge based.

While intentional attacks against the food we eat or the feed stocks that make our food
may be considered bio-terrorism or agro-terrorism, those terms are more often used in the
contexts of crops and livestock, or as an umbrella term for all biological-based terrorist
attacks against food.,

Key points: Attacks against any food, crop or livestock rather than a focus on the food
we eal,

Summary

The terms used may be different from one country to the next or in different industry
segments, and may continue to change over time, Regardless of the terms used, if you are
fﬂ;\!idl‘ﬁng the protection of your food supply from intentional contamination, this chapier
is for you.

FARM TO FORK

Food defense borrows the notion from traditional food safety and cold chain to treat the
entire food supply as an integrated system. The weakest link between the farm and the con-
sumer may be the place where an intentional contamination eccurs, You may also hear com-
parable terms such as “farm to table,” or in Australia, paddock to plate.”

With food defense two factors make protecting the entire supply chain even more critical
than with food safety. The first factor is the malicious intent of the perpetrator. If they have
studied the food system, they may choose to attack at the location with the fewest defenses,
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or the location where they can do the most harm. Some vulnerability assessment methods,
in fact, focus on how a perpetrator would choose a target.

The second factor is the difficulty of inactivating some agents that might be used in an
i ional attack. Traditional food safety protocols heavily emphasize sanitation conditions
at food producers and the critical control points (CCPs) of “kill steps” like pasteurization to
reduce the risk of a food safety incident. These measures would be totally ineffective against
many potential contamination agents.

Note: Several food safety incidents have illustrated the weakness of relying too heav-
ily on the controls at the food producer. The E. coli outbreak in leafy greens in the United
States in 2006 caused a significant health impact despite controls at the producer. Significant
improvements in good agricultural practices (GAP) were instituted as a result (CDC, 2006).

Most food producers are not vertically integrated to the extent that they can control the
entire food supply from “farm to fork.” They must instead infliuence the defensive ability of
the supply chain that is outside their control in another way. To do this they borrow tech-

niques from traceability methods, looking one step ahead and especially one step behind as
part of supply chain verification.

TYPES OF RISK AND HAZARDS

In traditional food safety we look at the various mechanisms {veciors) that could create a
food safety incident. In food defense, when we talk about the types of risks and hazards we
can consider the various types of perpefrators that might commit an intentional contamina-
tion. What kinds of people or groups are they? What are their motivations? What are their
capabilities? Are there targeted mitigations for those specific perpetrators?

We can also consider the various agents that might be used. Taken in combination, these
represent the threal veclors we need to guard against. The good news is that much of what
we do to protect our processes from one potential perpetrator will also protect us from
others, The bad news is that this is not entirely true, because their capabilities are different,
Consider perimeter fences that will help keep out competitors or local political threats, but
would do little to slow down an insider or a well-organized terrorist cell

Pery Motivati

Capabilities and Targeted Mitigations
Owners and Managers; Economically Motivated Adulteration (EMA)

While we might first think of intentional contamination with respect to criminal or ter-
rorist activity, often with a political motive, perhaps the most pervasive form of intentional
contamination is to improve profits: economically motivated adulteration.

Economically motivated adulteration can take the form of diluting a product, substitut-
ing; inferior ingredients or adulterating with potentially hazardous ingredients that might
improve the apparent value (with the intention of “fooling” the current quality assurance
of analytical methods used to establish value). Fake products (imitations/ counterfeits) are
another form of economically motivated adulteration.

A challenging factor with economically motivated adulteration is the nature of the
perpetrator ~ the owner or key management staff. They have ready access o all systems.
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They understand the process thoroughly and have the means lo circumvent any physical
security measures. Their workforce may be unaware of, unable or unwilling to report, their
suspicious activities.

There is another interesting conundrum when considering the potential health impacts of
economically motivated adulteration. The owner/perpetrator presumably does not desire
people to become ill; their motivation is economic gain not human harm or political impact.
S0 they may dilute or substitute with a material of less nultritional value though not neces-
sarily one that is pathogenic. On the other hand, because the adulteration is more likely to
o undetected for some time, the cumulative health impact could be quite great.

As an example, in 2008, about 300,000 children in China became ill and at least six babies
died when the milk used for infant formula manufacturing was adulterated with melamine
(T New York Tines, 2011}, In 2004, about 50 children died from fake infant formula, which
provided little or no nutrition (Watts, 20804).

Special capabilities: To disguise the substi
the excuse of © Il infe
employees.

Limitations: The selection of agents is limited to adulterants the owner or manager
believes will get around QA systems, and those that will be benign, so as to allow the adul-
teration to be perpetuated over time for the greatest economic gain.

Targeted miligations: EMA agent informed analysis by the customer.

tution of one ingredient for another, using
jon to hide the actual formulation from

g propri 7

Employees and Other Insid

A “disgruntled employee,” angry with a supervisor or co-worker, may be one of the most
difficult threats to guard against. This person may have access to many areas within the
facility, may know the best places to contaminate without being, caught and may not raise
any suspicion even when away from their normal work area.

The nature of the design and operation of many food manufacturing facilitics allows
almost any employee to be in almost any work arca. Even new or temporary service
employees often have relatively unrestricted access. Color-coded hals or uniforms are often
used to designate job function, like supervision or quality, and not what arca the employee
should be working in.

‘When considering employees, also consider other people whe have regular access to
your facility: vendors, contractors, sanitation pessonnel and other temporary support
employees can have similar access and motivations.

Many of the physical security measures we might first think of when considering food
defense, like fences and guards, are powerless against an inside threat. Even cameras might
be ineffective in stopping an insider if they know they are not being monitored in real time
Enhancements of our physical security measures and additional behavioral measures are

The motivation of an insider threat may be retribution for some harm or slight, As such,
the goal is to do harm to the owner or company, not necessarily to create a large health
impact. So the contamination may be one that becomes obvious, changing the color or com-
position of the product in a way that is detected before the product would make it to the
consumer. There is one exception: the special case where the insider belongs to, or has been
compromised by, a terrorist group that does seek to do harm.

I FOOD SAFETY ASSURANCE SYSTEMS
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Special capabilities: To freely bypass external security measures, and in many cases have
access to food mixing operations that make a good place to introduce a contaminant.

Limitations: The agents available to employees are limited. They usually would not have
access to highly toxic agents in high concentrations.

Targeted mitigations: Zoned internal security measures, “buddy” systems, surveillance.
Background security screening of all

personnel, not only full-time employees, but also ven-
dor and temporary support | 1

Competitors

Like a disgruntled employee, a competitor may wish to harm another company. A com-
petitor likely does not have access to the facility (though this could happen in some cases
of prior employment). The competitor would, however, have significant knowledge of the
processes and possibly the vulnerabilities.

Special capabilities: To understand the most effective place to contaminate and recog-
nize those processes in another operation,

Limitations: The agents available to competitors could be limited. Access may be limited
as it is to other outsiders. There may be restraint on the part of a competitor if they under-
stand that any public awareness of tainted product could damage the entire market includ-
ing their own business.

Targeted mitigations: Prompt removal of access privileges for all previous employees.
Industry education regarding the shared impact of a contamination event.

Local Extremists

Because the threats of local extremists are politically motivated, they can be termed ter-
rorists. They are listed in this chapter separately from global terrorists because the capa-
bilities of these local terrorists may be much different. (In some food defense programs, all
terrorists, local and global, are considered as a single category of threat = National Standard
of the People’s Republic of China, 2010.)

What sets extremists apart from the previously classified groups is their willingness to
cause harm to people. While they may attempt to achieve their goals through economic
harm and publicity, they may prefer to make their statement by impacting public health,

There have been several i al food contamination events by local extremists.
Fortunately they have been fairly limited in scope. These events have generally been tar-
geted at the “last mile” such as retail food establishments.

As an example, in 1984 in The Dalles, Oregon, USA, members of a religious commune
deliberately contaminated salad bars at 10 restaurants, A total of 751 persons were stricken
with Salmonella gastroenteritis associated with ealing or working at these restaurants (Torok
et al,, 1997). This was a test run on their ability to impact voter turnout at a local election.

Special capabilities: To organize and conspire with others committed 1o a cause. They
may research methods and agents in advance.

Limitations: The most esoteric methods and most toxic agents may not be available. They
may be restricted only to simple access points

Targeted mitigati Special empt

is on retail food establishments. Facility access
controls in manufacturing environments such as fences, guards and access badges. HR
practices.
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Global Terrorist Threat

Highly organized global terrorist attacks could target the food supply with the intention
of causing significant illness and deaths, The impact could be more tragic than bombing 2
hotel or crashing an airplane.

There is evidence that global terrorist groups have at least considered attacks on the food
supply. This evidence includes captured notes from a raid on an Al-Qaeda camp (Tamak
Farms Afghanistan) in 2001 that illustrated portions of the food supply and listed potential
actions (Hoffman and Kennedy, 2007). There is no confirmed evidence to date that global
terrorist groups have executed an actual attack against the food supply, although such
events have aroused suspicion.

What we realize, however, is the historic vulnerability of our food supply to a potential
attack. The supply chain is vast, from fields, to factories, to endless distribution routes and
countless consumers. It is broadly recognized as the most complex of supply chains (Feod
Safiety Magazine, 2011).

We also realize the devastating impact a significant attack could have. How many peo-
ple have become sick or died in some of the major food safety incidents of the last decade,
and how many more people could be harmed by a well-orchestrated attack on a food plant?
How many more people could be harmed using highly toxic agents that are not inactivated
by current processes and not detected by current methods?

Special capabilities: To organize, conduct surveillance of potential targets, practice
attacks and coordinate asymmetric attacks against multiple targets. They are also able to
recruit or place an insider in an organization, giving them many of the capabilitics previ-
ously discussed for company insiders. Fotential access to any agent desired.

Limitations: The planning activities required o organize a coordinated attack make them
susceptible to detection by government authoritics. Surveillance or Irial exercises may make
them detectable by alert plant personnel.

Targeted mitigations: Collaboration with law enforcement or national security organiza-
tions and a comprehensive and layered food defense system that includes trained and alent

employees or authorities.

Agents

In food safety we concentrate on a list of established agents identified as contaminants.
They are naturally occurring and/or unintentionally introduced and have been reasonably
well studied. The situation is much more complex in food defense.

A broad range of toxic agents could be used for an intentional contamination, including
biological, chemical, physical and radiological agents. Many of these agents are not well
tI;lndl.'Mmd and we have little experience detecting them in the food supply or inactivating

e,

Itis natural to think that we should know what agent we are guarding against, but in one
respect, this really is not necessary. When we “think like the bad guy,” we look for an agent
and a contamination point that is not inactivated by the normal manufacturing process.

1 we create a food defense plan based on some specific agent, we might overlook poten-
tial vulnerabilities based on our ability to inactivate that agent, such as points upstream of
a pasteurization point. If we create a food defense plan based on the idea that the agent that
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will be used will cause harm and will make it through our process, we can address addi-
tional vulnerabilities.
[Hink: Create your food defense plan based on an agent called “really bad stuff” that is -
highly toxic, difficult to detect and will not be inactivated by your process or supply chain.]
After you have created an agent-agnostic plan, there are two additional benefits to going
back and looking at the specific characteristics of different agents.

1. You may be able to create some additional agent-specific mitigation that further reduces
your vulnerability to specific agents or types of agents. For example, a slightly higher
pasteurization temperature may inactivate a broader range of biological agent as many
US dairy processors have done (Detlefsen, 2005). (Remember that contamination could
occur after pasteurization, so you cannot leave those downstream systems unguarded.)

L You may improve your ability to debunk a hoax of contamination. In the event of a hoax
that claims a specific contamination of your product, you are better prepared to explain
to the public how that agent would be inactivated by your process, or how the quantity
added would be incapable of causing mass harm,

Much of the information on specific agents is either limited or classified as there is no
“normal” reason to need it or provide information beneficial to potential perpetrators.
Additional information and references on chemical and biclogical agents (Kennedy and
Busta, 2007) of concern is, however, available.

Detection: Methods to detect the introduction of intentional contaminates are being stud-
ied. Today there are no commercially available broad-spectrum test methods available.

Summary
Multiple perpetrators and multiple agent characteristics (since agent specific available
data are limited) must be considered to create a food defense plan that can reduce the risk

fram multiple vectors. Some mitigation measures are important for any type of risk, but
there are targeted mitigation measures that can help address each individual type of risk.

METHODS OF VULNERABILITY ANALYSIS

Risk analysis for food safety focuses on known hazards that do occur with reasonable
probability 1o analyze the impact, with a goal of creating mitigation measures to reduce the
impact. The focus is on controls,

There are several methods to assess food safety risks, including the eve of an experienced
practitioner. Hazard analysis critical contral point (HACTCF) is the global standard and is
fund lly based on operational risk m t (ORM) principles.

The ORM analysis is usually displayed as a two-dimensional health risk asaessrr!ml
model as displayed in Figure 35.1 by the Food and Agricultural Organization of the United
Nations (FAQ, 199%).

For food defense, the math is very different as it focuses on vulnerability assessment
rather than risk assessment, An event of intentional contamination has no normal likelihood
of oecurrence, and an unknown potential for occurrence but the consequences could be
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High Sa [ Ma cr
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Likelihaad of eccurmence

Negligible Sa  Sa Ss Sa

Low  Med High
Severity of consequentas

Significance of the hazard

Sa - Salislactory (negligible)

i - Minar

Ma - Major

Cr = Crilical
FIGURE 35,1 Exampbe Operational Risk Management analysis, ussally displayed in a two-dimensional halh
risk assessment model.

devastatingly off the chart. For this reason the analysis is on vulnerabilities in food defense,
with a goal of creating mitigation measures to take an already Jow likelihood of occurrence
and reduce it even further, The focus is on vulnerabilities instead of ¢ 1

There are several methods to assess the vulnerabilities of a foed production facility of
system, including the eye of an experienced practitioner. CARVER + Shock, or a derivative
of this method, is often used though there is as yet no apparent global standard.

CARVER + Shock

CARVER + Shock is a seven-altribute scoring method used to assess the most vulnerable
operations in the food supply chain. It can be used across supply chain elements or within
an individual production facility.

MER # Shock was adapted from a military targeting method used to select largets
by giving those targets a preference score. Some fargets are more hardened, others better
guarded, some are easier to recognize, others easier to rebuild and some will cause more
disruption.

Consider the possible military targets in Figure 35.2 and decide how you might score
them low to high against Table 35.1 that lists the seven CARVER + Shock attributes.

When we use CARVER in the food industry, we score each unit operation (also known
s process step) for each of the seven attributes. This results in a target preference score; if 2
“bad guy” were to target our operation, the higher scoring operations would make the most
desirable tarpgets.
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FIGURE 35.2 Examples of possible military targets that could be scomd from low o high against the seven
CARVEHR + Shock attribintes listed in Table 35,1,

Knowing where the best targets are helps you understand where you should focus mitiga-
tion measures. Knowing why some unit operations are the most preferred targets helps you
understand whal mitigation measures might be most effective in making those targets less
desirable.

The goal of the CARVER analysis is a ranking of unit operations, not the actual score that
is calculated, as o score is not transferable across a supply chain. The process steps with
the highest ranking are the locations where you want to consider additional mitigation
Measures.

The CARVER analysis starts with a flow chart to describe the process flow within a por-
tion of the supply chain such as your facility. A flow chart used for HACCP planning can
usually be adopted for this purpose, but operations that would not be a food safety risk
need to be added.

Scoring tables used for a CARVER analysis are often based on a catastrophic event on a
national level. The scoring can be adjusted for an individual facility. The key factor is that
the analysis helps you differentiate one unit operation from another.

Note: CARVER + Shock analysis often uses the term “nodes” for what we might call a
unit operation or process step.

CARVER + Shock Software

The United States Food and Drug Administration (US FDA) has developed a software
lool to assist in performing a CARVER 4+ Shock analysis. It helps guide the user using an

interview process, and does all the behind-the-scenes math that would be needed to score
all of the unit operation (nodes).
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TABLE 35.1 CARVER Attributes

< Criticality Do [ hurt their economy, their health, their ability (o fight”
A Accessibility How close? How easy to get to? Physical access?

R Recuperability How quickly ean they rebuild?

v Vulnerability Can | damage the tanget? I st hardened? Guarded?

E Effect Do they have backups or alternatives?

R Recognizability Can we recognize and find the tanget?

Plus Shock Psychological effects, like women and children?

Adepted from it e oo F wdB ssd U fosienf CARVERG Sralt himBekerls, What s CARVER + Shock, What Does C-A-R-V-L-R 4

Shor Maan?

To locate and download the free software, enter the address for US FDA Food Defense,
wwwldagov/foeddefense. Use the site SEARCH tool to search for “VULNERABILITY
ASSESSMENT.”

The software has three main components. The first is to outline the facility using a flow
diagram. The second is to respond to a series of interview questions that is gencrated based
on the flow diagram. The final component displays the ranked scores as well as some suf
gested mitigalion measures,

[Hints (based on softy for facturing, version 2):

1. Choose a representative operation or line. Many of the insights you gain from one
analysis will be appropriate for other similar lincs.

2. Keep the flow chart fairly simple. The number of interview questions is pmpm’liﬂ"ﬂ' o
the number of chart elements, Group like operations in the same area together and score
for the worst (i.e, all “blending” might be described as a single chart element).

3. Rename cach chart element with a preceding numeral in order of the process flow. The
interview questions are asked in “alphabetical” order of the chart element names, not in
the sequence of the process flow.

a representative product and answer the interview questions based on that
product. Many of the insights you gain from one product will be appropriate for similar
products.]

Alternative Assessment Methods

Guidance Documents and Checklists
_ There are many guidance documents and checklists now available that sugpest mitiga-
tion measures that a food production facility should consider, At the time of this writing.
most of these are suggestive in nature, and not required by law:
Exercising one for several) of these checklists can identify vulnerabilities when you real-
ize a suggested mitigation measure is not in use in your facility. While not as slﬁ'ngenl a5
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a CARVER + Shock analysis, these checklists can still be beneficial on their ewn. This is
because they have been created based on the results of stringent vulnerability
analyses, like CARVER.

Checklists are available for many industry segments and from many sources including
government agencies and universities. You can search the internet for current checklists
and guidance documents. There are several available from the US FDA and the United
States Department of Agriculture (US DA): hitp:/ /www.fdagov /fooddefense and wiww,
usda.gov. There is active research on new methods as well, so the tool set is evolving
(Newkirk, 20109,

“Mini" CARVER + Shock

When analyzing entire industry segments and comparing one segment to another, there
is some benefit in using all seven attributes in the CARVER + Shock method. Within a single
organization, and certainly within a single facility, some of the attributes do not help to dif-
ferentiate one unit operation from another, so they no longer add value to the analysis.

As an example, if there is a major contamination event at your facility, you either do or
do not have backup manufacturing capability available (the EFFECT score). This is true
regardless of what point of your operation is contaminated. So there is no benefit to you to
scoring each unit operation for EFFECT; every process step would have the same score!

In fact, the second version of the US FDA CARVER + Shock software puls more empha-
sis on only four of the scoring criteria to simplify the interviews, This had no impact
in the validity of the scores, The software scores are based primarily on CAV (Criticality,
Accessibility and Vulnerability) with a little impact from R (Recuperability).

Taking this one step further within a single facility, Criticality and Recuperability will
usually bie scored the same or very similar. Since the goal is  ranking of unit operations, not
a specific numerical score, using a score based only on AV (Accessibility, Vulnerability) will
still provide a valid ranking of your most at risk operations.

As an example, the exercise tools used for Asian Pacific Economic Cooperation (APEC)

Food Defense workshops use a simple two-attribute scoring system: Accessibility and
Vulnerability (Periscope Consulting, 2010-2012).

Food AG Sector Criticality Assessment Tool (FASCAT)

The National Center for Food Protection and Defense (NCFPD) at the University of
Minnesota developed an assessment tool that looks across entire systems of the food and
agricultural sector. It is designed for national or state agencies to evaluate their many food
operations to determine which types of operations might be more critical, It helps to retain
equity in cross-sector critical system identification, using attributes like overall size and
nature of distribution and the polential consequences of various threats (Hennessey, 2010;
Food and Agriculture Sector-specific Plan, 2010).

A practitioner evaluating an individual factory and not a supply chain will fll?d _FJ\SCJ\T
of limited benefit as it is a systems analysis tool. A large producer with many facilities, espe-

cially facilities of different types, may find FASCAT or future derivative tools beneficial in
determining where to emphasize their food defense efforts,
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MSHARPP

MSHARPP is an Air Force targeting matrix to analyze likely terrorist targets. It is being
evaluated by some countries for potential use in evaluating likely food industry targets (Air
Force Antiterrorism Standards, 2005).

The scoring attributes have some similarity to CARVER, with the acronym standing for
Mission, Symbolism, History, Accessibility, Recognizability, Population and Proximity.

The Eye of an Experienced Practitioner

After conducting numerous checklist-based assessments, workshops and CARVER +
Shack analysis, there are some individuals who will have a very good “eye” for vulnerabili-
ties and can develop a basic vulnerability assessment by walking through your operation.
You might use an approach like this to get your food defense program started quickly.

If you use a food defense practitioner to give you a vulnerabilily assessment based on
4 tour and discussion to get your program going, you should get all recommendations in
writing,. It would be then prudent to consider continuing with a more detailed and system-
atic assessment to assist you in refining your program over time.

PREVENTIVE MEASURES

To reduce the risk of intentional contamination, the focus for industry is on mitiga-
tion measures that reduce the vulnerability of an attack (Khan et al,, 2001). The focus is on
prevention.

You may also hear the following terms used in the context of food defense: detection,
response and recavery. These are the focus of government agencies and in some cases uni-
versities. Detection may be used to describe the detection of an intended attack or delec-
tion methods used to detect arcane contaminants within our foods. Response describes the
labaratory capacily and information sharing as well as the regulatory and law enforcement
work needed after a contamination event occurs. Recovery deals with restoring the ability of
our facility or system to produce after a contamination, including the discarding of cleaning

terials, d rination of surfaces and ion of ¢ confidence.

While you may want io stay abreast of what government agencies are doing in the areas
of detection, response and recovery, industry can have the most impact by helping fo prevent
i It is mitigati that make it more difficult to succeed that help to
Pprevent an attack.

This section will focus on two different types of mitigation measures. First, there are basic
MNrgftm measires that apply to nearly any food manufacturing facility. Second, there are
additional targeted mitigation measures put in place after performing a vulnerability assess-
ment (as deseribed previously).

You can think of the basic miligation measures like the prerequisite programs you put in
place for your food safety program (GMPs, sanitation, elc.). They give you a good founda-
tion and parh'.-nily reduce your risk, &

You can think of the targeted mitigation measures like the CCPs you put in place with an
HACCP plan: they are specific to your particular vulnerabilities, and further reduce your risk
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Many of the mitigation measures recommended in food defense are already in place for
other reasons. For example, good traceability and recall programs support food defense
needs as well as food safety needs. Traceability and recall, as important as they are in food
safety (Food Safety Magazine, 2018), are even more time critical in food defense as mod-
els show how many more lives could be harmed each day foll i
contamination.

g A major ir

But you may need to adjust these existing measures when you begin to “think like the bad
guy.” For example, your emergency evacuation procedures may need to address preventing
others from entering your facility during the evacuation, not just getting everyone out.

Comparison with HACCP

While it is helpful to make a comparison between the processes of creating a HACCP
plan with the process of creating a food defense plan, the details are quite different. In food
defense, the mitigations are put in place to further reduce the risk of occurrence of events of
exceedingly low probability, not ta reduce the impact of events of known probability.

There is also some danger in thinking like an HACCP practitioner. Once vou begin to rely
on some control, like pasteurization, to reduce the impact of an intentional contamination,
you might overlook the small risk of occurrence of a contamination after the pasteurizer and
fail to further reduce that risk with appropriate mitigation measures. Even more easily, you
might overlook the small risk of contamination upstream of the pasteurizer by a heat stable
compound and fail to further reduce that risk.

Basic Mitigation Measures

Basic mitigation measures generally apply to all food establishments and should at least
be considered by every practitioner of food defense. They include physical security meas-
ures like fences and door locks. They also include behavioral or procedural measures like
developing employee awareness and auditing your performance. Many organizations have
taken specific steps to deter intentional contamination such as tamper-evident seals on
packaging.

While sophisticated physical measures can enhance your food defense program, overreli-
ance on them can present its own danger. Even the most sophisticated locks have little value
if employees intentionally jam them,

Besides being classified as physical and behavioral, basic mitigation measures are often
classified in additional ways. These are artificial classifications used for administrative pur-
poses. They organize similar topics together and help assure that a broad range of mitiga-
tion measures are included. The US FDA uses these classifications (US FIA, 2007):

+ Management (systems)
» Human element — staff
* Human element - public
» Facility

+ Operations
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An alternative organization system (Periscope Consulting, 2010-2012) uses:

* Outside (perimeter) security
» Inside security
» Logistics, production, and storage security
= Management systems
1t is beyond the scope of this chapter to provide an exhaustive list of potential mitigation
measures. The food defense practitioner is encouraged to research sample plans, assess-
ment checklists and guidance documents, including the FDA guidance document referenced
above, The World Health Organization (WHO) also provides a helpful checklist (WITO), 2005).
Below, h r, are a few ples of basic mitigation measures in each classification

(Periscope Consulting, 2012).

Outside (Perimeter) Security

Oulside (perimeter) security has to do with the walls, fences, doors, etc. that keep an
attacker out of your operation. These are most effective against outsiders, but provide little
protection from employees and other insiders.

There are two important considerations with perimeter security. The first coneidera:
tion is the concept of “layered” security. You will see this in military history: an inner and
outer city wall, for example. This means that not only is each perimeter barrier impenctra-
ble, but that collectively they slow down an attacker, making it more likely that they are
detected,

The second consideration is that you must ensure the barriers remain effective. If the
fence is not inspected for damage, and underbrush is not cut away from the wall, or doors
are not closed and locked, your defenses will not be effective.

Table 35.2 shows some sample mitigations to consider.

Inside Security

Inside security has to do with measures in place once an attacker has got inside, includ-
ing lighting, cameras and intemal access restrictions (zoning). These measures are effective
against outsiders, but also provide protection from employees and other insiders,

There are two important considerations with inside security. The first consideration is the

of detection. What can you do to make it casier to detect or recognize an attacker?

Ideally this would be prior to an intentional contamination. But even detecting the contami-
nation event has benefits, since you would not knowingly ship a contaminated product and
thus would reduce the health impact.

The second consideration is to ereate additional layers of security, like the layers described
in outside securily. Zoning the facility, authorizing access only to individual work arcas and
pul!ing.in a.-dditinnal access controls (walled areas with locked doors) all reduce the risk of

These do not prevent all people from accessing sensitive areas.
Table 35.3 shows some sample mitigations to consider.
Note: Closed circuit television (CCTV) is a popular security measure in many larger facil-

itis. You should understand that cameras are primarily forensic in nature - providing infor-
mation after the fact to prove what happened and capture the perpetrator. You must actively
maonitor any cameras and respond to unusual activities for them to be effective
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TABLE 35.2  Justifications for Bxtenar Defense
Mitigation Messures to Consider: Reason for the Mitigation Measures:
Are the fatility’s grounds secured to prevent entry by Physical barriers such as a fence, wall or water can
unautherized persons (e.g. by locked fence, wall, or be used to restrict access. to the facility: Guard pateels
wother physical barriers)? Are there regular security may substitute when no physical barrier is practical
patnals?

wor provide an additional layer of defense when used
in addition to physical barriers

Is there hligh de the building to Good lighting at the perimeter reduces the Hme
mdymwﬁwpehmﬂm}ﬂdhnpn someone can spend getting into the aclity without
Ietiwren the perimeter and the manufaciuring detection,

operation?

Are primary entrances like exterior doors and gates

Having doors that leck is eritical. The fewer access.
secured? Have the number of entrances been reduced

points (doors) the better. Just having locks available is
LT For not suffi unless thise locks ane
M‘mﬂdmuhwupmmwmlhnn being used.

abter hours? Are eadsting locks really used on a regular
basis o ki the facility securc?

Are operational entrances like Inading dock doors Same access points may be open to allow normal
locked o Batched from the Inside when not in use? operations, but should be secured alter hours)/
weekends when the facility is not operating.

TABLE 35.3  Justifications for lierior Defense

Mitigation Measures (o Consider: Reason for the Mitigation Measures:

Is there adequate lighting throughout the Good lighting malkes it more diffsoult o comsmil an intenticnal
Tacality bs there an emergeney ighting act without detection. 11 enhances the ability of CCTV [where
wystemn In the faclity?

wsed) o adequately record events,
Do your plant have monitored and

CCTV recordings are among Lhe best ways to ivestigabe 2 crime
recorded security cameras (CCTV)?

alter it oecurs. Recordings may hep prove or disprove a theeat
of Intentional contamination. While recorded CCTV canactas
deterrent, active monitoring ol the COTV improves the deternent
effect. Recondings should be tested from time to lime so you
know they are working cormedtly.

s scress restricted to production, storage and Restricting acoess to sensitive areas provides a third layer of
other sersitive arens? Are these restricted delense in addition to perimeter and bullding security. Creating
arvan chearly marked? s thine o method to runes in the facility and lists of approved porsons can bhelp you
identify wha bs authonzed 1o access these dietect if only authonzed persuns are in 2n srea. Color-moded
restricted areas® uniform elements enhance this. Locked doars, keys or acess.
cards can further protect sensitive areas

Logistics, Production and Storage Security

Logistics, production and storage security is concerned with measures in place with
matenals stored in your facility as well as moving materials into and out of your faclity.

, These measures are effective against any attacker and also help to extend protection up and
! down the food supply.
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TABLE 35.4 Justifications for Logistics, Production and Storage Secunty
Reason for the Mitigation Measures:
Contractual agreements, vendor /supplier surveys, audits

Mitigation Measures to Consider:

When chaosing supplicrs for your packaging
materials, labels, ingredients and raw ial and cer prog for your suppliers can be used
do you consider whether ar not they have 1o insure they have food defense measures comparshle

I Tood defense ? s yours.

Are trailers/frucks on the promises maintained under  Any storage outside your facility should be contralled
Iock and for tamper-evident seal when not being much like you control your warchouse storage If yea
leaded or unloaded? (This includies during any short- ily hold trailers /trucks full of materials of
term storage time before unloading or before shipping ) finished product, they should be protcted.

Are incoming ship of raw materials, ingred Closed trailers should be sealed with lamper-evident
and finished products required to be sealed with seals to detect unautharized access (o the shipment. Seai
ident or numbered seals fand de od  should be numbered o reduce the risk of counterfit Sol

p
in the shipping ducuments)? Are these seals verified — numbers should be verified and the documents impocted
prior to acceplance? Are suspicious alterations in the  for alteration for the same reasen. Locks may be wsed in

i d bels ? addition to seals to provide additional secarity, but Recks

shipping d 3 ore aceep
aleme du not provide tamper evidence.

There are two important considerations with logistics, production and storage securily
The first consideration is the concept of “farm to fork.” Because a contamination can occur
anywhere in the supply chain, it is important to guard the entire supply chain. While you
cannot directly control your suppliers, you can use your contractual agreements and sup-
plier audits to help ensure that their food defense measures are comparable to your own.

The second consideration s the eritical importance of ingredients. If key ingredients are
contaminaled on your site or al your supplier, you will inadvertently, deliberately and effec-
tively mix those contaminated ingredients into large batches of food that resull in many
consumer portions affecting the health of many people. This is why extra scruting of sup-
pliers, inspection and testing of incoming ingredients, and protected storage of ingredients
becomes so important.

Table 35.4 shows some sample mitigations to consider.

Management Systems

_ Management systems are concerned with the policies, procedures and training you put
in place to create and maintain a robust food defense program. These systems knit your pro-
gram together into a cohesive whole and perpetuate the program over time.

There are two img considerations with I t systems. The first is that
your greatest risk is the people on your site. Careful selection and monitoring of all
employees, contractors and temporary employees is important. Training and awareness
ﬁ_:r all employees is equally important - to promote vigilance and the reporting of unusual
circumstances.

The second consideration is the imporiance of monitoring the program itself. Without surveys,
inspections or audits, it is easy to overlook the measures you promised to implement. Without
periodic review and update, Your program will not improve as new best practices are established

Table 355 shows some sample mitigations to consider.
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TABLE 35.5 Justifications for Management Systems

Mitigation Measures tn Consider: Reasan for the Mitigation Measures:

Are background chicks conducted on all Backyround chiecks o employment and criminal history
employees who will be working in sensitive can help reduee the risk that people with 3 negative
operations? ‘history will have easy access to your produet.

Are back checls cond d on all 1 you conduct background checks of your full-time
{hoth permanent and seasomal) who will be working employees, vou should alvo conduct similar checks of
in sensitive operations?

any ather pmpl:\un- access o sensilive Aress, whﬂh«
they are p m 4

K this in smind I{\nunuc ‘cumiract services for work
such as sanilal f yonir prod

Doall pllnl(mpb;rm meceive training on security

All employees should have basic food deferse
as part of their ori training?

nwaminmmg that can be provided when they
loyed. A refresher a yearcan
improve their awareness.

Do yeu canduct regular food ddt:medrﬂ.l:lnlnllh: Testing, inspections and audits help identify
ellectiveness of vour food delense

weakn in the plan, or shortcomings where you
are nat performing as your procedures indicate. This
infarmation may be used 1o strengthen your plan

Targeted Mitigation Measures

In order to target mitigation measures at specific vulnerabilities, a vulnerability assess-
ment should be completed. (See the section above on vulnerability assessments.) Based on
those vulnerabilities (e, product access in transportation, ete.), additional targeted mitiga-
tion measures (e.g., locks and seals, ele.) can be added to your food defense plan.

Because the vulnerability assessment looks at unique characteristics of your process, the
targeted mitigation measures are often specific and process related. The mitigations you
choase will usually be related Lo the reason that location was deemed more vulnerable. For
example, a blending operation is especially vulnerable because the blend tank is completely
uncovered; therefore you may decide that a good mitigation measure is to add a lid. But if
that measure is not practical, you could reduce the vulnerability in other ways, such as add-
ing additional video recording or supervision of that Jocation,

Creating zones within your facility can have special importance for the sensitive areas
highlighted by your vulnerability assessment. In the case of the vulnerable blend tank just
mentioned, you can install additional access controls to the specific area and designate that
area only for your most trusted employees to work in.

If only your most trusted employees have access to your most sensitive work areas, you
are well protected. If you want to further reduce your risk, you can consider a “buddy sys-
tem” where no single emplovee is permitted in the area alone, as well as video recording
those areas. These measures can help further reduce your rigk in this special case.

Mitigation lists and databases are worth considerating. The CARVER + Shock soft-
ware previously mentioned displays some sample mitigations on its results sereen. The
sell-assessment checklists previously mentioned can be scoured for suggestions; they are
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available by searching online. There are also mitigation strategies databases from the US
FDA and the US DA available online. These databases let you look up sample mitigation
strategies based on your selection of processing operation.

Mitigation Databases

« USFDA: http:/ fwww.accessdata fda gov / seripts /fooddefensemitigationstrategies !

Card cfm?card=55
» US DA: http:/ /www.isis.usdagov /Food_Defense_&_Emergency_Response/Risk_

Mitigation_Tool/index.asp
t can be 1 by visiting www:.fda.gov or www.usda

(Al ively these d.
gov and searching for "food defense mitigation.”)

Regulatory Requirements
There are few government regulations dealing with food defense. Much of what is put
lished is in the form of guidance doc ree ending best practices, rather than man-

datory requirements. ;
If you operate in or export to the United States, you should familiarize yourself with

the BioTerrorism Act (BT Act) and the Food Safety Modernization Act (FSMA). The BT Act
requires the registration of companies supplying to and an advance notification of ship-
ments prior to their arrival in the USA. FSMA requires the FDA to address intentional con-
tarnination; future regulations to support this law will likely require food defense plans and
a consideration of mitigation measures similar to those outlined in this chapter.

In China, the Certification and Accreditation Administration (CNCA) established under
the Administration for Quality Supervision, Inspection and Quarantine (AQSIQ) has put
forth guidance and regulation requiring food defense plans for exporting companies.

The UK and Germany have robust food defense initiatives. Canada has its own study of
vulnerability assessment methods. This is by no means an exhaustive list, but an indication
of the global progress of food defense initiatives.

You should inquire about the food defense requirements in your own country. This is an
area that will probably see a great deal of development in the next few years.

HOW TO MANAGE THE CASE

Case studies and table-top exercises can reinforee your knowledge and allow you to prac-
tice your skills. There are excellent case studies and exercises available at no cost.

The US FDA has created a set of five exercises: Food Related Emergency Exercise Bundle
(FREE-B). They include scenarios based on both intentional and unintentional contamina-
tion events. While these are targeted towands agency use, they include the provision for the
private sector to participate, and they may be instructive on their own. They are freely avail-
able at www ida.gov/fooddefense (search for FREE-B.)

The following case studies focus on recall and were based on food safety incidents, Recall
is also important to food defense, and two of the three studies have a section entitled “What
if Contamination were Intentional?”
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INTRODUCTION

What makes a “good boss” a good manager? This is a question that has always intrigued
leadership and management theorists. According to Dirucker and Maciaricllo (2009), man2g:
ers bear responsibiility for their contribution and that of their staff to the achievement of the
company’s objectives. Managers form an elite with social and ethical responsibility. Among
the most important abilities of a manager are decisiveness, a systematic approach to eci-
sions on human resources and communication skills. The manager of the future, according
to Drucker and Maciariello, must be a good integrator whose primary goal is to acquire and
to satisfy customers. As long ago as 2002 Drucker was putting the focus of modern manage
ment on the person and calling marketing and innovations the general functions of every
enterprise.

For Malik (2007), management is “the transformation of resources i
manager must perforim five tasks: provide objectives, o
and develop people. Managers have seven tools available

nlo results.” Every
s, take decisions, monitor
to help them: meetings, writhen
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communication, job design and assignment control, personal working methods, budget-
ing, performance appraisal and “systematic waste disposal.” In contrast to other authors,
Malik insists that management can be learned and is the same everywhere. For him, man-
agement is communication, because the right communication brings the right solutions.
Management is not a primarily economic system, but rather a system of social behavior
which is about not only maximizing profits but also balancing and integrating different
interests (Malik, 2008).

Parter {1955) sees the primary task of a manager as developing successful competitive
strategies. He has written numerous publications on strategic management. For him, a com-
petitive stralegy is essential to a company’s profitability and survival. He has developed
various and now globally recognized methods, such as structural analysis and the value
chain for the ana lysis of industries and competitors. 3

According 1o Sprenger (2002), in most companies mistrust rather than trust prevails
Trust is often vehemently claimed, but seldom lived. He is convinced that trust can be
employed as a control mechanism in an arganization. The first step and the key 1o a new
relationship of trust consists in trusting others and thereby making oneself vulnerable
Sprenger (2007) also points out that the direct supervisor often exercises the greatest demo-
tivating influence on staff, He talks of the “myth of motivation,” characterized by the par-
dox according to which all motivation necessarily leads to demotivation, and thus praise,
rewards, bribery, threats and punishment are sins of personnel management. For him,
incentives have the effect of making workers not more highly motivated, but instead ever
more unsatisfied. To avoid demolivation, then, a good manager should thus concentrate on
intrinsic rather than extrinsic motivation.

In his book Die Fiinfie Disziplin, Senge (200) calls for a fundamental reorientation towards
an integrated understanding of the world and of self. The orientation to linear cause-effect
chains and the concentration on unconnected individual elements arne inadequate for the
highly complex systems that determine our modern world, At the heart of all management
I!u.-mlme is the learning organization, the foundation of which is systems thinking - the
fifth dimension (the other four dimensions being personal mastery, mental models, a shared
vision and team learning). It is oriented to interrelationships and considers individual de-
ments relationally, i.e. it always puts them in relation with all other elements of the system.
“Wetend to blame outside circumstances for our problems. Systems thinking shows us thene
isno ‘outside’; that you and the causes of your problems are part of a single system.”

An interesting dimension of management is revealed by Covey (1959, 2005) in his best-
St‘Ult'r. The 7 Hubits of Higlily Effective People. He describes seven ways to effectivencss in
which moral principles such as fairness and reliability are a prerequisite for good manag
l':':"“‘ He states that man is not a being conditioned by incentives, but has the freedom to
i v;' meaningful reactions. A good manager spends a lot of time discovering, planning and
.IC‘I itating new possibilitics. He makes the win-win paradigm a guiding principle for his
;’-;:P"'It ﬂ: m:unicmsim ply and listen empathetically. Leadership personalitics are thus

2 Who understand 0 isH ilblazers
S themselvies as part of a whole, synergistic and trailblazers for the
Most authors are agreed, however, that successful leadership personalities must have
a particular mix and manifestation of various qualities that are specifically aligned to the
expectations and objectives of the company. It is also assumed today that leadership can
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be learned, although putting it into practice is not always easy or comfortable. Talent is
of course helpful, allowing what has been learned to be exploited to the full. It is also not
disputed that good leadership cannot be exercised off the cuff but is instead a separate job
description that must meet the same standards as every other job exercised professionally:

THEORIES ON THE SUBJECT OF LEADERSHIP

Various models and theories of leadership have been put forward both to explain leader-
ship success and to deliver recommendations for action to improve leadership practice or
to solve probl Even the practice of promoting executives primarily according to their
specialist knowledge, still common in some organizations today, has not proven its worth.

One of the most influential theories that has accompanied and furthered the develop-
ment of leadership skills arose as long ago as the 1930s. It was the concept of leadership
styles. Kurt Lewin, for instance, described the authoritarian, the cooperative and the lais-
sez-faire style. This was followed by numerous variations, such as employee-oriented
or task-oriented, participative, bureaucratic, etc. One of the best known theories to arise,

ich is still used in many leadership seminars today, is the “situational leadership”
theory of Hersey and Blanchard (Pelz. 2004). However, there is as vet no sustainable empiri-
cal evidence that any particular leadership style is more successful in practice than another.
Leadership styles have such a high degree of abstraction that they can at most be applied as
a (subsequent) description of behavior.

Equally, there is as yet no empirical evidence that particular personality characteristics are
associated with leadership success. The study by Harvard University (Nohira, 2003) can be
cited as an example. It reveals that personal characteristics such as “visionary,” "energetic,”
“enterprising,” “passionate,” “power-conscious” or “modest,” “empathetic,” “nurtaring.”
“self-assurance,” ete. have virtually no influence on leadership success. What is much more
important is the specific observable behavior of the manager, as in the empirically validated
maodel of the transformational leader developed by Bass and Avolio (1994). According to
them, a successful manager must perform the following tasks:

Bea role model and inspire trust in order to gain loyvalty (idealized influence).
Provide motivation with challenging, meaningful targets and thereby enhance the
willingness to engage (inspirational motivation),

Stimulate independence and creativity (intellectual stimulation). 3
Encourage employees individually so that they are able to continue to develop their
personal skills and strengths {(individualized consideration).

In summiary, it can be stated that research on the subject of leadership has o far been
unable to supply a convincing concept and, despite countless publications, is still in
its infancy. Many studies have determined and explained characteristics and S_HHB of
the ideal manager and, while the answers may be correct and stimulate d:sn.lsswll: I!\e
opinion held by many researchers that the results can be applied with general validity
continues to be an illusion. Malik (2007) puts it succinctly: “The ideal managers could

well be ag they are presented in the studies, It is not the answers that are wrong; it 1s the
question.”
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MODELS OF EFFECTIVE LEADERSHIP

It was held for a long time that leadership was a phenomenon that could not be
explained; it was simply a gifting of particular “charismatic personalities” (Weber, 1922).
The consequence of this was that for many decades there was no systematic development of
managers in companies. It was thought that the “right” person would come through in any
case (Yukl, 2006). This view, which is still sometimes put forward today, is not surprising,
given that the age of industrialization to the postwar period is dominated by many char-
ismalic leadership personalities. In recent years, experience in the theory and practice of
management development has led to a new trend (Carter et al, 2005; Thomas, 2008): first,
the significance of theories and models has diminished markedly, and second, attempts are
being made to define leadership ability by a limited number of company-specific skills that
are operalionalized through behavioral descriptions thal are as precise as possible (Hale,
2004). Thus managerial competence can now be summarized as the sum of company-
specific behavioral tions that may differ from one company to another and from one
hicrarchy level to another. The challenge associated with the search for managers is thus
to arrive at the most precise possible description of these behavioral expectations. If, for
i , @ technolog; pany might seck a person who has the behavioral expectation of
a “willingness to take risks,” the manager should be able regularly to analyze the environ-
ment in respect of possible risks and hazards, assume responsibility for risks that actually
come about or create a positive, constructive culture of a willingness to take risks,

Building models comes with the danger that circumstances are simplified so much that
they no longer reflect the complexity of the reality. Kednung (2007) rightly speaks of the
“management illusion” of many management “gurus” who supply simplified success mod-
els that are not appropriate to the complexity of entrepreneurial action and allow mechanis-
tically thinking managers to believe that they can simply copy these models. Nevertheless,
a model of effective leadership is described below. This model is to be understood not as a
management instruction but rather as a guide to diffuse management jargon and as a basis
for discussion of the definition of behavioral expectations. The model of effective leadership
does not lay any claim to completeness.

The model in Figure 361 is read from the inside out. The core of effective leader-
ship is formed by the areas of quality, business culture and innovation. For these areas to
be developed requires skills, namely leadership, management and entrepreneurial skills
Leadership is about enhancing effectivencss (do the right things), management about
enhancing efficiency (do the things right) and entrepreneurship about developing the
company {do new things). There are methods, instruments and processes for each of these
elements. To enhance effectiveness, for instance, one needs instruments of strategic manage-

ment, to enhanee efficiency controlling instruments or quality management and to develop
the company innovation management or human resource management. The model is sur-
rounded by the “Deming cycle” (plan, do, check, act), which is intended to highlight that
the different areas first interact and second require constant improvement (the knizen prind-
ple). As already mentioned, the purpose of this simplified model is to show that the techni-
cal ocoupational skills of a leadership personality should primarily be the leadership skills
that can be trained and learned. The individual areas are investigated in more detail in the

following sections.
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FIGURE 36.1  Mode of effective leadership,

Quality, Culture, Innovation

At the heart of effective leadership are three areas: quality, the business culture and inno-
vation. These three areas are a matier for top management and should not be delegated;
they are among, the fundamental leadership tasks. The first, quality, is a prerequisite if cus-
tomers are to be acquired and retained in the long term. With the customer the company
generates the turnover that is essential for survival, The second element, the business cul-
ture, influences the efficiency and effectiveness of the employees. Various studics have
shown that there is a relationship bet busi culture and productivity. That is why
many companies, such as Google, attach great value to a positive business culture. A lot is
undertaken in order to ensure that employees feel comfortable in the work environment,
because greater productivity strength the market position of a pany. Finally, the
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third area, innovation, ensures the future development of the enterprise, aptly summed up
by the widely disseminated slogan, “Innovate or die.” It should be noted that a distinction
is made between innovation and innovation management. The former is a basic attitude
that is firmly anchored in the corporate culture, while the latter is the “managing” or organi-
zation of the innovation. The same applies for quality and quality management.

Leadership and Strategic Management

Leadership has become an increasingly popular term in management discussions over
recent years. h.-adzrsh:p is often used as a synonym for management. There is as little crys-
tal-clear diff 1 these pts as there is a recognized definition of the
individual terms, In the literature the words are sometimes used distinctively, sometimes to
mean the same things. To give an example, House et al. (1999, p, 184) defines leadership as
“_..the ability of an individual to influence, motivate, and enable others to contribute toward
the affectiveness and success of the organization....” while Drucker (2006) states tersely:
“The only definition of a leader is someone who has followers.” It is not the object of this
chapter to open a definitional discussion of these terms. Nevertheless, a distinction is made
below between leadership and management to the extent that leadership is understood to
take place at strategic level (doing the right things) and management to take place at opera-
tional level (doing the things right). Cevey (2003} provides an apt and interesting analogy:
imagine that the objective of a company is to cross a jungle as quickly as possible. The task of
the ger consists in organizing the team so that it moves forward efficiently and reaches
the destination as quickly as possible and wilhout problems. The leader, on the other hand,
fuo\ka fowllu.- highest tree, climbs up and n-smrtams whether they are in the right jungle.

hip is usually iated with chari ic personalities who have forward-

h}kmg\'laums, whose vital energy is used almost solely to achieve the visions, who are sin-
gle minded and who know how to enthuse and mobilize a group of people for their idea.
Leaders are conspicuous by their farsightedness, their perseverance and their ability to estab-
lish and maintain networks. They always keep the long-term objectives in sight and know
how to motivate and drive people forward even in difficult situations. Thene have in the past
been personalities to whom considerable leadership skills have been ascribed: in the political
sphere these may include people such as Mahatma Gandhi, Winston Churchill and Martin
Luther King; in the scientific field names such as Albert Einstein and Robert Oppenheimer
would be mentioned; and in business many entreprencurs such as Werner von Siemens,
Henry Ford, Steve Jobs and Bill Gates have shaped notions of successful leadership,

These usually very personal characteristics of a leader are difficult to describe and
explain. It is hardly surprising, therefore, that these abilities have in the past been dismissed
as innate talent. The strategic management approach does indeed supply possibilities of
operationalization. Kaplan and Nurton (2009) call for a systematic procedure according to
a fixed process in which the strategy is to be developed on the basis of mission, vision and
values, From the stralegy are derived goals, success criteria and finally measures and pro-
jects. Instruments such as the strategy map or balanced scorecard help to maintain an over-
view. The authors insist both that the goals are measurable and that the operational level i
separated from the strategic.

A possible systematic process with some disseminating instruments of strategic manage-
ment might look something like the following (Figure 36.2).
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The starting point of the strategic process is always an in-depth analysis of the current
situation of the enterprise. This is where questions such as “Who are we?” and “Where do
we stand?” are ered. There are 1% instr for this phase, such as the stake-
holder analysis, the PESTLE analysis, analysis of the industry structure, portfolio analysis
or Porter’s value chain. In the second phase the future options and their consequences for
the company are assessed. This entails discussing developmental and mega trends and then

laborating possible future gies (e.g. best case, base case and worst case). The third
phase, the actual development of the strategy, begins with the SWOT analysis, which serves
as a basis for formulating the vision, the mission and the strategies. Finally, in the imple-
mentation and controlling phase, the strategies are used to derive action plans and projects
that go into a leadership cockpit and help managers to achieve the formulated objectives.

The resulls of the strategic process, i.e. the vision and the strategies, objectives and meas-
ures derived from it, form the basis of a good leader. This basis must be periodically con-
trolled and adapted: the vision at least every 3-10 years, the strategy every 2-3 years and
the measures monthly or quarterly. The next step, then, is to mobilize the employees for the
set objectives. A good leader thus needs good communication skills and integrative abili-
ties. Experience has shown that impls ion critically depends on actively engaging the
employees, or at least level, througt the whole process. This increases con-
siderably the comprehension of the initial situation, the commitment and the identification
with the elaborated objectives and hence the willingness to implement the proposed meas-
ures. Furthermore, during this participative process one can integrate team-building ele-
ments that in tum foster the development of a shared corporate culture,

The greatest danger in this phase is that the results obtained will fall victim to a bureau-
cratic exercise and waste away their existence on paper in some drawer somewhere. If this
is to be prevented, three things are required: first, leadership strength, second, the opera-
tionalization of the measures in the form of concrete project tasks and, third, a controlling

vstem. The controlling can be realized by means of a leadership cockpit, for instance, that

tegrates the balanced scorecard approach of Kaplan and Norton (1992),

anagement

Management traces its origins to the organization of armies and the principle of com-
mand and obedience. Today, g is considered not as an isolated science but rather
as a collection of techni hods and processes (Drucker, 2002). To enable better dif-

k:-“'_mh“'m of the leadership tasks arising, the model of effective leadership (cf. Figun: 36.1)
distinguishes between management and leadership, It proposes that management is pri-
marily about techniques for increasing efficiency, i.e. the question of how the tasks arising
can be performed as qu ickly as possible and in sufficient quality. Examples of these tasks
'"‘l'fdf controlling, quality management, marketing and project management. By way of
elucidation, the fallowing two sections deal briefly with two central elements, namely qual-
ity and project management.

Quality Management

The list of publications on the subject of quality management is just as lang as the list on
the subject of leadership. Quality management 18 usually understood as an integral part of
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leadership. In his book on quality management, Crosby (2000) notes that quality problems are
a sign of poor management. He rightly goes on to point out that the introduction of quality
management is & full-time job. Harvey and Green (2000) distinguish five formal and non-area-
S?K‘ﬁ_( dimensions: quality as perfection (absence of defects); as fitness for purpose (the extent
towhich a product fulfills its purpose); as value for money (adequate compensation); as trans-
formation (2 qualitative change in the sense of further development); or as an exception (qual-
ity is distinctive, e.g. excellence or conformity with standards). Although such differentiations
may impress, the problem with them is that they often describe quality as an entirety of char-
acteristics of an entity or understand it as a thing, a characteristic or even an object. There is
agreement, by contrast, that quality must be a part of corporate culture or, as Imboden (2004)
notes, that q_uzlu}' is not achieved until quality is no longer talked about but is instead Tived.

For quality to become part of corporate culture, quality management must be imple-
mented as a continuous process (cf. Figure 56.3).

;ll'hr starting point for any quality management is a vision that is shared by all employees
and the associated strategies as well as clearly defined quality objectives. It also requires suf-
ficient resources and tried-and-tested work processes. As already mentioned, quality cannot
be f1=k‘£=led. b.ut quality m. went can. The updating of the work processes, the organi-
2alion of quality audits or the tracking of checklists and documents are among the activi-
fies that can be delegated, The initiation and maintenance of the quality spiral as shown
in Figure 363, ho‘l\‘\'e"fch is emphatically a matter for the managing director. Only through
cantinuous planning (plan), implementation {do), control (check) and correction fact) can &
constant improvement in quality be achieved (Deming, 1986).

‘Conbnucus improvement

Vision - Strategy - Qtargsis
Resources, processes,
meotration, innowvation

Cualty culture
FIGURE 36.3 Quality manage

went s i comlinuous prooss
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The significance of quality as a concept has undergone an evolution over the last 8
years. The understanding of quality has developed from the purely technical, ie. “the
machine must function,” approach, through the customer perspective brought by Edwards
W. Demning (1956) and Juran (1995) to excellence, where the needs of all stakeholders are to
be satisfied. There is scarcely a job description at middle or senior management level that
does not demand quality management skills. Good quality management knowledge and
experience have now become indispensable for effective leadership. There is a greal deal of
literature on the subject that describes the methods, techniques, tips and tricks and the vari-
ous implementation concepts. Ultimately, however, every leadership personality must gain
their own experience if they are to be credible and professional leaders.

Project Management

Given the rising complexity of tasks, professional project £ is increasingly
becoming a factor in the success of a company. Project management may be defined with
different words, depending on the source, but there is widespread unanimity in terms of its
content. Figure 36.4 shows a possible subdivision of project management into five phases,

B —— . . 3. ... 4% &5

— ;
Initialization . Planning Concept o Realization Coneliibon
y ’ y ;
o Conets vegh Eomcest I_]-u'-n-' deai rep—
tom e e T - sy i pee o)
CEErm— L Eras detn romomt - F LT -
Sncrs poetntivsves
W gz terme Conatearmness  of loomace
eene co Srtee v e e oSt i~
nhars etioet
Clar by ressenaidten "
e O praseetenmimtiog
| Dafie amrh facagT
[y—
ER——
sama o
[ | ]
= e =
- . |
du" { 2 = | .‘a‘s'
3 -
| Q‘L & b

FIGURE 364 Project managemint in five phases.
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In the first phase the initial situation is analyzed, the project objectives are determined
and the project order is clarified with the project client. The second phase covers the plan-
ning. The project team is determined, the responsibilities clarified, the interfaces defined
and the rough and detail plans created. In the next phase the rough concept and then the
detail concept are created. The detail concept clarifies the feasibility, highlights the indi-
vidual steps of possible implementation, scts out the resource requirement and draws

ttention to possible impl ion problems. In the fourth phase the detail concept is
implemented and finally, in the fifth phase, the concluding activities are performed, culmi-
nating in a final report.

The CHAOS study from the Standish Group (wwuw.standishgroup.com) deals regularly
with the success and failure factors in IT projects. It is among the best known and most
important long-term studies in the project management field, with more than 40,000 indi-
vidual projects having been scientifically examined since 1994. The Chaos Report reveals
figures such as, for instance, that 70% of all IT projects fail, that the average cost overrun
is 169% or that the project cancellation rate is 31.1%. Although on the one hand the high
figures for the project cancelation rate and the average cost overrun are doubled by many,
on the ather hand the estimated number of unreported cases is high because many projects
that failed according to their original definition are subsequently “sexed up,” so that many
project managers consider the figures to be perfectly correct from their experience. The
fact is, nevertheless, that poor project management can lead to high wastage of resources

for businesses and that it therefore makes absolute sense to train employees in project
management.

Entreprencurship

“Entreprencurship is, firstly, the exploitation of business opportunities and the creative
design of the business process in an organization or a phase of business change and, sec-
ondly, a scientific sub-discipline of business administration, Entreprencurship research
is concentrated primarily on scientific issues relating to the founder personality and envi-
renmental factors and on rescarch into strategies and organizational forms that entrepre-
neurs make use of in order to build successful organizations” (translation from the German,
Sprimger Gabler Wirtschaftslexikon, 2012). In the model of effective leadership (ef. Figure 38.1)
the entrepreneurship skills are understood as the former, ie. the exploitation of business
opporiunities and the creative design of innovation and human resource management pro-
cesses. It deals in particular with the question of how the company can be developed |‘urt_hv:r
and less with the question of the foundation of the company, For a good leader, innovation,
change, risk, information and human resource management (HRM) are key instruments

and methods. The two central elements are innovation management and HRM. These ane
explored briefly below.

Innovation Management

According to the three-phase innovation process developed by Thom and Ritz (cf.
Figure 365), innovation management is the design and control of the process, from the
generation of ideas to the economic realization of an innovation. It should be noted
that innovation management does not ultimately generate any innovations, but instead
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FIGURE 36.5 Innovation process according bo Thom and Rtz (20021

encourages the complex process of idea generation, idea acceptance and idea realization by
providing suitable framework conditions.

The first phase, idea generation, is primarily about generating ideas in the first place.
These ideas do not necessarily need 1o be unique and attention grabbing. The majority of
innovations are in fact unspectacular optimizations of processes, products or services. The
biggest challenge for leadership in this phase lies in creating an environment that allows
and encourages creativity. This can also be assisted by various thinking and creativity tech-
niques. Once an idea has been generated, the next hurdle is of a more communicative nature.
Some more introverted or less articulate staff report trouble in getting their ideas across, For
a good manager, the principle in this phase is that there are no bad ideas, i.e, stock phrases
such as “That wan't be possible” or “We don’t have the budget for that” or “Unfortunalely
we don’t have the time” should be avoided as much as possible during this stage of innova-
tion management. It is worth taking every idea at least to the second phase, the idea accepl:
ance phase. This is where the idea is thoroughly evaluated, realization options are discussed
and a decision is taken on whether the idea will be realized. In the last phase, the idea is real-
ized, communicated and controlled in terms of whether it exists on the market.

Experience has shown that innovation killers include disinterest or destructive feedback
from the supervisor, getting neither praise nor recognition, fear of being blamed and an
unwillingness to take risks, Internal resistance should not be underestimated either, because
innovation also means destruction: old pattemns of behavior must be abandoned in order to
make space for the new. Innovation management is a complex and not to be underestimated
task of a good managing dircctor. Unfortunately, and particularly in small and medium-
sized enterprises, innovation is still not managed systematically. Innovations arise almest by
chanee, enly when problems occur or customers’ wishes change.
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Human Resource Management

The core task of human resource management (HRM) is to provide human resources
and to use them appropriately. In the last few decades the working world has realized that
Ihe productivity, motivation and creativity of human resources are a decisive competitive

ge. This is der d, for ple, in the fact that in progressive businesses the
HR director sits on the board and HRM takes on ever greater significance.

The core clements of HRM are summarized in Figure 36.6. Strategic human resource
management is a meta-function, while HR controlling, HR marketing and the organization
of human resource management are cross-departmental functions.

Before personnel are recruited, the HR requirement must first be determined. This can be
done by asking the following question: How many employees with what skills will prob-
ably be required at which locations when and for how long so that the tasks in the com-

pany can be managed effectively and efficiently? Se four percent of gers consider
attracting good employees to be their biggest challenge (KMI"C 2001). HR recruitment con-
sists in procuring personnel hing for pot 1 employees) and selecting personnel

(choosing the “right” people). There are several selection 'Insl‘rummls (e.5- tests, assessment
centers, elc.) that can supply the manager with the foundation for making decisions. The
final decision, however, cannot be derived from any instrument. The first working day is an
important day for both the new recruit and the company, because first impressions count. It
is worthwhile planning this day in minute detail.

Human resource development (HRD) is not just about bringing the requirements profiles
of the posts into the best possible harmony with the skills prcl’ll&s of the post-holders, but
also about retaining the “marketability” of the employee. Various development instruments

[ Saiege hiran rescure enaD |
l Organization of human resource managemant l
[ Service law, HR planning. HR controlling, HR marketing |
J\
‘luwmm Flmm-ﬂ &:mm/ / rw/
{r r B

Human resource leadership

FIGURE 366  Human nessurce management, based o Thom @001, po 18]
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are available: on-the-job measures, e.z. job enlargement, job enrichment, job rofation of
coaching; off-the-job such as conf seminars, further training; or along-the
job measures, e.g. career planning, employee appraisals and development assessments.
Retaining personnel is probably one of the most difficult leadership Ias'ks.‘Il requires ?Jr&
moting the commitment and job satisfaction of the employee. A varilc.-ly .of Fﬁmu;
employed in an attempt to tie good workers to the institution. Motivation plays a crit :
role in this regard. Motivation research assumes that extrinsic incentive systems (eg. pif
bonuses) are less effective in the long term than intrinsic motivation factors (e.g. interesting
tasks, assumption of responsibility). For that reason many companies today are considering
which “motivation mix" is the right one. i )

The release of human resources, whether voluntary or not, is another key leadership lﬁk
Normally jobs are shed when there is an excess of human resources. The problems assod-
ated with shedding personnel have been widely discussed, particularly in the last few yes
when markets have been liberalized and the weakness of the economy is forcing many con-
panies to restructure. Before redundancies are announced, all available means (e.g. fleable
working-time models, outplacements, management buyouts, internal transfers, 5I|'°“'“'"‘“
wurking, etc) should be exhausted. As with recruitment, the last day at work is impertant
for both the company and the person leaving, because the last impression that the employee
takes with him will influence his future attitude towards the employer. Any departure Iﬂ'lllﬂ’
be preceded by at least one exit interview that gives the person leaving an opportunity 1o
ask any questions that may still be relevant for him and to discuss any future pi.‘ms._

“Able 1o go, but happy to stay” is a very apt summary of the challenge in Hm-
Although emplayees have the opportunity to leave at any time, they are happy to remai
?""““' this seemingly banal statement are many dilferent considerations. For Lhe_\_mrl)‘
ing population, what is important is to remain employable. Retaining employability is
a high-priority task of the supervisor, who should give the employee the opportunily fo
develop continuously. Since the mobility of the employee also rises as his employability on
the job market improves, the associated risk of the employee going elsewhere presents the
employer with a dilemma. This quandary can only be resolved with the second part of the
sbove seatence: *...but happy to stay.” The supervisor must create a working environment
50 that his employees are always content with their work and happy to remain.

FINAL REMARKS

Eﬂ“‘f“’e leadership is possible, but it places demands on leaders. This is because every
I,ﬂdmh’E situation is always bounded by its context and requires creative and sensi-
tive Nat\:lnllls. Effective leadership can be learned, but this entails a considerable cost.
L“d.u’h“’ 15 not actually just something that can be done off the cuff; professional lead-
ership is an independent occupation that one must spend a considerable amount of time
jmm'"s. and experiencing, Talent is of course helpful and allows what has been learned
to be utilized. Effective leadership thus means applying the right mix of leadership, man-
agement and entrepreneurship skills in the right place and at the right time in order to
achicve the sel company objeetives and in order to motivate and continue developing the
employees.
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INTRODUCTION

In the past three decades, management of food safety has taken a leap forward and many
systems and various technological or managerial tools have been devised to improve the
safety of the food supply. The progress and development in food safety management have
touched all segments of society, both in the private and public sectors. Box 37.1 shows some
of the developments that have taken place at national or international level. e

In the governmental sectors, these range from reconsidering the process of dt::lsn:m-
making in risk management, strengthening of food laws and regulations, monitering the
5.11’1_-{}- of the food supply, surveillance of foodbome diseases, and promoting education of
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BOX 37.1

MAJOR DEVELOPMENTS IN FOOD
SAFETY MANAGEMENT

Sanitary and Phytosanitary Measures of

* Increased general awareness about
food safety driven by national and the Warld Trade Organisation, IS0 22000).
international media # Increased preventive measures by the
* Greater knowledge of pathogens, primary industry.
its in quality

chemical contaminants and technologies  ® lmp

and increased scientific and technical including application of the HACCF
know-how., system.

* Development and emergence of high- hening of the fi

and food contamination surveillance

ik di
d

performing food technologies and
analytical methods. systems, aleris, traceability and incident
* Increased availakility of cpidemiological management.
and scientific data on foodborme * Increased training of professionals
ifically in food safety (governments,

pathogens and chemical cor :
* Improvement of the procedures for risk food industry and food service sector).
and risk manag * Recognition of the importance of risk
* Strengthening of national legisla- perception and good risk communication.
Educalional campaigns for consurmers

Hon (standards, codes of practices), .
and its enforcement (inspection, and the general public, including more
monitoring). informative labeling.
* Strengthening of the international - 1 waste 10 F
i {Codex Ali i

P
of the environment and of water and
sanitation facilities. J

Agreement on the Application ad'll;e

consumers and food handlers. In the food industry, there have also been major changes,
mduldmg the advance of the hazard analysis and critical control point (HACCP) system
and its validation, traceability and recall, and the development of technologics and analyti-
“1. methods. Consumer awareness has also increased and nowadays consumers are more
petively expressing their expectations, preferences and values. Different factors have con-
tributed to these developments; a deseription of these factors goes beyond the scope of this
Ch-'lpll.-:_.-md the reader is referred elsewhere (Motarjemi, in press)

In spite of the laudable efforts for improving food safety management, one arca still has
not received the attention which it deserves; yet, it is at the center of all the systerns and
tools that the society has devised to manage food safety and is a precondition for their suc-
cessful implementation. That arca is the role of people, from workers, managers, scientists
10 top management of businesses. None of the systems or controls used for the manage-
ment of food safety will be effective without the proficient actions of those who have to
implement them. Thus, in all sectors, from the legislator, inspectors, workers in the field or
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in a processing line, to the d tic or professional food handl
should be a central and integral part of food safety I M
is a conditio sine quea non for this. The question is then: what is managem
how does it impact on food safety.

The importance of management commitment is often mentioned in different text books
and technical literature without going into the depth of the subject. The 1SO Standard 22000
provides some insight into this subject. It explains that:

management of people

it
&
ent commitment and

Top management shall provide evidence of its ¢ £ to the develoy and implemen-

tation of the food safety 2 t systen and to ¢ Hy improving ifs effectiveness by

a) showing food safety is supparted by the business objectives of the organization,

b) icating to the organization the imp of meeting the requirements of tis
Internationnl Standard [referring to 150 22000 standard], any statutory and regulatary
requirenients, as well as customer requirements relating to food safety,

©) establishing the food safety policy,

d) conducting management reviews, and

¢} ensuring the availability of resources,

While the above requirements are a good start in explaining what is expected from man-
agement, they do not convey the day-to-day behavier that is expected from the manage-
ment, as they have been developed for auditing purposes. Yet, the management of food
safety relies heavily on the “quality of management” and good people management is an
integral part of this.

Additionally, management of food safety requires sound judgment, objectivity in
decisi king, comj t gers and employees, etc., ie. many intangible crite-
ria which should be part of the soft skills of managers and which cannot be ticked off on a
checklist. 1t is @ question of company culture and leadership. With regard to the 150 22000
requirements on business objectives mentioned above, there have been cases where food
safety has been associaled with company objectives; however, these have been less than
effective, as managers have often been complacent with food safety in order to meet com-
pany production objectives and to receive their associated bonus.

Management’s commitment to food safety requires first an understanding of the concept
of food safety management and second, creating an organizational culture, structure and
working conditions which enable and empower personnel in charge of food safety to meet
their responsibilities. This i particularly important in the food business environment where
there are risks with raw materials, processes, use of equipment or technalogies, practices of
staff and where change in any of these can impact the others. Additionally, experience from
the food industry has shown that many execulives and managers ignore or Miif’-'“-"ﬂ"@. f.“"'
damental food safety principles, and these false perceptions can cause failures in decision-
making (Table 37.1).

An analysis of organizational incidents, or “near-miss” situations, and how these take
place illustrates the importance of management commitment, of an Dl'}‘.-‘ﬂ“‘"li"'-‘.“'1 culture
and of the human factor and proficient food safety management. What follows is an appli-
cation of the concept of Swiss cheese to food safety put forward by James Reason (1997).
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TABLE37.1 Commen Misperceptions and Comection in Management of Food Businesses

Misperceptions Correction
m;:awW»m ~ There is no business without food salety
Scovamic inferests ~ A good management of food safety can promote the business d &

long-term sustainability
Food safety management is about taking neovssary measwres fo “prv’”
fond safiety problems (including confirming that the measures are eiet
lid: M A : i

and are I y

Food salety management is
addressing food safety problems

A past revord of safcty is no guarantee for the future, especially given e
improved epidemiological toals now available

O products am safebecause the En-produet teaing s not evidence of microbial safety but mery
AR ey confirmation of the effectivencss of the food safely mansgement sy
Safety is based on the solidity of preventive measures in place

Our prodiscts ane safe, us we have
rever had any incident

will

Regulstary requis are Regulatory requi and theis
npeiments to the business — Facilitate fair teade and a healthy competitive envimonment
= Ensure that all stakeholders in the food chain fulfill thelr rule: this
s ial risks with lices and their raw materizl

= Provide guid. ta s . in lar small and lews deveoped

businesies, o matters related 1o food safety, such as norms needed
designing and validating food safely assurance systems:
Increase the confidence of consumers in the food supply and nlm::

E that ial products are safe and mee!
and for iy agreed safety and qualir fard
SWISS CHEESE CONCEPT

A’::';:“W in Figure 37,1, assuming that a putential hazard and its risk (ie. the bkl
alksl o s 5;"':"'“2 and the severity of its consequences) are known, a defense mech
In food safel, lh?;:“m mechanisms, is devised to prevent the hazard from malerializing
W’W’Eﬂu.’a defenses are referred to as “control measures.” In food safety asar
"M"'ﬂ‘mllm:?]: of control measures ane usally recommended. These can be grouped
verification m efense: (1) basic good hygienic practices, (2) an HACCP system and (3]

When an inc:'dmu (Motarjemi, in press, Chapters 1, 31 and 32 in this book).
these defenses m‘:lml'h it is usually the result of a gap, or a combination of gaps, in
Plan or a I'allll' i Baps may be a shortcoming or an error in the design of the food safety
any of these defence ""-‘Clllﬁ?n. Usually, in good food safety management, a single gap in
of defense should bcmb?h"mm should not lead to an incident as the second or thied line

taminated or de.‘n:ﬁ\-: e to detect the gap and allow for corrective actions before the con
situation, fe. wherea f ledthd reaches the market and/or consumers are exposed. Sudcha
corrective action, o ";" takes place but an incident is prevented due Lo early detection
management is ooy, ; relerred 1o as a “near-miss” situation, However, where food safety
t EAPS increase ]Mﬂ}' Will be more holes in the system and the eventual alignment of
8 the likelihood of an incident. Thus the more holes there are, the more
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FIGURE 37.1 Swiss cheese model
according to James Reason. The figure
illiistrates that incidents ocrur as 3 cum-

banation of 3 number of gaps in th food

I l l i

J. Reason 1997
ing the risk of d

FIGURE 37.2 Figure showing that an incident aorurs

as a result of gaps in the delense systems. Adspied fom
Teinean 1507,

the risk of an incident. The concept is referred to as the “"Swiss cheese” model (Reason 1997)
(Figure 37.2)

It is for this very reason that any gap in the food safety assurance system, even if per s¢
not significant to pmdurl.' an incident, should be addressed immediately. In other words,
any detail can have its importance and should not be dismissed or neglected. Many acci-
dents in aviation, healthcare, petrochemicals, ete,, are the result of mishaps which were per-
ceived as details. A notorious example is the case of the Concorde. The plane crashed due
1o a small piece of metal on the runway from which the Concorde was supposed to take off.
The metal had fallen from another plane. Similar situations have occurred in the food indus-
Iry. A case in point is the major outbreak that occurred in Israel and was associated with
infant formula imported from Germany. The product was deficient in vitamin B1 (thiamine).
Ci quently, a reported 15 babies suff 1 from d ge to their nervous system and lwa
died. The primary failure was an error in product formulation, but a second failure was in
the verification of the composition of the product before its release, which itself was due to
anumber of other errors. Similarly, in another incident of infant formula contaminated with
the isopropylthioxanthone (ITX), a combination of gaps in the regulatory requirements, sup-
pliers” test and practice, and customer’s awareness of risks were the origin of the problem.

ROOT CAUSE OF FAILURES

A second concept that needs to be understood is the root cause of failures, which can be
divided into active or latent failures (Reason 1995 and 1997) (Figure 37.3)
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Root eause of fallures

4

FIGURE 37.3  Figure showing the different levels and types of failurcs leading to an incident {iteaca 1957}

Human Factors

Behind any control measure, there are people who have to implement those measures or
verify that controls are implemented correctly. These can, for instance, be a worker on the line
packing food, a farmer milking, an operator in the food manufacturing industry monitoring
the temperature recorder, a truck driver who has to manage the temperature during trans-
portation, a food handler who has to wash his hands before preparing food, ar wash his knife
and cutting board between raw and cooked foods, ete. Their failure to perform the control
measures is referred (o as active failures since their actions will have a direct and immediate
bearing on the safely of products (Table 37.2). These are the types of failures that, in case of
an incident or a “near-miss” situation, are normally investigated. In due course, the employee
responsible is reprimanded, or worse fired, and the investigation ends at this point. The same
process and relationship also exist b v regulatory authorities and a food establishment
that is incriminated for an incident. Once the vehicle of the oulbreak, ie. the implicated food
item, and the error are determined, and in due course the products are recalled, generally the
investigation is closed, However, it is important to pursue the ation and understand
the reason for the failure of the person(s) in charge of the control measure.

Active failures come in different forms. They may be classified by their cavses or by their
consequences. In the latter, the failures are described in terms of the proximal action con-
tributing to the mishap. For instance, the consequence of an error such as the use of a wiong
thermocouple may be transgressing the “critical limit,” or an crror in the handling of the
compulter system may lead to the erroneous release of a defective and blocked product.
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TABLE 37.2  Frequent Active Failures in an Industrial Setting and during Food Prepamtion

Frequently Observed Failures im an Indusirial Setting

‘Examples of Fallures During Food Preparation
Falures in supplier management Failure in mespecting hand hygene
Failures in destgn and maintenance of equipment Food handlers handling food when suffenng from 3
Failures in hazard identification transmissible illness
Failuns in establishing = 1 limils™ Failure to wash utensils/ cquipment and allowing
Errues in GMP im plementation cross=contamination of ready-to-at fod
CO morutoring failure Failure to cook or refrigerate, thus allowing time-
Failare in applying the nght corrective actions temperature abuse of food and subsequent
Humuan error survival and growth of microorganisms bo a
Ermor during a change process. disvase-causing level
Improper use of recipients and contamination of food
wath chemicals /detergents
Failure to i i it ial food
safety matters

Causal classification of human failures makes assumptions on the psychological mecha-
nism implicated in the ervor, They ane grouped by:

Failures in intention or “mistakes”: These are errors in planning or problem-solving and
are often related to scientific and technical misjudgment, leading to a plan which is
inadequate in achieving the intended outcome. An example would be when the HACCP
team decides a wrong “critical limit.”

Execution faiures such as slips, lapses: These are failures where the plan is adequate but
‘where the actions are not implemented as intended. There may be different psychological
reasons, such as failure in attention, memory, recognition, ete.

-

Human errors are to be differentiated from violations. Violations are deviations from the
rules, procedures and standards. They relate to deliberate action and intention. Violations
also fall under different groups, depending on the incentives and reasons for violations, and
range from routine or optimizing violations, such as taking a shorteut and not following the
procedures, to necessary violations. The latter is when the rules and procedures are inap-
propriate, and violation of the rules is the only way to get the job done. Sometimes, the vio-
lation may also be the result of lack of knowledge of the rules on the part of operators. For
instance, in many countries, the small or less developed businesses may simply be ignorant
of the legislation and the violation of the law is not always an intentional non-compliance.
Therefore, while as a principle the violation of food safety rules should not be tolerated, the

cause of these should be determined and the decisions on penaltis, if any, should be taken
on a case-by-case basis.

Working Conditions and Environment

1f oot cause analysis of incidents or near misses is carried out, it can be noted that often.
human failures are due to the working environment and conditions. Some examples of con-

ditions that may lead to a person committing an error or violating the rules are given in
Tatde 37.3.
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TABLE 37.3  Examples of Condirions Prone to Error or Violation

Conditions Leading to a an Error Conditions Leading to a Violation
Unfamilarity with the task perception of the risk dated with hazards
Delief that a bad outcome will nat happen

Mismatch between the training and the education

of the person with the task required Lack of tools, time pressure
Time shortage, work overload Ambiguous or apparently meaninghess rules, o niles
Inf erliad o i 1§ which are not applicable to the Jocal conditinns
Four b iy i interface Manifest lack of organizational safety culture, or of a
Complex tasks or situations culture which encourages taking risks
Mental state: vof task ort lafigue, E not foll the rules, or peroeived Lack of

stress management’s can: and concern
Hastile e cowded, noisy Inadequate training
Four ions, p nd of Unclear instructions

respansibilities Professicnal attitude hostile to procedures

Work conditions prometing condflict of intensits

Poor communication or Language barriers
Lack of adequate scientific and technical tools or
systems for performing a task

Candlicts and poar penple management discouraging
involvement, responsibility and ownership

Change in routine
depted from Ressces [55).

Responsibility of Manag: t

The above-mentioned situations (Tables 37.2 and 37.3) often result from management
decisions. The failure of the management to create conditions optimum for managing food
safety is referred to as latent failures. The consequences of these decisions, taken at higher
level in the organi 1 and gerial structure, may not be directly perceptible and
they may not have an immediate impact on food safety, but they will create conditions
favorable for non-compliance or accidents.

Latent failures have been the cause of numerous accidents in the petrochemical, transport
and financial industries. While there is an abundance of reports on foodbome illnesses in
the scientific literature and media, few provide in-depth information on the latent condi-
?Il)l'l-! leading to failures. Investigations often fail to examine these faclors. A case in point
15 a report on an oulbreak of foodbome iliness associated with peanut butter in the United
States. While the report provides extensive information on the epidemiological aspect of the
oulbreak, with regard to its cause the report is very short and gives the reader the impres-
sion that contami of industrially produced pranut butter with Salmenclla is to be
expected. There is no information that could increase our understanding of the latent fail-
ures (CDC 2007). As a consequence, a few years later the incident ey d itsell in another
establishment.

Examples of the managerial decisions that lead to poor working conditions are:

L Fiﬂmg o pl‘ﬂf‘!dl.' the necessary policivs, organizational structure and culture, adequate
ﬁna.m:la.[lthﬁed human resources, or suitable equipment;
2. Appointing managers who do not have credibility or competence matching their

responsibility;
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3. Management behavior in contradicting, or in violating, the policies and instructions; or
4. Requiring impossible tasks which force the staff to take risky shortcuts or to violate
the rules,

To alleviate the workload, but also to increase efficiency and consistency in the execu-
tion of tasks, industry has increasingly resorted to “systems,” be it automation of equipment
or development of checklists, for ensuring systematic coverage or handling of operations.
However, it is the behavioral experts’ view that while facilitating the systematic execution of
tasks, a ion or other sy do not fully overcome problems assodated with human
ermor or mistakes in the judgment of the scientific and technical data. Where there is too
much reliance on systems, they may either inhibit critical thinking or cause boredom. As
such, in the food industry, we can often see that the HACCP system is applied mechanically,
without fully understanding, its purpose. At times, the system is applied without adequate
input from qualified food safety experts, and as a consequence the HACCP study and sub-
sequent plan are not effective for addressing food safety.

Management style can also be the cause of failures in food safety management. A repres-
sive or non-motivating environrment may be deleterious to open and constructive working
conditions and may deter employees from reporting potential problems, which helps in the
carly detection of gaps and in remedial action. Micro-management prevents the sense of

ponsibility and ownership, as well as bottom-up initiative. Unclear definition of respon-
sibilities, expectations and procedures can create conflicts which may lead either to loss of
efforts and resources, or to motivation in the execution of tasks, Therefore, the management
of a company bears the ultimate responsibilities in ensuring food safety. In case of incidents,
their eventual failure in providing this needs to be investigated.

Thus, management commitment should, among others, provide the organizational structure
and culture and working conditions adequate for a professional, objective and transparent
management of food safety.

The organizational culture should enable employees to openly report issues and provide
them with the opportunity to see that their constraints are adequately and fairly addressed
An open and fair organizational culture is fundamental for motivation of the staff and the
core of food safety management.

The organizational structure should ensure a process of decision-making based on exper-
tise and should prevent situations of conflict of interest, for instance where audits and
investigation of incidents or near-miss situations are carried out or supervised by the same
person as the one who is responsible for the design and implementation of the food safety
management system. It is also important that any near miss or incident be thoroughly inves-
tigated and a root cause analysis be conducted. This means that not only the primary cause
of the failure, e, cross-contamination in a restaurant, error in a thermocouple in indus-
try, use of contaminated water in agriculture, is examined, but the latent failures, ie “‘e
working conditions and management failures are also determined. In the above hypotheti-
cal eases, one may discover that the manager did not provide adequate training to the food
handler or there was a lack of knives and cutting boards, the consequence of wl‘lﬂ.d\ was
that the workers took a shortcul to meet the demands of the restaurant. In a food industry
environment, a thermocouple may be misused because the personnel in maintenance may
not appreciate the importance of the temperature for the safety of the product, or a transport
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company may fail to observe cold storage or the risk of cross-contamination during the
transpart of its product. To take an example at the agricultural level, an agriculture policy
may have a direct impact on the use of safe water or fertilizers. In the case of a cholera epi-
demic in sub-Saharan Africa, it was seen that an increase in the price of the Fertilizers led
farmers to use contaminated manure for irrigation of their vegetables.

From the above it follows that proficient people management is a fundamental element of
food safety management. In this respect, the factors that will influence employees in meet-
ing their responsibilities and p ing their tasks can be divided into three types of fac-

tors (WHO 2000):

L Predisposing factors: These entail providing employees with the technical and scientific
knowledge that they need to (a) perceive the risks associated with their job, (b)
understand control measures needed to control the risks, and {c) impart the skills and
competence that they need to perform their task.

2. Enabling factors: These consist of all infrastructures that are required for individuals to
carry out the required tasks or to adopt the desired behavior. These factors can be of (a) 2
logistic nature such as adapted tools and equipment, having easy access to hand-washing
facilities, or rapid cooling food, or (b) managerial nature such as providing the staff with
the authority they need to perfarm their job, time for the execution of their task, etc.

3. Reinforcing factors: These relate to all those cultural values of the organization that
encourage the individual to adopt the behavior in question, e.g. influence of peers,

M. o i tand manag; practices are fund tal to this factor.

MANAGEMENT COMMITMENT

From the above it can be concluded that management comitment starts with management
understanding that gers must have exemplary behavior, and stand behind the policies
on a daily basis, In doing so, management must:

* Realize that any non-compliance or complacency at the higher level of management will
set a bad example for the entire organization and will have serious repercussions on the
entire organization, i.e. it will have a multiplying effect;

Apply zero tolerance for leaders wha violate their policies, and adapt penalties
proportionate to the gravity of violations and the hierarchical level of the leaders;

Understand what food safety means and requires in terms of measures, and realize

that food safety gement is not a question of the number of incidents experienced,
consumer complaints received, or the results of end-product testing, but is about the
measures pul in place to meet the set standards, on an everyday basis;

Ensure that their policies are not a declaration of good intentions bul a description of
angoing practices, and

Provide leadership by prioritizing food safety at levels of decision-making and ensuring
that managers implement measures flawlessiy,

.

L]
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Additionally, management commitment is founded on good people management,
including:

* Ensuring that people are competent for their job and that appointments for positions are
made transparently and based on merit;

Ensuring that staff unequivocally und nd their responsibility and their authority,
that they have a clear job description and that there is an alignment between their
responsibility and their authority;

Providing staff necessary training and coaching according to responsibility so that they
«can meet what is expected from them;

Foreseeing a succession plan and back-up positions;

Providing necessary including inf ture, lined organizational
structure and clear procedures so that implementation of necessary measures becomes
feasible;

Showing that the work is valued and motivating, and driving job satisfaction and
providing staff with a career path;

Creating an environment and organizational culture tolerable towards human error

and allowing staff to report their impediments and the reason for their non-compliance.
A fear culture and repressive style of management are banned for the benefit of early
detection and the management of gaps and non-compliances;

Being open-minded, frank with their own shortcomings or failures and investigating the
incidents, or near misses, until the latent failures are determined and addressed; and
Protecting staff who report non-compliance and whistlebl from any retall

CONCLUSIONS

A responsible food management, with a sp-ocific consideration for human factors, is cen-
tral to the performance of any organization, be it a governmental institution or a business,
and it is fundamental to food safety. No technological development can replace the compe-
tence and skills of managers in meeting their responsibilities. These include: good judgment
in decision-making, skills in communication, training, but above all motivaling and eoach-
ing staff in performing their tasks.

Management commitment is about creating an organizational culture and king con-
ditions where the management supports the staff, so that each can become a leader in their
own field and BUTS AN exercise plary behavior. Good management of feod s-llety
should aspire to Mawless execution; to achieve this, employees must be competent in their
job, motivated and at all times vigilant. s

This also means that, over and above monitoring critical limits and verifying the imple-
mentation of prerequisite programs as proposed in most food safety assurance systems, any
gAp or near-miss situation, such as transgression of critical limits or non-compliance prac-

tices, needs to be investigated, and their root cause, including managerial failures, deter-
mined and addressed (Figure 37.4).
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FIGURE 374 Every fiee
can be a polential for an incident
Monitoring the failurcs, undentand
ing their cause, communicating #7d
acting upon them as early a5 poss
ble can reduce the risk of incidents.
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INTRODUCTION

At first, it is important to clarify the use of the term assessment in this chapber. For the
purpose of this book, the term assessment refers to an industry or governmental activity
to verify that the food safety management system is implemented correctly and effectively,
and is maintained. The primary reason for assessing a food safety management system is
to establish whether a food business has the ability to consistently produce, manufactire
or distribute “safe” food and to ascertain that the food safety management system provides
ﬂlll'(luﬂ be assurance.

In industry, the term is better known as andits, which itsell is used in a variety of ways
{oudit of svstems, processes and procedures, projects, laboratories, manufacturing,
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organizations and their management) and in different contexts such as financial, environ-
mental or quality management. o

In the fr % of the of laws and regulations, governmental authoribes
are also led to verify the mnpdianou’ of industry practices with laws and regulatory :_ka
ments. This activity is usually referred to as inspeetion. In the past, inspections consisted of
a snap-shot visit for checking compliance with good hygienic practice. With advances of
HACCT and the development of an integrated approach to food safety management, the
procedures and scope for inspection have also evolved. Today, it consists of a more compre
hensive procedure similar to industry audits, referred to as regulatory audits. .

Therefore, while the industry and regulatory audits differ in the purpase for which they
are carried out and the authority that carries out the task, in essence they use similar pre
cesses and methods; and in both cases they are carried out with the aim of \'e:if)cing compli-
ance with a given standard. Therefore, this chapter will cover food safety audits from the
perspective of both governments and industry. As will be seen later, auditing processes may
also be used for reasons other than verifying compliance, such as evaluating the capabiliy
of a supplier o provide a raw material according to given safety specifications, evaluating
equivalence in control measures in case of expori-import certification, or evalualing the sta:
tus of a factory or n business, Therefore, for the purpese of this chapter, the mor neutral
term of assessment is used.

In simple terms, we can distinguish different types of food safety assessments:

1. Internal assessments carried out by industry (part of self-control); and
2. External assessments carried out by either

a. Regulatory agencies (known as inspection); or

b. Third party assessments by customers or certification bodies.

BACKGROUND

During the past few decades, the management of food safety has greatly evolved in both
the food ind ustry sector and the governmental agencies (see Chapter 1). This change has also
made an impact on the role and responsibilities of the industry versus regulatory authorities,
and on the importance that is given to inspection or audits in food safety management.

While in the past the onus of safety was on governments, ie. detecting an unsafe mar-
keted product, with advances of the HACCT system in the last two to three decades, the
responsibility for ensuring food safety and providing evidence for this has been shifted to
industry, This means that the industry is to provide evidence that it is aware of the risks asso-
ciated with its products and is taking the necessary preventive measures to control these.

Over and above establishing clear food safety laws, standards and regulations, the role of
the regulatory autherities is to verify that the industry is complying with these; the assess
ment of the food safety management systems of industry is part of this verification. In
industry, assessments are also used as part of self-control 1o verify that food safety manage
ment is effectively implemented and maintained.

'Compliance means that products and for practices meet regulatony requriresmints
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In other words, regulatory or internal assessments are not for the purpose of controlling
hazards but for confirming that cunl:mlfpmvmh\c measures are implemented correctly
and are effective. Governmental or supy inspection cannot be a to ensure safety,
but 3 measure to verify that the processor is implementing necessary contral measures and
complying with safety standards and other requirements to ensure food safety.

There are many books on the general aspects of assessments (audits or inspection) and the
reader is referred to these sources, in particular to the 150 Standard 150/ TS 220032007 (see
“Further Reading”). The objective of this chapter is not necessarily to tumn the reader into a food
safety assessor, but to highlight some essential points in an industry or regulatory assessment.

DEFINITION AND PURPOSE

As mentioned before, is an evaluation to verify the actual practices against
set standards and codes. Thc purpose of an assessment may vary. It can include:
Confirming the compliance (or identifying the divergence) with the intemnal nules and/or
regulatol i This is perhaps one of the most frequent objectives of assessments.
Evaluating the ability of a supplier or a contractor to produce, manufacture or transport
a food according to the set requirements. This can happen when choosing a supplier, a
contract manufacturer or even purchasing a new business.
Investigating violations or incidents, for example inv e-sltgnlmg a Murnng CCP-related
viplation, employee complaints, alerts by internal whi q
complaints or a fully fledged incident.
Obtaining a certificate of assurance for customers that their requirements are met. This
may be with customers nationally or internationally.
Benchmarking or analyzing gaps in view of identifying the need for improvement,
including the need for technical assistance, training and guidance on competences and/ar
improving the infrastructure (equipment, design of premises), etc. This can happen
when a new factory or business is purchased, or when companies are merged. Experience

has shown that small or medium-sized busi are often not ful enough o
know the regulations and that they often leamn about these when they are visited by an
inspector or assessed by a cust or the repre ive of a certification body. In such

a situation, to aveid conflict of interest it is important that those involved in guiding the
business are not the same individuals who will also assess for compliance.

SCOPE AND FREQUENCY OF ASSESSMENTS

As mentioned before, the scope and content of assessments have also evolved with time.
Some years ago, depending on the stage of the food chain, such assessments were limited
to verifying compliance with good fishery, agriculture, farming, manufacturing, transport
or hygienic practices. Later, they were developed to include assessment of HACCT Today,
with the advance of an integrated approach to food safety management, particularly the
development of 15O 22000, assessments include a variety of elements, from prerequisite
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programs (eg. GMP) to HACCF, supplier management, product development, training,
communication with other stakeholders of the food chain and regulatory authorities, and
incident and crisis management. In this chapter, an appeal is made to give particular atter-
tion to management of people and to management commitment (see Chapter 37) since the
peopleina company, from the general manager to the workers on the line, play a key rolein
food safety management.

The decision on the scope and frequency of assessments or inspection will depend on 2
number of considerations, in particular whether the is a first ass ord

follow-up assessment. Whether a full or partial assessment is carried out will depend on the
I \ts might be appropriate

original purposc of the For ple, partial
for closing out non-compliances, for investigatory purposes after an incident or where 2 pre-
vious assessment has confirmed that a sound system is in place.

eciding on the Ire

Classification of risks is an important criterion for prioritizing and d
quency, i.e. having more frequent assessments at higher risk or suppliers of high
risk material. The following information can be considered in the classification of risks and
in deciding on the frequency and scope of the assessments:

* The potential hazards known to be associated with the product and /or process;

The history or level of previous compliance;

The state of the food safety management systems and other management systems that
may be in place, e g. SO quality management systems and certification, TQM as well as
the level of in-house expertise;

Other considerations such as p ing methods, intended use and population at risk,
size of operation (e.g. number of employees, volume of production, tumover), type of
products and processes, complexity of operation, quantity of product affected by the raw
material used, market or trade requiremnents.

Similarly, the following could be considered in the scope of an assessment:

lfhu-u it s an initial assessment or follow-up;

Size of operation, e.g. number of employees, volume of production, turnover;

Type of products and processes;

Complexity of operation;

Level of in-house expertise:

Amount of available resources:

Presence of management systems, e g. 150 quality management systems, TOM:

Results of previous assessments; and

Population at risk.

f\: change in the system (process, formulation, etc.), or the aftermath of a natural accident
or disaster, eg. fire. flood etc., can also justify an assessment or an inspection. As mentioned
previcusly, assessments may also be u'iga;t::::d as results of a previous food safety incident
msui‘i?‘fﬂﬂ“ frequencies for assessments and their scope can be considered in the light of .
Table 351 presents the elements that could be the subject of a food safety assessment and
presents some highlizhts of sves to be considered.

UL T e
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TABLE 38.1 Elements of Food Safery Managernent Systems and Some Highlights of Tssues to be Asesed
Elements to be
Assessed Examples of Tssues to be Ce ‘During the
Minagement  This consists of ensuring that:
tommitment, - Management is aware of their responsibilities as lsted below and set the example by
pesources and Inllowing company palicies.
management = A food safety policy is established and is communicated to all kevels of the
of peaple = The food safely management svstem is described in an acoessible linguage and s available at
all levels.
= The food strugture g integrity and ¥
= A[Mlllﬂ}'lﬂd.eru ppoi with chear definition of his/her nesponsibili il
authority,
= The fond salety leader reports directly or has direct acoess to the top management of the
wpany; he/she can report pli without negative repercussions on his/ her
cancer.
= The food safety team 15 supported by an adequate inf: qusip
and material, and F tof sponsibil nd ding to i pe ol
activities.
- Th ibilities, & porting system and auth dm.-ndmppni.nul.
= Thiz mismbirs af the team ane k bedgrable, have integrity and thictr job.
They receive training e with th ibilities and they are updmd with
development in the food safety aneas, e.g. incidents, emerging risks, etc.
= Periodic audits are used 1o verify the well funclioning of the team as well as to provide an
sverview of U effective implementation of the food saldy SysieTm.
= The systom of curporate governance guarantoes indopendence of audits and cormective
actions, root cause investiganon of gaps and incidents and thelr reporting ta the higher
management.
= Asystem of whis R b blished and p relabed ko their work
are followed up, lnnﬂaplrd objectively and cormeetive actions an: impliemented.
= The management is open to providing necessary resources or investnvent where necded,
suppurting lesting wf prodlucts, making recalls in case of ncidents.
- Eives priority to health over busi: inlenesis
= The erisis manager, il difforcnt fom the food salety team leades, is also identified and
eompetent for his/her job,
= Al important decisions, instractions, reports of non-compliance o possitd risks, follow-up.
anul closing out of Bsues ane well reconded and documented.
Pranduct = An effoctive traceability system is in place at the fackory,
traceabilivy, = It is possible 1o trace every consumer unit.
rocall and erisis = 1 s posaible to fdentify all linished products e twered from a gi f
nl, iy, maderial, i ing: rework.
inident = Traceability enircises ane carried oul regularly, at least ince 8 year b ensure that the
management traceability system is elfective,

A formal written procedure for produet recall is available and the system is tested
perbodically.

A furmal varly warning, crisis management procedure and crisis committes a7z in place and
the role and mpm:hllhn of the: members are specificd

- 1n:nl¢r-lnnm..‘. phly investigated, oot causes and lessans leamed from the
inchdent i

tecl across the i 1o prevent their
Sendor management ks engagud in incident debricts and preventive action.
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992
TABLE36.1 (Conrinued)
Elements to be
Asseused Examples of [ssues to be Considered During the
Rawmaterials - Supplier mar is in place: selected and apy d based an their
and supplier capability to ensure safety of the uwuulgﬂal anﬁarr prnwd!r.lll) a\ldilﬁdmdmuwad
~ Suppliers are aware of the intended use of their p d of the nogp
ufﬂ:mmn—,wmmwmwdlhmﬁwlhmcm indicated in the
= ﬁlpp[-ruudlmhawﬂar-ppmpmlzwprﬂmmdnmnh\gwmbleumm:-nywli
risk-based nssessment at the supplier's manufacturing location.
= Mmmb(.n;ndknn:rdpxhpnslhmulﬂr specifications and are signed fo sndicate
= Certifi of analyst wsed ) coume: from a Labs y that is able to comp e st
and samples wwwunelyhmdkd The sensitivity of methods used are adequale for
meeting the safety and regulatory requirements
Good hygienic  — Incoming raw materials are inspected for their integrity authenticity and final goods are
practice (GHIY) stored safely.
~ Warchouse management is in place, e.g. first in first out (FIFO) is respected, and raw material
15 properly Libeled
= Pest manageement is effective.
= Adeg Py and visitors d fur both health and seoenty
= e where a ble tools ane labeled, chemicals are bept

inasafeand mlmnnun, identification (e.g. color coding) systems are used for tools, 55

s¥stem is usedd For maintaining order.
Training of cmphoyees ..mmm .nd v.luhmd for effectiveneas of hmnq;, rmu-ul
dii
th

health and hygie Hication

resnforced in the facility. Hulpluyu facilities far h-_vglml such as lockers, bench h:mn

entryways (whers needed) and huand-washing facilities are readily available.

Basie rulis of food Iyysenie are alus respeetisd in canteens,

Busildings (inc| g drai designed I risks and meet hy gienic requirements.

Dors and windows are appropriately chosed and screened.

Zaning finchsling air law and the need of a flter) and flow of prople are managed 1o

minimize risk of Crusscontamination hrouphout the facility.

Hygienic design of equip and mai Jud Hbrat
equipment, are followed rigorously according to h state of the Itl

Food grade lubricants are used,

Inclustrial services are managed to maintain a sale production environment

Cleaning procedures ane coereetly Laid ot wre valid and the implementation s venified

Rejected raw muterial or final produets sre correctly handied and disposed of

In case of maintenance work, the impact of the werk is considered in risk and control

MLasunes.

Fosrvign matiers ane p.m,-md through variots measures and policies, v as glassfre

Mw-lm-lq- policy
Conavimirs”, l il pl: are properly recarded and

mwwwhlwwm-mdym

Products are cormsetly labeded (content, visibsility, clanty) and where comsumens’ pracioe s

enitical for safety, the communication of safety information is validated for acouracy and clariey

Hiefare launching or modifying any product, it is ensured that regulatory or salety

meguineinents are mel

Examination of the arva, such as security measures for the promises and sereening of visllors

and subcontractors for security as well as their health status

of

(Cotaresely
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(Continued)

Elements to be
Assessed

Examples of Issues to be Considered During the A

HACCT
system and
implementation

Verilicatson
Activities’

Adequacy of the hazard analysis. All potential hazards are adequately identified and
evaluated, and if this evaluation indicates the risk is insignificant, is this validated
by data?
Validity of control measures, i.e. the control measures eliminate of reduce the hazards 1o
acceptable bevels.
CCT's are identified, and critical limits arg ified and d salf
regulatory limits. Evidence should be obtained unmqummmmdum
the expertise used and any supportive document to validate these,
Evidence should be obtained that the monitoring of the critical limits indicates adequate
control of the hazards, The adequacy of training in relation to personnel working at the OCT's
and engaged in monitoring should also be considered, e.g, whether saitable instructions have
qugawnlom personnel, and their role in relation to appropriate and timely m
as to whether tl Ve actions w

=dtquuwlopmm an unsafe product I‘Iwn:ﬂdunglhemum
An assessment of what, how, when and by whom the verification procedunes have been
undertaken, and whether these arnc adequate and effective. This may brhdkihsdb}‘ln
assessment of the validation data, sampling results, intemal and external
as well as the frequency and thoroughness of all verification activities. The assessor should
also consider whether changrs, deficiencies in the HACCP plan, new emerging hazards, eic.,
ane adequately provided for. Assessors should consicer what actions ane taken ml\rwhd
madrqunl-nin the HHCCP pllnqr its prenequisites, or m)'mm i 3

ddar Whather Taconds '- d in
order. \‘l'llmﬂstm!.smrhﬂlrnn imsue or how these have b 1 up
The assessors shanuld alse evaluate the adoquacy ol the implementation, Le. whether the
HACCP plan and the prenequisites for HACCP have actually been implementid in the food
business, maintained and are functioning cormectly.
Root canise of CCT wiol, ©F near miss investigal d out and short- and long-
term cormective measures are in place

Intermal audits ane carried out regularly by o competent team; they oover all levels and aspects
of the aperations and unsatislactery reports are subjert o an investigation and root cause
analysis,

Consumer complaint handling system is valid and s working effectively, Le. personne ane
trained i what b do, how 1o ask questions and they have the ability o cormeet different sets
ol information ta detect a pattern ar a cluster of non-compliances.

Supplicrs are audited according o a ml hurd plugnm bya Wﬂ\pl'lﬂl beam,

The results of the supplier audits, incl ties of the supplicrs (e
their end-product testing), are considened in the hazard analysis and wm‘m&d the
HACCI plan,

The assessment of GHI and equipme i s carried out on a regular

Poog!
sty

The wystemi for recording consumer complainks is venfied and if is ersurd that it is working
effectively.

The pathogen and enviranmental monitoring as well a3 raw- and end-product testing are
earried out ellectively and results are regularly reviewed and wsed for the validation of the
GHP program, and abeo for the maintenance of thie HACCE systom.

Laboratories carrying out chemical and microbial testing are audited for good laboratory
practice and are acoredited

(Contimnd)
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TABLE 381 (Continued}

Elements to be

Ansessed of Issues to be Consi d During the A 1]

Virification - HACCE teams receive the results of various venfication activitics. = Hazard analyses are
activities' reviewed based om e verification data and where necesary, e.g. @ non-tomplizne ora

change, the HACCP plan is revised accordingly.

A release procedure is in place for finished products and raw materials.
w;lm’.mmlmm hum of the food safety program, including reports of sudsts,

incidents, L other gl u-punrdbyﬂmﬂsﬁ

= Perindic bilsty, recall and crisis m, 5 . or other ions, are carmied
st in &n effective manner.
“Crmforminy merms thet activatios sov comied gt accoeding b2 the ectablished procediees
o e petidstion of

"This i prt of the HACCP sptems: howene,as descrbed s Ghapter 1, o bighlight the e
e frsand malysis amd esinbemener of HACCR, fhey sve mortonced weperaiy,

COMPETENCE OF ASSESSORS

The validity of assesements depends to a great extent on the competencies of assessors
and their integrity. Food safety being a multifaceted subject, a carefully selected team of
experts will be required. The composition of this team and the expertise of the members will
be all the more important as the responsibility for protecting public health is significant. In
any case, for a full SCOpE assessment, the following competences, skills and qualifications
need to be considered:
¢ The technical competence;

The skills in assessing and investigating (audit skills);
The interpersonal skills and values, i.e. communications skills, diplomacy, resilience,
patience, self-discipline and open mindedness. In addition they need to be curious and
analytical in how they should interpret what they observe;
Finally, a good 9 the cooperation and openness of the assessment
entity in providing truthful inf i
Other factors such as time and financial constraints and availability of documents also
Play a significant role. With regard to technical knowledge, the following are needed al the
very least:
Understanding the basic hygienic requirements, their relevance in supporting safe food
production, and experience in assessing them;
Knowledge of laws, regulations, standards and general codes of hygiene and /or criteria
for the specific category of products;
* Knowledge of relevant industry products and processes (including past failures in the
category);
* Knowledge of the HACCP system and its application, including:
#+ The identification and assessment of potential hazards which may oceur during food
production, handling, preparation, storage and transportation, including biological,
chemical and physical hazards;
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« The ability to assess the effecti of control r (validation) of the HACCP
plan and its verification;

* Understanding the role of the human factor and of company culture in food safety.

THE PROCEDURE AND METHODOLOGY

The for an ent must be defined and carried out in accordance with a
set format. Assessors should ensure that they plan the process properly, i.e. that:

* The scope of the assessment is predetermined and sufficient time is allocated;

* The required skills are available within the team;

* Tools needed are made available;

. A gements are o icated and agreed upon with the site being assessed.
The procedures for assessment will need to include the following stages:

L A planning process to prioritize establishments, operations and their frequency and scope
of assessments;

L Adesktop assessment;

3. An on-site assessment;

4. An evaluation process to analyze findings, d ine compli and decide corrective
actions and follow-up requirements;

5. Reporting and follow-up.

The Planning Process

Initial planning is important to clarify the scope of the assessment and the approach that
will be taken on-site. It helps to ensure that assessors have the necessary information and
tools to complete an effective assessment. Information that will help in this planning process
includes:

* Relevant company documentation;
* Previous file records, data on premises and products; and
* Results from previous visits or assessments,

The information obtained at this planning stage will also help to determine the focus of
the assessment and the skills that might be necessary, particularly where assessments are
carmied out by a team. 1t also provides an opportunity to refine any checklist and pm
that might be used and, where ppropriate, to iicate arrangements of the visits to
the establishment. Any material such as camera, flashlight, tool kits, salety shoes, documen-
tation and manuals can also be foreseen at this stage.

The Desktop Assessment

The assessment itself is best carried out in two steps. The first stage, desktop assessment,
consists of the initial review of documentation, which may be carried out on- or off-site.
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Although it is possible to carry out an assessment without a prior review of documen-
tation, experience shows that a review of these prior to visiting the site leads to a mor
focused, thorough and informed assessment.

A review of the documentation allows assessors to get an idea of the standards lha,l ane
relevant to examine and become familiar with the site products and processes. It will give
the assessors an opportunity to carry out some research to build up knowledge of the prod-
uct technology, legislative control measures and/or industry standards. 4

A deskiop review also has the advantage of enabling assessors to plan their work, eg. 1o
judge how the CCPs have been established, check the personnel required for detailed dis-
cussions, review the specific questions to be asked, draw a list of priorities to focus on and/
or examine areas to visit during the on-site assessment. -

If the assessors find on the other hand that the document review has indicated obvious
inadequacies, they may decide to stop the assessment at this point instead of proceeding 1o
the on-site verification. Based on the findings, the assessors may decide to commurnicate o
the company the type of measures which it needs to take,

A review of the company documentation is best carried out off-site,
when govemnment agencies are concemned. In some instances, there may be some
constraints that make this difficult or impractical, for ple where the %
of an urgent investigatory nature or where it is intended to be unannounced. However,
even where this can only take place on-site, it is important to review and _mi'if Il-"C of
relevant documentation prior to a further physical examination of the site premisss.
processes and procedures. A review of the flow diagram or site plan, for example, wil
provide information on the nature and scale of activities carried out. This will help to tar-
get the assessment, particularly the further necessary scrutiny of records, equipment and
processes.

Examples of documents to review:

* The food safety policy.

+ The organigram, the r i bilities of the gers and food safety management team,
and their respective technical expertise and competences.

* The operation and the type of products produced.

* The range and number of raw materials used and their origin,

* Asite layout plan may give an idea of the flow of products through the site, the scale of
the aperation and the products produced.

* The HACCP-related doeumentation, including:

* A process flow diagram and specifications relating to it;

* The HACCP study {showing how potential hazards have been identified and on which

basis they are considered as non-significant if this is the case);

* An HACCP plan, including the monitaring plan and the validation of the control

measures;

* Records of CCP monitoring and corrective actions following the violation;

- "’"ﬂ.ﬁ"‘“iﬂl‘ data, e.g. consumer complaints, monitoring data for raw ma

environment or end products, reports of incidents and root cause analyses
* Training programs, e.g. the manual or other tools used for training.
* Incident and crisis management procedures,

particularly

rial,
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* Records of investigation and root eause analysis of incidents (both active and latent
failures) as well as evidence of follow up and corrections of gaps and dissemination of
lessons learned from the incidents.

+ Reports of management review of food safety and quality.

Together with the type of products and operation, such information is crucial for plan-
ning the assessment, particularly of high risk products but also to gauge if the number of
personnel and their qualifications are adequate to manage the safety of the products. Many

E use a pre survey to organize the information required for this type
of desktop assessment.

On-site Assessment

m second stage is the on-site assessment. This will normally start with an initial er
opening meeting to confirm, with the key people being assessed, the assessment scope,
limetable, facilities and personnel required and in general to ensure cooperation. The time
and location of the closing meeting could be confirmed and any additional documentation
required for on-site document review could be requested at this st;

As a regulatory authority, inspections may be carried out unannounced. This has the
advantage of examining the place and practices as they are on an everyday basis and of
obtaining the best picture of the real practices, However, there is also a disadvantage in that
appropriate personnel may not be available to answer questions or that the inspection may
distupt the work flow, which itself can create other opportunities for mistakes leading to rick
for consumers.

In an announced visit, it is helpful to prepare an agenda for the assessment program o
ensire that relevant personnel are available during the assessment, and that their routine
waork is not disturbed more than it needs to be.

The purpose of this step of the assessment is 1o confirm that procedures and practices
described in the food safety management systemn of the company or the regulatory require-
ments to ensure food safety are properly implemented in practice.

The scope of the assessment should have been decided during the planning stage.
However, it could change depending on the findings of the on-site review of information,
particularly if an off-site review (pre-assessment) was not done and the on-site assessment
represents the first examination of the material. The scope of the assessment should also be
changed during the assessment if serious non-compliance/deficiencies are seen. The on-site
assessment will consist of a combination of activities. Tt should start with a review of the reh-
evant documentation, their adequacy and accuracy,

A special focus should be put on HACCP, understanding the flow diagram, the come
petence of the team, the hazard analysis and validity of the decision taken in the HACCT
study.

1t will then move on to a physical examination of the processes, practices and records,
by observation, measurement or interview o assess whether the actual operation in prac-
tice complies with the documented procedures. An important activity during this process
is the evaluation of the state of prerequisite programs, including good hy@enic practioes
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according to the Codex General Principles of Hygiene or any other hygienic codes which
may be applicable for the product or process in question. Such an examination will include

the criteria listed earlier in Table 35.1. :
During the on-site visit, specific attention should be given to HACCT implementation,

including:
Confirming the accuracy of the process flow diagram(s). This is facilitated by an

initial walk through the site. The assessor will subsequently need to engageina
range of questioning and investigative activities to assess the efficacy of the HACCP

system.
Evaluating the hazard analysis taking into consideration the state of the prerequisite
programs mentioned above.

Confirming the suitability of CCPs, critical limits and corrective actions.

Confirming that monitoring schedules are established and operating correctly.
Confirming that p ponsible at CCPs perf activities correctly, unde_rsland
the importance of the step for safety and their responsibility in case critical limits are
violated. This will require specific interviews with the personnel.

Establishing whether effective verification procedures are carried out.

Reviewing monitoring data of raw materials, products, environment, CCPs, as well as
reports of internal 1 ppliers’ wents (inclusive of supplier monitoring
Pprograms), consumer complaints, personal reports and complaints. It is particularly
important to corroborate these results with the hazard analysis (for instance, if a
contaminant is considered as not significant in the raw material, this is confirmed
through the monitoring carried out for verification),

During these activities, the assessors will need to keep sufficiently detailed records and
to collect supporting evidence to enable conclusions to be made. Use of checklists together
with a narrative, notebooks or, where appropriate, tape recorders, will assist this process.
Depending on the judgment of the assessors, checks might be made on items of equipment,
on-site measurements may be carried out, or product or environmental samples may be
taken for subsequent laboratory analysis.

Additionally, assessors may

Carry out tests to verify the well functioning of the traceability system.
Check awareness of the regulatory requirements of the country where products are
produced and/or marketed.

Evaluate the knowledge and training of key personnel in food safety in relation to the job

they are required to do,

* Review the handling of non-compliances (incidents of food contamination) or complainte
from the regulatory authorities.

+ Exami » ization’s t structure to determine whether there ane

issues which may create conflict and undermine the reporting of non-comy
investigation of incidents. The reporting system to ensure that top management is informed
ina timely manner of food safety incidents or serious gaps in the company program,
including managers’ attitude and behavior, is a critically important element,

ances and /or
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Evaluation Process

Where the assessment is being carried out by a team and a range of skills are being uti-
lized, the evaluation and conclusions drawn will need to be agreed in advance of any final
meeting with the site representatives. The assessor (or the team) will need to identify and
analyze all information obtained during the assessment in order to draw up preliminary
conclusions of deficiencies found, if any, and their effect on food safety, regulatory compli-
ance or other trade-related concerns. Assessors should use the findings of their investiga-
tions to evaluate the effect any deficiencies may have on food safety and the speed with
which they would need to be rectified.

The assessors(s) should evaluate findings based on objective evidence drawn from quali-
tative or quantitative information, records, statements, observations, measurements or tests
which d that the g quisites for HACCP or the HACCP system itself would
not compromise food safety. Information and records gathered should be organized into a
format that would support and justify the presentation of findings. It is beneficial to provide
feedback on any positive findings of the assessment, where appropriate. This helps in pre-
senting a balanced view:

At the exit meeting, the assessor will need to discuss non-compliances/deficiencies and
agree on the expected corrective actions. The approach taken at this stage will depend on
the purpose of the W, for ple when the had been triggered off by
a serious food safety problem or where the assessment was to exclude previously identi-
fied deficiencies. However, in all circumstances, it is preferable to present any findings in a
methodical manner, specifically highlighting best practices as well as areas of critical non-
compliance or deficiencies,

The company should be given the opportunity to put forward its own solutions, as these
may have substantial economie consequences such as capital expenditure, recruitment of
new persannel, retraining of personnel or change of suppliers.

Atimeframe for corrective actions should be decided according to the importance of the
gaps identified. At the conclusion of any assessment, the company should be clear on any
immediate remedial action required. The remedial action should be communicated to the
site representatives with the appropriate responsibility. In some cases, written assessment
reports might only follow more detailed off-site evaluation of the findings by the sessor.
However, in all cases, it is necessary for the assessors (o engage in follow-up activities to
ensure that reported non-conformance is rectified. ‘

The actions taken by government agencies where deficiencies are noted will depend
on the nature of the identified defliciency, i.e. whether it is a non-conformance or a non-
compliance. Some deficiencies will not have a direct impact on food safely. Assessors will
need to have sufficient skills and competencies to evaluate the impact of deficiencies.

Other factors which will influence the action taken will include evidence of a repetitive
pattern suggesting insufficient control that could lead (o an adverse food safety problem.

Reporting and Follow-up

The format of assessor reports varies according to company palicy and prior agree-
ments with assessment bodies. However, it is essential that the results of the assessment be
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d to the of the company and to all relevant persons within the

c
omganization (i.e. with responsibility for safety) in a timely manner.

Where an assessment report indicates critical or serious gaps, these need to be followed
up rapidly, and root cause analyses of these gaps are also made to identify the latent cause

of the failures (sce Chapter 37).

THE DEVELOPMENT AND USE OF A CHECKLIST

Very often, to assess an operation assessors work from a checklist, i.e. a list of points to be
considered during an assessment. Such a checklist is a useful tool for the assessment of the
food safety management system provided that assessors are aware of its limitations and do
not refrain from pursuing additional avenues of inquiry. Such a list has certain advantages
and disadvantages (Table 38.2).

A checklist should be designed so that a g ive or qualitative measure of the evalu-
ation can be recorded. An ple of qualitative evaluati would be the use of the terms:
“excellent, good, medium, and poor” ar “critical, serious, major, minor.” Space should also
be provided for written comments and objective evidence to be recorded next to each heading.
The cantent of a checklist will depend upan the purpose of the specific assessment being
undertaken and a specific checklist should be designed for each specific sector of the food
chain. To facilitate their application, checklists should be supported by an assessment refer-
ence manual 1o guide the assessor in their correct and consistent application.

As an example, a list of commonly used questions in regard to assessment of HACCT is
provided below. It does not represent a comprehensive checklist; it intends lo show how a
::'g“}f look and the sort of questions and activities which may lead to an effective assessment

able 35.3),

TABLE 38.2  Auvantages and Limitations of 2 Checklist

Concerns and Potentisl Misase of

Advantages of Checklists

Chicklists

= Punction as an aide-memoin
= Hullp maintain the focus and objectivity of the asesoent
= Act as a revard of the assessment itsell’

7 At
= a toal in ensuring consistency of a ach belween
different assesson T
- Hdp.tnpz’hﬂ with associated reference manuals, to evaluate the
1f of different different comg or differcnt
AsSeubons

= Ensure transparency of thi: assessment process
= Create conlidence in the assessment process by all amcerned, incliding
povernment, industry and consumers

= Enable assessment data ta be mare easily entened into 3 database which,

i tnarm, cam bee wsedd for neporting and trond analvsis

= I designed or used mpropedy,
may restrict (e imitiative and
judgment of the asessors and
discourage entical thinking and
wvaluation
10 s bonvportant that the we of
a checklist ot evolve intoa

stmnple "Hek-bon™ approach
whiere there is no critical
evaluation

= Achecklist may be impropery
desigred ko

1 08 iy dnelude
i,
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TABLE 383 An Example of Checklist for the Assessment of the HAQCP Sysiem

¥ ¥

Principle 1
“Conducting a
hazard analysia”

Prineiple 2
“Debermining ihe
Crltieal Conirol Poinks"

What evid is there of B o HACCT uise?
HACCP team

Whﬂwaaon the team?

relevant to the product i ¥ d
wh.nlinhehkr.ly level of the indi f training,
qualifications, experience, efc)?

Has external expertise been saught wh 1

~ What is the decision-making liverage of the HACCE tram cades?
HACCP swstem

How does the system fit with thy H food safety 5 ¥
1s HACCT included in the food safety policy?
Has the scope been dearly defined?
Mpmmmrdaduluw(r_n mudvnh‘lhmmhﬂu-tun?
I-Inl!lapmdudhm Wﬂ}

intrinsic control

Pracess Row diagram (PFD)

= Is the PFD comprehensive?

How was the I'FD verified for accuracy and by whom?

Are all raw materials and process/stornge activities w!udul in the flow diagram?
Are there rework opportunities and have they been included:

Is the PFD comeat?

anges been made since the PFD was drawn upl?

How is the HACCT team natified of changes to the process or product
parameters?
How ch ded

and

Were any changen discussed with the HACC team befone implementation”

Huw was the hazard analysis conducted?

Have all raw materials (including rework) been incladed?

Have all process steps been considered?

Have the potential hazants been specilically identified by type/ souce or have
they been generalized?

How did the team assess the likelihood of cocurrence?

What information sources were utilized?

Whene putential hazards have been consid nalgnibirant have these b
validated?

Have appropriate control reasures (Chis) been identified for each harand?

Wil thie CMa control the hazards to an acceptable bevel and how was this
validated?

Have repulatony ¢ i in 1 st doclsions?
Are all the CMs in place at the phn!]n el?

How were the CCTs identified?

Ty expert jud gment?

By the use of a decision tree (has the deciskon tree been used comectly T
By the: use of consultanis®

Have all nevessary COPy been identified?

Dhiel each identified hagard undergo a systematic conisideration?

How are e hazands which are not controlled by CCPs addressed?

{Cemtinunf}
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Frinciple 3 How were the critical limits established?
“Estabilishing; Critical = Have cntical limits been established for cach CCF?
Limats™ ~ What validation exists to canfirm that the critical limits control the hazards
identified?
= lsith el fexperimental data, fi )t
~ How do they differ from operational Limits?
Principle 4 Hnemlul{rmllnnngsdltduﬂuhmsﬂlﬂubwd’
“Establishung a system to Do they cover all CCPs?
enanior the control of the  — Has the reliability of procedieres been assessed where appropriate?
ccP ~ What is the status of monituring equipment?
= lsitevidenced as being in place and calibrated appropriately?
= Are the CCT log sheets being used at all CCTs7
- Have CCT log sheets been filled out correctly?
= Is there any evidence that pzm:nl\ms are not bring followed consistently”
~ Does the h al ly conlfirm control?
- Ane the sampling plans statistically valid?
= M:hmnlpcmmnulrwwdl being used to demonstrale that the prooes
is in control on a day-to-day basis]
= Check that records agree with nhlni activities,
Are manitoring persannel properly identified and trained?
~ Haw was the training undertaken?
= Are the monitring recerds being d by disignated appropri.
reicers?
Are vielations of CCPs investigated and root couse analysis made?
Frinciple 3 - Have the corrrctive actions been properly defined so that control is regained?
“Establishing the - Wit evicdence is there to demuonstrate that this is bring done in the event of 2
CCP deviation”
faken veh g - five acthon been recarded and how i the effectiveness being verfied?
indicales that s particular  — How s the sty for action been assigned?
CCP s not under comtral” — — o are son-« prodiiet ool are is this chearly econded?
= Are there dear dispemition actinns listed?
Exinciple = Have verilication procedures been clearly and appropriately established?
“Establishing procedures - lhma!rﬂmpnf:ﬂln communicate) through the business?
venfication o confirm = Have resparesabalities for verification proveures been allocated?
thal the HACCF system is  — Are they beiny carried out effoctively?
working effectively” = Are all CCPs covered by the venification program?

Are hazards cansidiered as nan-significant validasted through venification
programs?

Is there o forenal system b trigged aimenidimenta

Ate contrl parsmitens being achieved T

Have process capability studies been carried oul?

How are the data from HACCT being used to imprive the system?

= A provequisite support systeens incladid within the verification program?
= How is comsumer complaint data being used within the verificatun vpatem?
B there o regular review of OCT fadlure and prody

parsitions?

{Coatinund)
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TABLE 383  (Continued)

Principle 7 What format is being uscd to document the system?
“Establishing = Does the documentation cover all of the HACCT system operation, including:
documentation concerning {1} the description of the product and its intended use. (2) the process Dow
all procedures and diagram wilh the location of CCPs and related parameters avallable, () the
rrcurds appropriate to HACCP worksheets on which ane mentioned the hazards, the control measires,
these principles and their the CCTs, the critical limits, the monitaring procedures and the corrective sctions,
applicabion” (#) data used for validation of hazard analysis, eritieal limits and maonitoring
parameters, cormective end verification activities, (5) the list of verification.
activitics, () the results of monitoring and verification of the HACCP plan, and
(7) the appropriate records necessary o ensure adequacy of prerequisite
those used for vali of hazard analysis?
- Huwul.ht‘ Fatien lled with o to update and issue, eic?
= Are the records scoessible and an: they mm identificdd by unique reference
numbers?
= Are all documents accurate and current?
= How is change control managed?
Emplementation

Have the HACCF plan and the prerequisites fur HACCP been inyplemented !
= Personnel are trained in managing CCT's and knaw what to da when the CCPs are

violated.
= Personnel tved in verili activitics and e ectivilics are aware
of the signif ¥ their work for supporting the HACCP system and of the

importance of reporting any mm:vmy‘uum

CONCLUSIONS

Assessment of food safety management systems is an opportunity to improve food safety
management and close the gaps. It should be carried out with objectivity and integrity. An
unsatisfactory audit report should not always and necessarily be a reason for reprimanding
the managers; rather, over and above closing the gaps, a root cause analysis of the situation
should be made and short-term or long-term corrective action should be made. Not infre-
quently, the ot of the problem may be in the management.

Reports of audits and food incidents have shown that some of the major sources of food
safety problems are:

* Raw material and supplier management.

* Failure in the design of equipment and its maintenance.
* GMP violation,

+ Failure in hazard identification.

« CCI'monitoring failure.

+ Failure in corrective actions.

* Human negligence or error,

L FOOD SATETY ASSURANCE S
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INTRODUCTION

In effective economic markets, consumers fulfill two important roles through their pur-
ing, decisions. First, they satisfy their own needs as individuals and second, their collec-
tive decisions ensure the competitiveness of the market-players

American president John F. Kennedy on 15 March 1962 said that consumers by defini-
tion include us all. He added that consumers are the largest economic group, affecting and
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1006 . COMSUMER INFORMATION AND LARELING

affected by almost every public and private economic decision. Yet, they are an important
group whose views are often not heard.

President Kennedy then postulated four basic consumer rights, which are rights to
safety, inf tion, choice and rep tion. Some years later Consumers International
(Consumers international, 2013) added four more consumer rights, which are satisfaction of
basic needs, redress, consumer education and healthy environment.

In the United Nations Guidelines for consumer protection, as expanded in 1999 {United
Nations Guidelines for Consumer Protection, 2013) is stated:

The legitimate meeds, which the Guidelines for consumer protection are intended 1o meet, am the
following

a. The protection of consumers from hazards to their health and safety;

b, The promation and protection of the economic interests of consumers;

€ Access of consumers to adequate information o enasble them to make informed chisices aomeding 1o

individual wishes and

d. Consumer ed tuding education on the envi 1, social and ic impacts of
sumer chisice:

e Avai 3 ol effects redres

L. Freeddom b form consumer and other relevant groups or organizations and the opportunity of sud
atganizations to present their views in decision-making processes alfecting them;

E P ption | 5.

WHO 1S THE CONSUMER?

Nobody is just a consumer and conswumers are not a separate group of people within sod-
ety. The overwhelming majority of people are both producers and consumers during their
ifetime, At some stages in an individual’s life the producer role may be more important. At
others - after retirement from work, for example - the consumer role may be dominant. On
this basis, the individual’s role as a consumer is distinct from her or his role as a producer.
Putinto operational terms, this concept might be rephrased as “the consumer is an individual
who is offered, buys or uses goods and services, whether publicly or privately supplied, for
personal or family use.” In The Codex General Standard for the Labelling of Pre-packaged
Foods (General standard for the labelling of prepackaged foods, 2013) consumers ane defined
as persons and families who purchase and receive food in order to meet their personal needs

The word “consumer” therefore describes a person who is a buyer of goods and services
as well as one who consumes goods and services and does not use these goods or services
for producing and selling other goods.

In business to business communication the word “customer” means any person or busi-
ness that is offered or buys goods and services for further use in the process of production
and/or sale of goods and services. In the food chain a customer is any person or business
that buys and sclls goods and services and this includes those businesses of
or restaurant services and goods, including institutional catering,/ restaurani se
sumers. The “customer” therefore is a part of food chain business operators.

In business communication the “consumer” is sometimes referred to as
Bust, a visitor, a tourist, ete.,” thus it should be prudent to use the term “consumer” in
HACCP analysis as it is used in HACCP standard documents and all other legal acts,

ices to con-

"a cusbomer, a
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CONSUMER PROTECTION

Governments should provide or maintain adequate infrastructure to develop, implement
and monitor consumer protection policies. Special care should be taken to ensure that meas-
ures for consumer protection are implemented for the benefit of all sectors of the popula-
tion, particularly the rural population and people living in poverty.

When formulating national policies and plans with regard to food, governments should take
mio account the need of all consumers for food safety, and should support and, as far as possi-
ble, adopt standards from the Food and Agriculture Organization of the United Nations and the
Werld Health Organization, Codex Alimentarius or, in their absence, other generally accepted
i | food standards, Gov should maintain, develop or improve food safety
measures, including, fnter alia, safety criteria, food standards and dietary requirements and effec-
e monitoring, inspection and evaluation mechanisms as well as food and health education
policies and programs. Gevernments should also support and promeote the role of consumer
NGOs as consumer protection providers, since international consumer organizations on food to
onsumers aim ko, according, to the Consumers 1 iomal organization food progr
* Facilitate informed and healthy choices by consumers, including vulnerable groups:

+ Prevent misleading information and ensure that information can be trusted;
* Protect children from the promotion of unhealthy food;
* Ensure food sold to consumers s safe.

All enterprises should obey the relevant laws and regulations of the mun‘.ri_ﬂ in
which they do business. They should also conform 1o the appropriate provisions of infer-
rational standards for consumer protection to which the competent authorities of the

countey in question have agreed, as per United Nations Guidelines (United Nations
Guidelines for Consumer Protection, 2013).

GLOBAL REGULATORY MEASURES

The global or international trade in food brings to markets a wider choice of foods and
at the same time provides consumers with a better choice of products. Since the establish-
ment of the World Trade Organization (WTO) in 1995 and the WTO Agreement on the
Application of Sanitary and hytosanitary Measures (SPS agreement) the role of Codex
Alimentarius standards became a legal base for food safety legislation in all countries that
are members of WTO, = food

Codex Alimentarius General Principles of food hygiene (General principles dd
hygiene CAC/RCP 1-1969, 2013) recognizes the role of consumers as: consumers shoul rec
opnize their tole by following relevant instructions and applying appropriate food hygiene
MCASUIeS. "

Human and animal health and plant health protection measures are thus ﬂ‘*""“:
and they are to bee based on assessment of risk. The SPS agreement incorporates, ‘-—n‘f""’ 4
safety aspects of foods in trade and applies the standards and related texts of the Codex
Mimentarius Commission, Many countries have already inmrpD_mlL‘d Hm "t. m':
analysis critical control point), Codex General Principles of food l\l,'r.'.lElﬂl.'1:(5‘-"““‘]I princip
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of food hygiene CAC/RCP 1-1969, 2013), into their legislation, including the European

Union (Official Journal of the European Union (28 January 2002), Regulation (EC) No
176/2002, 2013).

CONSUMER CHOICE, INFORMATION AND EDUCATION

Food is a basic human need. Around the world consumers choose food for different rea-
sons. When the choice is driven by hunger then hunger limits freedom of choice as well as
coneem for safety. When the choice is driven by pleasure, it means that basic human needs
are satisfied. Also, there are as many drivers to food choice (besides pleasure, happiness, fun,
Friendship etc.) as there are consumers. Choice may also be influenced by certain experience
in a given time, for example a food scare or a recall, or if some general and media informa-
tion represents a threat, It is known that one bad experience may erase 10 good experiences
from the brain (Malicey, 2012) and thus the freedom of choice is limited by bad experience.

Consumer choice in food may be influenced also by education, information and advice.
At the early stages in life (childhood), consumers learn about food through food providers,
mainly in family settings, where they also develop food preferences through exper
This informal education continues throughout the lifespan, experiencing food in d!H"m‘
settings and/or media exposures. Information to consumers on labels and other media used
by food traders (also in adverti ) should be idered part of empowering consum-
ers about food and its intended use, as well as safe use.

Formal education should be given by the state (health education policics and strat-
egies) in order for the information to be autonomous and equal to all. Mostly it is given
at a too early age, ie. at elementary school, where cognitive functions are not df\'C’ﬂP"fﬂ
yel. Consumers are then exposed to different venues of information about food and their
awareness and knowledge may become biased. In this respect, information to consumers
given by the food provider, such as trader, caterer or producer, is important; it is not only a
legal requirement in most countries, at least the members of WTO, it is also a necessity for
empowerment of the consumer to exercise an informed and safe choice, Informed choice
is possible when food information provided on food or via any other means (e, oral, as 3
Presentation, internet and other electronic means) to consumers is easily understood, reli-
able, readable, complete and not misleading,

The EU regulatory act (Official Journal of the European Union (25 October 2011),
Regulation (EU) No 1169/2011, 2013) on food information to consumers is a new legal act
that postulates mandatory information, taking into account that information to consumers
is not only a label, but also an empowering tool (empowering also means using the informa-
tion to learn how to use a product or service, which is an educational 10ol) and the pring-
ples are postulated as:

Where mandatory food information is requited by food information Iaw, it shall concern information
that falls, in particular, ina one of the following categonies:
4 informat the identity and compsition, g wr other characteristics of the food;
b. imformation on the protection of consumers” health and e safe use of a food. In particular, i shall
coneern information an:
L compositional altribuites that may be harmful 1o the health of certain groups of consumers,
B durablity, storage and safe s,
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Gi the health immpact, including the risks and consequences related to harmiful and hazardous con-

sumphion of a food;
¢ information en nulritional characleristies so & b bl g thase pocul di
fary requirements, to make infermed choices.
In order to achieve a high level of health protection for consumers and to guarantee their
tight to information, it should be d that cor are appropriately informed as
regards the food they consume. C * choices can be influenced by, inter alia, health,

economic, environmental, social and ethical considerations.

In order to follow a comprehensive and evolutionary approach to the information pro-
vided to consumers relating to the food they consume, there is a broad definition of food
information law covering rules of a general and specific nature as well as a broad definition
of food information covering information provided also by means other than the label.

The producer should consider a consumer or a vulnerable consumer group (eg. children,
pregnant women, patients) as a risk factor that is likely to occur due to poor education and
empowerment thus misinterpreting the food information, when HACCP is being applied. It
would be prudent also to conduct research or at-home interviews (face-to-face, not a phone
question and answer exercise) or focus group discussions in order to define consumer
understanding of information on the food product or need for improving understanding of
the label or any other information necessary for safe use.

CLEAR AND LEGIBLE LABEL, A LEGAL REQUIREMENT

Food labels should be clear and understandable in order to assist consumers who want
to make better-informed food and dietary choices. Studies show that easy legibility is an
important element in maximizing the possibility for labeled information to influence its
audience and that illegible product information is one of the main causes of consumer dis-
satisfaction with food labels. "Legibility” means the physical appearance of information,
where the information is visually accessible to the general population and which is deter-
mined by various elements, infer alin font size, letter spacing, spacing between lines, stroke
width, type color, typeface, width:height ratio of the letters, the surface of the material and
significant contrast between the print and the background (Official Journal of the European
Union (25 October 2011), Regulation (EU) Mo 1169/2011, 2013).

Figure 39.1 clearly indicates poor legibility due to a small font size and poor contrast.
What type size and typeface should be used? If we consider a newspaper or a book as a
benchmark, then the typeface must be of sans serif type, such as Arial or Tshoma, and as
a minimum the size should be 8pt or greater, providing that a distint contrast (black on
white) and proper spacing are used. Any producer, trader of caterer should consult indi-
vidual country legislation regarding labeling and legibility, since at the time of writing there
is no international agreement of the term

PRODUCT INFORMATION WITHIN A FOOD CHAIN

It is recognized that product information is necessary not only for the final m»mlca: hn\::
also for anyone in the food chain in order to provide for a safe use of products and for
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FIGURE 39.1  Example of poor legibility due o 3 small font size and poor contrast,

purpose of tracing and traceability, Codex Alimentarius General Principles of food hygiene
state that product should bear appropriate information to ensure that adequate and acoes:
sible information is available to the next person in the food chain, to enable them to handlc
store, process, prepare and display the product safely and correctly. The lot or batch can
be easily identified and recalled if necessary, Information for industry or trade (business 0
business or customer) users should be clearly distinguishable from consumer information,
particularly on food labels. i ]

Insufficient product information and for inadequate knowledge of gencral food hygiene
in any stage of the food chain can lead to products being mishandled at later stages in the
o chain. Such mishandling can result in illness or products becoming unsuitable for con
sumption, even where adequate hygiene control measures have been taken earlier in the
food chain,

It is generally recognized that in the catering business, where foods are useed in restaus
i canteens, schools, huspitals and similar institutions and offered for immediate con-
sumption, information to consumers about food is not custamarily available It must be
recognized that caterers must be able to provide the same information ta consumers as irit
were a pre-packaged product.

twummnﬂu“. about a food item, either via Iabeling or other means of communication, is
8 ? unication tool not only between the trader (producer, seller, caterer, eic, in short,
:elmﬂ‘ business operator) and consumer, but also between producer and seller, in short,
SEE ween I'olod operators and any of the food stages within a food chain. This necessily is
H P‘:“hm in order to conduct a hazard analysis according to Codex Alimentarius Food
ygiene (General principles of food hygiene CAC/RCP 1-1969, 2013), In the process of
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1011
hazard analysis, the first step of HACCP analysis requires a product description and the
second step a product’s intended use. These two steps can only be implemented if proper
information is provided by and in between food operators in the appropriate food step.

Food chain information flow must be continuous, from farmer or food producer at the
beginning of the food chain to consumer:

F Aistridn b Gt Tlex/,

CONSUMER AND RISK

A consumer addresses the hazard or risk differently from the professional or scien-
tist. The following examples are consumer complaints received by the Slovene Consumer
Association and depict certain situations and consumer understanding of food.

Example 1

A 10-year-old boy drank 1.5 to 2 liters of “ACE drink” {vitamin A, C and E-enriched
drink) every day and after 2 months was admitted to hospital ~ he will, and most probably
his family, will never consume vitamin-enriched drink again. No legal action was taken

The producer should consider the highest possible food consumption level by a con-
sumer of a product when designing a product and conducting HACCP, taking into consid-
eration all groups of consumers the product might be used by (for example, small children).
As an example, sugar-sweetened beverages (not juices) contributed 9 and 10% to the daily
energy intake in Slovenian children (12-16 years old), respectively, which translates o an

average of 650ml of sugary drinks (not juice) consumed per day, therefore a consumption of
15 liters per day is possible for a boy (Fidier Mis, 2M32).

Example 2

Many pre-packed products make a claim, on a front panel of a package, stating “no pre-
servatives.” A consumer with an allergy 1o sulfates suffered an allergic reaction, since sul-
fate was added as an antioxidant and not as a preservative (additives can have different
functions) 1o this food. Alihough sulfate was listed in the ingredients, the consumer consid-
ered it safee to use, due to a general belief that “no preservatives” means “no additives. The
consumer also stated that the ingredient Tist was written with such small letters that it was
impossible to read the list in the store, rol
The producer should not havee used the claim, written in large type on the front pane
thie package, without pulting a 1i 1 in the same field of vision as

the claim, or should choose to omit the claim,
Example 3

A consumer bought pre-packed fresh chicken and kept it refrigerated til the :n:‘j‘lt:
shelflife (5 days). When the package was opened, the chicken had a foul smell
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consumer discarded the product. The consumer then made a complaint and sought advice
from a consumer association food expert, since this was the second chi from the same
producer, bought in the same store, that had to be discarded in spite of the fact that the
product was refrigerated.

The producer/packer should consider consumer behavior (for example, time and fem-
perature of domestic refrigeration or the term “keep ig d") in d ining the SJ!_]I-
life of a microbiologically sensitive product. This may also be done by consumer behavior
survey at the home. Establishing product shelf-life is the responsibility of the manufacturer
or producer who needs to ensure that the safety and suitability of the food product can be
retained throughout the maximum period specified, taking into consideration the potential
for reasonably anticipated temperature abuse during handling by the consumer. Reasonably
anticipated temperature abuse can be integrated into the shelf-life or challenge study or be
taken into account by applying an appropriate safety factor. A survey or research of consumer
domestic fridge temperatures and consumer practices regarding termperature and time for the
food leit in the fridge may be also beneficial in predicting or establishing a product sheli-life.

Example 4

A family visits a certain restaurant frequently. On one occasion, a member of the family
became ill within 20 minutes after eating. When the owner/cook was asked if any ingreds-
ents had changed it was confirmed that peanut oil was now being used. The member of the
Tamily was allergic to peanuts.

The food producer, processor or provider/caterer should inform consumers of any aller-
gens present. This example shows the importance of changing the information/label if and
when there is any ingredient change.

LABELING OF ALLERGENS

The only way to avoid riske of allergic and intolerance reaction inherent in food is clear
and und; fable inf ion on all ingredi present in food, ither pre-packaged or
served, in order for the consumer to make a safe chaice.

Codex General Standard for the Labelling of Pre-packaged Foods clearly states that,
when it is nol possible to provide adequate information on the pres of an allergen
through labeling, the food containing the allergen should not be marketed.

For example, EU Regulation (Official Journal of the European Union (25 October 2011,
Regulation (EU) No 1169/2011, 2013) requires that labeling of certain substances or products
causing allergies or intolerances shall meet the following requirements:

= They shall be indicated in the list of ingredients with clear reference to the
substance or product as listed and shall be emphasised through a typeset that clearly
distinguishes it from the rest of the list of ingredients, for example, by means of the fonl,
style or background colour,
Some of the listed allergens are:

* Cereals containing gluten, namely: wheat, rye, barley, oats, spelt, kamut or their
hybridized strains, and products thereof;

e of the
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Crustaceans and products thereof;

Eggs and products thereof;

Fish and products thereof;

Peanuts and products thereof;

Soybeans and products thereof;

Milk and products thereof (including lactose);

Nuts, namely: almonds (Amygdalus communis L.), hazelnuts (Corylus avellana), walnuts
(Juglans regin), cashews {Aracardium occidentale), pecan nuts (Carya illinoinensis
[Wangenh.] K. Koch), Brazil nuts (Bertholletia excelsa), pistachio nuts (Pistacia vera),
macadamia or Queensland nuts (Macadamia ternifolia) and products thereof, except for

nuts used for making alcoholic distillates including ethyl alcohol of agricul tural erigin;
Celery and products thereof;

Mustard and products thereof;

Sesame seeds and products thereof;

Sulfur dioxide and sulfites at concentrations of more than 10mg/kg or 10mg/liter in
terms of the total SO;, which are ta be calculated for products as proposed ready for

consumption or as reconstituted according to the instructions of the manufacturers;
Lupin and products thereof;

Mollusks and products thereof.

Cansider an ple from a suffering from peanut allergy, who had had
several trips to hospital (due to threatening anaphylactic shock) because of eating a food
product containing “vegetable oil.” Vegetable oil, although declared but not specified, was
used and the consumer assumed that the food bought did not contain peanut oil. It had
been a costly experience to learn which prepared foods contain peanut oil and which do
not, when the label specifies “vegetable oil.” It is clear that hazard analysis (in the pro-
cess of HACCP) for allergen risk is a must for the producer/seller/caterer to market a safe
product.

PR

The following are applicable to the labeling of allergens:
They should be clear, readable and understandable by any ¢ :
They should be emphasized on the label; an alert may be also used;

L dients like lecithin, vegetable oil, starch, Nour, whey, casein, etc. should be also
labeled by the food source, to be understood by consumer;

Formula/recipe change of a food product should be clearly indicated on the package;

Restaurants should label allergens on the menu; o

Industry and business should take into consideration that consumers/ families with

hypersensitivities will avoid buying new products poarly labelled.

PRECAUTION

It is still not proven whether food colors (either azo dyes, synthetic colors or w‘;:l'
colors) have an effect on hyperactivity and ADHD; however, it has also not been P“’:::d e
there is no effect, and effects on certain sensitive groups of children cannot be excls : i
many studies the azo dyes themselves had no effiect, but the strongest effects were observ
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in children receiving azo dyes and benzoic acid combinations. Due to scientific uncertainty,
in EU the precautionary principle was exercised by a risk manager (i.e. legislator) and the
following legislative requirement is now a part of a Regulation (EC) on food additives
(Official Journal of the Europe (31 D ber 2008), Regulation (EC) No 1333/2008, 2013)
requiring, in the Annex V, that the labeling of foods include additional information, stating:
iy fave an adoerse ¢ffect on activity and attention in children, on foods containing one or more
of the following food colors:

Sunset yellow (E 110) [*]

Quinoline yellow (E 104) [*]

Carmoisine (E 122) [*]

Allura red (E 129) [*]

Tartrazine (E 102) [*]

Ponceau 4R (E 124) []

[*] With the exception of foods where the color(s) has been used for the purposes of
health or other marking on meat products or for stamping or decorative coloring on

eggshells.

LABELING “MAY CONTAIN"

Labeling that states “may contain...an allergen” is not a precaution and should not be a
for facturing policy or risk of legal action, but must be applied and

used only if it is truthful and cannot be reasonably avoided. The statement “produced in
a facility that also uses.. allergen” is a stat t seldom understood by the consumer and

should be avoided.

CONSUMER FEEDBACK

Consumers can be information providers through a consumer complaint system. The
system should not enly include the process of redress in the case of a foul or non-edible
food item (unsafe food or damaged product) but should also be a means of complaining by
placing, for example, information on an internct page. Also, some consumer NGOs gather
complaints and give advice as well as legal advice in case of damage (consumer redress pro-
cedure) to s. C iations also, through their media, publish some con-
sumer complaint cases in addition to publishing the results of consumer product testing, All
these complaints or red ress I d can be useful to producers in evaluating the effec
tiveness of their food hygiene and HACCT procedures and approach to risk assessment and
risk management,

This feedback information should be taken in the HACCT plan and when there are con-
sumer complaints that indicate unsatisfactory conditions, implementation of the HACCP
plan or validation of the control measures (e.g. formulation, processing, product shell-life,
ete.) needs to be re-cxamined.
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DISCUSSION FOR THE FUTURE

Unfortunately food scandals still occur, and contaminated food can have adverse
effects on consumers’ health. Despite new technologies being used in food, e.g. nano-

lechnologies, which may also present risks, food safety will always be a key concem for
consumers.

The future challenges lie in the evolving nature of risks as well as emerging risks sus-
tainable management, taking into account climate change (ccosystems, biodiversity) and
increasing global trade.

Sustainable production and consumption must become part of our lives, our decisions,
our choice and behavior, the society as a whole and all stakeholders, from field to fork,
in the food chain. Sustainability not only means adherence to laws and standards, it also
means siistainment of four main goals: achieving a sustainable economy, ensuring a healihy
and just society, living within the limits of our natural environmental and safeguarding
natural resources (Cur Common or Brundtiand Report, 1987). In the Brundtland Report
sustainability is explained as meeting the needs of the present without compromising the
ability of future generations to meet their own needs,

Food chain representatives, from field to fork, need to support and manage, and strive
for sustainability through improving corporate socinl responsibility and promoting good goo-
enmce at the local, national and international level so that sustainable decisions and actions
are implemented.

Corporate social responsibility and good governance should be the guiding principles
used by food chain operators/businesses in order to protect consumer rights o safe food
and a healthy environment as well as protecting the economy and society as a whole.
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INTRODUCTION

There are times when in spite of all efforts, some products do not meet the set stand-
ards for quality, safety or regulatory compliance. Clearly when this happens we need to l:fh-!
appropriate actions o protect the consumer and the brands. With pml’ln'em investigation
and management of incidents, the negative consequences of these can be minimized. (_)"U'
and above determining responsibilities for the mishap, it is also important to analyze inci-

dents, investigate and understand their root cause and use the lessons learned to strengthen
the food safety assurance system.
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of incidents is composed of different phases

As for manag) of crises, manag
{see Chapter 41):

* Prevention of incidents;
* Reporting of incidents;
= Investigation; and
* Root cause analysis.
However, note that in this book, the terms “incident” and “erisis” are used in different
manners. For the purposes of this book, an “incident” is defined as an episode resulting fron:

* Adeviation from the standard practice or a norm and leading to a substandard product or
* Dissatisfaction of customers/consumers or regulatory authorities, e.g. due to “'1“‘:1{'
perceived food safety problems non-compliance with regulatory nofms or sensory issues

This compares with the definition of erisis in Chapter 41, ie. a “crisis” is a predicted or
unpredicted event that represents an immediate or fu‘hm: significant threat to an organizs-
tion, its emplayees, consumers and the public at large.

Iﬂddmlf -ri often limited in time, Enprediﬂablu and lead to the need for a setllﬂl!_e;:
and/or corrective actions. They are often (but not always) specific to one or several SPEI;E
manufacturing sites, as opposed to wider industry crises such as avian influenza ordm'
As per the above definition, a good example of an incident is v»_'h‘en a product is fmnmm
ta meet the company or regulatory standards, or have caused injury to a consumer. i
differentiates an incident from a crisis is the magnitude of the event, its consequences
L F"”""ibll' media attention. Frequently, incidents which are poorly managed can lead toa
crisis,

Some of the principles and guidance presented in Chapter 41 also apply to the manage:
ment of incidents, and the reader is invited to look into that chapter. In this chapler, the
management of incidents and their root cause analysis are discussed in further detail

PREVENTION OF INCIDENTS

Understandably, the prevention of incidents relies on a good food safety assurance sys
tem and this is addressed throughout this book. The specific focus here is the handling o
non-compliances and/or near micses to prevent incidents. Near misses refer to situations or
ﬂd‘\'l‘rse events with the potential to cause damage and/or an injur eSS D ORI
withaut this actually taking place, Thus, as part of prevention, over and above a wel
funmnning food safety system, it is important to:

: ilor near misses, or any unsatisfactory situation;
I-‘\l\ai,\'?u their trends and their consequences; and most impurmnr] y

* Investigate their mot causes so that appropriate action can be taken to prevent their
mecurmence,

* Adapted from fandoy L
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Different types of data provide an indication of a potential food safety problem; these are;

+ Violation of critical limits (CL). The violation of the critical limits in the HACCT system
s a notorious example of a near-miss situation where the food safety standard is not
met, but, with appropriate corrective actions, incidents are prevented. Monitoring
unacceptable deviations of the CLand conducting a root cause analysis of the deviations
is an important means for strengthening the food safety assurance system and preventing
fully fledged incidents.

* Deviations in verification measures. Over and above monitaring at the critical control
point (CCP), the HACCP system requires a number of verification activities. Data
collected through verifications can be used as indicators to verify if the control measures
at CCPs, or as part of p quisites, are impl d as pl. 1 and are effective. Again,
should verification data show an unacceptable deviation from set standards, its cause
should be promptly investigated and corrected.

Examples of verification data are:

* Audit reports of the establishment and /or of suppliers, The reason for non-

compliances reported in the audit reports must be investigated and the root cause
determined.

Results of monitoring raw materials. These can show weaknesses in the food safety
assurance system of the supplier. A non-compliance should prompt a notification to
the supplier, an inquiry on the cause, and in case of repetition, passibly changing the
supplier. In addition, depending on the severity of the monitoring results and status
of the raw material batch concerned, there may be a need to locate and hold raw
materials and/or to quarantine/withdraw /recall affected product (see “Managing an
Incident,” below). The scale of response needed will indicate whether the near miss is
really an incident or is even progressing towards being a erisis.

Results of environmental monitoring. These can be an indicator that the products have

been exposed to potential environmental contamination. Unsatisfactory results need to

be examined and their root cause determined and followed up,

Results of end-product testing, Provided that substandard products have not been

marketed and consumers have not been exposed, the situation can be considered 25

anear-miss situation. Clearly if product has been released, e.g. in the case of short

shelf-life products, then an incident management or crisis response will be needed {see

"Managing an Incident,” below and Chapter 41).

* Reports of employees. Food establis! should be sensitive to employees” grievances of
complaints about their conditions of work; they should er e the reporting of probl
investigate these impartially, and address them in a fair manner. The immﬁ\"[““’.
point cannot be overemphasized: managing food safety is a very complex Indc?ﬂll\‘ﬂs"‘s
task; periodic audits and testing of products will not be sufficient (o prevent incidents.
Management of food safety requires the continuous vigilance of L:mpltr_\m.wmﬂ"'-'
real prevention lies in the ability to appreciate risks and to implement the control mﬂsuhri
ina rigorous manner. The imvolvement and active participation of all employees in meeting
this challenge is central to food safety management and this is strongly influenced by the
organizational culture. A culture that inthimidates or promotes fear will inevitably discourage
staff from reporting problems and create an environment favorable for ingdents

-
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BOX 40.1
In an industry conlest, incidents are cat- jeopardizing the safety of the product; for
egorized under different terms: instance, if there has been a mislabeling
with regard to the amount of the product
in the package.

* Food saifety incident is where consumers’
Quality incident refers to a quality defict

health is at risk or the food safety
standard has been breached. that does not jeopardize the safety of the
* Regulatory incident is when a regulatory product, for instance when there isan
agglomeration of the product.

requirement is not met, without this

REPORTING AN INCIDENT

‘The term incident refers to a situation where a non-complying product has reached the
market and consy have been d (Box 40.1). Not always do incidents lead (o ill
eSS of injury in consumers. For instance, in some cases regulatory norms may be exceeded,
bt the short-term exposure of consumers to a contaminant or an ingredient may ot
Present a significant risk for their health; nevertheless, the food safety standard has bem
breached and the food business has to recall its products. Over and above the economic losg
such an event can damage the reputation of the company and call into question the abiliy
:'."“" company to manage the safety of its products. Also, some non-compliances or defec
0": Pn_:duus may not present any safety issue, but the consumers may perceive the isue

erwise. This is often the case with the spoilage issues or foreign bodies that woukd not
mﬁ:l the definition of a food safety hazard.
= D Prevent any adverse health effects and/or damage to consumer con fidence, it bs
Portant that the business sets up a sensitive method for reporting incidents and investi:
Bating them. Examples are:
. i 5
. am: service, preferably on a 24-hour basis. ;
o0 on the website on how the consumer and for customer (e.g. retail) should
. ;uglld the business,

Pm:.n! in-house reporting system with emergency teléphone numbers and a responsible

fo contact in case of an incident

. :
coding and o traceability system are essential for the investiga tiomns and the more
i i3, i.c. providing information on the time of production, the smaller

i iny
he product 1oss will be in case af recall.

MANAGING AN INCIDENT

umber of measures need to be taken as firg

Follow;
acrsm:w'"ﬂ":rw of an incident, a
Course depend on the nature of the incident. Some of the puidance
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2
MANAGING AN INCIDENT 1021

measures described below may seem self-evident to a trained or cxpericr_lct_ﬂ food 5"‘[}"!'
manager. However, experience from past incidents has shown that failures in anI?m‘mhng
these measures have turned simple non-compliances into major crises. Therefore it is impor-

tant that all relevant personnel have appropriate knowledge and training on what to do in
the event of an incident. Some key measures are as follows.
The managers in charge should:

Consider the need for blocking products; this depends on the nature of the defects and
Whether there is a suspicion or confirmation that the product in question is possibly
implicated.

Inquire about their eventual i

njury or illness in case a consumer has complained, y
whether directly or through a third party, e.g. regulatory authorities. In this eventuality,
“!mﬂnager should show empathy with the consumer's problem, whether this is

an emotional affectation or an actual health injury; inform them that a thorough

investigation will be initiated and thatin due eourse the cause of the incident will
:detennined, Should the

product be implicated, naturally consumers shauld
pensated and apologj ¥ d. As seen below, investigation and

understanding the cause of the incident are also important for deciding on the follow-up
actions, e.g. extension and type of recall or corrective actions.
Incase of any repart by regulatory authoritics or by a third party, e.g. a customer or
retailers, the manager should acknowledge as soon as possible {within 2448 hours) the
ﬂ:c!'lplul the report and should assure the complainant that the issue will be investigated
at once,
Where applicable, e.g. in case of doubts on the implication of the product, reconfirm the
test with an independent and accredited lab
Initiate an evaluation of the ri
the incid lakory ok

-

¥,

isks of the product for consumers and ather consequences of
{r ry violation, image). =
Depending on the nature of an incident, its consequences, ¢.g. an outbreak of foodba
liness, or a substantial recall® or a withd rawal,” consider the need for communicating
with media (see Chapter 41),

Decide jointly with the authorities whether a decision should be made to recall a
product and whether it should be communicated internally and externally according
tothe circumstances (Box 40.2), Products should also be disposed of according 0
the regulation and in such a way that they are not at the reach of general public or
employees.

maintain trust. &
In any case, a swift reaction is needed to address any ill-feelings mdd be the first prior-
all times, consumers’ health and regulatory or customers’ concerns shoul

ity, andd in further discussi with the complainant, honesty, of

S o ghoild be
should be the rule of thumb. To this point, regulatory authorities of third parties should

been or
Recall means any msasure aimed at achieving the return of a product that has ﬂ::i‘-':"’ supplied
madde avallable to consumers by the producer or distributor (adapted fmm EC, SR

. ; of a product to the
"Withdrawal sveans any measure aimed at preventing the distribution, display and offer of 3 peod
consumes (adapted From BC, 2080,

11, FOOD SAFETY ASSURANCE SYSTEMS



1022 40, INCIDENT MANAGEMENT AND ROCT CAUSE ANAIVS!S

BOX 40.2

THE DIFFERENT TYPES OF RECALLS DEPENDING
ON THE TYPES OF INCIDENTS
retail shelves. This is typically done in
case of regulatory (e.g. error in the name
of product) or quality incidents; it is also
d to as withd 1.
Public fevel: recall down to the consumer

There are different levels of recall:

Jn_rmm! lewel: products that have to be
withdrawn are still within the control of

the food operator, cither in the factory, in .

transit or in company warchouses, but level; a public recall is required when the

not at trade/retail level. incident is assessed to bea sicty indident
- wh.cli‘wrpﬂﬂ'-‘l“wmﬂwa“'

Trade level: the suspected product is in the
and the public must be notified to prevent

retail trade; the product is removed from
the warehouses and often also from the consumption or use.

me&fﬂ.ll with all the necessary data to support the findings of the investigation, if different
mlm their report on product non-compliance.
mq:ni-;m;ow”hWI saying that incident management, as part of food safety aisum
bocked :di’ttcnt and well-trained and disciplined staff, as in 51.-\_wal historical inci :
should b,: ucts were released by mistake. To this end, traccability and product rec
part of training, yearly review and verification.

INVESTIGATION

U
ill, n-]:?:r:‘n:mnﬂ of non-compliance, whether or nat consumers were injured or became
. E fate investigation should be launched. This should include:

nm'n ng . =

lirnl:;lwh.;. ";: product for the defect and possible implication of the business Thereare

mumr::ﬁ?.dch?j may arise at another point in the food chain, e.g. at the retailer or

that occurred § i for instance, many reports of glass complaints may be related to events

considered "-:LT:"_}'D"‘“‘mvlmﬂmr_ﬂl_ The poss y of tampering should also be

_|I:=b¢: l'nfuml'md, chiis the case, over and above regulatory authorities, the police may need
*® Iracing the
the :undil,o*;;o:f\tl 9 Ih"‘? location and time of production, processing and investigating
nature of the h.,n-gmd""“’"“ processing, transport and distribution. Depending on the
collected, ent, data on the practices of customers or consumers should also be
Examing

ning whether the
her the hazard was considered in the HACCP study, i.e. the hazard

analysis wag o 5
laknrited, correctly carried out and w hether the HACCF plan was accurately
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* Examining the records for any deviation in the implementation, i.e. CCP monitoring,
environmental monitoring, raw material and end-product testin, A

* Identifying and interviewing the operators and managers responsible for the production,
eventual third parties working on the site, e.g. subcontractor for cleaning or maintenance.

The scope, method and approach for investigation can vary according to the nature of
hazards. For instance, for physical hazards, an examination of the nature of the hazard can
determine from which production area or equipment the agent may originate. For biological
hazards, over and above the above-mentioned data, possible contamination of products by
an infected or carrier employee needs to be considered, For nutritional hazards, .4, excess
or lack of vitamins, in addition to operational errors, error in product formulation needs fo
be considered. Chemical hazards may originate from the raw material or surface contacts
(e packaging, conveyor belt), and imes leaks from equi (e.g. lubricants, clean-

ing agent residues). In case of suspicion that the raw materials may be implicated, an analy-
sis of these will be required.

Understanding the cause of an incident is essential for determining the range and extent
of products affected and the type of corrective measures that are necessary. The Perrier
Water crisis presented in Chapter 41 is a case in point. The fact that Perrier attributed the
contamination of the mineral water to a human error in their North American facility led to
a limited recall of water whereas the contamination was at the source, and a broader recall
was needed. The delay in recalling the product and co icating an invalid explanati

g P
of the incident were the major reasons for the crisis. A similar situation took place with the
Coca-Cola crisis in which

here were many controversies regarding the cause of the prob-

lem. The faulty implication of products in the E. coli O104:H4 outbreak due to contaminated
fenugreek in Germany in 2011, and Salmonelly Saintpaul associated with jalapefio peppers
and serrano peppers in the USA in 2008 both led to major economic losses for producers of
cucumbers and tomatoes,

In case of an incident implying microbial ¥ 15, the decision for segregating safe from
unsafe products cannot be based on the testing of the product, as microbial testing alone
cannot provide assurance of safety due to the likelihood of both trapping and detecting
the hazard in the specific sample tested. This is of particular importance if the nature of the
preduct or organism is such that low doses can cause a serious health effect, Ina nationwide
outbreak of Salmanella Typhimurium associated with peanut butter in 2009, the implicate
company retested its products until it found negative results. Judgment of safety 5*"““_’_
based on the confirmation that the conditions of production and processing are appropris
microbial testing can be a further proof but should not be relied on solely. In the same line
thought, in the investigation of an outbreak, epideminlogical investigati th'}'ml.]
to render a product suspect and initiate precautionary measures, even if the microbi
testing fails to implicate the product.

ROOT CAUSE ANALYSIS

After a near-miss situation, an incident or a fully fledged crisis, a root cause analysis
needs to be done and measures need 1o be taken to prevent recurrence of the event, While
the general public may tolerate incidents caused by an unexpected event or a human error,

11 FOOD SAFETY ASSURANCE SYSTEMS
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it may not accept negligence or the repetition of incidents of the same kind, which is indic-
ative of complacency. Most importantly, in case of an incident, it is essential to be able to
demonstrate that the principle of due diligence has been respected and all measures have
been taken to prevent future cases. In an incident where a company was implicated in 2
case of E. snkazakii in Belgium (March 2002), authorities inquired about the measures that
the company had taken since a previous case to prevent recurrence.

The root cause analysis should not be confused with the investigation of the primary
cause of an incident, which should be identified in the first place as part of the management
of an incident. The root cause analysis is a postmortem exercise for better understanding of
the underlying factors leading to the cause of the incident.

To understand the concept of root cause analysis, examining the way an incident ocours
is important. This has been deseribed by James Reason (Reason. 1997) and his approach to
organizational incidents is used here.

In food safety assurance, a series of measures are forescen to control hazards. As mer
tioned in Chapters 29 and 36 these can be grouped under basic good practices, HACCP and
verification measures, When an incident occurs, usually it is the result of a, or rather a series
of, gaps or failures in these measures. A gap or failure in any of the above-mentioned meas
ures creates a weakness in the food safety management system and causes a threat situi-
tion which, if investigated and corrected immediately, prevents an incident from mwmﬂ&
However, if a gap is not addressed, with time, combined with other gaps, it may potentially
lead 1o an incident and, if this incident is not managed effectively, it may escalate to a ot
8is situation. An example of the additive effect of gaps in systems is an incident caused by
vitamin BI (thiamine)}-deficient infant formula (Isracl, 2003). In this incident, a reported 15
babies suffored damage to the nervous system and two died. The cause of the incident was
an error in product formulation, but a second failure was in the verification of the compo-
sition of the product before its release, Similarly, in the incident of isopropylthioxanthane
mentioned in Chapter 41, a combination of gaps in the regulatory requirements, suppliers
tests and practices as well as customers’ awareness of risks were the arigin of the problem.
Stich a situation where gaps of different levels and nature can combine to cause an indden!
is referred to as the "Swiss cheese model” (Figure 40.1).

A second concept that must be understood is the concept of active and latent failures
relating to peaple and management (Figure 40.2). Behind any control measure, there are
people who have to implement the control measures or verify that they are cormectly imple-
mented. These can be a worker on the line or in the farm, an operator monitoring the tem-
perature recorder, a truck driver who has to manage the temperature during transportation,
a food hrfrldl:r who has to wash his hands before preparing food, ete. Their failure to per
form their work is referred to as active failures since their actions will have a direct and
:mmediale bearing on the safely of products (Figures 40.2 and 40,34 and b), These are the
iip:snul' ﬁ"]um that are typically investigated in case of an incident or near miss. Often,
onii ﬂ::lh‘f'h Investigation, the employee receives the blame, and may even be fired,
bel Investigation ends at this point, The same process and relationship also exist

:x:_v";f"l:l“r-‘" autharities and food establishments that are caught up in an incident
st e a;ld_':i"w' Cause analysis the task is to go deeper in the investigation and under-
incident | naitions that have led to the non-compliance of the person implicated in the

+ b committing the so-called active failure. Worldwide, studies indicate that factors
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Defence (control measures) FIGURE 40,1 Swiss cheese model
acconding to James Rexson (15571,

—
 —

—_—
RIS

Latent failure pathway

FIGURE 402 Lavels and types of failures leading tw an incident (Reason 1995).

that lead to active failures are often related to the working conditions, cg. time Wlh;
Iack of clear instructions, failure in defining the responsibility or authorily of the P'.m“
providing adequate training and coaching, or creating a culture ﬂfﬁﬂfﬂfwmﬂu
Such situations are latent conditions which result from mnnsl.'ml.‘ni decisions (Table bﬂd
Thus, failures of the management in creating conditions that are optimal for managing a
salety are referred 1o as latent failures (Figures 40.2, 4032 and b, Latent Tailures may e
have an immediate impact, but they weaken the food safety mﬁmmt andd &nhmw i
probability of active failures, and thus of incidents, Latent failures have Tu 3 8
numerous accidents in the petrochemical, transport and foed industries and in financial
institutions.
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FIGURE 40.3  (a) Moot cause analysis of the food safety crisis assoctated with infant fommula contaminated with
isupropylthionantone (ITX). () An analysis of the root cause of an incident related 1o thiamine-daficient infant
formula (Israel, 2003) based on infoemation reported from unolficial seuree. Sume Bilures are hypathelicl ma
tioneed for educational purposs.
T recapitulate, a roat cause analysis requires a truthful investigation of an incident at
several levels, i.e. understanding:
* The primary cause of the incident; often a technical mistake, equipment failure or
human error/ violation. Examples are errors in the technical parameters of a product or
processing, a broken sieve, or staff using a wrong thermocouple;
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TABLE 40.1 Ranking of Latent Failures Preventing Efficient Implementation of HACCP

Barriers to Implementation of HACCP
Timmae

Frequency of Reported Cases

Human resources (staff)
Fesources

Expertise/ Knowledge in food safiety and hygiene

ding of HACCP p ples and systems
Employee motivation and attitude
Training

Weakness in reaulation of enb

2
5
5
" and perception of HACCR 4
3
3
3
3

Lack of policies and procedures
tAdaptia from Jeommik. Hlebre and Raspar 20061,

1

The conditions leading to the non-compliance of the person in charge of implementin

the control measures, such as lack of training, time int, diffieulty in und di

an instruction; and

* The managerial decisions that have led to those working conditions, e.g. failing to
provide the necessary policies, to appoint a competent manager or personnel, to plan

A Of P g and organizaticnal structure, to provide adequate financial or
human resources or ad t i betareios ia T

" . L ) and a mar o
or in violation with instr or requiring impossible tasks and forcing staff to take
risky shoricuts or violate the rules. Worst would be a management that violates its own
policies. This will have repercussions on the entire company.

Tools for Root Cause Analysis

Root cause analysis is used quite widely in healthcare and business settings but, as yet,
it has not really been adopted by the foad industry to any great extent, although the con-
cept s identified as necessary in some food safety and quality certification standards, eg.
BRC Global Standard for Food Safety ssue 6 (BRC 2011). However, somve of the tools of oot
cause analysis, notably structured Failure Mode and Effect Analysis (FMEA), have been
wsedd for some time in food companies for various applications. For example, Mortimore
and Wallace (1904, 199 and 2013) advocate the use of FMEA to challenge the cwll'd-i
within a HACCP plan before it is implemented within a food operation, the idea being that
by understanding the likely causes of failure in the control systems then the controls can be
strengthened further, delivering additional confidence of food safety assurance.

As discussed previously, root cause analysis needs lo investigate an incident in depth
to gain an understanding of all the conditions that have led to the incident cccurring. It is
necessary to consider all possible contributing factors and this reguires both 2 structured
approach and the ability to “think the unthinkable.”

11, FOODSAFETY ASSURANCE SYSTEMS
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FIGURE 40.4 Root cause analysis - sven
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Root Cause Analysis Teams

Like many aspects of food safely management systems,
formed using a team approach rather than by an individual or
The team needs to include personnel from: within the business who have knowledge of
key arcas of investigation. As such, a multidisciplinary team similar to the approach used
in HACCP will likely be most effective. Team members will include personnel who have
knowledge and responsibility within technical /quality, manufacturing and engincenng
Functions plus additional relevant personnel, .. human resources, purchasing. warchouse
and transport managers and so on, depending on the nature of the incident. While the num-
ber of team members is likely to be small (four 1o six personnel), the team will be able to
call on other personnel within the business structure to help understand what has happened

and the likely contributing factors,

root cause analysis is best per-
individuals working alone.

Structuring the Root Cause Analysis

To perform an effective route cause analysis it is important to use a stepwise approach
and take the time to gain a detailed understanding at each stage before moving on. Figire
0.4 shows the steps of the structured approach to root cause analysis. Although there is
general agreement on the necessary actions, various fexls on root cause analysis use dif
ferent numbers of steps within their route cause analysis models. We will use a seven-step
pmn:sa‘i here since this covers both the analysis and the implementation and verification of
corrective actions,
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STEF 1 DEFINE THE FAULT/INCIDENT
Members of the root cause analysis team first need to understand what has gone wrong.
Al this stage it is helpful to pil i

as much inf as possible about the fault or
incident, i, a summary of what has gone wrong, including as much as possible on the

sequence of events and what has been done so far in terms of immediate corrective action

and incident management. This information is useful as background to the team allowing
everyone (o gain an appreciation of the incident situati

1029

STEP'2 COLLECT DATA

Next, it is important to collect further, more delailed information that will assist in evalu-
ating the problem. For example, this might include:

Product test results

Lists of implicated products or processes

Lists of raw materials associated with implicated products and processes

Lists of packaging materials

Monitoring results covering dates and times thought to be implicated. The results
sample(s) should be large enough to capture all relevant data around the suspect dates,
ie. building in a margin of error.

Corrective action records covering the dates and times thought to be implicated
Engincering and maintenance records

Pest management records

Complaints records and customer contact information

Any other relevant information, e.g. interview information from stalf, ete.

PR

Brainstorming will be a useful tool to make sure that all the necessary information

ry
sources can be identified and then members of the team can be allocated particular records
to obtain and review on a preliminary basis

STEP 3 EVALUATE DATA AND IDENTIFY POSSIBLE CAUSAL FACTORS

In order to identify the possible causal factors all the data collected so far need to be
evaluated and discussed; in addition any further information requined will also need to be
identified. This is best done by the team working together to discuss the information found
and by bringing in additional personnel as necessary to help understand the situation, e,
factary floor staff who are familiar with the ongeing processing situation and additional
experts (possibly external) who can advise on specific issues, Further discussion and brain-

storming will help to clucidate the possible causal factors and these all need to be recorded
by the group or its appointed secretary /seribe.

STEP 4 DETERMINE THE ROOT CAUSE(S)

The list of possible causes needs to be considered further by the team, evaluating how
each one may have contributed to the problem. The use of tools from the root cause analysis
toolkit (see below) will help the team understand how the possible causes may be interre-
lated and will assist in tracking backwards to the root cause(s). Grouping techniquies sich
a5 Ishikawa Cause and Effect Analysis and questioning techniques such as the 5-Whys are
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particularly helpful in this context, although teams may also find some of the other tools
helpful in prioritizing possible causes from their list.

The team should agree on the root cause or root causes (likely if there are distinctly dif-
ferent gaps or causal factors involved in an incident). The discussion can then progress onto
what needs to be done to address the root cause(s). Additional tools from the root cause
analysis toolkit can be helpful at this stage, such as FMEA, which considers the current con-
trols and then identifies recommended new controls for each cause of failure.

STEP 5 PREPARE ACTION PLAN WITH TIMESCALES AND RESFONSIBILITIES

The team's recommendations for new controls, systems, personnel and infrastructure
actions need to be built into an action plan with appropriate timescales for completion/
impl ation. Appropriate responsibility from the management hierarchy should be
defined for each action point and personnel should be advised accordingly.

STEP 6 IMPLEMENT ACTION PLAN

The individual actions on the action plan all need to be implemented and signed off as
complete. Depending on the nature of the actions and the timescales involved, this will need
close management to make sure the plan stays on track; this can be led by members of the
root cause analysis team.

STEF 7 VERIFY EFFECTIVENESS

Verification of effectiveness is the final step in the root cause analysis process and this is
done to check that the necessary changes identified in the action plan are actually working
in practice and are effective at addressing the root cause of the problem. It is also important
to check at this stage that the changes have not introduced any other problems that were
not foreseen, Verification can be done using audit techniques, and following verification it
is likely that the business will wish to implement additional monitoring around the changes
within the normal scheduled monitaring activities.

Root Cause Analysis Toolbox

A wide range of management pl‘l’lbll-'l‘ll'.‘sﬂi\'llﬂ!; tools may be used in root cause analy-
sis and companies will find their own preferences with the experience of trying different
approaches. There are no precise rules for this; it is all about getting to understand all the
Ppossible contributing factors to gain an understanding of the likely chain(s) of events lead:
ing to the incident, This will allow prioritization of necessary changes to control systems,
infrastructure and/or management practices. The following shart noles are intended to help
back 5 I the strengths of a selection of tools used in root couse analysis within
different industries, Further, more detailed discussions on the different twols can be found in
other management and problem-solving handbooks, Trial of some of these technigues within
the business outside of an incident situation, perhaps as part of a business improvement pro-
Ject, will allow identification of preferred tools that can be used when an incident occurs.

A menu of possible tools:
. llrainslom.ing

Brainstorming is an established management tool used to capture ideas from the
individuals within a group. It is particularly useful because it allows for a large number
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of ideas to be generated in a short time and the lateral thinking involved means that
initial ideas spark off other ideas and contributions from other group members. Ideas
are never criticized or commented on during the brainstorming session because this may
influence or even stifle subsequent suggestions. The key point is to get as many solutions
down as possible for later evaluation and it is normally necessary to allocate the role of
scribe to one team member in order to record the ideas effectively,

Failure Mode and Effect Analysis

FMEA is well known as one of the systems that helped to originate the HACCP approach
1o food safety management. Its method of considering the causes and potential effects of
failure is useful in looking at prevention of problems but it can also be employed when
investigating all the potential causes of an issue in an incident. Table 40.2 shows an example
of FMEA being used to explore the causes of metal complaints due to metal detection failure.
4 Some FMEA methods include a risk scoring approach although this is not often used
in food manufacturing. However, it can be seen from the example in Table 402 that
the sheer number of possible causes might mean that there is a need for prioritization
of the recommended solutions /controls. This can be done using a simple likelihood
of sccurrence scheme, e.g. high, medium and low likelihood. Severity may also be
considered, although it is likely that severity may be relatively similar in some cases, e.g-
in Table 40.2 the possible causes may all result in undetected metal in product.
5Whys

The 5-Whys is a simple problem-solving technique that helps users to get to the root
of the problem quickly. Made popular in the 1970s by the Toyota Production System, the
strategy involves looking at any problem and asking: “Why?" and “What caused this
problem?” Normally the answer to the first "why” will prompt anather “why” and the
answer to the second “why" will prompt another and so on. It is thought thal at least five
questions need to be asked to track back to the raot cause, hence the name the 5-Whys
stralegy. In reality, there may need to be more than five questions asked depending on the
complexity of the situation.
5-Whys helps the root cause analysis team to start at the end result and waork
backward toward the cause by continually asking “why?" until the underlying cause
of the problem becomes clear. In addition to its use in root cause analysis, it is useful
at the start of a remodeling or change process and is a recognized lean manufacturing
technique, challenging those working on an issue to analyze any problematic situation in
a logical manner, thus eiihancing change and continuous improvement.
Anumber of benefits of the 5-Whys approach have been recorded:
* Simplicity. It is easy to use and requires no advanced mathematics or tools.
+ Effectiveness. It helps to quickly separate symptoms from causes and identify the root
cause of a problem.

Comprehensiveness, It aids in determining the relationships between varipus problem
CAUSCS,

Flexibility. It works well alone and when combined with other quality improvement
and troubleshooting techniques

+ Engaging. It fosters and aids teamwork and teaming within and without the organization.
» Inexpensive. It is a guided, team-focused exercise. There are no additional costs.
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TABLE40.2 Challenging Metal Derection Failure using Failure Mode and Effect Analysis
lssue (Outcome  Failure Current Passible Causes Recommended
of Failure) Control of Failure* Controls
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mﬂ;n doiect defecior housrly  breakdawn to be considered around
ot from mistal with lest pleces = Approprizie sensitivizy and
cusbomers, in S racounl Mutal :I..duﬂ.urm ﬂ]lhll{:‘: b
This eould products®  result properly calibrated ~ Set up verificaton at
result !n?lpg ‘Wrong sensitivity = start-up — cormect sensitnaty
y i = Maintenance

ey el pieces Al
and bad Incormect metal detector

publicity: in use - wrong sensitivity

Worse still, ¥

metal n Metal detoctor in Wong

prodsct could place in line

Eause custormer ion mechanism fa

ingury and g il

may pesult fn Rugection systern not

Proseciition synchronized with detector

Rejects not controlled Loekable receptache necded
that will accommendate all

Metal detector checks

ot done

Metal detector

checks done ncorreetly
Metal detector check reveals
Hailure but this b not recodded

Mutal detoctor check
reveals failvre but ne
corrective action taken

Stafl et trained Lo perform
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Effectiveness of training ot
werified in terms of practice
Workplace culture i
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checks
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A range of controls will need
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coverage of training = are

people trained 2rd

can they actually du the
checks?

= How can training
wlfectiveness be verified?

= What supervision is
meeded?

= Are the checks allocated
within appropriate job roles
and instructions™
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e investignted
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FIGURE 40,5 Example Ishikawa Cause and Eifect diagram.

* lIshikawa Cause and Effect Analysis
Ishikawa Cause and Effect Analysis (also known as fishbone diagrams) is a pictorial
method {Figure 40.5) of organizing information about causes and understanding the
relationships between cause and effect. It is a widely used technigue in problem-
solving, and seeks to understand the possible causes by asking questions such as “What
happened?”, “When?”, “Where?”, “Why?”", “How?" and “What was the impact?”

Ishikawa is useful in evaluating complex situations where there may be many potential
causes,

In Figurne 405 it can be seen that causes are g ped into six categories of Equif
Process, Materials, Environment, People and Man g These are commonly used
ealegory groupings in manufacturing situations; however, the categories in Ishikawa
are not predetermined 5o it is possible to choose your own groupings. The diagram alse
shows how primary and secondary causes are portrayed and in this way the causes and
causes of the causes can be identified, helping to wark back to the root cause. Figure 40.6

shows how this method can be applied to an incident, based on the metal complaints
issue from Table 40.2.

This example (Figure 40.6) shows one way of grouping the possible causes identified;
however, it is important to note that some causes could be grouped under more than
one heading, Also in this case only the primary causes are shown; these would need to
be followed up with consideration of the secondary causes and it is pusu.bln “‘-l'_- "'"h_
further consideration, some of the points listed under the “Management FMP“E“‘S’“
be the secondary causes affecting other groups within the diagram. There is n "5’1“:“
or wrong way here — it is up to the team to decide how best to portray the data in their
unigue situation,

HAZOP

Hazard and Operability Studies (HAZOP) is another structured and 5}"".‘";"""

technigue for examining potential faults in systems. Like HACCE, HAZOP is often
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FIGURE 40.6 lIshikawn Cause and Effect diagram for metal contamination example fgfier Morinser oaf
Viallacr 1998),

used as a technique for identifying potential hazards in a system but it also focuses en
identifying operability problems that are likely to lead to nonconforming products,

In HAZOP, faults or incidents are thought to be caused by deviations from design or
operating intentions.

In HAZOP, The identification of deviations from the design intent is achieved by a
questioning process using predetermined “guide words.” The role of the guide word is to
stimulate imaginative thinking, to focus the study and elicit ideas and discussion, thereby
maximizing the chances of study completeness (BS 1EC 2001). Further detailed guidance
on how to use HAZOP, including lists of typical “guide words,” can be found in the
International Electro-technical Commission’s guideline: Hazard and Operability Studies
(HAZOP Studies) Application Guide (BS IEC A1852:2001).

¢ Influence diagrams
The influence diagram approach is a further technique for visual portrayal of causal
factors involved in an incident. The outcome diagram is derived in similar ways to the
other tools already discussed, in that expert inpul, group discussion and brainstorming
techniques are used. The technique differs in that it considers the possible causal factors
occurring at different levels in the organization. According to Reason (1997), the levels to
be considered are:
* Influencing factor level - this includes the unsafe acts or technical failures immediately
fresponsible for the event.
L] mﬂﬂmhﬂm{ns factor level - the immediate workplace conditions that shape
the oecurrence of human or technical failures.
ol lmplemmlaliun level = the underlying organizational factors that creale the workplace
performance-influencing factors.
= Policy level = policy and regulatory factors that determine organizational processes
occurring at the implementation level.
An example influence diagram is shown in Figure 40.7. In this diagram the levels and
types of failures that can result in an incident that were previously outlined in ire 402
(Reason, 1995) are also highlighted on the right-hand side, indicating the practicality of
infl

application of the e diagram approach to food safety incidents.

.
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FAGURE 40.7 Example influence diagram for metal complaints {selected eauses valy)

Additional specialist tools

Avariety of other tools are used for probl Iving in different industries. Root
cause analysis teams may wish to consult the problem-solving, risk management and
error avoidance literature to identify techniques that could be trialed for suitability in the
analysis of incidents. Some of these examples are more quantitative and involve risk rating
categories, which might be more difficult to apply in a food manufacturing scenario. Further
tools used in other sectors include Fault Tree Analysis, the Human Error Assessment and
Reduction Technique (HEART) and the Maintenance Error Decision Aid (MEDA).

As can be seen from the above, the root cause analysis loolbox contains a plethora of tech-
niques that will assist when faced with an incident 1o investigate. Using any of these tocls
docs require practice so there is no substitute for trialing chosen tools when not in the middle
of an incident; the majority of these tools are also useful in preventive improvement projects,
which would be a much more suitable time to try them out. A further important point is that
there is no substitute for involving the correct people in root cause analysis £0 it is importank
o consider carefully who can contribute to the understanding of the incident and its causes.

CONCLUSIONS

The management of a company bears the ultimate responsibility for incidents. They are
responsible for creating an organizational culture that allows employees to openty “F:l“
Issues and provides them with the opportunity Lo see that their constraints are adilﬂallll n)l
addressed. An open and fair organizational culiure is fund tal fior the mﬂfi'-i::tm
staff and is at the core of food safety management. In case of an incident, lhl‘}' halj::::ll :I'“ly
to follow best practice in managing the ongoing incident but also be t_andmd wil Ia}'w'g
the root cause of the incident, such that they can redress the situation in fundamen ¥
to prevent recurrence of incidents in a long-lasting manner.
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As for crisis management, the lessons leammed from incidents need to be reported in 8

final report and disseminated both internally in the org e 1y with the
food safety community at large in order to prevent the recurrence of incidents in society.
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Crisis Management
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INTRODUCTION

In any organization dealing with a risk-prone subject :uch_as foed, cr:mu:.ala -ﬂ:i‘
health, ransport or finance, a crisis is an almost unaveidable situation, and any orga
tion with a professional management should be prepared for it
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Food representes a vulnerable sector, both in terms of food safety risks and food secunty
Therefore, organizations operating in the food sector, whether they are food businesses ot
agencies responsible for overseeing food businesses, are by nature of their work expased o
such an eventuality and should have a crisis management procedure in place.

WHAT IS A CRISIS?

In food safety, a crisis is defined as a predicted or unpredicted event that represents an
immediate or future significant threat to an organization, its employees, consumers and the
public at large.'

We also know that in most crises, if not all, the media play a central role. As stated by
C. Doeg (1995}, “What makes a problem into a crisis is the media, or in some instances, the
likelihood of media attention. Also, if a disaster strikes, it is the media’s treatment of that
event which determines fo a great extent whether a corporation has a problem or a full
blown crisis.” :

Generally, a crisis reflects an acute situation requiring real-time and strategic decisions
taken at high level, under harsh conditions created by time pressure, media scrutiny and often
incomplete or unreliable information about the facts. A crisis is per s¢ never a positive evenl, 25
it is an indication of failure in food safety management; however, a crisis which is well man-

aged can be an opportunity for the affected organization or society to demonstrate its values
and management capabilities, and for the crisis manager to demonstrate his/her leadership.
It can also lead to fundamental improvement in food safety management, provided that the
food safety situation and crisis management are critically reviewed, the root causes are an-
Iyzed and the gaps identified are followed up with corrective actions. In the modem history
of food safety, crises have been the origin of many changes or improvements in the manige
ment of food safety, particularly in industrialized countries. Among these, the advance of
the risk analysis approach to governmental decision-making processes, the restructuring of
Bovernmental organizations (e, creation of the European Food Safety Authority) and the
strengthening of traceability are noteworthy, These developments are described in Chapter 1
of this book as well as other reference material (Motarjemi, 2014).

A crisis may oceur for various reasons {Table 41.1):

* Advances in science and new scientific development or findings.
* Emergence of new hazards.

* Human error, be it scientific, managerial ar operational.

* Fraud or malicious acts of sabotage, e.g. tampering, terrorism.

w"’l",'h“ exact nature and impact of a crisis are often unpredictable, its occurrence al
some point in time, in spite of all preventive measures, is to be reckoned with. However,
\-\'a!h $ood management of food safety, we can minimize the likelihood of occurrence and/
o ImP“ﬂ of crises, but we cannot entirely prevent them as some of the lactors leading to
A crisis situation are out of the control of managers and are inherent to the nature of the

subject.

' Adapted from Barthe R 190)
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TABLE4L.1 Examples of Crises und their Cause
Triggered by Examples of Crises
Advances in soence and new Acrylamide, Worldwide 2002
saetiic development or findings Semicarbazide, Worldwide 2003
Emergence of new hazards Bovine spongil phalog (BSE) and emery iy
Waorldwide, 1986
E. euli D157 {USA, Japan, UK, etc. 1990s)
Vibrig cholerae {Latin America, 1993)
Avian influenza (2004)
Human ermur Barvine spong) encephalopathy (BSEL d, 1906
saientific, techrucal, managerial, Salmwrnclla in chocolate (UK, 2006)
aperatianal error o viclation

Staphnococties mieras (Japan, 2000)

Vitamin Bl-deficient infant formula, ex Germany, lsracl, 2003
Isopropyithioxantone (Worldwide, 2005)
Salmemella sainl poul (USA, 2008)
Salmanclla typhimurivm (USA, 2006-2007)
E. coli 010414 (Germany, France, 2011)

Fraud or malickous acts of Lead eocide in paprika (Hungary, 1994)

sabotage, €. tampering, terrorism. Digxin in animal feed (Belginm, 1999)
Sudan red in chili peppers (Europe, 2003)
Wheat gluten in pet food adulierated with mcamine, cx Chana
(North America, 2007)
Adulierated sunflower ol ex Ukraine (Europe, 2008)
Infant formula adulterabed with melamine (China, 2008}

The consequences of a crisis can be disastrous for an organisation as well as for the soc-
ety For consumers, a food safety crisis situation means that they may potentially be exposed
1o unsafe products, and despite risks to their health, they may also lose their trust in the
food supply. For busi the consequences are economic and can affect their image, ie-
product recall and waste of produced food, loss of reputation, loss of market shares and loss
of trust of their ¢ and the reg v authorities. Additionally, they may be subject
to further or more stringent regulatory measures, Loss of trust by customers may also trig-
fer more stringent requirements, ¢.g. provision of a certificate of analysis. Trust of consum-
ey, customers and the general public is one of the most important assets of a business. I
takes many years to build trust, but it can be destroyed with one single incident, particu-
larly if it is poorly managed. When lost, its impact is often long term and will take many
years to rebiild.

For public health and regulatory authorities, even

hen a crisis is initiated in 1_!1! indus-
try, the good management of a crisis is crucial, because consumers consider their m
ment as the guardian of the safety of the food supply and ultimately responsible for
safety.

Where governments fail o manage a food safety crisis, they may also
reputation and the trust of the general public in their capabilitie
supply. In such a scenario, the trade in food can collapse. Such
with meal and meat products in the BSE crisis in the UK ani

lose their image,
s to ensure safety of the food
situations were experienced
d other European countries,
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and with fruits and vegetables in the case of E. coli O104: H4 in Germany (Motarjemi, 2011}
p"h'"-'? in managing an incident or a crisis have also been the cause of political turmodl
Following the 1999 dioxin crisis in Belgium, the Belgian Ministers of Agriculture and Healt
had to resign. The ruling Christian Democratic government was also voted out of office
(Donal et al, 2010). In China, following the melamine crisis, the govemnmental officer in
charge of food safety was executed!

The loss of trust of consumers in their authorities following the BSE crisis and a plethora
of small- or Jarge-scale incidents which occurred is one of the factors leading to the mis-
trust of consumers for new technologies like genetically modified food, food irradiation
and application of agrochemicals in food production. In Europe, many consumers tumed
towards organically produced food.

Thf consequences of a crisis for an organization or a society depend on how well the
organization or society is prepared for a crisis situation. As for a boat whose survival
through a storm depends on its solidity, the training of the sailors and the skills of the cap-
tain, the outcome of a crisis depends on the infrastructure in place, the training of the staff

and the skills of the manager.

WHAT DID WE LEARN FROM OUR CRISES!

rspersed with food safety erises of varying
jon of the food supply and the develop-
a global dimension

The recent history of food safety has been inte
scale or degree of importance. With the globali
ment of rapid means of communication, many of the crises tend to take
and require fast action and, frequently, international coordination. In the following pages,
selected number of crises will be analyzed and discussed.

Perriee Mincral Water (1990)

One of the well-known and first food safety crises with international impact was the one
related 1o Perrier (Box 41.1), which today has become a classic case study for crisis manage-
ment. The Source Perrier Company tried to minimize the impact of the incident by explain-
ing its cause before all the facts were known to them (McKoy, 20034), This led to erroncous
managetial decisions, {¢. delay in worldwide recall and inconsistent communication to the
#eneral public and the media, An underlying factor for errors in the management of the cri-
8is was weakness in international coordination and lack of leadership in an environment of
global supply. Although the level of benzene present in the product di d not endanger the
health of consumers, it did damage the image of a product that was appreciated by consum-
s who perceived it as a pure product.

Animal Feed Contaminated with Dioxin (Belgium, 1999)

The first major crisis of dioxin related to animal feed occurred in Belgium. For numer-
]DII!' l:aburu, it {'.n_r:@d tremendous outrage, First, there was a perception of an unacoeptably
;‘“Sh clay in reacting and in informing the public (Box 41.2). The difficulty in establishing

coherent list, or developing an understanding. of the range of affected products hampered
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BOX 41.1
CASE OF PERRIER MINERAL WATER (1990)

In February 1990, state regulators in
North Carolina found traces of benzene (at
levels of 123-19.9ppb) in Perrier mineral
water, until that time reputed for its purity.
:;Nl!rﬂ! America, i.e. the USA and Canada,

the Naorth American bottling plant. However,
Further investigation revealed tmees of ben-
zene in Perrier water in other parts of the
world. 1t was later discovered that the pres-
ence of benzene in the final product was
pany ¥ lled 70 mil-  due to failures in filtering benzene naturally
lion bottles. Within 2 days, the Source Perrier  present in the carbonated gas. A worldwide
Company announced that the problem was  public recall was made, Overall, 260 million
limited to North America and was caused  bottles were recalled and destroyed. In 1992,
by an employee’s mistaken use of fuid con-  Nestlé ‘bought Souree Perrier Company:
taining benzene to clean the machinery in

=

)

the management of the crisis. For instance, despite measures taken by Belgian authorities.
ontaminated chicken and eggs were still on the market in late May while the incident
started in late January/carly February 1999, Throughout the incident, the list of affected
products was constantly amended and, consequently, the decisions for product waall
were haphazard, giving the impression that the government was not in control of the situ-
ation. Failures in communication and coordination with the European authorities and the
European Rapid Alert System, and conflicting opinion and decisions between the European
%mi»lm and the Belgian authorities on what needed to be recalled, added to the confu-
sion, The lack of precise scientific information or regulatory standards for the managemer
of dioxin exacerbated the situation,

Over and above the need for strengthening the procedure for erisis management 3
communication, the crisis highlighted the complexity of the food chain and the need foi
better traceability system, foreseeing needs for analytical capabilities and considering £
farm-to-fork approach in food safoty management.

Animal Feed Contaminated with Dioxin (Ireland, 2007)

A second dioxin erisis oceurred in Ireland (o 413). In managing this crisis, naturally
the Insh authorities benefited from the experi from the previous outbreak in Belgium
and the measures that had been taken since that time, In this incident, a5 regard o pork
meat, the Irish authorities had to take drastic measures and recall all pork products as there
was no traceability system for these; for beef products, because of the existing m:n.ahlhly
system, the recall was limited to contaminated products. The rapid recall and precautionary
measure increased the trust of the European Commission and consumers in m‘mﬂm
and in the safety of the food supply, and it avoided conflicts with the European Commission
and imposition of restrictions, as experienced in the previous incident of dioxin.
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In spring 1999, it was found that some 500
tons of feed comtaminated with polychlorin-
ated biphenyls (PCBs) and dioxing were fed to
farm animals in Belgium and 1o a lesser extent
in the Netherlands, France and Gi The

BOX 41.2

CASE OF ANIMAL FEED CONTAMINATED WITH
DIOXIN (BELGIUM, 1999)

Community widened the ban and ordered
the destruction of all food items containe
ing >2% egg product and food containing
chicken produced from 15 January to 1 June
from infected farms. On 4 June, the Belgian

issued a barg;

source of o ination was a fat 5
company, where transformer oil with high
levels of polychlorinated biphenyls (PCBs)
and dioxins was used to manufacture animal
foods. Hundreds of farms were affected.

The first pathological symptoms were
reported in pouliry farms in February 1999,
When alerted on 26 April of that year, public
health authorities first touk some measures
to protect public health, but they omitted to
inform the public. A month later, i end of
May, the public learned about the issue from
atelevision report on the incident.

On 28 May, Belgian authorities ordered
the withdrawal from sale of Belgian poultry
and eggs from affected farms; other European
wountries followed. Products from  farms
not affected by the incident were regquired to
be d with o ion from
the authoritics. On 2 June, the European

#
of meat products (pork and beef) with a
minimum of 25% fat content, not applica-
ble for dairy products, while the European
Ci issi ded the prohibition order
to Belgian beef, pork, milk and milk products
from alfected holdings. Products from non-
affected farms had io be specifically certified
by the Belgian authorities. Belgian authorities
objected 1o the EU restriction posed on milk,
which had consequences for a large number
of products, such as chocolate, A confusing
situation prevailed throughowt the incident.
A political consequence of this incident was
that the Beljgian Ministers of Agriculture and
Health as well as the Minister of Agriculture
of the Netherlands resigned. The ruling
Christian Democratic government was also
voted out of office (Donal et al, 2000; Corie
2000; Van Larebeke ot al, 20010,

and P

Another factor in the perceived successes of the management of the dioxin crisis was
attributed (o the leadership and transparency of the Irish authorities. Teamwork was dem-
onstraled through open communication with the European Commission, other national
food regulatory agencies and the European Food Safety Aullmrity (EFSA).

Finally, the incident proved the importance and benefit of having a good traceability
system.

Coca-Cola (1999)

In some respects, the Coca-Cola crisis in June 1999 (Box 41.4) followed the same patiern
as that of the Perrier Source water mentioned above. Although the company provided a
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BOX 41.3

e s LT PR
CASE OF ANIMAL FEED CONTAMINATED WITH
DIOXIN (IRELAND, 2007)

In November 2008, in the context of rou- impaosed restrictions on the movement of live
tine manitoring, the Trish Department of  stock and reported the problem to the Rapid
Agriculture, Fisheries and Food (DAFF)  Alert System for Food and Feed (RASFF) and
detected the presence of marker PCBs in DG SANCO.
pork meat, Although the level of contamination of

Further investigation  indicated  that pork meat was in violation of the European
dried bread, used as an ingredient in ani- norms, the authorities indicated that a
mal feed, was also positive for marker PCBs.  shorter exposure did not constitute a cause

idering the link between presence  of alarm or concem and would not resull
of PCBs and possible comtamination with  in adverse health efficts. Nevertheluss, the
dhon, further tests were carried out. They  authorifics required a full mall of pork
confirmed the presence of dioxin, products because the traceability system

The source of the contaminated dried  in operation for processed pork products
bread was identified as Millstream Power  was not capable of linking products o spe
L, o food recycling plant, Subsequent  cific farms. For beed, the estimated exposure
investigati that the i to dioxin was viewed as 300 times lower
to recycled mincral oil  than that posed by pork meat and consides-
wsed as fuel in fame drying during the pro-  ing that as a follow-up to the BSE problem,
cessing of animal feed. In total, 10 pig farms  there was a traceability system in place for
and 38 beef farms had received the contami- bovine animals and products, it was posst
nated feed. In Northern Ireland, scven beef  ble to track and trace contaminsted products
farms had also received contaminated feed.  and this aflowed a partial and selective trade

Soaei after, DAFE impounded all poten-  recall of suspected products.
l_li.lﬂy contaminated feed on these farme,

A
of the feed was due

public statement a week after the report of the
dent, its first reaction cansed outrage. The

incident and presented its rogrets for the e
and playing, down the importance

company was perceived asmﬁﬁmﬁ?ﬂ
of the incident. It minimized the severily of ibe I
and elaimed that the products were safe, while at the time the statement was made,
cause of the problem was not fully known. o
Besides the important role played by the media in this case, the scale of l;::?::::m:
amplified by the radical measures of authorities who banned the product | feed contamis
o counteract allegations of mismanagement in the preceding crisis of animal e SpRAY
nated with dioxin feed. This, combined with deficient commurication fiom the CHFEC:
played badly against the product, indicating to consumers that the company e e B
adequate measures. According to some analysts, the company failed 10 B 2 vl atthe
tive environment and political unrest caused by the preceding dioxin €rist
general climate of public mistrust created by the BSE issue
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BOX 41.4
CASE OF COCA-COLA (EUROPE, 1999)

In 1999, over 100 persons, including many ~ which may hydrolyze to hydrogen sulfide
children, reported feeling unwell, ie. suffer-  (H;5) and (2) contamination of cans with a
ing from headache, dizziness, nausea and  fungicide used for treating the wooden pal-
trembling, after drinking Coca-Cola in France  lets. However, tests conducted of the prod-
and Belgium. The incident occurred right uwct showed that the product could not be
after the dioxin contamination of animal feed  the cause of the iliness and the symptoms —
in Belgium. The French and Belgian govern-  at least in most cases — were psychosomatic.
ments banned the product. The company  Despite an aggressive marketing campaign
recalled some 30 million cans, Investigation 1o regain the trust of consumers, the incident
of the incident revealed two unrelated fail-  caused substantial losses (an estimated 5200
ures in production: (1) contamination of  million) and damaged the reputation of the
carbon dioxide with carbonyl sulfide (COS)  company (MNemery et al. 19t 2002).

BSE 1 and I1 (Europe, 1996-2000)

The tendency for denial or playing down is often a first reflex. Such a practice can mis-
lead decisions, e, allowing wishful thinking to guide decisions, It can also convey an arro-
gant, uncaring and unsympathetic image of an organization. This type of error Wn:_.‘ll’n Ih_e
cause of the bovine spongiform encephalopathy (BSE) crisis, one of the most notorious cni:
5es in the history of public health and food safety (Box 41.5).

This crisis revealed various types of expectations among the general public:

The need for transparency in decision-making and for communication of uncertainty to
the general public.

The imporlance of prioritizing public health over economic considerations,

It also highlighted the importance of public perceplion, as the reaction of most consumers
was not proportionate to the risk that they were exposed to.

Social dimension of a food safety problem; many farmers suffered enormous economic
losses and emotional distress,

The need for belter traceability and information of consumers on the source of food,

The need for considering a farm-to-fork approach in food safety management.

Tht_‘ need for functional separation between risk assessment and risk 1 iement, while
maintaining an interactive communication between risk managers and risk assessors

Many of the lessons leamed from the BSE crisis were later supported by the experi-
ence in other crises. Together with other food safety coneerns, BSE crises led fo fundamen-
tal changes in the approach to food safety management, including the restructuring of the
Eurppmn institutions involved in managing food safety, as well as to the revision of the
decision-making process and the rise of the risk analysis process.
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In 1966, the first cases of a mysterious
degenerative brain disease referred to as
bovine spongiform encephalopathy (BSE), or
mad cow disease, were reported in the cattle
population in the United Kingdom. Howeves,
115 believed that cases may have occurred as
early & the 1970s. The disease was linked to
ruminant-derived meat and bone meal (MEM)
fed to cattle. The discase was viewed as with-
out risk to human health until a new variant of
Creutrieldi-jakob disease (vCID) was detected
in 1996 in humans and was linked to the BSE
epidemic in cattle. Consumption of enntami-
nated meat and other food products from cat-
tle was presumied o be the cause of the VO
In 2004, it was discovered that the disease was
also transmissible to small ruminants.

BOX 41.5
CASE OF BSE (EUROPE, 1996, 2000)

In Europe, BSE caused two waves of cri-
se=. The first occurred in 1996, when the pub-
lic leamed about the fact that BSE may be
transmissible to humans and perceived that
the risk of BSE to cross the species barmer was
downplayed. The second, in 2000, resulted
from the mistrust of the general public m the
ability of governments to contain the BSE epi-
demic and from the finding that the export of
contaminatied feed had spread BSE o other
countries in the world.

To date, in the UK, which was the most
severely affected by the epidemic, BSE has
Yed to over 180,000 cases in the cattle papu-
lation and to some 163 definite or probable

cases of vCJD), from which 163 persons died
(WHO, 2002).

Packaging Contaminants (Semicarbazide, 2003 and

Isopropylthioxanthone, 2005)

In 2003 and 2005, the food industry experienced two major crises related to }J*“S'H‘E
contaminants (Boe 41.6). In both cases, products were contaminated with undrsmbwk? -
stances, but without significant danger to health. Although the nature and source ce i
dent were similar, their management followed a different path. ofthe food
In the case of semicarbazide (SEM), the early and transparent communication

industry to authorities and speedy actions on both sides increased the mutual trust md led

1o the smooth resolution of the crisis. A rapid risk assessment and mmkall:!;‘yﬁ
also ensured that European member states took coherent and coordinated &
Enrope

On the contrary, in the case of 2-isopropylthioxanthone (ITX), due to : [
brtween ﬂiflemnrl)ﬁtwummcnml ns;un‘c‘it-spgn the risk of the agent and the ‘&T{ﬂml
the crisis escalated in one of the European countries. This led IDtDﬂ{lSﬂhOI} e
formula products by the police. Subsequently, to safvgu_:m! the II'U-'J o s oY b
and ensure a consistent approach, Nestlé had to vumnlani}'rtﬂu luh’:dh:d e
European countries, even though an carlier decision at the E“Nr::'l‘ :‘h: medi:unhdw isa
marketing of the product. The product recall was heavily m iz

repol
i early sk
inflated the monetary value of the recall. A succession of conflicts followed. An eatly

2 conflict of opinion
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In May 2003, in the context of monitor-
ing its products for nitrofurazone, a prohib-
ited veterinary antibiotic in Europe, & baby
food company found traces of semicarbazide
(SEM), which until that time was known as
a metabalite, and thus an indicator of nitro-
furazone. However, in this caze, it was found
out that the agent originated from the break-
down of azodicarbonamide.

Azodiearbonamide is also used as a
blanching agent in four in some countrics
other than Ewrope. In this case, azodicarbo-
namide was used as a foaming agent in the
plastic gaskets that are used to seal metal
lids to glas jors. The agent had decompuosed
under heat treatment of the product. As
azodicarbonamide was used by mast of the
cap manufacturers, the great majority of the
baby jar products on the market worldwide
were affected by this incident.

Soon afier the discovery of this inci-
dent, the industry reported the case to
the European and national authorities
and informed them that they would take
measures to change azodicarbonamide for
alternative foaming agents. The European
Commission requested EFSA to conduct a

risk assewsment and advise the commission
on the risk of the agenl. EFSA conducied
a first evaluation in 2003, and in July 2003
stated that the risk to consumers, if any, was
very small g mecognised that SEM was a
very weak carcinogen in mice and had weak
genotaxic activity. While it acknowledped
'.h.e low safety concern, it recommended that
SEM bre removed from baby fisods as swiftly
as technological progress allowed (EFSA,
20634, b), The Evropean Commission banned

BOX 41.6

CASES OF SEMICARBAZIDE (EUROPE 2003) AND
ITX (EUROPE 2005)

the use of azodicarbonamide in food contact
material as of August 2005, giving the indus-
try the time to replace it. EFSA also ress-
sured the general public that in view of the
Jow level of SEM and low safety risk, con-
sumers did not need to change their dietary
habits and may continue to utilize all foods
concerned, including baby foods.

In September 2005, a government scicnlist
discovered traces of a Z-isopropylthioxan-
thome (ITX) in ready-to-feed infant formula
in Nestlé products. ITX is a pholo-initiator
of ink used for printing on the carion pack-
aging, contaminating the inner side of pack-
aging during its processing, and thereafter
migrating into products. Similar to semicar-
bazide, ITX was utilized worldwide in pack-
aging used by Tetra P'ak and other packaging
companies; thus a broad range of products
{e.g. milk and milk-based produets, infant
formula, soy beverages, fruil jiices, fruit
nectars and other drinks) were potentially
affected on a global basis.

First on the 24 Novemnber and then on 7
December 2005, 3 months alter the report of
the incident and a muonth after the heat of the
erisis, EFSA provided an opinion on the pos-
wible health risks of ITX. EFSA advised that
while the presence of ITX in foods was unde-
sirable, it did not give cause for health con-
levels reported (EPSA. 2005)
¢, the fiest company to be alerted by

N y
the incident, comducted a sl pecall of its
affected products on a precaulionary prin-
ciple. Later, when it received  confirmation
of the nature of the agent, its low degree of
risk and the extent al the problem, thiough
the food industry association, it reporied the
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&sue to the European autherities. In October
2005, a plan of action for removing ITX was
agreed with the EU and communicated to the
European member states through the Rapid
Alert System of Food and Feed (RAFSS).
Thus, contaminated products continued to
stay on the market until they could be gradu-
ally replaced by other products. In November
2005, the ltalian government, not agreeing
with the decisions taken at the European
level and the risk evaluation, setzed infant

BOX 41.6 (Conud)

consumers, (he company had 1o nemeve all
afffected products from the Ewropean markets
where the products were on sale. The seizun:
of the product by the police and the mas-
sive recall in Europe reflected badly on the
company, who in addition to explaining the
incident, had also to respond to the financial
analysts about the financial consequences.
Within 3 months, the food sfely incident

escalated first to a food safety crisis, then to

a financial crisis, and thereafter to a commu-

formuta products of Mestlé, including those

mication crisis between the CEO of Nestlé and
in its warchouses. To maintain the trust of the

the Minister of Health of laly.

asessment and risk communication on the subject by the European authorities, as in the
case of SEM, could have prevented disy and drastic by The ci-
sis demonstrated that an early communication by trusted sources on the nature of the event
and its health implications, if any, was essential to ensure coherent measures and prevent

media misreporting. It also showed the importance of coordination and clear pl\l‘d-lllﬁh‘
ommunication among the various authorities.

The ITX incident also demonstrated a number of gaps in food safety management, which
became conspicuous in the management of the crisis, First, there was an error on the plltl:il
the packaging supplier in the testing method and validation of the extent of migration of the
chemical into fatty products. Regulatory standards with regard 1o inks were alsa deficient,
and the official method of testing was not valid as it did not consider the fat content of some
food products. Food ¢ turers lacked knowledge of the risks associated wilh the ink.
Packaging suppliers were aware of the risk but did not relay the information wlmd_mmlv
facturers. Subsequently, products were not monitored for this agent and the supplies was
not audited for this point. Generally, a lack of expertise and infrastructure in managing this

risk at all levels were the root cause of the problem. Fortunately, the chemical agent did not
present a public health risk, although it was undesirable

Melamine T and 11 (2007-2010)

Acritical review of the two melamine incidents led the following weak
management of the crises (Box 41.7).

in the

Tl FOOD SAFETY ASSURANCE SYSTEMS




41 CRISISMANACEMENT

BOX 41.7

CASE OF MELAMINE
{USA, 2007 AND CHINA, 2008)

Al least two major incidents have ocourred
with regard to melamine. The first incident
occurred during the period of February to
March 2007, when reports of kidney failure
and death were reported in pets in the United
States.

Investigation traced the source of the out-
break to the pet food company Menu Foods;
some other pet food companies were also
implicated. Overall, more than 100 brands of
wet pet food were affected. As a result, Menu
Foods and ether pet food companies had to
recall their products. The economic impact
on the pet food market hos been exten-
sive, with Menu Foods alone losing at least
$42 million from the recall, not taking into
account the reduced sales (Reuters, 2007).

Investigation  attnbuted  the  outbreak
to an adulterated wheat gluten ingredi-
ent imported from China. The investigation
showed that wheat gluten was mixed with
melamine, iisell contaminated with cyanu-
ric acid, to swindle buyers out of the protein
content and the grade of the product

Following this incident, it was realized
that addition of melamine to animal fied
Wias a common practice in China, Later
investigation showed that rice protein con-
centrates were alwo  adullerated. In the

United States, the crisis culminated with the
finding that the adulterated wheat ghuten
was recyeled in feed of food animals and
subsequently entered the human food chain

A second incident of melamine oecurned in
July 2008, in the People's Republic of China,
involving milk, infant formula and some
other products. By November 2008, China
reported an estimated 300,000 victims, mainly
babies. As reported, six infants died from kid-
ney stones and others suffered kidney dam-
age; a furiher 860 babies were hospitalized.
In this incident, thie dairy company Sanhu and
several other food companies were impli
cateed. According to some soumoes, the issue
was known a Jong time before the incident
was revealed, However, according to some
unknown sources, the regional authonities
were afraid to report the problem during the
Olympic Games period. The incident dam-
apged the reputation of China and its expont
market. A number of criminal proseoutions
oceurred, and two people were executed!

Adulteration of focd with melamine con-
finued after this incident, and during the
following years, Chinese authorities contin-
ved 1o sporadically seize contaminated food
products

Melamine 2007
% ZD:!ny m“'tﬂ:: Foods in reporting the palential problem: the incident was detected on
Fﬁ'ﬂld ary, but was not reported to the USFDA until 15 March. An immediate reporting
:uk !rlavespm-d the lives of many pets,
F T :
‘l'hl: r:!:rm": ; and co com ication between authorities and the public
on the one hand in erroncous information as to the cause of the problem
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(the New York. State Laboratory reported that a rodenticide was the culprit), and on
the other hand a si ion of a lack of infc leading to various speculations and
hypotheses.

Shortcomings in the supervision of food safety. According to some sources, the Menu
Foods company had never been inspected by the competent authorities. The agency was
relying on local authorities to conduct inspections, whereas the central authorities had
jurisdiction over all pet food manufacturing faciliies. The incident showed weaknesses
in procedures, regulations and inspection requirements. Having said this, it is not sure
that an inspection or ger regulation would have prevented the incident, unless there
was more insight into the practices in China.

Ovr.rioehns the disposal of adulterated wheat gluten. This resulted in some companies

salvaging the adulterated wheat gluten and recycling it into animal feed, which was used
for food animals.

Melamine 2008

* Shortcomings in corrective actions by the Chinese authorities and local food comparies.
Although few companies were implicated in the fraud, in general there was no oversight
by other food companies or authorities for the prevention of such practice or of possible
contamination of raw material with melamine. As a result, a number of other food
companies were also marginally affected by this incident.

* The fear and the delay in reporting the incident resulted in a larger exposure of the young,
population and were indicative of the irresponsible and unscrupulous behavior of the
companies implicated and of the local authorities.

Shiga Toxin-Producing E. coli (STEC) 0104:H4 (Germany and France, 2011}

In the outbreak of E. coli O104:114, the German authoritics came under mounting crifi-
cism for their handling of the outbreak (Box 41.8). They were blamed for slow reaction 2nd
bad coordination between the states and the federal entities. Consequently, it took sevesl
weeks to contain the outbreak and identify its source, Yet hasty and invalid conclusions,
which they later had to retract, and false information as to the source of the outbresk crested
a sense of panic in the general population (Financial Temes, 2011c). Sale of produce, pamas
larly that imported from Spain, was severely affected. Once again, the crisis dm:\‘l-‘ﬁlﬂ
the importance of rapid action, coordination among authorities and the imporiance of g~

ing validated information. It also showed the health and economic dimension of failures in
food safety and crisis management.

Horsemeat Scandal (2013)

As this book goes to production, a new crisis is ongoing in Europe. In January =5
Food Safiety Authority of Ireland tested a range of inexpensive frozen beef brargers i Sapee
markests in Ireland for the presence of DINA from other species. The test fourd M-—l'—“vﬁ
horse DNA in over 33% of the beef burger samples and pig in 85% of them. Pl.:rm m-_e_r
tigation unraveled a huge pan-European scandal involving 2 vast 2rd erhngled netwotk

3, e
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BOX 41.8

CASE OF STEC 0104:H4 (GERMANY AND
FRANCE, 2011)

Germany by EF5A indicated that the two out-

breaks were likely to be linked. In Germany,

Escherichin coli bacteria (STEC), serotype 4321 outbreak cases, including 3469 cases of
OI104:H4. On 24 June, France also ref d Shiga toxin-producing E. colr and 852 cases
a similar outbreak of E coli O104:H4 in  of the hemolytic-uremic syndrome, had been
patients that participated in an event. reported by 26 July 2011, when the outbreak
The investigation of the outbreak in  was declared (Buchholz et al, 2011). By that
Germany first pointed to cucumbers time, 50 persons had died (WH, 2011). The
imported from Spain. Later, as the outbreak  outbreak in Germany caused huge coonomic
continued, this proved to be false and the  losses in many European countries.
likely source of the outbreak was attrib- Spain's export of cucumbers and veg-
uted to sprouts of fenugreck, grown from  ctables was badly hit and export of some
seeds imported from Egypt (EFSA 2011). An 150,000 tonnes of produce was affected
examination of the outbreaks in France and (P! Times, 200104 and 2011b).

On 21 May 2011, Germany reported 3
d break of Shiga toxin-producing

of traders, slaughterhouses and renowned food producers. Fraudulent products have been
discovered in many countries, e.g. France, Germany, Ireland, Ttaly, the Netherlands, Spain,
Sweden, Switzerland and the UK. Additional products, e.g. frozen lasagna and spaghetti
with bolognese sauce, beef ravioli and beef tortelling, as well as other abattoirs, producers,
traders and supermarkets are being implicated in the scandal. There are reports indicating
that in the light of the seandal, one-third of British consumners will not buy pre-prepared
food products,

i\ Although, at this stage of investigation the scandal seems not to invelve a food safety
issue, it revealed:

* ‘The very complex food chain where meat sourced in one country (in the current case
Romania) changed hands several times before reachin supermarkets i 2
- R_L'ﬂllwn brand name companies subcontract the acquisition of their raw material lo other
firms ﬂl_lt_! who in turn subcontract to others and so on, making the prosent system of
|ﬂmbllit}‘hnf little value for ensuring safety, integrity and wholesomeness of food.
Lack of ethics of managers of food businesses who would deceive consumers for whom
the consumption of horsemeat is culturally and emotionally not acceptable,
Where there are no ethics, the range of problems that can affect the food supply will be
endless, unpredictable and beyond our imagination. Although the horsemeat Crisis is
P"’b"'b_b' not a safety issue, other cases of fraud can have food safety consequences (e.g.
melamine in USA (2007) and China {2008)),
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WHAT LESSONS FOR THE FUTURE!

Far from being an exhaustive list of all learnings from the various crises, the expenience

in the management of various crises points to the following principles:

+ Speed of action and communication are vital_

+ Priorilizing public health, or consumer health, over economic aspects. P

+ Validity of information and understanding the degree of uncertainty and for variability,
ie. getting the facts right.

+ Considering public perception, underlying science and other determinants of trust.

* Transparency, i.e. giving the full truth.

+ Functional sey i en risk and risk

+ Coordination between different authorities/. i
tommunication.

T

g ons involved and consistency in

* Amapid risk assessment and communication of risks by public health authorities is
fundamental for preventing disparate actions, )

* Maintaining the flow of communication to the general public, particularly througha
trusted source.

. hmd;mng the situation and consideration of the social and pelitical context efan

incident.

+ Being aware of the global nature of the food supply and food safety, and of the noed o€
international coordination. ; 8

* Amalyzing other incidents and taking measures to prevent their repetition, as 31 u:md:
that happens a first time can be considered a mishap; whereas the second time. i
viewed as negligence,

A cross-cutting lesson from all crises, be it the food sedor or other 9‘“”“"".'”:‘::
Importance of management commitment, human resource management and o7EANE3
culture in a erisis, both in terms of prevention and management of a crisis. As der

in the accident that befel

1l Concorde, in safety, any detail can be 'ImP““J“I_' In l]h“ and the
a piece of another plane fell onto the runway and led to Concorde crashing plane &

demise of the company. Therefore, the collaboration of the staff, exemplary mdm::
commitment of the management is needed 1o prevent any failure, l\n“'l:\ﬂs::h'd#
be. Table 41.2 summarizes the key lessons from the above-mentioned and 28
incidents and crises.

ESSENTIALS OF CRISIS MANAGEMENT

and
. icis management.
From the above, it can be understood that the importance of crists ©
preparation for it, cannot be overemphasized, Provided that erises.

* donot occur too frequently,

s are not a consequence of obvious or gross negligence,

» donot involve unethical or malicious malpractices, Jllld

* health and concerns of the general public are given prionty
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TABLE 41.2  Susmmury of Lessons Learmed from Various Incidents and Crised

Incidents Lessons Leamed

Mincral water contaminated with Rapid product recall increases trust
I = of valid information for decision-making

benzune (France, 1959)
Attermpts to downplay the extent of an incident will damage the
reputation of a company
Tt of 1
BSE/vCID (Worldwide, P of transparency and shility o ¢ icate unceriainty fo
(Europe 1996-2000)) public
Img { prioritizing public health over jc considerati
F of / public perception (e.g. dreadful nature of
diseasc

Need for separation of risk management from risk assessment
The social dimension of food safety

Impartance of traceability and farm-te-fork spproach

Rele of media

Impartance of risk cammunication by a global public health autherity

5. aurrug intoxication; milk Importance of rapid action (halt of sabe, recall of products, and pablic

{Japam, 1955 apology) increases trust
5. aurris infoxication, Speed of action
milk powder (Japan, 2000) Priurity to public health

Communication: empathy with the victims

Full transpareney: any attempt of denial, or minimizing the impact
(false cr partial information, partial product recall} will damage the
repuilation mare

Preparation: clear proccdures and training

Mechanism for reporting problems fo management

Beware of culture of fear!

Mislabeling of beel product A good erisis management does not always help!
Uanuary. 2001) Fraud and ethical malpractice will nol be forgiven
Animal feed with Is I s of action
diouin (Belgium, 1999) Duomons hrumz:‘l:rmmpl\l!y of the food chain and the need for
traceability
The niewd faor Farm-to-fork apprech
Role of media

Importance of risk perception
The need for resemrces e, laboratories )

Soft drink allegedly : < of
wilh pesticudes (Belgium, Imém
rtance of considering the conteat of an inodent
France, 199%) Voluntary recall can increas: st
Rode of media
Packaging contaminant: .
5 Harly and ir. E I th: I i
i wide, 2005) o ranuparent communication of the food indudry incease

A rapid risk assessment and communication by trusted souros
prevent escalation of a crisis and ensure coberent actions across

Furope

(Candimurd)
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ESSENTIALS OF CRISIS MANAOEMENT

1053
TABLE41.2 (Continved)
Tacidents Lessons Learned
Fuaging contaminant: I of risk and b commpetent
Waridwide, 2005) Alignment with govemment views
Coordination of government sgencie
Impartance of risk perception
Financial consequencs can also ereate 3 osis
of documentation and records
Media plays an immense role
Fet food adulterated with metamine The need for additional £ tohand ques)
orth America, 2007) Early reporting to public health authorities iire dammag:
Imp e o3 b dties
1 T of ad; -v‘- [ J—' m
Root ca Lysis of i o disaesmil P—
can prevent future
SunBlower ol adulterated with Inte onal 4 F dumping. d food
minczal oil (Burope, 2008) to wther covntrics or fod sectors
Difference between being allowed b kavp irapted prock
already in the market and being aliowed 1 rebease 3 contaminsted
product

Selmonefla/ Pioamut butter
(LISA, 2006 and 2008 /9)

Melsmine/Infart formuta
{Chena, 2008)

Enterchemorraghic £ vl
(EHEC D144} and fenugnock
{Germany, Frarsce 2011)

Importance of st cause, comective actions based oo understanding
the underlying factors for malpractics

T of rool cause, I’ based b
the underlving factoms for malpractios
Riska associated with fear culture

Control of contaminated prodicts and their safe dispmal
Importance of speedy action
Valid & bnfar s bk

o the pencral pebiic

Coardination amang authoritics
Impact of public frar on food market
Lack ol ethics in food business
Cumplesity of the fod chain, limitati ki

Where there is no ethic, all rangenlmhnﬂhﬁ’ﬂ"d.‘
unpredictable

Hoesemeal (Burope, 2005)

Good erisis management can to some extent reinforce the trust of consumers and trading
partners ar improve the reputation of the affected organizations, or at least limit the dam-
ape. Consumers who would observe that, in case of any adverse event, the Imsumnl the
povernment will take necessary measures to protect them will have increased trust in the
businesses and governments, As mentioned above, in a crisis situation both p\m
and the industry may be implicated and will have to bear l!mcmqmnllm ll\m
fore, interactive communication and full transparency between the two parties is essential
Additionally, both may be asked to explain why their preventive measures lilﬂ!d_- "

ile collaboration and communication between governments and industry is important
to manage a crisis, it is also important that the process of decision and implementation not
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be biased. Therefore, the principles for risk management and the process af mk_m_naf];m
developed for the management of food safety in normal times applies also in a crisis situ-
ation, except that decisions have to take place under time constraint, with mmm!zlrtrlda_u
and often under media scrutiny. The more a country’s food safety rnan:gl:mlml is solid in
terms of organization, e.g. definition of respensibilities, values, standards (existence of leg:
islation and enforcement mechanism) and procedure, and gk:]]ed and competent managers,
the better it will be prepared for managing a crisis situation. The same applies in a food
business. In the dioxin case in Belgium in 1999, the lack of norms for dioxin at the European
level and of traceability were gaps that, among others, negatively impacted the manage-
ment of the crisis. In a similar dioxin crisis a few years later in Ireland, the existence of 2
norm was one of the factors that eased the decision-making process (Donal etal,, 2010.’_- :
As for food safety management, crisis management requires a structured, systematic an

consistent approach and includes four stages:

L Crisis prevention

2. Crisis preparedness

3. Crisis management

4. Recovery and rebuilding after a crisis

The following principles and recommended practices for crisis management are !'ml_m-
lated in a general manner. With some adaptation to the circumstances, they can be applied

both in governments and in industry.

Crisis Prevention

It has to be recognized that a crisis situation starts when food safety ma.n.lg,ﬂnenl has
failed. Therefore, regardless of how well it is managed, a erisis is often an indication of I.ul[
ures in food safety management and will have some negative consequences, particularly i
erises occur too frequently or past errors are repeated. - oy

Management of a crisis situation mobilizes many resources within the onganization
and disrupls the normal operations. Therefore, the repelition of a crisis situation not only
will erode the trust of the trading partners, customers and the public at large, but will alo
undermine the routine of the operations and will wear out the stalf. buhﬂ.guu:nlh'. these
may be more disposed to human error. A vicious cycle of vulnerability sets in. H_mn: the
importance of preventive measures, as the better we manage food safety, the less likely we
ane to have a crisis. Thus, paradoxically and ironically, the best crisis management becomis
its prevention,

The preventive measures are not any different than those that are necessary for food
safety management; crisis ma nagement should be scen as a continuum of food safely man-
agement. For an overview of food safety management, the reader is referred to Chapter 1
and also clsewhere (Motarjemi, 2008, 2014). However, some aspects of food safely manage-
ment find particular importance during a crisis situation; these are deseribed below.

During a erisis, trust becomes a very important asset, as people operate under acute
conditions requiring real-time and stra tegic decisions at high level. Due to the urgency of
the situation, there is no time for checking the validity and thoroughness of the data as in

A normal situation Many decisions ane to be taken based on the trust in the integrity and
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oompetence of staff or experts and on their respect of the values and policies of the organi-
mtions. However, trust is not built or achieved in one day; it takes years of good practice
and of responsible and transparent behavior and managy Although, as mentioned
above, the practices during a crisis management can enhance and reinforce trust, its founda-
tion s to be built during normal periods, i.e. during the day-to-day operations. An organiza-
tian that behaves responsibly will not have difficulty in transparency and giving the truth
about the cause of its incident. Therefore, values such as open culture, transparency, pri-
eritizing the safety of products over economic considerations should be spelled out in the
policy of organizations and actively supported by the management. In other words, policies
should not be a declaration of good intentions but practiced by the leaders on a daily basis.

As part of management, the definition of policies, processes, responsibilities and the
provision of logistic support all are important for good management of food safety.
Additionally, in a food business, the food safety assurance system, including the GMP,
HACCP system and various verification measures, as well as change management, will
need to be implemented in a flawless manner (see also Chapter 31 and its validation and
maintenance). Regulatory authorities should also monitor the food supply for safety and
have an efficient foodborne disease surveillance program to depict any problem at an early
stage.

Animportant and integral part of the food safety management system is management of
human resources, as no matter how many principles, systems and tools are snnovated for
managing food safety, it is finally the staff who have to implement these (see Chapter 37).
Human resource management is often a neglected area in food safety management, while
itis fundamental to an efficient food safety management and should be considered at the
heart of the system. Experience from various crises shows that very olten failures leading to
anincident or a crisis are known by the staff, or could have been predicied; however, due to
fear for repercussions on their career, they fail to report or do not bother to report as they do
not believe in the fair evaluation of their information.

Therefore, over and above their knowledge and skills, staff need to be motivated and
meouraged and, most importantly, not fear for their career or potential repercussions when
reporting potential gaps or malpractices. Any gap or malpractic which s addressed at an
carly stage will decrense the risk of an incident and eventually of a crisis. Employees need
1o believe in the commitment of their management in the true sense of the word. Hence,
the importance of credibility of the management and their walking the talk on a consistent
and continuous basis, as any non-compliance or complacency at the Idynrlﬂ'dlu' manage
ment, will set a bad example and have serious repercussions on the entine “S”‘mmm
importance of management commitment, having an open culture, prwndhsﬂ‘em"r
problems, and their investigating and closing the gaps lor prevention of crisis cannot be over-
emphasized. Naturally, governments have the leading role in protecting ﬂ‘f“ﬁ"‘d“"“‘"'

As part of food safety management, but of particular importance to crisis it
are of course traceability, recall procedure and the procedure for crisis management isell,
The latter will be described below. With regard to traceability, without such a system, in case
ol a non-conforming ingredient or praduct, it will not be pessible to make a selective reaall
of products, and all products suspected to be potentially affected will have to be recalled
and destroyed. A case in point is the incident with dioxin in Ireland (199) where, due to the
absence of traceability, all pork products were recalled, whereas for beel, as a traceability
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system was established following the BSE incident, a selective recall, i.e. a recall of contami-
nated products, was possible. The same applies for an incident affecting a food business
The finer the traceability system, the more likely it will be possible to narrow the recall of
products that are affected by a contaminant. For instance, a company who can trace a con-
tamination to the precise time of production can limit the recall to those specific products.
In absence of such a system, unless the nature of the contamination is such that it is paossible
to segregate affected products by testing, all the production of a day, a week or of a Jonger
period may need to be blocked and withdrawn.

Many organizations may also benefit from an active early wamning system or may even
do research on potential emerging issues. Such a system is at the frontier between preven-
tion and preparedness for crisis management. Depending on the nature and size of the
organization, the system could include monitoring, surveillance and analysis of:

Literature and scientific data;

The regulatory development and alert networks;

Incidents and experience of other companies and countries;
Consumer complaints;
Foodborne discases, animal dis ; and monitoring of cor
Post-launch of new products;

Audit and /or inspection reports, reports of compliance of products:
Internal account of stalf reporting non-compli or mi lagement.

“ s 8 8 808 88

Crisis Preparedness

One of the key principles for erisis management is the speed of action, be it investigation
inta the case or informing the general public. In all incidents where there has been delay
in action, it has caused outrage and hard judgment by the public. In the dioxin incident in
Belgium (1999), melamine in China (2008), 5. aureus in Japan (2000) and E. coli O104:H4 in
Germany (2011), one of the main failures for which the responsible authorities were severely
criticized was the delay in removing products from the market or in informing the public;
a similar experience was observed with Toyota (2011) and Sony who were slow to inform
the public about their defective cars or their security system that was hacked. Therefore, to
ensure a rapid course of action in such a situation, a certain number of actions and activitics
have to be carried out in advance to actively and specifically prepare for a crisis situation, To
this end, it is important to consider: i

L Infrastructure and resources that may be required during a crisis, These include:

* Developing a network of collaboration and alliance with various stakeholeers, as
during a crisis there will be a need for a rapid exchange of information. Examples
are media, other food companies or industry associations, regulatory authorilics,
consumer organizations,

« Being aware of the regulatory requirements in relation o (1) the procedure for
reporling an incident (i.e. who hould be informed, at which point and what kind of
information needs to be provided), (2) legal requirements for withdrawing or recalling
products, (3) the eventual disposal of contaminated products in a safe manner, and (4)
penalties or penal actions for the responsible person, in case of consumer injuries
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Being informed of the requirements of the Codex Alimentarius Commission and

the International Health Regulation in case an incident or an outbresk takes ==
intemational dimension or affects foods entering the internaticnal frade.

Foreseeing the scientific support (e.g. access to experts) and additions! logistic seppers
Organizing a database on products and their traceability records, ie theiz destranen
and/or the source of the ingredients.

Establishing a contingency plan. e.g. how the work will be delegated or 2 altematve
source of products.

Definition of roles and responsibilities in times of crisis and the petwerk of pecpie s

should be informed. o

Additional administrative support and infrastructure, such as designanon of s specic

meeting room, extra lines for telephone, mobile phones, etc.

Good organization (responsibilities, network) and written procedure, ez St mmate

actions.

Red folder: data needed in case of accidents: org chart, EEnC) "'I—r_-

numbers, phone numbers of key partners, govemmentsl agendes, food cmpanies

customers, scientific experts, specialized laboratories.

% Principles and procedures. While defining procedures and princples, i is imperast
#lso define the specific procedures for crisis management, ie. how the exy ¥2ming

system should work, who decides, implements and communicates during 2mas

situation. Often these may be the same as in normal drcumstances; heweres el

organization has to give this matter specific consideration and take 2 conscizs demson,

25 the same infrastructure and setup may not be suitable for all types of condisons =2

erganizations. The types of questions that should be considered are

+ The line of reporting of information.

¢ The type of information (consumer complaints, regulatory actions, medss, dsesse
surveillance, food ban, eic.) that should be reported as part of early warmng.

* The crisis manager and the skills required for this position.

Composition of the core crisis management team, competence nesded 3

responsibilities,

Thase who should possibly be informed internally and extemnally (regulsseey

authorities, medical commumity, consumers / general public, suppliers, cxstome =

media, food companies, trade org; ions or intermational organ: | poma

case of tampering).

P

Define the principles of decision-making and the authority, ie. who wesld seed =
approve a decision.

* The person who will be responsible for implementing decisions and fos folowz o8
* The spokesperson.
* The procedure for preparation of the communication.
+ How the issue will be coordinated nationally or internationalls ¥

3. Defining a crisis manager. It is to be noted that the food safety manages does oot ‘-‘:T"‘
need to be the same as the crisis manager. A crisis manager should bave specfic sals,
such as:
+ Leadership.

+ Good technical knowledge (scientific, product, supply chaim. reruiaon TRTmAOR
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Crganizational management skills.
Puislic e ication skils
Recogmition and trust of stakehoiders.
=3
Emctional intelligence (ampathy ).
Fragmatinm and common sense.

Finaily, as part of crisis preperedness, it is important to communicate m'aJI stakeholders,
ar afl potentially involved parties, the fiow of reporting, ie. the communication phruuf
the principles and procedures; it is alse impertant o frain the crisis feam membess in cisis
P— and pericdically perform a cisis management exercise to ensure that the pr-
cedums and principles are correctiy und d, feasible and fied with. [t is clear that

R

in the light of the cutcome of the exarcises or in case of any new internal or external exper-
mﬁecﬁlmmtpmﬂmhmhmiﬂedwimpmd..b =
ment for training is, of course, skills in crisis communication. As will be seen below for this

Crisis Management
Then comes the time the hause is on fire, Le. a crisis hits. The procedure, e.g. convening
the crisis management team, informing the management, is to be put in place. It is impor-
tant fa act swiftly but calmly, Speedy and timely decisions and actions are key but it &
equally important not to take decisions in a panic mode, and as far as possible fo lie the
isions in consultation with the crisis management team, and/or depending on the case,
with the support of the management of the arganization. Where applicabl I bodiss,
E-leh!r dustri industry s gov
organizations, may need to be consulted.
l"&"".“ﬂfﬂiswmanumbuu{dmjsm-mmbcukenamiimpk—umd.fo&h
end, a few principles are to be observed:

1. To get the facts right and be aware of uncertainties. Examples of information which
would be required are

* What has happened?

* What level of contaminants was found in the food, which method was used and its
memﬁﬁt}' of the method, possible product variation or limitation of the
analytical techniques, or the « I of the laboratory.

* Range of products that are affocted, the time the affected products have been on the
market, i.e. how far back a product may need to be recalled if necessary, their expiry
df‘?’ their distribution, and products which are in the warchouse at the time of the

* What was the possible cause of the problem? This information will be essential to
determine which products, up to which time, need to be pulled out of the market.
= Wha is aware of the issue?
* Bvaluating risks and possible management options. In evaluating the risks, the health
consequences for consumers should be the primary concern and the priority. As part of
this, different types of risks need to be considered, e.g. safety risks versus nutrnitional
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risks. Safety osks can also entail micobial versus chemical msks. [tis o be bomin
mind that a rapid change in a product er foed consumption pattern witheut taiking the
necesxary precautions may also lead to exposing consumers o new misis. Other types
of factors to consider in the decisi King precass are egulatory and legal aspects.
potential e 1 risks, reputation risk, ic and fnancal mplcatons.
sodial consequences and perception issues. Decisions are to be taken based on the
cove consideration and considering the pros and cons of different management
options, induding feasibility and possible timeframe.

To ensure that the intentions with decisions are understood and the decisions are fol-
lowed, it is impertant to explain the basis for dedsicns and to keep records on the reason for
fhem. these who participated in the dedsion-making process as well s the data that wen
corsidered. The impl ation and the cutcome of fhe actions are to be monitored and
evaluated at all times. Where necessary, e.. in the light of new information, the course of
action or decisions may require amendments. In taking dedsions, itis i@mmﬂﬁ‘*’

both shert-term as well as long-term consequences, and also to think globally as today food
safery is global and decisions can have broad

ience in other countes

may also be beneficial. Finally, to ensure a rapid course of action, it is impurtant to have 3
plan of action fincluding a contingency plan).

Crisis Communication

During the last two to three decades, there has been an inceasing jon of the
impertance of risk perception and risk communication, in particular during, the Fﬂ" a
acnisis, It has, among others, been realized that perception of the general public,

rot always based on science or in line with the view of scientists, is the train driver in the
acceptance of products and / or technologies and influences the food market, A huge amount

of rescarch has been carried out in recent years. It has been found umhpuwpm‘*w
sumers is influenced by a number of factors such as:

1. Prospects of significant benefit for “me.”

2 Whether the risk is voluntary (consent) or involuntary.
3. Whether the risk is familiar, :
4. The “dread” factor in the risk,

5 Whether the risk and benefit are “lairly” distributed,
6. Whether the risk is part of an unethical activity.

7. Whether the risk assessor and risk manager are trustworthy,
8. Whether the risk is natural or unnatural.

Consideration of these factors is important, as much in mmmmﬂﬂ“
decision-making. For instance, in the ITX incident in 2005, where infant formula was cen-
taminated with traces of photo initiator of ink, the affected food jes dedided pot o
recall their products on the grounds that the contamination did not represent a significant
risk to health, while many consumers would not buy such a product as hm\?ﬂl
was an unnatural event, involuntary and the risk benefit was not qﬂww
regard to risk t and risk communi the fact that inihally the risk assessment
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was carried out by the infant formula manufacturers and not by the authorities undermined
the validity of risk 1t and communication. On the other hand, in an incident that
occurred Z'ymrs earlier in 2003, where traces of semicarbazide were found in baby food, the
rapid risk assessment by the European Food Safety Authority and its communication to the
general public led to a more peaceful resolution of the crisis.

Consumers and interested parties get their information in different ways. Therefore, different
methods and means of communication need to be used to reach the targel audience as widely
as possible. These include: press release and /or press conference, TV interview, website, pod-
cast, telephone voice messages and hot line for spedific consumer queries, alert networks such
as the European Rapid Alert System, WHO/FAQ INFOSAN, etc. A rumor hot-line can also help
people understand if any erroneous message needing correction or explanation is circulating.

Experience from a few crises shows that in the heat of the management of a crisis, a few
groups of people are forgotten in the line of communication; they are mentioned here as an
aide-mémoire, as depending on the situation, it is essential to keep them informed. Some
may need assistance with a brief, a draft declaration or a question and answer, in case they
are contacted by the public or the media. These are:

# The chief executive officer or the director general of the organization.
* Trade associations/regulatory authorities or international organizations.

= Stakeholders of the food chain, e.g. retailers.

* Employces.

* The switchboard or consumer services on possible answers to the general public or

CONSUMETS,

The exact choice of the method and the mech of communication depend on the case,
and the strategy for communication needs to be examined very carefully so as not to create
undue panic in the population, yet to inform them as needed. In the 2002 acrylamide crisis, the
Swedish authorities decided to hold a press conference. According to communication experts,
this method of communication created a big communication crisis and media attention, while
the contaminant was not new (humans have been exposed to it as far back as the Palacolithic
period when food was cooked over fire), its risks were not yet known, and its content in food
could be reduced only after extensive research, meaning that an alarming communication
would only ereate panic without providing consumers with a solution (Lafstedt, 2007)

Alew additional principles need to be considered in crisis communication:

* Speed: a communication should be made within 24 hours
* Alle ions should be coordinated through one person,
* Depending on the situation, the communication could include the facts, i.e. what is
known and what is not known, the decisions, actions and the basis for the decisions,
* Communications should be made in such a way as to avoid any misunderstanding by
Ih!f audivnce, ie, the potential for being understood in different ways than was intended
This can be done by testing the communication on a focus group or persan representing
the target audience.
* Confirmation of receipt of important messages
« Full transparency and consistency, in particular being aware that any attempt to
downplay or hide facts will cause more damage to the reputation.
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* Having and expressing empathy with the victims and affected people.
* Frequency, mode and content of the communications should be eulture specific and
effective for the specific target consumers.

* Avoiding terms that would amplify the situation or unduly minimize and mislead the

farget audience,
* Incommunicating with the media, any gap in information can lead to misinformation.

Documentation and Records

Documentation and records are important means of communication and these are an
squally imp task in the 8 of food safety.

In a crisis, which is often a situation where the safety of products has gone out of con-
trol, having records of events, decisions and actions as well as supporting documentation
even more important. As part of this, all facts and decisions are to be recorded ina
logbook. The logbook should contain records of the events, who decided what and who was
informed. When meetings have taken place, it should also include minutes of the mestings.
These should also record reservations made by any member of the crisis management team
and should also be disseminated to all attendees and other interested partics. The prepara-
tion of a case report on the event can help in communicating the event to stakeholders in a
consistent and transparent manner, and also facilitate the identification of any discrepancy
and/or uncertainty that may be detrimental to the process of decision-making. It can alsa
support the development of consensus and the later evaluation of decisions and of the crisis
management,

Recovery and Rebuilding after a Crisis
Management of a crisis is often 50 exhausting that once the storm i over, members of
the erisis team t

end to return to their normal dutices, without further considering the les-
sons from the crisis. However, the evaluati v OF Bhe Erigis t and d tion

of the root cause of the incident, its consequences, lessons learmed and cometive actions

are very important for preventing future incidents (see also Chapler 40). In a case when an
infant had died (Belgium, 2001) where the contamination of infant formula with Cronéch?
sakazalii (formerly known as Enferobacter sakazakif) was considered as a possible cause of the
incident, the authorities questioned the manufacturer on the corrective actions that the com-
pany had taken since its previous C, sakazakii incident. Thus, the outcome of "".'.'ﬂuam
can be instrumental in improving the food safety management system of the crists PNP':
edness and procedures, in order 1o prevent, or minimize, the impact of future P‘“bm"’:: &
final report on the case, including the root cause analysis and the lessons leamed, nend 10
be communicated widely to prevent future similar cases. Public health W&dﬂe\'s
also report the results of their iny igation, The repetition of several X thxllh;
e melamine, Salmonclla in chocolate, Sabmonells in peanut butter, tends to indicate widdy
causes of incidints are not always fully investigated and the lessons leamed are Mu{ i
communicated. Finally, the roles and responsibilities, including these of m:;t::
agement, in the incidents need to be clarified. A major mistake would be fo fire S5 PEons
nel who a priori are viewed as responsible before the investigation is finalized
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cause of the incident is identified. A critical review of the root cause of incidents can show
that not infrequently, the failures can be traced to the management’s decisions and lack of

commitment,

CONCLUSIONS

In life, the unthinkable can happen. In food safety, any gap even a detail may be the occa-
sion for an incident or mishap with the potential for causing a crisis. A proactive approach
to the management of food safety can minimize the likelihood of an adverse event leading
to a crisis. A crisis is never good and will cause damage, and should by all means be pre-
vented; however, when it occurs, how it was managed can be the opportunity for demon-
strating the management capabilities and the values of an organization. In the management
of a crisis, the objectives should be to maintain the trust of the stakeholders, in parﬂmlhr
the public, authorities and trading partners. Decisions should be based on facts, including
consideration of the uncertaintics, and putting the health of consumers as a priority: The
perception of consumers is also an important consideration. Speed of action, a mlﬁﬂ“

key values for which

and transparent approach and empathy for the victims are some of the
an organization should be scrutinized. In a crisis situation, the media play an important role

and communication with the media, or through the media with the public, is key for the
management of a crisis. The values and culture that an organization promotes and 'ﬂ'.“.'lr
implements is a determining factor for the early identification and manag t of potential
issties and for the prevention of a crisis.
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INTRODUCTION

stTae
: in. It is demar
Standards appear to be an innate, hard-wired faculty of a !nf‘mg bn\ﬂ:ﬂ ! e st .
repeatedly in even nonhaman subjects by vietwe of an animal's ability “"Hmmlﬁ.}m
Tbetwern ;i;w and unripe foods, which individual will makzﬂwnwﬁ‘::mhm-s pdkﬂ'f‘i
the best place to build a nest or den. Crealing standards appears I? i 7 y

Ahod to sort and cdassify the (lood of information that it contiruous T categorie certair 1
= 5 v bility to standardize started mnﬂl"i"“&

Over the course of evolution, this ability e The
sounds to mean specific things: such as food, water, danger

—_— i D b vt
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sounds led to the development of language that could be understood by multiple indi-
viduals to unify a group into a society. All could learn and understand the meaning of the
standardization of the various sounds. In time, the slandardizedl sounds were :rﬂwnmﬁ-
ardized into specific s ols or ups of symbols, and written language ensved.
Culmnunicg:iun w?’ﬂ“‘: basis EI'::: gvilizz.ticn and, as such, is the lubricant that allows
industry and business to flourish. Communications must include concepts, units and mexs
urements that are commonly understood to be useful to the parties involved. The dwelop-
ment of standards as a tool of commerce is hard work. Those actively involved with the
development of standards know how difficult it can be to put concepts into words so that
every reader will arrive at essentially the same interpretation. As difficult as this effort may
be for physical attributes of a product, it becomes immensely more difficult when trying to

describe a sensory altribute, such as a flavor or odor, in words.
Soinacy dards. An internet search for Food Standards

The world of commerce is awash with stan ; g
will reveal approximately 540 million citations. Every cuunh‘?r has its own extensive f.u
standards for both domestic and imported products, Over time, some of those standards
have been codified to become regulations. This chapter will focus on the leading organi-
zations that develop standards that are of significance to the food processing industry.
Industry members seeking to do business with a particular country or region are strongly

encouraged to become familiar with their standards. ;
Effective standards and guidelines are developed through what is called the Consensus

Process
process as follows: “Consensus decision-

Wikipedia (hup.// wikipedia.org) defines the
making is Eﬂ’LP d;ﬁsir:n-maﬂ?!s process that secks the {Eunwn!. niot rl_L-nas[l.n:_L l;lr
agrecment of participants and the resolution of objections.” s o
Merriam-Webster as, first, general agreement, and second, group mlldanl}-I of beliel or "“i:
ment. It has its origin in a Latin word meaning literally feel together. It is used 1o Cons
both the decision and the process of reaching a decision. Consensus st ol
concemed with the process of reaching a consensus decision, and the i
effects of using this process. ie princi

All standards writing onganizations sing; this process follow these basic principles:

* Openness

* Lack of dominance

* Balance

* Coordination and harmonization

. Nurtl?ralinn of standards development
. l-'-:n:mldi:raiiun of views and objections
* Consensus vole

* Aprocess for appeals

All intercsied parties taking the opportunity to participate in a standard’s dievelopment
are assured that their comments and abjections are heard, and that the work is not duplicat-
ing the work of standards already created.

Modern commerce in the food industry is both local and inters
Worldwide consumers are used to being able to obtain food produ
locally grown or are not in season, They are critical of freshness, quality and safety. Even

al in nalure
which are not
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snsumers in underdeveloped or developing countries that are forced to live at subsistence
svels are wary of receiving cast-off or substandard products. Safe food is of primary con-
wm o all consumers, Unsafe or low-quality food will cause a long-term loss of confidence
nasopplier, This loss of confidence will result, at minimum, in a significant loss of market
dhare and, at worst, cause a company to go out of business.

Everyone benefits from standardization. Standardi

mduting consumer prices and increases the safety and desi

1 red production costs thus
rability of products offered for sale.

LEADING INTERNATIONAL STANDARDS ORGANIZATIONS

; iy At the international level of public health oversight is the Werld
@m Health Organization (WHO).! \?\'HO is the djmcﬁnégla.nﬂﬁ coordinating
authority for health within the United Mations system. It is respons-

Bl fur providing leadership an global health matters, shaping the health research agend
shing norms and standards, articulating evidence-based policy aptions, providing tochni-
al support to countries and monitoring and assessing health htl:vds \;‘r{O provides ser
vices in every aspect of public health; however, its Program on Fuodl Safety (including i
adtivities for the surveillance of foodborne diseases) is of specific importance t ood stFet:
T:;Fﬂod Safety program is allied with the Consumer hﬂmimpzﬂmgnm of the Food
cm“"‘“’miﬂﬁiﬁ“"““ of the United Nations, the host for the Codex Alimentiris
WHO, as the leading authority on public healy i intter-
rational support and resources to E\"I‘Iﬂuq\ mmpnl:‘h:t“‘:i‘_[:;‘_ﬂ;:ahﬂ' mﬁaﬁ*mm
biclogical hazards in foods are a worldwide Public health m::_.:smnd e
impacts on international trade. All interested Panties from prod a s 10 GOV
ments need to have access to reliable risk assessmeny bu‘:E uf“.' P;Tumwm o
tise or funds to conduct them on the huge Numbers ;[ o ew la::scde_ : i
food production. It is through the efforts of the Join FAEEIC;I:'D Il‘rl gowmmilu' .
Food Additives (JTECFA), the Joint FAQ, Epel

& FWHO Moot Ty i (PR and
the Joint FAO/ WHO Expert Mecting on Miﬂ:mhioltng'i:iak?hndc m’:-m: ‘_E:J pilp

food industry benelits.

JECFA meets twice a year to condudt risk assess sfuations of fod
alditives (including processing aids and nnvmm‘g:t:;::,i]:ﬁg :;wnlh‘ cocurring
tovicants and residues of veterinary drugs, JECFA has ‘t'\'nluatml mmﬂﬂm"‘*"
tives, approximately 40 contaminants and naturally ng, toricani, and s of

appronimately 90 veterinary drugs since its inception, The findings of the commite® L
published and available from online archives:

» The WHO Technical Report Series (TRS) containe concise mmhgicdlf\dw
pvaluations of each substance evaluated,

« The WHO Food Additives Series (FAS) are toxicological NW'P"“"'"M
deseriptions of the biological and toxicological data from the evaluati and including
intake assessments.

yew e dnd
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s The Compendium of FAO Food Additive Specifications provides detailed specifications
on the identity and purity of food additives and flavoring agents.
e The Database of FAO Veterinary Drug Residue Monographs.

JMPR meets annually to review residue and analytical data on pesticides and other con-
taminants, Their reviews are focused on the chemicals’ rates and by-products of metabo-
lism, effects on the environment, use patterns and to establish maximum residue Jevels
(MRLs) and average daily intake levels (ADIs). As such, JMPR serves as the scientific
advisory body for the FAO, WHO, FAO/WHO member governments, and to the Codex
Alimentarius Commission via the Codex Commission on Pesticides/ Residues (CCPR).

Following the Uruguay Round the World Trade Organization (WTO) succeeded the
General Agreement on Tariffs and Trade (GATT) and established that scientific, risk-based
standards were 1o be used under the Sanitary and Phytosanitary (SPS) agreement to address
trade practices, This positioned the FAO/WHO, through Codex, to be the preferred source
of risk assessment data.

The findings of the committee are published and available from online archives:

Toxicological monographs summarize the data reviewed. 5
Residue monographs containing information on pesticide use patterns, chemistry and
composition of pesticides, methods of analysis for residues, and information on MRLs are
published in the FAO Plant Production and Protection Paper series,

JEMRA was established to meet the challenges created by the emergence o re-emergence
of foodbome pathogens, The risk analyses performed by JEMRA cover the entire food
chain. They focus their analyses on detailed review of scientific papers with emphasis on
food-pathogen combinations, They are focused on identifying what are the potential risk
pathogens, what happens when the pathogen is ingested, what constitutes an infectious
dose of the pathogen, who in the population are at most risk, and what measures can be
employed to eliminate the chance of foods becoming infected. The primary users of the risk
assessments and data they develop are the Codex Committee on Food Hygiene (CCFH)
for use in the development of standards, guidelines and recommendations, and directly to
WHO/FAD member countries so they can better monitor and control microbiological haz-
ards in foods, =

Of significant benefit to the food processing industry and the govem:
mental bodies that monitor its activities are the extensive WHO efforts
to develop and disseminate guidance materials on HACCE programs,
the strengthening of national food safety programs, consumer educa-

tion programs and international health regulations
As noted throughout this chapter, the Food and Agriculture
Ovganization of the United Nations (FAO) is closely aligned with
WHO. The two organizations support and complement each other
The mission of FAO is to provide independent scientific advice, data
i,nf"l for risk assessment activities and similar guidance on food safely issues to the Codex
ission and gover al bodies. Decisions that influence international

Twwiw o ong
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tade and food safety requirements must be based on sound, demonstrable science data.
To assist this goal, FAO supports the development of member countries’ resourdes 10
disctively manage food safety and quality programs by providing advice on specific
saentific food safety issues. FAO provides additional guidance in food control measures
frvugh training and various publications. The following are major topic aras addressed
0.

+ Assessment of food safety capabilities

+ Establishing effective food safety programs

+ Encouraging participation in Codex activities

* Development and implementation of HACCP systems
+ Develop and impl i

+ Product quality assurance progra

of food inspection programs
ms

All of FAD's efforts are focused on achieving food security while protecting the envire™
ment and assuring sustainability of agriculture around the world.

c Eaa AP
ODEX ALIMENTARIU

The objectives of the Codex Alimentarius Commission {CAC) are to protect ‘j*m.hh 5
consumers and ensure fair practices in the food trade. Through the work “H!’mmwm
CAC develops and publishes standards and codes of practice under the auspics of =S
FAD. Codex Alimentarius i ional standards, guidelines and codes of practie 7™

ognized by the World Trade Organi ‘s (w‘[o;q,‘p t on Sanitary aisd PhylosmilaTy
Mesires (SPS Agreement) as the reference for food safety requirements. Ci in whith
represent 99% of the world’s population. Participation offers countries a foram XL

they can join the international community and assist in the ﬂn‘e'lolﬂﬂﬂ“"“i

ole in
of food standards and encourage their global adoption. Therefore, it plays 2 mfr

international trade and in the resolution of dispules between buyers and sellers
The WHO/EAD booklet Und

tandards and
erstanding the Codex Alonenlariug’ defines
oodes of practice as follows:

Coden standards wsually selate 1o product characheristics aod may desl wilh ll e
charastentios appropriate t the commudity, ve only ane e

Coden Codes of Practice — including cades of hygiens: practioe - define “W‘:::‘wﬂuﬂ
manulacturing, transport and storage practices for individual foods of groups of fooft
wwenihal ko coare the salfety and suitabality of food for consumptien.

In many cases, Codex standards form the basis for many national M,m&hm
xides the international trading community with a substantial foundation.

dation are many standards writing organizations pnuindﬂ;;lmdﬂﬁd guidelines.

Hjoumt FALWHO Food Standards Program, FAC, Reme,
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These standards and guidelines are also recognized internationally. They may be specialized
in various aspects of food processing and have gained wide recognition for their experiise.
As with Codex, the successful organizations produce their documents through the consen-
sus process. The ¢ process that the do produced have had input
from all of the i d stakeholder groups; all opinions are openly discussed until a con-
sensus is reached; the process has safeguards to protect the due diligence of the procedures;
and the decisions are science based rather than on proprietary interests, arbitrary opinion or

market protection.

International The largest standards writing organization in the world is the
Organizaiion for International Organization for Standardizati (1S0).* IS0 was
Shndundission founded in 1947 and is based in Geneva, Switzerland. Since
its founding, I1SO has developed more than 19,000 standards.
These standards and those of its partners, the International Electrotechnical Commission
{IEC) and the International Telecommunications Union (TTU), encompass the entire scope of
all industry activities from agriculture, food, construction, mechanical engineering, electron-
ics, to computer and communications technology.
150 is a network of the nativnal standards institutes of 164 countries. These national
standards insti may be dated by their respective governments or they ma!!r e
IS e ; e

y
industry established and operated. Inclusion of ds g OTE
both gove t and non-gov sources provides 150 with a superior advantage in

assuring that the needs of both government and industry are addressed through the con-
sensus process. While individuals and enterprises cannot become members ."[ 150, they
do have the opportunity to influence 150 standards and decisions by becoming active in
their national 15O delegations or the delegations’ member organizations. Individuals may
be selected to serve on 150 technical committees as recognized subject matter experts des-
ignated by their national delegations. A principal regional partner of 150 is the European
Committee for Standardization (CEN).

Support of world trade is a major activity of IS0. 15O maintains a close relationship with
the World Trade Organization (WTO) which grew out of the deliberations of the Uruguay
Round of 1985-94 of the General Agreement on Tariffs and Trade (GATT) as well as the
specialized agencies and commissions of the United Nations. 150 has focused their tech-
nical commitiee o assure that all IS0 standards are compatible with these interational
organizations,

To reach the broadest audience as possible, 150 maintains an extensive library of videos
to highlight the objectives and goals of the various standards and policies. OF particular
interest to the food processing industry within the 150 library are 114 standards specific to
food items and processes. 150 has five current publications detailing the creation and man-
agement of food saffety management systems and the certification of these systems, 150
22000 is a food safety management system that can be applied to any omganization in the
food chain, farm to fork. The standard has requirements for food safety management sys-
tems processes and procedures, and requires that the organization implement prerequisite
programs and HACCP

‘» G R ELE
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LEADING REGIONAL STANDARDS ORGANIZATIONS

ﬁ The European Committee for Standardization (CENY ¥
trmtmen b= based in Bruscels. CEN was created in 1973 with gt
= facilitate trade, remove trade barriers for F’-‘w.m_
e and consumers, and promote global trading while protecting Furopean
ad the environment. It accomplishes these goals through the development of andards
ad publication of technical reports and technical specifications. CEN is the only Europe?
jondards wriking, organization recognized by the European Union according 1o Dt
SHIEC for all asens of commerce except for electrotechnology and eecommmei
Thirty-three national members cooperate to develop and maintain W’““““’mﬂs .
réied by the preface EN. The national members solicit the involvement of 2 Vi T2 d
tahrical experts, business federations, consumers and special interest groups 0 cbia =
best and latest information when developing standards and lmdg?dfmmqﬂ
150 have a cooperative Maﬁw, established by The Viewna Agreemal, 1o pmld?lﬂ’tﬁﬂ"
o in each group's meetings and to adopt the same text in each of their “t::-
ylcable Aparoamately 30% of CEN standards are identicl to 50 sandin 0%t &
oped, the EN standards gain additional importance as they also become

for
wah of the member nations. Any existin i tvith e B -
108 are withdrawn s0 as to provide uni%unt;ﬁ?:ﬁ:;:ﬂih: ;ﬂ:ﬂm:’bd‘ Tes
tiom of standards and the removal of conflicting documents pmnder: o

where products can travel freely without the cost burd 11!‘1‘-‘1"“““" .

CEM has established more than 400 standards as ‘::‘;ﬁ im nﬁm i ’"ﬂﬂ
mical feports of value to the food processing and m]umd#mmn These M
o sting, of products for composition, toxins, micrao :Mm m": lorgersi paterals P
diing equipment, food technology, metallurgy, puk:}‘a terials and sysiET* ’
salety, and construction materials and building desi “m%‘m o Jar interest %€
and product standards which have been adopted af::'t-,mlmmmﬁmﬂ‘”" e
of products in commerce. Standards are available that alsoi the [wdsd‘\"(cl i

CEN works closely with the Eurapean Cﬂmmisiimm“::‘ul::‘l‘

ood salety:
+ M/315 Standardization, Mandate in the field of method of analysis fot

el
+ M/281 Standardization, Mandate in the field of methods of ar s of oot
encemning food hy giene . oy
« M/362 Standardization, Mandate in the field of method of analysis wwnl[ﬂ’“"
stuffs z

in b
o M/ Standardization, Mandate in the field of method of a,..h.,i,|nr='r°“"°"‘“i o
» /472 Srandardization, Mandate in the field of method of analysis INW“'M
wodine in food

« M/463 Standardization,

Mandate in the field of method of analysis H‘Mwmwc;.l

In conjunction with the European Research Center of {he European I this
particip in the orgamzation and pl g of i [Umﬂ:d“: il o
regars, CEN Workshop 18 — Cleanability of cmmercl fudsersice qulpm®

"!M.nulil o~

1. FOOT SAFETY ASSURANCE SYFIEMS



1072 41 THT ROLE OF INTERMATIONAL REGICHAL AND NATIONAL ORGANIZATIONS

catering sectors was created in March 2004. This workshop developed the document CWA
15596-2006 Code of practices on cleanability of commercial food equipment used in eatering sechors.
Consumers are purchasing greater quantities of ready-to-eat food items and dining away
from the home more frequently. The safety of retail deli counters and salad bars in grocery
stores, and restaurants ranging from food carts to fast food establishments to high-end res-
taurants, are all potential sources of food safety issues. Standardization of the equipment
designs, processes, food handling procedures and cleanability of the equipment and facili-
ties is of major concern to local authorities. -

CEN Technical Reports are developed to complement EN standards by providing infor-
mation on the technical content of the standards. These reports are informational in nature
and do not place any regulatory obligation on the member nations. .

Packaging is vital to the food industry. The food industry utilizes approximately 60% of
all packaging materials produced. These materials include glass, paper, cardboard, llllﬂ.l]
cans, metal foils, plastics and specialized laminates. They are of concem to raw material
suppliers, food processors, users and consumers, transportation firms and waste manage-
ment companies. Packaging materials that have direct product contact are a food safety
issue. International and smaller, local packaging material manufacturers rely on stand-
ardization and regulalions to assure them that they will have broad access to food markets
around the world. The CEN Technical Committee has produced approximately 200 norma-
tive documents or technical reports dealing with packaging materials.

The European Food Safety Authority (EFSA)" provides inde-
f pendent risk assessment for food industry risk managers.
e Sdm  jusa legal obligation mandated by the European Parliament
Famapean Fovod Safety Acsharity (EU Regulation 178/2002) to provide their services to EU mem-
ber states, The EFSA gopal is to be recognized globally as the
European reference body for risk assessment, based on the highest scientific standards, on
food and feed safety, animal health and welfare, plant protection and plant health.

The EFSA role is to assess and communicale risks within the entire food chain. They have
a significant influence on what is available in the food retail stores and eventually on the
consumer’s dining table, The risk assessments conducted include adapting or revising EU
legislation on food safety, the approval of regulated substances such as pesticide residues
and food additives, and the development of nutritional guidelines and policy:

The primary stakeholders within the EFSA structure are the European Parliament, the
EU member states, industry groups, consumer grotips and non-governmental organizations
(NGOs). EFSA conducts risk assessments when requested for scientific advice from any of
the stakeholder groups and it may initiate activities on its own. The risk assessments are
conducted by reviews of the current scientific research papers and study data available,
through web-based public consultations, and may carry out research among its Scientific
Panels and Directories for its key target audiences. These activities are conducted through
five directories overseen by the EFSA exceutive director. The directorates are:

* Risk Assessment and Science Assistance
* Scientific Evaluation of Regulated Products
L]
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« Science Strategy and Coordination
» Communications
» Resources and Support

LEADING NATIONAL GOVERNMENTAL ORGANIZATIONS

) All naticnal governments have regulatory and standards development or implementa-
tion programs to protect their o

proi ers. Depending on the national structure of each coun-
try the responsibilities for these activities may be centralized or divided between multiple
agencies. The following are examples of

influential agenci ited Kingdom and
RN Tha Rllonit e influential agencies from the Unil g

Faod The Food Standards Agency (FSAY is the primary standards organiza-
é:m r tion for the food industry in the ) + t

SR Aol 195 UK. PSA was established by “"‘-‘g"f‘t
A bt and, therefore, has a statutory obligation (o proted
public health and food hygiene across the UK. They accomplish .hz mission by working
‘wlnh loeal authorities in England, Scotland, Wales and Northern Ireland. FSA can
commissian rescarch on food safety and hy giene issues when necessary to establish the best
o \ecisions are based on the best available science available-
MKA&?ZU:K mx & tative to the EU Commission and Codex assure that the conéers
ey of FSA is to ns;u:: in the policies and standards created by those agencies. The stret

* Foods produced or sold in the UK a
- re safe (o eat;
* Imported food is safe to cat; gl
ormation and + i W
about where and what they eat; understanding they need to make informed
* Regulation is effective, risk based and g sibillities of
¥ * Proportionate, is clear about the responsit ==
m‘bus\mﬁ operators, and prolects consumers and \heir interests from fraud and other
. Eﬁil‘;ll\'ﬂwlll is effective, consistent, risk-base ; is focused on
improving public health, - fisk-based and proportionate and is focu=s

As the primary regulatory agency for . ¢ of food safets T34

works with local nuthuﬂlic:-}:u gnplém.:m T:dp::;hﬁﬁlemp:?a? g\!r of Practice. The

Code of Practice sets oul instructions and criteria that local and port health authorities (food
authorities) should comply with when enfurcing food law. Food authoritics st M:m_rf_i‘_“ 3
implement the provisions of the code as they apply. Includid in these regulatery ‘m‘ﬁ
are the establishment of a list of Approved Plants, audits of local authonitics 1@ ”m;wd.
formity of inspeetions, training, issuing food alerts when necessary and moniorag F
salety.
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The United States, Food and Drug Administration (FDA),® Center for
Food Safety and Applied Nutrition (CFSAN) is the primary United States
food regulatory authority except for red meals and poultry, which are
regulated by the Food Safety and Inspection Service (FSIS), United States
Department of Agriculture (USDA). FDA has a statutory obligation to protect the public
health through the Food, Drug and Cosmetic Act of 1936 as amended. Its regulations are
codified under Title 21 of the Code of Federal Regulations (CFR) and thus available to all
interested parties.

The good manufacturing practices (GMPs) (21 CFR Part 110) and thermally processed low-
acid foods packaged in hermetically sealed containers (21 CFR 113) are of universal interest to
the food industry. CFSAN also publishes, independently from the CFR, the Pasteurized
Milk Ordinance (PMO) specifically for the dairy industry, and the Food Code for the retail
food industry. In addition to these regulatory and inspection guidelines, FDA also publishes
Standards of Identity for most common foods. The Standards of Identity can be obtained
from 21 CFR 130 through 169. FDA, like its counterparts in Europe, conducts risk assess-
ments and approves all food additives used in the United States. On 1 January 2011, the
Food Safety Management Act (FSMA) was signed into Jaw. This act has a significant impact
on both domestic and international trade within the United States.

FDA is the United States representative for interaction with Codex, the EU Commission
and other national governments in regard to international food standards and international
trade issues affecting food safety issues and quality.

For the food industry, FDA has interest and regulatory authority for:

Risk assessment

Biotechnalogy

Dietary supplements

Food defense and emergency response
Foed ingredients

Food safety

Retail food protection

Guidance, compliance and regulatory information
International activities

Labeling and nutrition

Animal drugs and residue monitoring
Science and research

=
.
.
-
.
.
.
.
.
.
.
-

The United States Environmental Protection Agency (EPA)” is not a primary
standards setting organization for the food industry. However, the EPA does
conduct risk assessments for pesticide use and residucs used in agriculture
These pesticide residue limits are used by the American regulatory agency
for the protection of co EPA risk asses ts and residue limits are
commonly referenced worldwide as a source of reliable data for establishing food standards
limitations.

Bewwwiida pov
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% Os
Following a series of food safety incidents, a group of "‘[’ELQS",’;FW
G FS banded together to form the Global Food Safety Initiative to maintain
Pprogram is retailer and food service industry driven in o‘;derfldﬂ Belgium
control over the safety of their supply chains. GFSI was formed in May :U- - ion further
law. The stated vision of GFS! s “Safe food for consumers everywhere.” Iis i e
aims to “Provide continuous improvement in food safety management sy
confidence in the delivery of safe food to consumers worldwide.” . 4 manufac-
The Consumer Goods Forum, a global network for retail goods lelillE'E;;I They rec
turers worldwide, provides the direction and day-to-day management of and delivery
ognized early on that the huge variety of products, processes, plant '“”“5';31 does ot
systems was not compatible with a "one-sizefite-all” approach. Therefore, Gl
* Intervene in retailer or supplier policy;
* Make policy for standards developers;
* Undertake certification or accreditation activities of retailers. Kook
The approach GFSI has taken is the development of a program through w}“"h::. can be
edge and expertise of how the various food chain participants manage food safet}
evaluated. The program will:

¢ farm

* Provide a method tg benchmark existing food safety standards used from e
through the Pprocessing level to the consumer:

* Compare existing standard

by the
ds against the requi ts that have been put together )
Participants in the food supply chain,

To accomplish this

- acturers:
goal, a technical working group composed of retailers, i
certification bodies, accreditation bodies, standards developers, food service ::::lnl yolume
safety experts and consultants developed the GFSI Guidance Document. The ebsite. The P
# the Sixth Edition lssue 3 Version 6.2 and is available for froe from the GFS] website T P
cess outlined in this document is intended to be executed in an independer, | 1o three parts:
aally proficient and transparent manner. The Guid Document is divided in s torale
“Part I The Benchmarking Process” provides the key steps dmiw‘-‘":rtg by GFSl 2
existing safely management system acevrding to the key elements iden by an imp3
necessary o ensure food safety, The benchmarking process is to be ‘;"’m‘uwd that the
group with full transparency so that others in the GFS] program can marking Proces 1
benchmarking, is accurate and complete, Members of the GFSI B""d' BRO). Internationd
include Safe Quality Food Tnstitute (SQF), British Retail Cur_lsorl“"“ tl 2000-
Featured Standards (IFS) and Food Safety System wn“mFFS‘JC irements
“Part 11 - Requirements for the Management of Schemes” provides m::TI food Sty
necessary to the effective management and control of a food F-d‘f“"-'l erification that oy
idation that they are effective and then N_f'"";“u_ :‘_q“j,am"ﬂ foe
scheme is working on a day-to-day basis. This part also provides

schemes require valid

Forpewamy sl com

1l FOOD SAFETY ASSURANCE SYSTEMS



10 ?G 41 THE ROLE OF INTERNATIONAL REGIONAL AND NATIONAL ORGANIZATIONS

competence of auditors working for the independent third party Certification Bodies that
will evaluate the suitability of a food safety scheme for inclusion in the GFSI program.
“Part Il - Scheme Scope and Key Elements” describes and expands upon the key elements
determined by the technical working group as necessary for inclusion in a food safety plan
to be eligible for recognition by the GFSI prog These key el will include the
requirements for good practices which may include HACCP or HACVCP-based controls,

Firms that have successfully complied with the requirements and been certified as in con-
formance with the GFSI program can enjoy significant benefits as a supplier or retailer, with
dealings with government agencies, recognition across borders and marketing areas, and
reduction in production costs through efficiencies and reduction of duplicate inspections by
multiple buyers.

rf‘\ International Life Sciences Institute (ILSI)" is based in Washington,
Q) I LS DC. The nonprofit organization has the mission “to provide science
= that improves public health and well-being.” They accomplish this
mission by supporting and encouraging collaboration among experts,
academia, government and industry on the tasks of gathering, summarizing and dissemi-
nating science. ILSI focuses its activities primarily on nutrition, health promotion, food
safety, risk assessment and the environment. These are important activities that support
the goal of a standards writing organization (5D0) to provide science-based standards and
regulation recommendations. This, in turn, assists industry and governments to address the
risks and issues that are of common concern around the world.

ILSI has identified Four Global Issues that are of common concern at the local, regional
and international level, and in which nearly all 1LS] entities are involved. They coordinate
the scientific efforts of the programs and projects related to each Global Issue, and provide
links to additional information to interested parties as available:

* Biotechnology
» Functional Foods
* Obesity

= Risk Assessment

'Ih‘? International Commission on Microbiological Specifications for Foods
[i(MSF"}' is a subsidiary of the International Union of Microbiological
SOCIL:"['S (TUMS). Their mission is to be a leading source of independ-
ent, impartial scientific microbiclogical concepts and standards that can be
% adopted by govemment agencies and industry to reduce the incidences of
pathogens in foods. ICMSF has links to WHO and Codex so its activities have worldwide
availability. The commission®s goals are to:

: gzzr:b]q}m{n-lall:. and evaluate data about the microbiological safety of foods;

er if mi iologi ; . ssure the & ity
PRl m::" ological criteria would improve and assure the safety and quality of

Py o it conge
Hiwwdemed.org
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* Propose the adoption of such criteria; and

* Rec d methods of sampling and microbiological examination to assure uniformity
of results worldwide.

The commission was established in response to the increasing number of foodbome
diseases and the need for increased microbiological testing, The demand for international
trade in foods is expected to continue to rise. Discases caused by foodborne pathogens are
A worldwide public health concern and impact on a countries’ or market's food security.

The fn_od standards proposed by ICMSF are based on sound scientific principles of analysis,
sampling plans and microbiol

ogical limits. Their standard's equivalency between countries
is well established, G )

EUFIC The Buropean Food Information Council (EUFIC) located in Brussels
—= — Belgium, is a non-profit organization which communicates s

- information on nutrition and health, food safety and quality, to help consus
r ers to be better informed when choosing a well-balanced, safe and heahhiu]
diet. EUFIC's publications are based on peer-reviewed science. Information that EUFIC
publishes has been subject to a review Process by members of its Scientific Advisory Board
!SA:B). The SAB, comprised of renowned experts from across Europe, advises BUFIC o
its information and communication Programs, ensuring that all information is based on
scientific evidence, relevance and is factually correct, Given the broad range of subfk“’
addw in EUFIC's popular newsletter, Food Tud.'\)'_ a dedicated editorial board Pmﬂm
additional insights and fecdback for this publication.

EUFIC is supported by companies of the European food and drinks industries, but o
Teceives some project funding from the European Commission. All members adhers b2
EUFIC's Transparency Statement, EUFIC-s mission is to enhance the public’s understaning
of credible, science-based information on the nutritional quality and safety of foods a0d 5
Taise consumers” awarcness of the active role they play in safe food handling and choosins®
well-balanced and healthy diet. il
. EUFIC continues to partner with a broad base of stakeholders in numenaus s =
fects funded by the European Union. With financial support from the WCA&W'MT
Dircctorate General for Rescarch, the consortia in which EUFIC participates aim 10 ,mplu_:v
our knowledge about food safety and quality, and health and nutrition. Projects MDE:;:S'
pate in include CHANCE, DIETS, EATWEI 1, EURRECA, FLABEL, FOOD4ME, IDE fion
NU-AGE, CONNECT4ACTION, RECAPT, INPROFOOD, and mare. Additional inform?
concerning these various programs can be obtained from the EUFIC website.

z fed-
‘ 0 C U The International Organization of Cansumers (I0CU)' is 8 5'°h"lm

eration of consumer advocacy groups. As the world's ‘“"Mﬁ.‘sﬁm
become more informed about products, processes, food safety

and the environment, they have banded together to make their voices heard by (NGO)

governments and international bodies. 10CU is a non-governmental organization

Bwwentic ong
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that links the activities of 170 consumer organi iding in 60 c ies. The con-
sumer organizations support the eight following consumer rights:

1. The right to safety;

2. The right to be informed;

3. The right to choose;

4. The right to be heard;

5. The right to the satisfaction of basic needs;
6. The right to redress;

7. The right to consumer education;

B. The right to a healthy environment.

I0CU has standing committees or working groups on education, testing and development,
health, transnational corporations, library and documentation, air transport, and information
lechnology to assist their members to organize, lobby and change government regulations
and policy. The organization extends the influence of the ¢ by having established
consultative status on several United Nations bodies. These include the UN Children’s Fund
(UNICEF), the World Heallth Organization (WHO), the UN Environment Program (UNEP),
the Food and Agriculture Organization (FAQ), the UN Conference of Trade and Development
(UNCTAD), the UN Education and Science Organization (UNESCO), the UN Industrial
Development Organization (UNIDO) and the Economic and Social Council (ECOSOC).

The European Consumer Ornganization (BEUC) 1% is based in Brussels,

Belgium. As with other consumer advocacy organizations, their pur-
BEUC pose is to lobby the European governments on behalf of consumers’

issues. BEUC supports and rei the eight cx rights pro-
mated by the IOCU. The organization acts as an umbrella group representing 40 independ-
ent national consumer groups from 30 European countries.

BECU is duly registered with the European Parliament Lobby register which affords
its representatives unlimited access to parliament facilities to meet with members of par-
liament and EU Commission officers. Access to the public policy developers in parliament
allows BEUC 1o vigorously defend consumer rights and has resulted in many favorable pol-
icy decisions. Their work is to ensure that consumer policy at the EU level is sustainable for
all. In BEUC terms, “sustainability” is not only the protection of the environment, includ-
ing climate change, but also reduction of negative social and economic impacts. Improving
well-being for all, without compromising this needs of vulnerable groups, such as children,
the elderly and low income consumers, must be taken into account when designing policy.

The Grocery Manufacturers Association (GMA)™ is located in

G M Washington, DC, GMA is an advocate for the leading food, beverage
7 and consumer products companies to facilitate and advance the qual-

ity of life for the consumers in the United States and around the world. GMA is active in
pmduci safety, health and nutrition, preservation of the environment, global commerce, col-
laboration among retailers, and providing advice and counsel to governments on consumer

15,
*
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products issues. They pursue their goals through a strong commitment to scientific T‘_’-’m“h:
testing and evaluation of consumer products and business practices. GMA assists their I w:ill-
bers as a centeal information resource and as a means to collaborate between members, r¢

ers, service providers and consumers to obtain healthy, affordable, safe foods.

NSF International (NSF)'” is based in Ann Asbor, M1, USA. m:
organizational mission is “To make the world a safer place for mb
sumers.” They accomplish their mission by developing and P¥

lishing internationally recognized standards for foed, water and
consumer products. NSF has offices in many European countries and other

Lnlnn'\lli-ﬂml
locations in the Far East, Southeast Asia, South America and Mexico.

One goal of NSF is to offer a knowledge base to support and increase legislators and regula-
tors awareness of public health issues. The NSF Regulatory Affairs office provides information
mﬂmmtuprl:ta'fm‘n and application of their standards, answers to regulatory code questions.
productvenfication o assure the products meet national standards and other requirments.
k‘??!S‘F offers a wide scope of programs that are of particular importance t the food A
5""::'5';':'“::;;:“5]:;:1;‘ ;d“dc‘::li['\ﬁ for conformance with international food Sitx:::‘"
BRC (BRC Global Stnndntl:ls]. ‘G\Lw Standards (GFS) (including SQF (Safe Qualit

. 1
h obal GAP (the Global Partnership for Good Agriculi™
Practices), FSSC (Foundation for ( obal Partnership for

Food Safety Certificati ional Featured
Sandards)), HACCP-9000 and 150 22000, | oo and IFS (intermat =
W:?:*::l:ﬁ)l)“ over 50 American national standards pertaining fi calety
551 organization,

ood i
. g 2 -A
et their various programs. Three standareds, doveloped jointly with the

are specific for meat and poultry equipment (14159-1, -2and 3)

LEADING HYGIENIC DESIGN STANDARDS ORGANIZATIONS
~ The emphasis on th

19
™ many product standards writing organizations often *“'aﬂ“d‘m;:n-
¥ of the equip tand processes used 1o prod sﬂ'__{m_m“mﬁmw
ance to product standards, as well as the reduction of production costs, is ;ig;mmuy@mp
when the equipment and processes are designed and fabricated to standands hat “‘..m:ud
m.wlv.-\ha‘. microbial and physical contamination, and the carry-over of allergens, 7 F“I“_‘h fo0d
Multiple incidences of poorly designed processing equipment have led o problems “:mal\d
ulv_qla, product quality and massive industry recalls due Yo an inability to pmp'ﬂ"'." s d
sanitize the cquipment, These problems of equipment design and fabrication can B¢ P
by ft"“uwing the standardized criteria readily available.

aetlagy,
.,

HEDG)”
s The Buropean Hygienic Engineering and Design GrovP ‘[“E%U"'
I “.  based in Frankfurt, Germany, has regional offices in most E"“f:;, South
SEHEDG @ wies and international locations in the Far East, Southeast factur™
£ America and Mexico. EHEDG is a consortium of equipme® "0y as
Ty et ers, food processos, research institutes and public healt autho
1z www NEE
W EHEDK G ong
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FIGURE 42.1 Sample EHEDG certification mark.

formed in 1989 with the mission to promote hygiene during the processing and packaging
of food products. EHEDG as an organization does not develop specific standards. European
legislation requires that food be processed and packaged hygienically, with hygienically
designed equipment, in a hygienic facility. EHEDG takes the requirements of the legislation
and presents them in a series of guidelines which are easily understood and provide guid-
ance for specific classes of equipment and processes. Currenily, EHEDG has developed 41
unique guidelines to assist the food processing industry. The scope of these guidelines cover:

* Equipment and building design and cleanability
+ Equipment and building element installation

* Industrial services and utilitics

* Maintenance of assets

The EHEDG certification program provides purchasers of equipment with a readily recog-
nizable symbol (Figure 42.1) displayed on equipment that meets the guidelines’ requirements.
This assists purchasers to oblain equipment that will support their production of safe foods.

- 3-A Sanitary Standards, Inc. (3-A 5513, based in McLean, VA, USA, is the
premier standards writing organization for hygicnic standards for food
processing equipment. Their first standard was published in _}92_[.!. The
historical basis for 3-A standards development has been the dairy indus-
try. However, it has been shown over time that the fundamental pring-
ples of hygienic design and equipment cleanability encompassed by the

3-A Standards and Accepted Practices are universally applicable over most food products.
The mission statement of 3-A SS1 is:

1 i the mission n‘.\vhﬂnury Standards, Inc. 1o enhance product salety lor consumens of Tl biever-
ages, and pharmaceutical products through the development snd use of LA Sanitary Standards and 3-A
Accepied Practices,

. 3-A S51 develops two types of documents, The 3-A Sanitary Standards provide crite
ria for specific tpes or classes of equipment, The 3-A Accepted Practices provide criteria

Mieww T Aung
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for specific processing systems. There are 71 3-A Sanitary Standards and 10 3A AEﬂ‘P'vd
Practices as of 2012, =

The 3-A symbol, /3., is a copyrighted mark to signify to buyers of the equipment that it
conforms to all of the criteria of a covering 3-A Sanitary Standard.

For many years the Baking Industry Sanitation Standards Committee (BISSC)
developed standards specific to

baking industry equipment. As with other

dards writing organizations in the United States they are accredited 1o
develop standards using the ANSI procedures and guidelines. BISSC was
formed in 1949 by representatives from six national baking industry organiza-

tions. The complete line of BISSC standards was first published as a single bool&lel in 1977,
The current publication is the widely successful ANSI/BISSC £50.2-2003 Baking Equipment
Sanitation Standard,

1n 2007, the board of directors of BISSC elected to become a whally owned subsidiary of
the American Institute of Baking International (AIB).

AIB International,™ based in Manhattan, KS, USA, was u&hblifhed in 1919!
initially as a research organization. Currently AIB offers a wld:_ﬁmg? -
services to the food industry as well as the baking industry, including:

* AIB Consolidated Standards
Al GMP Inspections
Al Knowledge Center
Analytical services
Consulting and customized training,

Distance learning and training products
Food defense services

GFSl certification schemes
HACCP accreditation

Resource center

* Seminars, webinars and courses

.
.
.
.
-
.
.
-
-

CONCLUSIONS

; i in
Standards ane pervasive throughout the food industry. The arganizations M%':ﬂmu
this chapier are o limited sampling of the most recognizable in widespread se o a5 they
tion provided indicates the extremely complex interaction of all of "'"*:"E"'l::’w and the
work towards a common goal - food safety, Participating in m"d"d!a::nllileﬂ provides
use of developed standards by manufacturers, processors, distributors it all users through
them with. the ability to assist in the creation of documents that will b';‘: rine
improved food safety, quality, efficiency, cost reduction and acceptance by

Ty aibunline org
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Further Reading
Allergen Information Maniial & Auditor Guideli d laadable from vwww aibonli %
ANSI Essential Due Process Requi for American National Standards, 25 West 43rd Street,

Ath Floor, New York, New York 10036,
Application of Kask Analysis 10 Food Standards, downloadable from wyww.who.int / foodsafely/ miero/jemma/en/
(CEN Compass: The world of European Standards, downloadable from wvwaen co
EFSA’s approach to identifying emerging risks in food and fivd, deownluadable from www plsacuppacu/od
Satellite
Enhancing Food Safety through Third Farty Centification, downloadable from wwwmygfee.com
Food Delense Guidelines, dewnloadable from woww.sibnkne arg
GFS1 Requirements on the Application of 150/ [EC 170112004, downloadable fram wewomygfal.com
Understanding the Codex Alimentarius, dewnloadable from codesalimentaniusongg
WHO Global Strategy for Food Safety, downioadable from www wha.ore
Waorld Consumer, 10CU, The Hague.
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INTRODUCTION

The chapler gives an overview of the sustainability issues facing food P“fdm m
and the challenges for the future. Sustainability is a modem “buzlwird used in his.
drcumstances without proper consideration of what it really implies, To help ”;T:‘dm
situation this chapter will present and discuss the concept of sustainability an

dimensions. The interpretation of social, economic and envirnmmental suskal

nability in the
area of food production will be discussed with reference both to the present situation
Tosed Sfyin M
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also to the future. The actions taken in the food industry and by the research establishment
to improve sustainability will be reviewed. The important links between food safety and
sustainability will be emphasized. And finally, a number of important issues will be consid-
ered and acted on for a more sustainable global fuod production in the future.

SUSTAINABILITY - AN INTRODUCTION

Sustainability was highlighted in the report “Our common future” from the World
G ission on Envi and Develop t (WCED) (Brundtland, 1957). The definition
in this report stated: “Development that meets the needs of the present without compro-
mising the ability of future generations to meet their own needs.” The report also pointed
out the need to assess sustainability along three pillars: Environment, Economy and Society.
Sometimes the pillars are called People, Planet and Profit, or the triple I The WCED had its
roots in the 1972 Stockholm UN (United Nations) conference on the Human Environment,
which was the first major international activity in the field of environment. The Stockholm
meeting resulted in the establishment of many national environmental protection agencics,
as well as UNEF, the UN Environmental Programme.

In the 1970s an important contribution towards improving the understanding of the
glabal ecological situation was made by the Club of Rome, The key purpose was lo per-
form technological forecasts taking into account the interconnectivity of ecology, economics,
demography and the resource sector. Their report, entitled The Limits to Grotwth (Meadows
et al, 1972), made the informed public awarc that exponential economic growth has limits,
set by the ecological capacity of the earth.

The Earth Summit in Rio de Janeiro in 1992 emphasized that the three pillars of sustain-
ability should be treated in their integrity and the renowned Agenda 21 activities wene
derived from the principles for sustainability agreed upon during the Rio Summit (UN,
1992). At the Jok burg World 5 it on Sustainable Development in 2002 plans for

Pl ion and inable develog were important issues, focusing on poverty
eradication, health concerns and sustainable production and consumption. From this period
t_lne word sustainability is being used extensively in documents, plan and programs, some-
times without proper consideration for what it implics. Tt is obvious that sustainability has
and must have different meanings to different actors, organizations and countries. The con-
sumer might have an understanding that sustainability stands for “green and healthy” with
the implication that the food is deriving from production systems with positive attributes
for lhm like local production, animal welfare or pesticide-free production. On the indus-
trial side the World Business Council for Sustainable Development (WBCSD) is interpreting
sustainability as: “ecol gically sound, eo ically viable and socially acceptable.”

Food production and consumption is the primary requisite for a decent life and the sus-
tainable well-being of humankind, However, human a v has the single largest global
environmental impact (Smil, 2000), The majority of the global concerns for a more sustain-
able future are strongly related to different aspects of food production. These aspects will be
presented and discussed in the following paragraphs with regard to food production and
its relation to the three pillars of sustainability, Some of the major issues of sustainability of
relevance to food production are outlined in Table 43 1,

IV. SUSTAINABILITY AND ETHICS



SOCIAL ASTRECTS OF SUSTATHARILITY AND FOOD FRODUCTION

1087
TABLE 43.1 Sustainability lsswes of Relevance to Food Production
Sustainability Fillar Category lasue
Sooal asprcts Human health and well-being, Fuod safety and nutrifion
Food security
Human rights Child labor
Right of assoetation
No discriminalion
Rights of andhgenous people
Labour conditions Level of wages
Worrking huwrs
Safety standards
Esonumic aspects Corporate Sustainable peturn of lvestment
Corporate social responsibisty aed cbsendip
Fairness Fair dustribration af revenucs
Contracts and credit facilities
Glakxal Tiood waste reduchion
Efficient use of natural pesosmes
Environmental aspects Glabal Contribution to climate change
Loss of bindnersity
Land wse
Reglonal Eubrophication
Waber
SOCIAL ASPECTS OF SUSTAINABILITY AND FOOD PRUDUCTION
An abvious social aspect of food production is its contribution to the health and “ﬁug
being of the consumer of the food. Such aspects may include an assessment plsetey
characteristics of produced oo

ol are in agr

nt with dietary catiore “ﬁd;
societal goals related to, e.5, reducing obesity or preventing cardiovascular dmwﬂ
general societal changes such as increasing rbanization and a more sedentary FEEELC
form the background for these social sustainability assessments. Another importan!
will be the biological and chemical safety of food.

Food security is an obvious aspeet of global food sustain Mﬁmw“d 0
population will require a growing food production. An often cited B world
increase world food production by 70% to the year 2050 when it is projected that ihe
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population will have increased to @ billion from the present 7 billion people (FAQ. 2009
Global food production has increased by about 2% annually in the last decades, and this
increase will also be needed in the future. However, a number of doubts have cast doubt on
this forecast, due the effects of climate change, the lack of arable land and to water scarcity
in many regions (World Bank, 2010). In addition the UN Millennium Geal Program peints
out that the number of hungry people in the world (living on less than USS1 per day) con-
tinues to be around 1 billion. The elimination/reduction of poverty and hunger seems to be
the goal which is most difficult to reach in the UN Millennium Goal Progeam (LN, 2011).

The social dimension of sustainability is also addressing the implications of the Universal
Declaration of Human Rights (UN. 1948) for the people working in food production as well
as others affected by the activities of food production. As an example, this may involve
effects on living conditions for indigenous people alfected by increased agricultural activi-
ties in their traditional living area.

Furthermore the social dimension of sustainability may consider the faimess of the work-
ing conditions for the labor force directly involved and affected by food production, assess-
ing whether these are in agreement with international labor agreements such as the “ILO
Declaration on Fundamental Principles and Right to Work.” Issues such as child labor, mini-
mum wages, working hours, freedom of association, etc. are also assessed,

Corporate social responsibility implies that the company or organization is acting as a
good partner or citizen in the community and society where it is active, which is often taken
as part of the assessment of social sustainability of the company or organization.

ECONOMIC ASPECTS OF SUSTAINABILITY AND FOOD
PRODUCTION

! The econumic aspect of sustainability is most often interpreted as the ability of a commer-
cial activity to produce a good level of returm of investment (ROI) to the owners consistently
over time. This assessment of economic sustainability involves looking not just at ROT but
also at plans for management of economic and ecological risks and other “good manage-
ment practices.” This interpretation of sustainability often dominates the financial sector,
where a number of assessment systems for sustainability exi 5. Dhow Jones Sustainability
Index. However, in the broader interpretation of economic sustainability, factors such as
prevention of corruption and bribery are also assessed.

Many economic sustainability activities ane related to ensuring fair distribution of rev-
enues to !ihu different actors in the food chain in order to give them the possibility of a sus-
tainable livelihood. The focus is particularly on the small-scale farmer for whom the share
m‘: "’_? price _Pﬂl'ﬂ by the consumer often is less than 10%. A number of actions are laken
within Sustainable Agriculture and Fair Trade programs to ensure a higher percentage being
W"? fo the farmers (SAIPlatform, 2011; Fair Trade, 2011). Many labeling schemes among,
“""'h"ﬂ_ and purchasing organizations also include assessments of these aspects of socio-
econamic sustainability,

A I‘EC?'I!I report from FAQ and SIK highlights the enormous waste of food in the food
chain (Gustavsson et al, 2011), The results of the study suggest that roughly one-third of
food produced for human consumption is lost or wasted glabally, which amounts to about
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Ter capita food houses mnd waste, b consumption amd e constmption sages, i Bt
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13 billion tons per year, Food is lost or wasted throughout B supply dhaln, from i fal

agricultural production trough (o final household comsumption. The most astonishing datd

come from the consumer seclor in medinm: and Tighimeone
and 15ky per capl

countries whene between 9
Per year b wasted, meaning that it i discarded even I 1 o411 400
able for human comaunprtion (Figure 45 1), The fasses in the chain from producion o relal

ing, are substantinl too, ranging from 125 to 200k food per capita per year Thsee figuaees
should be compared to the annual product

i food which per capita amounts 1 """""
P50y, These results indicate that o very fmportant step to essune ghobal food security bs o

focus on reducing thie food lost and wasted In the b from the primary produdion 0 e
store and eventually Uhe consmmer (Gastavs al, 2oy,

To improve sustainability in the food secior natral seonrees will have to be used more
elliciently, therelore an nportant e on the road to sustainability i wasle meduction
along, the chain from primary production 1o comsumplion. Whether by new preservation
technigues, packaging, optimizing logistics or ollerwise, new innovation must pm\'illt' ll{*"
tainable solutions, Purthermore the waste in indusiralized countries can e teduced by £aie

ing, awareness of wasteful behavior among food induntries, retailers and particularly among
consumens. An exanple of this s the UK campalgn Love Food, Hate Waste.

ENVIRONMENTAL CONCERNS RELATED TO FOOD PRODUCTION

Fifty years ago the publication of Rachel Carson's Sihent Spring (Canon, lwﬂ:“d‘::
alarm that the food production system wsed in the USA (and Western Burope) L
ceological consequences from the spreading of toe pesticides affecting, among
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things, the birds of spring. Another early reporter on the environmental problems of food
production was Georg Borgstrim who published and discussed much about the risk of
scarcity of water for food production in many regions of the world and the related conflicts
regarding freshwater availability (Borgstrom, 1969). The reports and books published dur-
ing the 1970s and 1980s, e.g. the Club of Rome (Meadows et al.. 1972), did raise awareness,
both among politicians and the general public, about the ecological limits to growth includ-
ing growth of food production. Among the most influential publications from this time

‘was the series of annual State of the World reports published by the Worldwatch Institute,
which included contributions on the envir tal issues on food production (Worldwatch
Institute, 2011).

A hotly debated and very visible environmental problem caused by modern food produc-
tion in Western Europe in the 1980s was the leakage into lakes, rivers and seas in coastal
areas of nutrients from effluents and sewage from food production causing degradation of
the water quality. The most evident problem was and still is nitrogen leakage from the use
of fertilizers in agriculture, which leads to cutrophication. To some extent phosphorus also
contributes to the eutrophication problem. The food production system (mainly agriculture)
is responsible for between 60 and 75% of the eutrophication in many industrialized coun-
trivs. Eulrophication fertilizes water bodies resulting in unnaturally high rates of plant and
algae production and accumulation of arganic matter that degrade water and habitat qual-
ity with risks of total depletion of oxygen at the bottom of the water body. Large areas in the
Baltic Sea and the Mexican Gulf, for example, are witness to this problem.

The problem of the presence of toxic compounds remains an environmental problem of
food production, such as pesticides in fruits and vegetables, heavy metals (cadmium, mer-
cury, eic.) in grains and dioxins in fish. Many of these compounds show very persistent tox-
icity with low rates of decline even many years after the actual source of contamination has
been eliminated. =i

Today, awareness is growing regarding the impact on climate change from food pro-
duction. It has been estimated that global food production uses about 20% of all energy
used in society (Sonesson et al, 2009), It is the human activity which uses the highest
amount of energy. Modemn food production has an extensive dependence on fossil fuels for
ft‘rlllhgu manufacturing and fuel for tractors and transportation. The contribution to global
warming is higher, however, estimated at about 25%. The major reason for this is the con-
tribution to global warming of methane and nitrogen compounds from the digestive tracts
of animals in meat production. About half of the global warming potential emanates from
meat plt{dndion according to a much discussed report from FAQ (2006). The dramatic dif-
ﬁ?“'nm in global warming potential between meat and vegetable products are shown in
Figure 432

From a biological point of view the accelerating loss of biodiversity is a major problem

caused by the methods used in food production such as mono-culture agriculture, but also
many other activities in socicty, These losses of biodiversity will jeopardize food availability
and security by reducing the “safety net” provided by the availability of alternative plants
!'nr future ;F'“d_ production and other factors .'lﬂcdir;s human well-being. Another major
impact on biodiversity comes from modern industrialized fish trawling which has led to the
near depletion of a number of important fish species (UNEP, 2011). The problem of loss of
biodiversity is complicated by the lack of “ownership” of the problem.
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The growing production of biofuels in many countries has brought about a debaie 98 82
most appropriate wse of arable land  the word, Anm'nbﬂolsl:guﬁ have pointed cat B
there is not much additional land available for crop production use, The need =
food production to meet the needs of the increasing population is giving fud 02 et
how available productive land should be used; for food, feed, fuel o forestry? The dem
!m more land causes more rainforests to be cut down at an alarming rate with devass™
impacts on biodiversity and oftn limited added benfits to agriculturs! prodiucson L5
ctal, 2006).

The food sector is using about 70% of the available freshwater in the worid, SN
ing to about 3 tons of waler per capita per day. There are many proslems i £ P95
wse of waler in the food sector, ¢.g. poor water and detericrating Wase %
Furthermore, in many parts of the world water availability amm"“""""'f
lem with dropping water tables and an influx of salt into groundwater 204 "‘""""’#
and Van Ranst, 2009). The prediction for future climate change dearly panis & "_:,,.,..
lems of availability of water, which will be much ly;rl\'ll'ﬁ in ﬂ*m%

larly in the regions of the world where water already is 2 scaree pescurce (172
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IMPROVING SUSTAINABILITY IN THE FOOD SECTOR

The first impact on the food sector of the increased concern for the environment was the
requirement to reduce the biclogical material (BOD) in the wastewater from farms and food
industries. After the Stockholm conference in 1972 many ¢ ies established “Eny tal
Protection Agencies” (EPAs), which often had the cleaning of effluents from industries {and
municipalities) as their major plan of action. Thus the food sector started to invest in sewage
treatment operations, cleaning up the effluents emanating from food production.

The food industry was also strongly affected by the new environmentally driven legisla-
tion on packaging waste imposed in many countries in Europe and Japan during the 1950s
The costs involved in these packaging waste systems (e.g. Die Griine Punkte) drove a devel
apment to lower packaging weights and thus lower packing volumes without reducing the
performance of the packaging.

In response to the growing Interest and awareness in environmental and sustainability
issues after the Rio 1992 conference, many countries started environmental and sustain-
ability activities under the name of “Agenda 21." These activities often included initiatives
taken by the industry and their organizations. During this period the UN Global Compact
was started with partners from industry, governments, unions and NGOs committed to
aligning their operations and strategies with 10 universally accepted principles in the areas
of human rights, labor, the environment and anti-corruption (LN Global Compact, 2011)

After the Rio conference in 1992, the industry started the “World Business Council for
Sustainable Development” (WECSD, 2010) with the aim of providing business leadership
for change toward sustainable development. Gradually the food industries also identified

the importance of the issues related to sustainability, realizing the advantages of reducing
the use of input resources such as energy, water and ingredients, possibly with the expen-
ences from the reductions in packaging use as a guide. In order to demonstrate their efforts
to reduce the use (and the costs) of energy, water and waste many food industries and retail-
ers today present sustainability reports. These reports also demonstrate the companies’
contribution to social and cconomic sustainability. This might encompass sourcing the agn-
cultural raw materials from sustainable agriculture in developing countries with fair pay-
ment to the farmers as one of the goals, as well as better control of the use of pesticides,
eg. as demonstrated by the Roundtable on Sustainable Palm Ofl (RSO, 2011), Other fond
operators are participating and /or supporting sustainability related labeling schemes such
a8 “Rainforest Alliance” or “Fairtrade,” where a limited number of sustainability-related
factors are assessed in order for the grower to receive the “Label.”
~ To the general public and consumers the most obvious effort by the food and retail
'"d'“‘_"!' 1o “go green” is the marketing of "organic” or “biodynamic” food products, using
a mytiad of labels. However, the market segment often only captures a few percent of the
total market, so the impact on global sustainability is rather limited. The advantages in
lerms of environmental performance of organic foods over traditionally produced foods
have been much discussed and quite a number of research studies have been presented, e
Mattsson (19599,
_In the last few decades, research on Life Cycle Assessment (LCA) of food produc-
tion within the national and international research programs has provided an important
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pibton Sovard ing the enviror tal inability of a range of food produc-

tion chains and food products, particularly in Europe. Generally, LCA employs a range of
environmental indicators related to the major envi | problems coupled b

and resource use, but the LCA method disregards the effects of temporal and spatial varia-
tion, by evaluating emissions rather than impacts.

The assessment of total sustainability of a food product or production system is not easy.
A major complication is how to achieve trade-offs, where aspects of one pillar are improv-
ing at the cost of those from another pillar. Furthermore, there are dependencies through the
impacts of social and economic processes on the environment, such as the ecological foot:

prints left by international trade, which may have impacts on both ecological aspects and
on fair trade relat Th it is i o

P Uy strive for 'me'm\'?d 55055
ment methods for sustainability. A number of initiatives have been taken to include some of

the factors of social and economic sustainability into environmental assessment metheds in
arder to develop improved methods for assessing sustainability (UNEP, 2009).

Many other quantification methods for environmental or sustainable performance of 3
food product focus on one or a small number of issues, such as food miles (on transport of
products) or carbon footprints (Tesco, 2007). A number of food retail companies announ
in 2007-2008 that they planned to introduce carbon footprint labels on most of ther food
products. However, this has not materialized to any greater extent, pmhab!y due to the dif-

ficulties and complexities of how Lo perform the environmental analysis and the question of
how to present the information in an easy-to-understand way,

FOOD SAFETY AND SUSTAINABILITY

Food production systems that lack sustainability will often also demonstrate deficiencies
in food safety. The social dimension of sustainability concerns both the social conditions bT.f
the people involved in food production and the people affected by the food produchin-
basic human rights are not met for the workers it is likely that other basic food safety com
siderations are not taken into account. Moreover, there is an obvious cannection between
ensuring that food safety standards are met and the health and well-being aspects obsec!
sustainability for the consumers of the foad.

Inadequate risk management by food production aperators has been dmuns!ﬂlf‘:u':
jeopardize food safety with often very dramatic effects on the economic sustainability 0 1
food production operation. Also, without adequate revenues from the operations: there
risk that the operators in the chain will shorteut the necessary food safety W"‘“"’I‘“Pﬂ
of the world where food security is a major issue, food safety might often be ol
the pressure on the other aspects of food security are emphasized - the availability
access to food.

The impact on food safety from poor industrial practices resulting in W’Mmd‘;':,,
cal toxins in the environment is still a major problem in many countries, Where | and
pens, such as fallout from nuclear power failures, the food slhlyﬁsbﬁsld“mwn’ the
adeguate risk management must be in place to minimize the effects. In I\l‘mﬂ;:ﬂhg?::r -
situation may rapidly develop into a food security crisis with deteriorating s
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a juence. Thus envi | sustainability will require both long-term measures to
reduce food safety risks and adequate risk management plans to handle sudden and unfore-
seen events.

SUSTAINABILITY AND FOOD PRODUCTION IN THE FUTURE

It is obwvious that the dramatic climate changes predicted by the UN International Panel
for Climate Change (IPCC, 2007) will greatly challenge food production in the future. The
absence of effective policies to reduce emissions of carbon dioxide and other greenhouse
gases is predicted to lead to significant increases in global warming and changes in precip-
itation patterns over the next 2040 years (FAQ, 2009). Develop ts of the envi
tal future of the world, e.g. “UN Millennium Ecos) A t” and “UNEP Global
Environmental Outlook,” predict that the degradation of ecosystem services could grow
significantly worse during the first half of the 215t century. The IPCC report also predicts
decreasing agricultural production as a result of climate change. In the tropical and subtrop-
ical parts of the world temperatures will be higher and already dry areas will become even
dryer, which will restrict food production. In contrast, food production in the more temper-
ate areas of the world might benelit from a warmer and welter climate. Furthermore, there
is a risk of collapse of ecosystems due to land degradation particularly in the tropical parts
of the world. The increasing frequency of extreme weather events will also negatively affect
the agricultural production and the resilience of the ecosystem. Growing populations and
increased food production will lead to increased demand for freshwater. Water withdraw-
als are expected to increase in all sectors, leading to an expansion of areas with severe water
stress (IPCC, 2007; UNER, 2011).

It is evident that food production will face many major challenges in the future to meet
sustainability demands, By 2050, a world with 2 billion more people will need 70% more
food (FAQ, 2009), This will require enormous efforts on improving the efficiency of the food
production and supply system. And this must be done with less energy and fewer water
inputs than today, To reduce the contribution to global warming from food production the
overall energy consumption must be reduced considerably. This will demand major contri-
butions from all levels of society, business and individuals on all scales from local to global
level Changes will be needed all the way from more sustainable agricultural practices, bet-
ter post-harvest ham:ll[ns and preservation, improved distribution and a less wasteful food
chain including the consumption end of the chain.

Smil (2000) caleulated that before large-scale application of fertilizers, the global popu-
lation was effectively capped at ea. 3 billion people, less than half the present number, by
nitrogen limitation, Thus we need to take advantage of man-made fertilizers in the future
but they need to be used much more efficiently, as with inputs of other natural resources,
not least encrgy and phosphorus,

On the social dimension of sustainability the UN Millennium Goal (LN, 2011) of reduc-
ing by 50% the number of really poor (and thus hungry) people in the world (those liv-
ing on less than USS1 per day) has not progressed recently, due to the dramatic increase in

world food prices since 2008 and the ensuing economic crisis. These “Millennium Goals”
will continue to form an important part of the future demands on a sustainable future
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# part of human solidarity, formulated within the “Universal Declaration of Human
Responsibilities,” where Article 9

reads: “All people have a responsibility to make serious
eiforts to overcame poverty, malnutrition, i ., and inequality. They should promate
Action Counal, 19%97).

BT

sustainable development all over the world..." {Inter

Seenarios for the Future of food production in Europe, a part of the world not o severely

affected by the climate change, predict that the changed conditions for food production in
the coming 3040 years will also have impacts on many other societal factors, related to -
but not part of ~ food production. Climate change will induce migration to move north,
away from the dry and hot parts of Europe and North Africa toward more tlemperate parts
a8 qua.hty of life deteriorates in the south (SCAR, 2007). This will also lead to strong com-
petition for land use (and probably to mare inequality). In most of the scenarios local and
fegional markets dominate over the global market (QOECD, 2009). These scenarios predict
stronger legislation to support measures to improve sustainability with more concened and
active consumers and societies as drivers (SCAR, 2007).

Animal protein products such as meat are taking an increasing share of the resaurces
used in food production. In animals 6kg of plant protein is required to yield 1kg of meat
protein, on average (Smil, 2000; Pimentel and Pimentel, 2003). Consequenily, only 15% of
protein and energy in these crops will ever reach human mouths and §5% are wasted. The
inherently inefficient conversion of plant protein into animal protein makes animal protein
responsible for a disproportionate share of environmental pressure of the food production
system. In addition to 40% of the grain harvest, some 75% of soy is fed to livestock. The pro-
duction of animal protein products accounts for over half of the global warming contribu:
tion of the overall food production (FAQ, 2006).

Meat consumption has increased fivefold in the last 50 years and the increasing um-
ber of grazing animals is degrading already impoverished grassland in many parts of the
world (UNEP, 2011). Globally, demand for meat and fish products is still on the rise and the
projection is for a doubling of animal food products, incuding both meat and dairy prod-
ucts, until 2050 (FAO, 2005). But inevitably, the prices of meat, fish, soy and cereals will aso
rise and a trened towards diets containing less animal protein and more plant protein iz |
inevitable. Notwithstanding the environmental benefits of this move from animal fo veget:
ble protein dicts, according ta many scientists, including the UK National Health Servic
this would also be a trend towards a healihier human diet (NHS, 2009). As pointed eutb,
Atking et al (2006), #f consumers were to reduce their overall protein intake and replace i
mal protein products with plant-derived protein products, the majority (87-24%) of prime
agricultural land currently used for feed crops might be released, with lﬂdmm
to animal wellare and human health, Moreover, this diet transition would result in a tre-
mendous reduction of the pressure on land and freshwater resotrces, and - It ok out
certainly not least — on biodiversity, As already pointed out, thre is not mnclh additional
land that can be transferred to agriculture, in a business-as-usual scenario, withoul severe
consequences for climate change from deforestation. )

In the present situation of global economic erisis it is clear that the economic issues are
at the heart of a transition towards a more sustainable future. A.gm eonomists ;:

westioning the possibility of reaching o mone sustainable fature if the p -
tlllv:m based t‘:m Ihl-‘ need for constant :;mwlla continues (lackson zl'fm' As almost il buman
activities menn extraction of notural resources as well a5 dispersing the wastes back. into
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nature it is obvious that there is a limit to how far the growth of these activities can con-
tinue, The growth in the economy must be decoupled from the growth in the extraction of
natural resources (LUNEF, 2010), many of which already are past their global boundaries as
discussed by Rockstram et al. (2009). A number of alternative economic systems have been
presented and the debate is very active among environmental economists, but the politi-
cal interest in a common solution is surprisingly low. The momentum in the transition o
a more sustainable development is lacking, but unity and speed are urgently required, in
order to safeguard a future inable world with adequate, healthy and safe food for eve-
ryone. Lelieveld (2012), in his expose of the historic development of security and safety of
food, also point out the importance of fair and reasonable food regulations for improving
the availability of safe food globally.
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INTRODUCTION

; . thout consequences 00
Our society is subject to constant ehanges and these will not be without
the safety of the food supply. Various factors such as

» urbanization pecancy

* demographic changes, such as population growth, mig.mtimr“m“"]'f; !Dglﬁm‘

« emergence of new hazar a consequence of advances in science and
biological changes

+ change: lifest

* CCONDMIC Crises

and consumer ¢ xpectations

most IR
will all pose new challenges to the food industry. However, perhaps, one of the
tant factors that will impact food supply worldwide is climatic changes.
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4 CUMATIC CHANCES

IMPACT OF CLIMATE CHANGE ON FOOD SAFETY

1100

Climatic changes can affect the safety of the food supply in a number of ways.
Subsequent changes in environmental, social and economic factors may influence agri-
cultural and livestock production, and may have a direct or indirect and unforeseeable
impact on food safety and on the incidence of foodborne diseases. For instance, it is a well-
known fact that certain microorganisms thrive in warmer climates and that their incidence
increases during summer months. Several reports have also indicated that the incidence of
cholera and diarrhea has increased under the effects of El Nifio and other climatic condi-
tions. With the increase in ambient average temperatures, it is likely that certain foodborne
infections such as salmonellosis will show a longer annual peak and that their annual inci-
dence increases.

Similarly, infections in food animals and seafood may escalate, and with this the raw
material derived from these animals may be more at risk of contamination. In addition to
food animals, intermediary hosts to foodborne parasites such as snails may increase in num-
ber and cause an increased contamination with parasites. Likewise, there is a heightened
possibility of mycotoxin formation in plants as a consequence of the growth of fungi. A pos-
sible consequence of the above may be the excessive use of agrochemicals in animal pro-
duction and agriculture. While the latter do not present a safety concern per sc if properly
«carried out, the polential abuse of these chemicals to fight animal and plant discases necds
to be considered by the food industry. Climatic changes can engender extreme weather
events, such as heavy rainfall, loods and droughts which may exacerbate the situation.
These will contribute to the ¢ ination of food, envi and water resources, with,
among others, fecal matter; they will also stress plants and their susceptibility to discases,

Other possible consequences of climatic disasters such as heavy rainfall or floods may be
the collapse of infrastructures such as power supply, or the breakdown of water and sewage
systems. These may in turn have adverse consequences on the food safety system. Several
reported outbreaks of cryptosporidiosis, giardiasis and other infections have been associ-
ated with heavy rainfall. During 19971998, excessive flooding also caused cholera epidem-
ies in several African countries,

Climate warming also increases coastal water lemperatures and provides ideal condi-
tions for the proliferation of microorganisms, such as Vibrio spp., and of planktons. Certain
pbytnplankluns, eg. dinoflagellates, produce toxins and may produce biotoxin, and with
algae bloom, there is a risk of increased marine biotoxin intoxications such as ciguatera,
Zooplanklons are also a reservoir for Vibrio chelerne and facilitate the long-term survival of
organisms in estuaries. A number of studies suggest a link between cholera epidemics and
environmental factors such as warmer seawater and climale in general.

Weather pattern fluctuation can also lead to an increase in rodent and/or insect popula-
tions and wbseqllmtly contamination of food and water supply. For instance, it is known
that rodent breeding increases during mild weather conditions whereas drought or heat
may have an inverse effect. However, drought may drive rodents to seek indoor sources

of water. An increase in the size of the rodent population, combined with heavy rains or
floods, might lead o contamination of food with vectorborne pathogens such as Leplosping
spp. and proliferation of infectious diseases. Several reported outbreaks of leptospirosis
have attributed to such climatic conditions.
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CONCLUSION

Professionals in the food industry should be vigilant with raw materials. In the ceatert
of the HACCP study of raw materials, lheemmqummofdjmhmm{w
warming, in particular should be considered in their hazard analysis, and the contol and
manitoring procedures adapted accordingly.
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INTRODUCTION

Consumers are expecting the food industry to deliver products that h‘lmw i
expectations. Two are based on immediate practical criteria: sensory d“‘mm i
taste, flavor and smell, to texture, noise and appearance; and services and practicalitys h‘!‘
handling, storability, easiness to prepare and clear labeling. Two others mbmdm:lpm'
ence and intellectual eriteria: safety and satisfaction of nutritional needs (see Figure 4.
Food is our only source of energy, and satisfaction of nutritional needs has been driv-
ing food choice for a long time. Thanks to an increase in food availability, it is becoming
a stronger determinant for a growing number of consumers all over the world. w
human nutrition science emerged in the 1930s, when it was shawn that malnuirition i
African children inereased the risk of infectious diseases, and mdpml!)‘_'ﬂ'hﬂ pwttiﬂ and
energy renuilrition improved some i functions. At the same time children's
tion was reported in the USA and nutrition entered the political agenda. In 1958, Senator
George McGovern took the lead of the first United States Commitiee on Nutrition and

Wt L Il kv 1103

B




1104 4, NUTRITIONAL TRENTS ANDHEALTH CLAIMS

SAFETY
SENSORY | CONSUMER | SERVICES
SATISFACTION

FIGURE 45.1 Assessment of food by the cansumer. Two practical eriteria: sensory and service. Two intellectual
criteria: safety and satislaction of nutritional needs.

Human Needs. Six years later he expanded the scope of the committee from reducing mal-
nutrition to health risks associated with overeating, starting with the elfect of an excess of
dietary cholesterol on cardiovascular diseases, a complex relationship not yet completely
deciphered afier 60 years of intense research. This illustrates on the one hand the complexity
of interactions between nutrition and health, the difficulty to combine observational epide-
miclogy and experimental nutrition, and on the other hand the scientific dilemma: when is
there enough scientific evidence to support a claimed benefit of a food, or a diet, on health?
This is still a matter of debate today.

Diet is one of the major components of our lifestyle that we can individually control in
our own environment to manage our present and future health, including the health of
future generations, The double challenge is to limit the risks and to improve the benefits.
Both components of this ratio are changing: foods and diets are more abundant and mone
energy dense, the environment and lifestyles are less demanding in terms of energy, and
the world and our expectations are also changing. Cur knowledge of technology and sci-
ence has increased dramatically, and during the last couple of decades our focus on diet and
nutrition has also changed.

HISTORICAL PERSPECTIVE

Dictary challenges have evolved during the short history of human speeies on carth.
The first of these challenges was to select from Nature foods that can provide adequate
energy and nutrients. Collecting raw foods from the environment meant ingesting a vari-
ety of foods that often contained insects and microbes; it was also essential to select foods
that were first not poisonous and second nutritious. A number of explorers died during this
exploratory phase of acquiring the basic knowledge of edible foods. A large part of food
education was to learn which foods were safe and to train the taste buds to distinguish
between edible foods and hazardous ones. This hard training may explain our fear of eal-
ing new foods — neophobia. [t may explain why our reptilian brain remembers the old days
when trying a new food may end in death! But how do we overcome this phobia? It is still
a common practioe when traveling abroad to see how local people approach their food, and
then follow their example o overcome our anxieties. It transpires that people have been
able either to select or to adapt and adopt certain foods. Safety was the critical point, and
taste was a first warning signal: bitterness is often associated with poison in Nature, and

sweetness with edibility.
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The second challenge was to develop ways to store and preserve foods. Food processing
must have been a key step in civilization. It dramatically improved shelf-life and storage
capacity of food over a few days. Humans were able to overcome natural seasonal short-
ages of foods, and to explore and colonize some countries where winter reduces drastically
the availability of foods. Humans have adapted the processing of local foods to local condi-
tions and invented ways to survive in every part of the planel. Strikingly, our normal body
fat conlains enough energy to survive during a winter - 3 months. Increasing food stor-
age capacity also changed the size of human groups living together: it was possible to feed
a family all year around, then a larger group of people, or even a city, and nowadays the
whaole world benefits from improved storage of foods.

Storage also contributes to the development of agriculture and breeding on large scales.
Alarge production of food also requires a large storage and preservation capacity to handle
the harvests, This is still a challenge today as a significant part of food production is lost
during storage (Gustavsson FAQ, 2001).

It is quite interesting to note that food preservation used two kinds of techniques
for safety: (1) killing microbial contaminants with acidic or alcoholic fermentation, and
cooking: and (2) reducing the water content of foods lo prevent growth of microbial
contaminant. Apart from drying in a sunny wind or in a smoky cavem, some specific ingre-
dients were used to preserve foods: salt, sugar and fat, Therefore preserved foods were
high in salt, sugar or fat. It is tempting to speculate that only those who were able 1o
cope with the necessary concentrations of salt, sugar or fat in foods survived. We can alio
speculate that they learned to like those concentrations: they indicated that the food was
safe, and therefore survival was assured. Nowadays a too high iption of salt,
or fats is identified as one of the dietary risk factors for many people. We may wonder
why those nutrients are now becoming a threat. One explanation is that life expectancy is
now longer, allowing metabolic disorders lo develop and challenge the health of elderly
consumers,

Abreakthrough in preservation occurred in 1810 when Nicolas Appert published in Paris
his work on the art of preserving animal and vegetable substances. He reparted mare than
15 years of experiments of putting foods in glass jars and boiling them in water. The same
year British inventor Peter Durand patented the use of the tin can, and started a long history
of canned food. The final touch came with the invention of the can opener in the USA by
William Lyman using a rolling cutting wheel. Preservation can be industrialized without the
constraints of salt, fats and sugars,

The third challenge was to produce enough food to feed everyone. The twentieth century
was the century of industrialization of agriculture and breeding. Food production capacity
increased dramatically and is still increasing. A first step in processing is the need to store
this large production of raw food for very long perieds of time and also during transpor-
tation all over the world (o local producers. But there is still rom for improvement: it is
estimated that one-third of crop production is lost during storage. Obviously this huge
increase in production was associated with the industrialization of preservation and stor-
age, as well as packaging techniques to handle and distribute processed food around the
plobe. Packaging started another revolution: labeling can convey information for the con-
sumer, Selecting and buying a food requires the consumer to read and understand packing
formation, and no longer to rely on practical expenence as was the cise before,
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MODERN TIMES

The benefit of this increase in production is associated with two consequences: (1) sea-
sonality is patentially redundant and it is common to find milk, apples, tomatoes, lambs,
chicken, etc., all the year round in both hemispheres, Diversity of diet is diminishing accord-
ingly, and most seasonal consumption has almost disappeared in westernized countries,
On the other hand, the monotony of seasonal diet is easily diversified: the choice of pro-
cessed foods in the supermarket is larger than at the local raw food market. (2) Diversity of
crops is diminishing: the same cultivar is used more widely than before. For example, more
and more consumers are eating the same flour: the statistical probability to have one con-
sumer less adapted than the average Pupuhliorl is increasing. On the other hand, a variety
of cultivars are being used to make our daily bread, and we will have to adapt to new ones
on a regular basis, which means that our long-term nutritional epidemiology has to deal
with evolving food composition. Epidemiological correlations are stimulating but never
truly demonstrative. Globally this increase in food quality and production (and improve-
ment in politics) decreases world hunger and improves life expectancy. However, producing
enough food for a still rapidly growing population remains a challenge.

With abundance and availability average dietary intakes are changing at two levels:
(1) there is a reported increase in proteins, sugars and saturated fats, Spontaneously adults
are not able to seleet a diet that fits their dietary or nutrient recommendations, when 7 years
old French children were able to do so (Debry, 1980) on a 3-week basis. Simultaneously
the human workload to produce food is reduced due to mechanization: far fewer human
calories are required to produce food. Farmers increase their weight according to the level
of mechanization (Vardavas, 2009). Man is facing a totally new challenge: how to eat less
than the previous generation, when foods have never been so abundant and cheap from an
energetic point of view. (2) Dietary practices are changing: surprisingly this large increase
in production is correlated with a significant increase in wasted foods. A recent US survey
reported that one-third of foods are thrown away: 17'% of dairy products, 207 of vegetables,
15% of fruit, 33% of meat, 35% of fish and 18% of grain (NDRC, 2012). This increase in waste
is a consequence of the increase of food production (1Hall, 200).

A drastic change in dietary habits and practices is happening: the tradition of eating
meals at home as a famil)' is no longer relevant: we seem no 3 be either ing alone or
at work. Furthermore portion sizes and the composition of dishes are changing, and a re-
education of our eating habits is needed.

Finally, modem times generate a brand new challenge: access to drinkable water. The
amount of water on our planet is fixed and water is indefinitely recyclable. We are drinking
the same water that the dinosaurs drank. In the past two processes were used to have access
to drinkable water: alcohol disinfection (combining wines with water, or brewing bevrs),

or beiling water for beverages, for example. A century ago modern technology discovered
the use of chloride to reduce the microbial risk in water. Tap water became drinkable. We
are SII” facing, some challenges J‘rum microorganisms, and we also have to encounter new
I con d by increasing amount of wastes, including drug resi-
dues and industrial pmcl:ssu_ Pure water is both a microbial and a chemical challenge and
the next dramatic test for the human race in the coming decades,
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FOODS FOR HEALTH

Industrialization of food supplies increases the availability of safe food. The fight is no
longer to get enough food, but to select the best foods to improve the dietary needs of con-
sumers. Diet is important to improve a healthy lifestyle. This is more important than ever
because the human species is experiencing an unprecedented evenl: life expectancy s
increasing, from 45 vears a century ago to currently 75 years. The percentage of the "NHL}'
population is increasing (e.g. from 8% in China and 12% in USA in 2005 to a projected 16%
and 19% in 2030).

Due to progresses in hygiene and medicine the number of people living with diseases
is increasing, generating an economic burden. And as we get older there s a physiologica!
decrease of the different functions of the body, generating costs and for opening few chal
lenges for nutrition.

We are also discovering the long-term co of different earlier estyles, mainly
on cardiovascular and cancer risks, and also the burgeoning epidemic of cbesity.

DIET AND HEALTH

Historically, dict was one of the four elements given by the :
ogy Aesculapius had four children: two sons, ‘l‘; ch 7 (surgeon) and Podalirios {physician).
and two daughters, Hygia and Panacea, Hygia used cleaning and washing fo take care ﬂfml':“
while: Panacea was in charge of identifying beneficial herbs, plants and ingredients amang =
the products Nature was offering. It is amazing that food risk (hygiene) and food benefits (Pan®
o) were already under the control of women, men beings physician and surgeon. R
The synergism between diet and health began with the discovery that certain foods

able to cure diseases: the Andeans leamned that grinding corn with lime and alkali p ot
R " 1 1 a5 due to a lack of vitamin B

a lack of vitamin A. ot
The first human nutritional study was conducted by Lindt in 1747: this wa;dp:hl
study on 12 sick sailors split into six groups of two “volunteers,” which 'mb:d wales
lime was better than cider, vinegar, horseradish, diluted sulfuric acd and =3
to cure them. The Royal Navy was interested enough to conduct lmﬂ%
on HMS Suffolk in 1794 during a trip from England to India. Sir Gilbert Blane, ctherhalt
Extraordinary to the Prince of Wales, gave lime to half of the crew and used the
as a "contral” group without lime. Lime prevented the gxpgrimmhl crew &""‘;‘ famoiis
from scurvy. The first data were convincing enough for Caplain illl"ﬁ':"‘*‘I sified by
explorer. He used lime to prevent the deadly disease. In 1933 vitaman C was fime is skl
Szent-Gytirgyi, but the exact composition of lime is not fully known today, and

more active on scurvy than its content in vitamin C indieating MMWWM
have biological properties.

gods to humans. In Greek mthot-

=3 i ) L1} Wi o i
Hippocrates used liver to prevent blindness induced by

Antoine Lavoisier discovered the energy equation (energy in = energy out) in the

18th century and was used by Liebig in Germany to calculate the amount dw“fﬂ;f
for mine workers to extract a fair amount of coke,
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Modern nutrition started after World War LI, with the d.
waorld of the role of energy and protein intake in two forms of malnutrition: marasmus and
kwashiorkor. Adequate nutrition is also important for an efficient immune system, and ade-
quate water and minerals intake are essential to manage acute diarrhea. These health issues
are still a challenge in the developed world: a large proportion of the elderly in Europe are
suffering from insufficient intake of energy, protein and water: between 50 and 75% accord-
ing to a European report (So rensen et al., 2008).

The modern age of dietary science can be schematically split in two phases: the first is
the deleterious effect of excessive intake of nutrients and nutritional prescriptions reduce

i T
in the ping

dietary risk factors.
The increase of life expectancy was associated with an increase of new causes of death,

namely cardiovascular disease, and when a US senator died of an excess of blood chales-
terol, scientists explored the possible links between cholesterol in the diet and risk of car-
diovascular disease. A classical correlation was published by Ancel Keys between the intake
of fats and saturated fats in seven countries and their rate of cardiovascular mortality.
However, changes in consumption of fats and saturated fats are not correlated with similar
changes in cardiovascular mortality, and the final conclusion is still a matter of debate, even
if everyone agrees on the common sense conclusion that an excess of fat (saturated or not) is

not recommended.

For some time now physicians have been aware of what to ban from their patients® diets,
adapting the amount of sodium to blood pressure, of protein to creatinine’s clearance, of
sugar to glycosylated hemoglobin, the ratio of fat to carbohydrates to the respiratory capae-
ities, the amount of alcohol to gamma glutamyl-transferase, and so on.

After this “banning phase” came the second phase: the “recommending” phase where
dietary prescriptions are about positive actions. For example, French official guidelines
consist of half “reduction” and half positive guidance like: eat five servings of fruits and
legumes a day. The bencefits are expressed in the reduction of risk factors like high blood
pressure and obesity.

Two factors contribuled to starting the second phase: dieticians realized that it was neces-
sary and more important to tell patients what to eat than what to avoid, and the majority of
consumers are more interested in a healthy lifestyle and a willingness to benefit rather than
associate lood with discases, even disease prevention.

The first modern use of specific foods to improve a function mimics an old tradition in
Greek Olympic Games: it was a common practice to include in the diet of athletes foods
associated with their sports; munners ate horse meat, weightlifters ate bear meal, fighters ate
lion meat, and so on.

Modemn sportsmen explored this concept and demonstrated that an improved diet was
nl:!ll.' o Iil!‘lpl‘u\'c performance. This was demonstrated by Ron Hill, the Aihens' marathon
winner in 1969, and was supported by the success of Swedish athletes using the dissociated
diet to win during the Winter Olympic Games.

The principle is to starve muscles of glucose to increase their glycogen storing capacity,
then o feed them glucese and to benefit from that increased glycogen content to improve
physical peeformance. This has been popularized by Bjorn Borg and Ivan Lend! and is
becoming a mandatory habit with pasta parties before a marathon. A specific diet can

improve a specific function, ¢.g. muscular function.
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Another classical and sometimes vital specific functional food /nutrent is water: hydra-
tionis a key factor in achieving proper performance - an adequate intake of waler improves
physical as well as intellectual functions. o Ficto

Anew area in nutrition science has recently begun: Which nutrients R

A given function? And equally which Function can be improved by a specific nutnent, i

or diet? Two European-supported programs (Fufose and Passclaim), under the umb &

ILS1 Europe, explored the concept of improvement of a function by food. This concept

based on two Physiclogical observations:

1. Within a population every physiological function is distibuted among individuals, most
of the time in a Gaussian manner. Around the average value there are lower and higher
functional capacities. There is room for improvement of those under the average and Hﬁ“

those higher than average. It is a common abservation that adeguate trining improves

functional capacity: e.g. dissociated diet improved the muscular functions of athetes.

% Within an individual all functions oscillate around a basal value: thisis chronobiology: &

we wake in the morming with a high level of blood cortisol and low body temperbir®.,

and sleep in the evening with a lower level of cortisol and higher body temperatir: il

thythms can be on a different time basis: day, week, season or sharter. Age is another

inevitable source of oscillations and decrease of functionalite. There fsa possbiy =
reduce the duration of the low capacity period, and to prolong the period of higher 3PS
€4 coffee is able to increase the length of awarervss, or reduce ifs evening deese. i
What are the functions that can be improved, or the reduction that can be P"mmdr,;gl:.:;

pussible to prevent or slow down the aging factor? This is a challenge for each of 53

healtheare systems, uded that
The benefit relies on scientific data and Passclaim (Aggett ot al, 2003) condl

such a benefit requires:

* anidentified ingredient/food /diet ingested in an adequate amount,

* human data using commonly agreed marker(s), and

* reproducible results based on randomized controlled human trials.

One of the oldest prod f

gredi iswimtbmnhasmdm”’“mm-l,
in different human trials that a low intake of bran is associated with & “E’:’" and
fime, and that an adequate increase of wheat bran intake normalized gut transl
mncreased fecal bulk and weight,

oats o
The second benefit came in 1997 from the USA when FDA agreed on the efectof
reduce the risk of cardiovascular disease, based on human trials, on for this kind of
In 1960 Japan was the first country to implement a specific regulation "
foud: FOod for Specific Health Use FOSHU with the same m&m hat hold @
tion of the benefit through human trials. There a few hundred lapanese
FOSHU claim, mcluding a lot of probiotics. 5 in 2006
In the late 20th century some European countries started mﬁb&nmﬂﬂ w
the European Commission asked its European Food Safety Agency o convey s .
els o give scientific opinions on submitted dossiers for claims related to: |
+ general function: based on g 11 | ific evidence;
. Ec\\r function claim: based on new s&ﬁ\ﬁﬁ;e\'im«udww
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» reduction of risk factors of diseases: based on scientific evidence related to risk factors of
diseases and a specific produet;

« function claims in children: based on scientific evidence related to the specific children
target.

EFSA used three criteria to assess the scientific evidence:

1. The food /constituent is defined and characterized.
2. The claimed effect is defined and beneficial to human health.
3. A cause and effect relationship is established between the consumption of the food and

the claimed effect (for the target group under proposed conditions of use).

‘The scientific opinions are then reviewed by the European Commission in charge of final
decision to agree or not with the proposed claim and to disseminate them to the member
states.

EPFSA’s panels first cleared claims related to general functions, selecting those based on
generally accepted nutrition science such as the benefit of vitamins and minerals. The pan-
els were more restrictive with new function claims as the Commission asked them to use
the best evidence to support their opinions, when nutrition is not the best field for provid-
ing very strong evidence due to the complexity of the domain and the variability of human
physiologies.

Other panels in different countries are evaluating scientific evidence on the effect of prod-
ucts on health, function and risk factors. It is worth mentioning that by using similar pub-
lished data different panels made different opinions on similar products.

Itis interesting to note that the modern Law does not allow foods to cure nor prevent dis-
eases, when nutrition science started by the demonstration of diseases like pellagra, scurvy
or diarrhea cured or prevented by foods. This reflects, at least partly, the misconception of
discases as the conseq e of an exog 15 pathogenic element, often a microscopic one.
This is supported by a discovery like the role of Helicobacter pylari, a gastric microbe respon-
sible for gastric ulcer. The modern understanding of human physiology is that a disease is
the result of an aggression by a pathogen plus the response of the host, Therefore the cure af
a disease is based on two pillars: to destroy the pathogen (a role for a drug) and to support
or enhance the host's defense (a role for diet). Nutrition is feeding the response of the host
and therefore is part of the management of the disease as well as its cure. This was observed
at the beginning of modem nutrition in the 19505 when the renutrition of malnourished
people was able to restone immune functions and to cure infectious associated diseases.

‘Dﬂ the other hand, a number of modern diseases result from a dysfunction of the metab-
olism and/or overnutrition due to inadequate dietary intake. It is logical to address the
cause of a disease — malnulrition - to cure it. Science tells us that some foods and diets help
to cure and prevent diseases even if they are illegal!

There is a fascinating new area for nutrition that provides adequate scientific evidence
to support these new benefits. However, a difficult ethical question needs to be answered:
Does ‘hf‘ demanstration of such benefits require extensive studies due to the complexity of
the nutrition and health relationship? Costs of such trials will significantly increase the cost
of foods, when the consumers who need those foods the most may not have enough money
to buy them: one simple human nutrition trial costs the equivalent of a million meals. When
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100 maore gut microbial genes
than eukaryoles gones

+ microbial

10 times mare micobial cell

than eukaryols calls in our body
FIGURE 45.2

The Fatio of microbes/host. Dark squares are eukaryobes, and the emply squans ane prokaryetcs.

saientific evidence are enough, they must be assessed according o the expected benefl the
potential risk and the needs of the target population. :
Modern tools bring about a revolution in the physiclogy of nutrition and health: smun;d
ics explores the human gut through many large programs in different parts of the "]'Ew
and concludes that we are living with a forgotten organ ~ the gut microbiota. The fo —
ing llustrates the importance of that new organ: it contains 10 times more ""“_"”’1 ™
we have cells in our body, it contains 100 times more genes than our cells, it weighs 13 <
2kg. more than the liver, and is far more metabalically active than the liver F‘,"sfwmlj.,
Nobel Prize winner, suggested considering this association as 2 “super-organism” where
major part will be the microbiota (Figure 45.3). s as
¢ importance of the microbiota can be touched upon by two correlations: . Gﬂ"”‘ds‘h :
feported that transferring the gut microbiota of an obese mouse to a lean Wd,mw gut
fattening of the lean mouse, In another trial he reported that obese men have a P
microbiota profile than lean men, and when sbese men lose overweight, their g
biota profile evolves toward a lean profile. ; uits,
Metatit reported also that the presence of a specific species, r"’“"m‘"mw
is associated with a lower level of inflammation, a lower risk of inflammatory
and a better chanee to lose weight.

Two clements of the diet have a direct impact an the gut microbiota:

the
1. Prebiotics: mainly indigestible carbohydrates that are fermented by some partof L
microbiota, changing the composition and some functi

2 Probiotics: living microorganismes that, when i

,m__""?'!"'“‘k’“,.. provide
health benefits to the host. Specific strains provide sprdﬁcbﬂ!ﬁl“"fm‘d
directly on the host: yoghurt is able to digest lm.mm'.!wg:uoﬂn:wl! et
Therefore anyone can digest yoghurt, supporting the claim one. yoghurt changing
of dietary {ations, change the functioni .,,.,f;ummm;-gwn
the metabolism of gases and improving gut comfort (Sonnenburg, 2000

functioning of digestive cells {Van Baarlen et al,, 2011).

-
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The role of microbiota on host functions within and beyond the gut offers a fasdnating
potential through the modulation of inflammatory status, including the aging process, or
brain functions including mood and autism.

Costs and time of demonstration are not compatible with challenges, and in nutrition
knowledge is still a mixture of observations supported by some data and a battlefield where
different stakeholders are dependent on industry as well as on academia where the fight for
official support requires ane to follow the official mind set, and use the trends.

Diet is a key element of an adequate nutrition and a major contributor to health and
proper functioning of our body, including gut microbiota. Is it possible to change dietary
habits and to improve them?

Many education programs have been implemented in different countries using different
channels, with very limited impacts.

The first element was the confusion between nutrition and diet as illustrated by the
Recommended Dietary Allowances where all nutrients’ needs were listed, without any die-
tary translation. It is impossible without a computer to build a balanced diet based on nutri-
ent composition of foods.

Then there was the period of ban “the” culprit food, which ended in suppressing bread,
or fat, or sugar, or salt, or meat, or whatever. A number of experts used that trick to geta lot
of media coverage and money.

In fact it is well known that we are unable to change our diet dramatically over a long
period. But we can changu the serving size or the frequency of intake.

The following trend was the reverse: invest in a specific beneficial food = carrot juice,
pineapple, one apple a day. But there is no perfect food, or magic food.

Meoderation is the key word, and the food industry is playing a major role by adapting
food contents in a progressive and unnoticed way, like the change from whole milk to half
skimmed milk, or the reduction of salt in soup, or the change of fat composition in dress-
ings, and so on.

Labeling is another dead end as there is no simple message: a food is neither good nor
bad in itself, it is a matter of including it in a balanced diet — excess or deficiency must be
avoided on a long-term basis. Some foods are staples like grains, legumes, fruits, dairy
products and meat/fish, and some foods must be added more carefully in the dict, but none
can be excluded.

Finally, we have to take into account human diversity, as illustrated by the old concept
of Prof Apfelbaum’s “Mangeurs inégaux.” For the sake of the species we have differ-
ent individual metabolic capacities and ingesting the same amouni of the same fatly acid
can improve or worsen blood cholesterol depending on the eater. Some of us have a high
metabolic resting rate and we burn a Iot of calories while some others are sparing every
eaten calorie, without mentioning the role of the gut microbiota that can increase of decrease
energy extraction from the diet. Some functions can be improved in some responders and
not in others,

Modern tools will help us to integrate the complexity of our super-organism and hope-
fully identify some major crossroads, or some major clusters of responders and non-
responders, and adapted functional foods.

Unlil we have all the information, we need to progress and use wisely scientific informa-
tion. It looks like we are still in an exploratory phase where we have to be careful with risk
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and ad: with benefit testing. We may not have the financial resources
o wait until we know everything before incorporating some speafic foods for some identi-
fied health and functional benefit. The reward of the audacious explorer will be to add years
to 2 healthy life.
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INTRODUCTION

oo orofits and
Food production is a complex matter, affecting people's lives, 0!'5:II1ﬂ‘W"""’w'l:lﬂ:":5 ight
the well-being of the whole planet. It is not always straightforward MII |y
and what is wrong when it comes to the production of feod. Many Eﬂ?ﬂl
raised regarding the food supply chain, including agricultural production. sl well 3
Climate change, animal welfare, fair trade, health and safety of t‘mi”Mu_ hl)‘”‘i
consumers, fair treatment of cmpk;y;—ﬁ and their social n@u,wllﬂmru‘l“-‘mdummw
use of natural resources are all important dimensions within the s}'“""mg An increasing
cessing, and trade, and where every food item often indur?ﬁ ulm::u ' the food
number of the Western population are becoming overweight and -
indust

or o this the
mit their marketing of fat and sweet foods to reduce “l?"?mw industey’s
responsibility of consumers as far as they have an informed choice? Way

questions &1 L
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aim first of all is to increase profit and secure employment? Tremendous vanation in the
global food production system exists, People in parts of the world are starving and to secure
enough food supply is important. But is it unethical to focus on efficient food production,
when this is set up against animal welfare and environmental friendly production? And is
it acceptable that multinational companies have a double standard, which means that prod-
ucts rejected in one country can be exported to another country with less stringent safety
legislation? If so, what would be the eventual consequences? Would other kinds of non-
ethical practices, e.g. dumping of food, increase? The question of how far a single standard
for reasons of ethics should be respected in the world was raised in an Asian country where
a multinational company was required to produce its products according to the European
safety standards. Is it unethical behavior when they, due to environmental contamination
and local practices, were unable to have raw material ing European requi ts?

We may also ask if the short-term consequences on people are more important than the
long-term consequences on the planet, and if it is all right that what is closest in time II‘!d
space is most important for us, How the food industry responds to these questi will
influence how consumers, citizens and other relevant stakeholders perceive them, A percep-
tion of the food industry as a large-scale sustainable production and processing system or as
a business with the main purpose of making financial profit will influence consumer trust
and thereby their aceeptance of novel technologies, novel foods and food science and tech:
nology in general.

Food security, food safety and sustainability are considered as first priorities related to
the modern developments in agricultural technologies (EGE, 2008a). In this chapter we will
discuss the scope of ethics in the food industry in relation to food safety. We start out by
defining ethics. Then, ethical dilemmas in food safety cases are discussed. Lastly, the pre-

cautionary principle and a framewaork for ethical decision-making in the food industry are
highlighted.

WHAT 18 ETHICS!?

# s defined as the philosophical study of the moral value of human conduct and of

% and principles that ought to govern it (www.ihefreedictionaryeom /ethics), Simply

sz'v"thi“ refers 1o standards of behavior that tell us how human beings ought to act in

Ju -many situations in which they find themselves - as friends, parents, children, citizens,
slm:sspleople, teachers, professional food producers, consumers, and so on.

Ethics is different from following the law. A good system of law incorporates many ethi-
cal standards, but law can also deviate from what is ethical, Selling tobacco to children in
L‘D‘Iltllrlﬂs with no laws against it can be perceived as unethical. Ethics is not the same as fol-
lowing culturally accepted norms cither. Some cultures are quite cthical, but others become
corrupt — or blind to certain ethical concems: “When in Rome, do as the Romans do” is not
nlSah_nifildory ethical standard, Ethics is not science, feclings or religions, Science can pro-
vide important data 1o help us make better ethical choices. But science alone does not tell
us what we ought to do, Science may provide an explanation for what humans are like. But
cthics provides reasons for how humans ought to act. And just because something is scien-
tifically or :u']muk:gwally feasible, it may not be ethical to do it. Even though science makes
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RMATE TGS ms
2 possile e bread catte with eviesne overdevelopment of muscles, we may qeastim ¥t
m-wktmg-ﬂﬁ&x:mam;&n\ﬁmm“mm
Some peopie frel bad wiwm ey &0 something wrong, ofhers do not. While mes: refipons
éo advoote tugh ethicl standands, Buy 9o not alwars address all kinds of ethical See-
s (Velasmuare et ol | 200 Banenhart, 19611
“G:&hmmbmdmﬂ%%hmmp&dﬂpﬂum
what ane they based on” Scme ethicsts emphasize that the ethical action is the cre tat
procuces S greates: good and does the least harm for all who ave affected - costomens,
Eristes, shamncliens, D ity and the envi (e wilanm sppmes
The utiacan deals with coNSequences: it tries both to increase the good dore
leg ending hunger) and to reduce the harm dene (2.8, environmental and socal desmue
m-._o&gphwmmm;xmwhwmaﬁmﬁu
promcts and respects the moral rights of those affected (the rights approachl. This spprac
smm&mhb&dmbmhwa&yWMmﬂhmmwxum
their ability to choose freely what they do with their lives, On the basis of sech Sigrity
they have a right to be treated a5 ends and not merely as meeans to other enda. They have
2 right 1o adequate food and a fundamental fight 1o be free from hunger (FAQ), 158, Rome
Declaration). The list of mosal rights - including the rights to make one’s own cheioes beut
what kind of life to lead, to be told the truth, not to be injured, to2 degree of privacy o
5.1or|—|-_'.h1del_rd&ﬁd:mmmhlmmmﬂﬁmm
fights, too. Also, it is often said that rights imply duties ~in particular, the duty 1o rspect
cthere’ rights. Aristotle and other Greek

have contributed the ides et ol
equals should be treated equally (the faimess or justice approach). Today wewse s ida =
say that ethical actions treat all human beings equally - or if unequally, then sy based oo
some standard that is defensible

The power distribution bety
that multiple food retailers are

thers and suppliers has led many producess = 53
abusing their position of power and engaging i prcies
that adversely affect the competitiveness of suppliers. To address these adverse e &
has been recommended that a code of practice be introduced to
relationships (Duffy et al., 2003). The Greek philosophers have ._‘ "'..
that life in community is a geod
commuon good approach). This a
tion to the o 4

F 7 d the notion
in itself and our actions should contrimate o that e (52

pproach links ethics to social responsibility and s e
con that are imp 1o the welfare of Compamss
have a duty to be good citizens including MTW"W“M‘!! 1g do the right
things™ (Porter and Kramer, 2006). A very ancient approach to ethics is that ethscl acsers
ought to be consistent with certain ideal virtues that provide for the full development of 0=
humanity (the virtue approach). These virtues an dispositions and habsts that enalle =5
act according 1o the highest potential of our character and on beblf of values ke

beauty. Honesty, courage, compassion, generosity, tolerance, faimess.
seli-control and prudence are all exa

dvﬁhm\ﬁsmdﬁud.d’qm‘“
kind of persan will 1 become if 1 do this?” or “1s this action consist trthmy

best?”

Each of these approaches mentioned abave helps s determine wh
jor can be considered ethical. Different actors may not agree on the content
speaific approaches. They may not lﬂaguuwummmdhn_ nd
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what constitutes the commeon good. They may not even agree on what is a good and what
is a harm. Nonetheless, each approach gives us important information with which to deter-
mine wha is ethical in a particular circumstance. And much more often than not, the differ-
ent approaches do lead to similar answers (Velasquez et al., 2012).

ETHICAL 1SSUES IN FOOD SAFETY

The series of food scandals and scares during the last decade resulted in a melting con-
sumer confidence. Despite the fact that food has never been safer, it seems that consumers
are considerably uncertain, anxious and increasingly eritical about the safety of their food.

The safety of food products for human consumption as a precondition for their mar-
keting must be guaranteed. But who is responsible for food safety? Are the producers and
processors, or the food business operators in gi | responsible as stated in the European

legislation (178/2022/EC), or should this responsibility be shared with consumers? Should
consumers having sufficient education and knowledge be able to make informed chaices?
This might apply to nutrition-related choices but the safety of foods cannot be judged by
consumers, Here the operators of the food supply chain are mainly kept being responsi-
ble. In food safety, the border bet ethic, ecompli a ponsible behavior, as seen
below, is not always clear cut and at times these issues are intertwined.

One of the largest food safety incidents the World Health Organization (WHO) had o
deal with recently was the Chinese melamine scandal from 2008 involving milk and infant
formula. By November 2008, China reported an estimated 300,000 victims, with six infants
dying from kidney stones and ather kidney damage, and a further 860 babies hospitalized
(Branigan, 2(06; see also Chapter 41). The chemical melamine appeared to have been added
to milk to cause it to appear to have a higher protein content {(McDonald, 2008; Macartrey,
2008). A spokesman from WHO said the scale of the problem proved it was “clearly not
an isolated accident, [but] a large-scale intentional activity to deceive consumers for sim-
ple, basic, short-term profits (VOA, 2008).” The issue raised concerns about food safety and
political corruption in mainland China, and damaged the reputation of China’s ability to
manage the safety of its products, It also affected its export, with at least 11 countrics stop-
ping all imports of mainland Chinese dairy products,

This case clearly shows the catastrophic consequences when a firm puts its own goal
above others. Adding a potentially fatal chemical compound to a food product is not only
unethical, but also illegal and above all a criminal action. The case is not a difficult dilemma
to judge in terms of ethics, legality or eriminality. What was particularly unethical was that
the problem was known for some time at the regional level but not divulged for fear that
the scandal may have negative impact on tourism and the upcoming Olympic Games. The
incident was brought to the attention of the general public after the games, An even greater

negligence and source of outrage was the fact that this event was the second melamine
incident; the first occurred in the USA in 2007 and was due to wheat gluten imported from
C_T!.i-N-‘l. Hundreds of dogs and cats were intoxicaled (see Chapter 41). No efficient cornec-
tive action was put in place after the first incident. The products of a multinational com-
pany which had already experienced the problem in the United Stated was affected again
in China and had to be recalled. Although a professional food safety management and crisis
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management calls for corrective actions after a first incident, it is also a matter of due dili-
gence and ethics to be ious on ging nsks. C can forgive a first and an
unexpected risk but when the same incident happens again for a second or a third time it is
amatter of negligence.

Sometimes, issues are clearly illegal and reveal an underlying unethical attitude on the
part of managers responsible of companies. For instance, release of a product knowing that
it is contaminated or does not meet regulatory requi or repeating @ microbial lest
until 2 negative result is obtained as evidence of safety is a sign of an unethical or immaral
attitude of managers.

Other food safety issues are more problematic and less clear cut. The case of unpasteur-
ized cheese is more controversial. Unpasteurized milk is known to be a potential source of
foodbome pathogens, including Listeria monocytogenes (Todd, 2011). Thus, consumgption of
soft cheese made from unpasteurized milk is viewed as a medium to high food safety risk.

mcHtg inated unpasteurized cheese has caused abortion and in a large
cheese cutbreak in California in 1985 one-third of 142 cases had fertile outcome (Linman
et al, 1988; Hof et al., 2003). Since the first compulsory law requiring milk from cowes to
be pasteurized, milk pasteurization is credited with dramatically lowering the incdence
of typhoid fever, scarlet fever, diphtheria and tuberculosis. In USA today, it is forbidden
to sell raw milk cheeses that have been aged for less than 60 months (US Code of Federal

Regulations CFR, section 7 CFR 58.439). In Europe, the European Food Safety Authority
{EFSA) states that there is a sub

ial risk of Compylobacter with milk and milk products
if products are not subjected to a combi of that eliminate the risk (EFSA
Jorrnal, 2005).

On the other hand, those in favor of unpasteurized chepse state that these cheeses,
which have been made for centuries in France (e.g. Roquefort, Brie, Camembert) and other
European countries (e.g. Serra da Estrela, Queijo da liha, mozzarella) are superior in taste
They are more complex in aroma and flavor, and they have longer lasting tastes. In addi-
tion, some belicve that raw-milk bacteria and enzymes are helpful digestive aids and argee
that lactose-intolerant people are able 1o digest raw-milk cheeses vithout their usual di
ficulty (Sheclan, 2007). Some cheese producers ane also concerned with the extended riper-
ing time for pasteurized cheese (Buffa e al, 2001). Up until the early 1900s, all cheese was
made from raw milk, and raw-milk cheese defenders state that the unpasteurized chese
problems are related to hygiene problems and lack of knowledge. Raw-milk chesse mak-
ers, whether they are making young or aged cheese, must pay extra attention o the type of
bacteria that develop in milk at different temperatures, and need 1o routinely test for Bac-
terial counts. Food hygiene conditions must be held o the standands to svoid the

introduction of bacteria that can develop in unheated milk. Raw milk needs to be made infto
cheese immedintely to avoid Nuctuations in § bl ination. Because

the most likely source of Canspylobacter in raw milk 'to be the frces of cows o goats.
good hygienic practice (GHP) during milking is important (EFSA fuunss, 2005). An HACCP
system in place would serve as an appropate toal for avoiding food safety outbresks.

So what are the dilemmas? Is it all right to forbid sales of cheese made with unpastess-
ized milk? Here food safety is sel up against people’s pleasure of exting tasty cheese, tra-
ditional food cultures and the food industry's economic interest, Is unpasteurized cheese

safe enough? In theory, a fully informed consumer Nwwﬂﬂwmj'-
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take and which to avoid. But what does it mean to be fully informed? Can we expect that all
consumers are able to collect the detailed information about the wide array of food safety
issues and make their own decisions? Are there any good strategies for providing relevant
information in such a way that consumers understand the risk? Is the correct thing to do to
delegate this responsibility to responsible authorities? And what if the consumers do not
trust these authorities?

The issue is even more serious when raw milk itself is sold, or worse, when raw milk is
given to children. Other examples are when raw minced meat is served without information
to consumers that the product may present a risk. A corollary of this situation is the subject
of food irradiation. Application of this technology, evaluated as safe by the World Health
Organization, can prevent a range of foodborne illnesses from foods of animal origin such
as campylobacteriosis, E. coli 0157 infection, salmonellosis and infections caused by para-
sites. However, its application is hampered by the fear of some misinformed consumers.
Again, the question is how are consumers informed and how do they voice their view? Is it
ethical that some people lose their life because of a powerful lobby against food irradiation?
Or is it unethical of food scientists not to understand and pay attention to some consumers’
cost of the long-term consequences of irradiation?

Another key example is when a food industry transfers responsibility of safety to con-
sumers without pm-kling proper warnings, cj}'_l,lu] clear instructions on saﬁ't)' MCASUIes,
or even worse market and promole a product in a society when il knows that consumers
would not be able or have means to ensure its safety. The latter issue was raised with the
question of breast milk substitute in the developing countries, until WHO established the
Code of Breast-milk Substitutes that responsible companies comply with, The issue of wamn-
ings on food packaging is still not well addressed in most legislation and the elarity with
which drug providers or electrical equipment or aviation companies provide information
has not yet been established in the food industries. This has made some companies wrile an
ambiguous text that does not raise the concerns of consumers, but where the company in
case of an incident can decline any responsibility.

Other emerging areas where the ethics of a company is demonstrated is the validation
of health claims, full consideration of safety in development of new technologies and novel
foods, and in ensuring that food science and technology is not developed for the sole pur-
pose of business interest but gives priority to consumer health

As mentioned in Chapter 37, food safety management relies very much on the manage-
ment of people, including ensuring that employees are competent in their job, have received
the proper training and briefing about their responsibilities, are given the means and authority
to do a professional job, and also set the right reporting structure to minimize conflict of inter-

est in audils and investigation of incidents. Most of all a company must have a culture that
fosters reporting and openly discusses problems, protects and rewards whistleblowers, and
has a management that walks the talk and follows its own policies. The company culture is an
area which is not legislated and enforced by law but is one of the most important aspects of
the ethical practice of a company as it impacts on all aspect of operations, including safety and
health and the social right of employees as well as safety of products and health of consumers.

Finally, one of the most fundamental aspects of ethics in the food industry is the commit-
ment and “real will” of the company to build a solid food safety assurance system or just to
do the minimum necessary to meet the requirements of legislation and certification bodies
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As safety of food products is the outcome of the food safety asurance system (including the
professional management of its staff) of food ¢ ics, no matter how comprehensive and
strong the regulatory system of a country may be, it cannot replace the everyday vigilance
of managers, workers of a company who have to oversee the safety of products.

The Precautionary Principle

The precautionary principle states that if a produet, an action ot a policy has a suspected
nisk of causing harm 1o the public or 1o the environment, prolective action should be up-
ported before there is complete scientific proof of a risk. In the absence of scientific con-
sensus, the principle implies that there is a social responsibility to protect the public I'I::
potential harm. This is a “better safe than sorry” or “caution in advance” principle
applies both to human health and to environmental protection.

One of the primary foundations of the precautionary principles, and EWHT "“Fw
definitions, results from the work of the Rio Conference, or "Farth Summit” in 1992
Principle #15 of the Rio Declaration notes:

In urder W protect the b ppevach uwﬁywﬂdhhrm“'d
iy, to Uik capaliilitios. Whene there ans threats of e dumage, bck i
shall not be usedd a5 3 reson for postponing ! F SRTIORE

The application of the precautionary principle has been made a statutory requirement
within the European Union (Recuerda, 2006), and according to an FAQ Expert 3
report on food safety “international food safety organizations must make clear mm
while an important tool, is not sufficient in itself for food risk analysis and that it nes
operate within an ethical framework” (Kaiser, 2003), The problemaic cases are the 1
where there are disagreements about the value judgments made in the risk asse eqtfe”
For novel food, new technologics or newly identified hazards, the answer to what nw
may not be the subject of a consensus, When bath the likelilood of damage and the
quences of damage are unk , then risk becomes difficult and E*M;]’
face ethical dilemmas (Kaiser, 2000 Almbs, 1999). Geneti HW@ of
are one example of a new technology which has created a lot of debate. The pr=sne®
different imterest groups and diverse citizens’ values in different political """:mew
a range of policy responses to GMOs in the 19905 (Vazquez-Salat et sl 2012} s Bl
was strongly supported by the scientific and biotech industry in the USA 2nd 16 B
ish of GM crops, Eurapean citizens were strangly opposed fo GM plants. Consume HE
skeptical and talked about “unnatural Frankenstein's food.” They lacked %M
their governments’ response Lo a series of food scares in the 1990s (Shegstad, inline
the GMO regulatory framework in the EU is different from the ane in USA and ‘E-::PW
with the public's perception of risk than with the scientific definition of risk
tionary principle is applied in the EU and is constantly challenged. |

A main L‘Ihri,t:ll question which raised a controversy with regard to GM 'Wt::‘“
years ago when EU countries would, as part of food aid, propose GM foods M%'
oping countries (Africa). In 2002 Zambia announced it would not accept GM food & the
any form. So the question was why would a technology and product rrecied BF 555
Enropean population be good for the African population? Most Afrizn countries

1V, SUSTAINABILITY ANDY ETHICS




1122 40 ETHICS IN FUOD SAFETY MANAGEMENT

GM technology applied 1 crops with caution, “Why shouldn’t we be wary of this technol-
opy and ity possible long-term health impacts, if the EU [European Union] is. If it is not
o o 1l why should it be good for us?” said Tewolde Egziabher, Ethiopia's direc-
o wl the Environmental Protection Agency. Positions were polanzed to a great extent
alter o quote fiom a US state department official, “Beggars can't be choosers,” hit the
Bl liniss. 1t prompted the then president Levy Mwanawasa to say hunger was no reason
for feeding his people “poison” (see the link http:/ / www.irinnews.org/ report /93991 /
PO Ry wer-LiM-tood-aid).

Thie evol oy aspect of the food system influences risk assessment of food safety and
tibgggein some ethical dilemmas, Although consumers’ food variety increases and the food
Inddustry patentials for new business grow, there are food safety issues to consider. The food
ket is becoming more and more global. Not only food but also food pathogens are dis-
frilvuted around the world. In Norway, sugar peas from Kenya led to an outbreak of dys-
wileiy (i 2000, probably due to consumption of raw produets. In Kenya, people boil or fry
vegetables before conm . This is not the case in Norway where unpeeled fruit and
raw vegetables are consumed frecuently. In many ways Norway is a food safety oasis in
Parope, with a livestock population vietually free from Salmenella and where only one out
of mine sational sutbreaks of infections intestinal discases linked to lettuce, sprouts, sugar
preas and basil the last 20 vears came from Norwegian produce (Rossvoll et al, 2012). The
bl b that consumens” food satety habits and routines, inherited from parents, are not
alwavs adaptad 1o handle new food scares from imported products. When food and food
prathogens change, while food preparation reutines stay the same, then food safety becomes
b, The solution ho this foed safety problem raises ethical q i related to o
of chikew, evonomie prosperities for developing countries, distribution of pathogens into
Clean aveas. et

ETHICAL DECISION-MAKING

Making good ethical devistons roquires a trained sensitivity to ethical issues, a practiced
myethod for exploving the ethical aspects of a decision and a weighing of the considerations
that should impacdt cur chowee of a course of action. Havimg a method for ethical decision-
making i= absolutely essential. The more novel and difficult the ethical choice we face, the
e we need to rely on discussion and dialogue with others about the dilemma. Only by
caroful exploration of the problem, aided by the insights and different perspectives of oth-
s, can we make good ethical cdhoioes in such situations

A Tramework for ethical decision-making has been d oped at the Markkula Center for
Appid Ethics at Santa Olara University (wwwscu avdo iox/decision). This framework
for thinking cthically, which s the product of dialogue and debate among Manuel Velasquez,
Donnis Moberg. Michael | Mever, Thomas Shanks, Margant R McLean, David DeCasse,
Claire Andné and Kirk O Hanson, is a useful method for exploving ethical dilemmas and
fdentifying ethical covrses of action. They divide ethical decision making into five bloacks:

1. Recagnize an ethical issue: Could this dociston or situation be damaging to someone or
o some groug’
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L Get the facts: What are the relevant facts of the case? What facts are not known? Can |
learn more about the situation? Do | know enough to make a decision?

3. Evaluate alternative actions: Which option will produce the most good and do the least
harm? Which option best respects the rights of all who havea stake? Which option treats
peaple equally or proportionately? Which opfion best serves the community as a whole,
not just some members? Which option leads me to act as the sort of person [ want to be?

4. Make a decision and test it: If I told 1 respect - o told a television audi
which eption I have chosen, what would they say?

5. Act and reflect on the outcome: How can my decision be implemented with the greatest

care and attention to the of all stakeholders?
How companies respond to these questions when facing a dilemma will impact the com-
panies’ ethical image and thereby also the perf of the company. Responsibility for

those concerns is shared among the players of the food supply chain, companics, decision-
makers and consumers. Production, processing, storage and distribution of food and agn-
cultural products are generally accepled as routine parts of everyday life all arund the
world. Therefore these activities have rarely been addressed within the realm of ethics. But
food and agriculture, and the economic benefits derived from taking part in the associated
system, are means to an inherently ethical end: feeding the world's population and preserv-
ing; the earth’s food-producing capacity and natural eco-systems for future generations. The
ethical dimension of agriculture is therefore inherent to discussions en modem agricultural
lechnologies (EGE. 2008b). .

The ethics of a company and its manage becomes P in times of an ing-
dent or a conflict. The cthics of a company is d by questions such as to what
extent the company will

voluntarily acknowledge a contamination and /o if necessary recall its products;
imvestigate the root cause of incidents up to the management level;

accept loss of benefits 1o protect consumers;

act transparently and reveal information on the incident and its cause; and

take pumitive actions sgainst those who have knowingly and irresponsibly violated
the policies (note: errors are different from vielations and should be not the subject of
punitive actions, see Chapter 37).

In the healtheare or aviation sectors, reporting of non-compliance or problems, and inde-
pendence in investigations of incidents, is much more advanced and can be a model for
ford sector if food safety is to be strengihened.

CONCLUSION

Consumers want a large variety of safe food choices, while producers want
to sell, bt also less reggulation. These ideas ane at times in conflict. Exotic and ¢
food vear round snd free choice of organie, raw, local and imported food @

producer and benedit t the consumer, but ane associated with varied and sometime
rick to health (Todd, 2010)
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Yiew suchmology, which made it possible to process the food in advance, transport over
iz Sistances, dsplay at retsil and at home, made it possible for the pathogens to grow to
levels cupsble of causing infections. Exposure o new pathogens, from imported products or
due to new technologies, crestes new food safety issues and raises ethical questions. Is zero
sisk what we aim for, or is there a level of acceptable risk?

The likelihood of becoming sick from the next meal has probably never been less than it
ie today, but the Jong-term consequences of today’s food production is less known (Almis,
1493 The production process is more complex and less ¥ and consumers are no
ionger in control of the production. They need to trust retailers and producers. Consumers
are worried, Some of these worries are directly linked to the risks involved, be they real
or perceived. Other worries are more linked to ethical questions related to well-being, free
choice (sutonomy) and fairness (justice). Availability of safe food needs to be addressed
in relation to factors such as: respect for consumer choice, right to information on safety,
universally affordable food, adeq i and working conditions for employees and
workers, fair practice in trade, animal welfare and sustainability of biotic populations. Also,
consumers are worried about new technologies and if these new techniques take into con-
sideration their health and safety, or if they merely are developed for business interests and
the benefits of producers, Some consumers wonder to what degree science is being devel-
oped impartially, if governments and public health authorities give priority to consumers’
hezlth in their opinion on risks and risk management options, and if incidents are investi-
gated ind P | ', and I Iy

A dialogue about the ethical implications of food production, processing, policy, supply
nd consumption may help involved partners make better decisions. The discussion needs to
e lifted to a level above what each company at any given point in time feels is best for them.

Aristotle says that identifying the good with pleasure is to prefer a life suitable for beasts:

1t is better {0 be a human being dissatisfied than a pig satisfied; better to be Socrates dissatisfied than a
fool satisfied. And if the fool, or the pig. are of a different opinion, it is because they only know their own
sicde of the quesition.

Every company has a social responsibility. Not behaving according to accepted norms for
ethical behavior may have consequences not only for food safety, but alse on a companies”
image, reputation and performance. Ethics is not a question of thoughtless and slavish wor-
ship of rules, and to scrupulously check every action against a table of dos and don’ts. The
fundamental question of ethics is not "What should I do?” but “What kind of person should
I'be?” For the food industry the question is “What image would we like for our company?”
Will we accept compliances, deceive full negligence or non-compliance as long as we are nol
caught or will we vigilant in any condition?

“Integrity is doing the right thing, even when no ane is watching” (Clive Staples Lewis,
1898-1963), and ethics is to the industry what integrity is to a person.
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Training and Education
Yasmine Motarjemi' and Huub Lelieveld?

:FMSIEI.'P{“ A Conil Nmo; ol IIG'H
Harmonization Initiative, Bilthoven, The Metherlinds

Atlast, few words should be said about education and training in food safety management,

the purpose of this book. In this final, short, chapter we would like to draw your attention 1o
some important points on the subject.

o

Often the terms education and training are used interchangeably and in food safety
management we often use the term Eraining while we may actually mean efucstion.
Stnctly speaking there is a difference. Education is generally defined s the processcf
learning and acquiring information. 1t may be carried out lwdlﬂumlpﬂl?“m“
having a profession, o university degree, or more generally, for developing the power
of reasoning and judgment. Training is the process of teaching a person for an animal) a
particular skill or type of behaviar,

Akey difference between training and education s that i training, the sabject may Jeam
to practice behavior without always or necessarily knowing, or thinking of, the reasen
behind it. In education, the subject receivis the knowledge and motivation to make
informed decisions and choices. For professionals in food safety and other employess.
although for simplicity we often use the term training, both education and s 78
essential, as managers should have the scientific knowledge and understanding ©
sound decisions, but also to have the skills to perform their job.
Itis a fallacy to automatically attribute failures in food safety management 10 peogie S
incompetence and/ or lack of training, As explained in Chapter 37, a failure c2n have
different reasons, therefore, before deciding o resolve an issue with further trining,
there is & nieed for understanding the root cause of the problems and identifying the
organization’s needs {Figure 47.1),
When it has been confirmed that there is a problem with hmd”
or employees (o fulfill their responsibilities and perform theis tasks, one shoald
first determine the reasons why this s the case. Although it may be due to 355
knowledge and skills, it may also be for a range of other reasons, such 25 ¢k @
everload of work, weak infrastructure, lack of elear procedures or instr

o

ot T 11 B A 127



47 TRAINING AND EDUCATION
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FIGURE 47.1 Decision steps from identification of a company need for improvement to decisions for iraining.
Ajh-'nrﬂi'lfnu 150 10015 (1999),

policies and directives, i istency b ponsibilitics and authority, inadequate
respurces, lack of motivation or conflicts in values.

The design of a training program must include three types of information:

a. background knowledge and skills of trainees;

b. the work objectives;

c. the tasks that are or will be required to perform (Figure 47.2)

4. As for any management process, following the implementation of a course, the impact
of that course needs to be evaluated, and based on the results of evaluation, further
improvements need to be brought to its design. As part of this, it is good practice to,
sometime after the course, follow up with the trainees and evaluate the impact and
relevance of the course on their work performance and identify improvements needed to
improve ils design.

5. Often, after a course, when trainees return to their job or start their carcer, they may need
further coaching to implement what they leamed, Without that, it iay be easily forgotien
and thus the training will have been in vain. Invalvement of a mentor would help to
achieve the purpose of the training.

6. At regular times, an entire team (e.g. a department) should be given the same training
together. Also, inspectors should receive the same training as professionals in the food
industry and if possible also jointly. This then will enhance a common understanding of
food safety management and decrease the risks of conflicts and differences in insights,
which otherwise will become evident after an incident when it is too late,

7. Often we focus our training on technical people, i.e. on food safety managers or others
directly involved in managing food safety, such as food safety scientists, laboratory
stafl, auditors, operators and line workers, There are, however, other people who may
not be involved directly in food safety management but their decisions or actions can
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FIGURE 47.2  Steps for planning, designing and improving the traiming and education Abgted o
150 JOOES (1999), proces-

haye bearings on food safety. This can range from a mdmbww
working in packaging, transpartation or administration. Their perception of whatisa
risk and what are important measures may be different and they may notbe aware of

the consequences of their decisions ar actions for food safety. There have been mmesous
incidents associnted with such situations. In food sal i

e ikl fety, 2 in other sectors fe g, aviation:
any detail is important if accidents are to be E“R“Wdy pr od. The seifizef
and education of these people should also be considered in food saf

they should be made aware of the relevance of their decisions or “:1:[, food safety, in
particular in an inadvertent adverse event,

£, Finally, but most importantly, the ed of decision-mak icularly the CEOof
pusinesses, needs o be stressed. * 2

This book has been developed with the aim of providing a basis for traming
of food safety professionals working in industry and /or those wha will assess food oper
tiors, bo promote a common vision on food safety mana the

ing, u—iumi'. Providing training to staff, both m&mﬁmmmdw
food safety management as without competent, WH@"“’“’ deﬁ_mﬁ?
tem will be functional and effective (Figure 473),

Training staff to be competent for their job is not only important for consumer salety but
it is also an employee right. An employee, who has not received proper wraining for s ©F
her job, cannot be held responsible for incidents that are the nesults of mistakes. The ulti-
mate responsibility and accountability fall on the management ,mwmmmw
provide the necessary training,

ff themselves.

Finally, a key factor in food safety management is the conscience of lhtdi. nd all

Therefore, as final words to the practicing and future food safety

W, SUSTATMABILITY AND ETHICS
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FIGURE 47.3 Pevple are at the heart of food safety managesment systerns and their management including
their training and ed i el in the food salfety 5 system, Adapfed from 150 10015 (1929)

users of this book, we recommend that, in case of doubt, they should ask themselves three
questions:

1. Would I give the food in question to my children?
2. How can I defend myself in a court of justice?
3. Whatdid 1 do to prevent or minimize the risk?

Reference

IS0, 1999, 150 Quiallty. management = Guidelines for traming, 150 10015 1999, International Organization for
Standandization, Geneva,
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Alumbnuim, usage o, 650
Amelonadn, 262
1081
Amnesic shellfish poisoning [ASF), 197, 612
Amyelotstransitells, 313
Animal and meat traceabilaty, 133-134
Animal larms, potential health risks an, 566
Animal feed. See alse Feed
lacteria in, 29
Belgium {1999} crisis, 1040-1041
contaminated with dioxin
Ircland {2007) crisis, 1041-1042
Animal healih
hygiene in, 575-57h
pandemics, 133
Animal husbendry, 566
animal farms, potential health risks on, 566
animal health, 575-574
Inosecurity, principles of, 576-57%
Toodborne diseases, 566-567
Tovdborne pathogens, examplis of, 567-573
wood farming practices for, 573-575
hazard analysis and critical control points
(HACCT), 586

of Haking 1(AIB), 542,

579-586

NDEX

Aspergillus corbonarius, 305

Aspergillus flasus, 257, 307-308, 384
Aspergillus niger, 305

Aspergillus paresiticus, 384

Assessmient of food safity management

systermns, 957
checklist, development and use of, 1000, 1000¢
competence of assessors, PH-005
desklop assessment, ¥95-997
evaluation procoes, %99
external assessment, 987-U88

regulatory assessment, Y55

third party assessment, 988
internal assessment, 957988
insite avsessinent, WE-999

reporting and follov-up, $99=1000
seupe and [requency of, $59-590
Assurance, concept of, 4
ATT Sev Adenosine tri-phosphate (ATT)
Audit. Ser Assesment of feod salety management
myslems
Auxiliary items, 39, 405
Avtan influenea virus IATV), 179
Azaspiracisl shellfish puisoning (AZT), 612

livestock farms, good hygiene practi
Animal Infections, 573
Ankmal manire, a5 a contamination souroe, 123
Andsakis simpler, 197
Anizakis spp., 209
Anisalis, 196-197
Arisoptoremalur crlandrae, 8160
Ansbiam pinctatum, 810
Anodized aluminum, usage of, 650
Antibiotics, 288
Anticoagulants, 801
Antimicrobial soap, 782
Antimscrobials, veterinary use of, 100-101
Antinutricnts, 47
Antiseptic agent, 782
Antiseptic products, TH2-783
Ans, in lood processing facilities, B06
Apis mellifics, 264
Appropriate level of protection (ALOP), 652, 801
AQL See Accoptable quality lmit (AQL)
AQSIQ. Sex Administration for Quality Supervision,
Inspection and Quarantine (ADSI0)
Agquacultire, 05-20
drups, 198, 614
Arsemic, 2, 361, YA
Astesian waler, 355
ASC. Sov Anidified sodivim chlosite (ASC)
ASE 5S¢ Amnesic shellfish poisankng (ASP)
Asgrgiltis, 224, T53, %, W5, 670

Azodicarbonamide, 10468-1047F
AZF, See Azaspiracid shellfish poisening (AZF)

29
Bacillus cercus, 97, 1260-128, 129, 203, 221, 259, 293, 297,
474475, K164, K24, B9E
Bacillies suldilis, 293
Bacillies Hrucringiensis, B160
Bacterial cold water disease, (i2
Bacterial diseasen, in lish, 601603
Bacterial harards. Ser Biological hagaads
Bacterial kidney disease, (02
Bacterial fowins, 202-204
in feed, 30
Bacteriocing, 474475
Bakery, 202-295
food salety considerations, 246-208
Tigh maisture and perishable fillings, 297
sensitive ingredients and inclusbons, 296297
hazard analysis, 243-20%
biokogical, 203-295
chemieal, 297
physical, 207298
intermedisle products, 293
intrinsic properties, 253
processing, 293




TN, 133

Baking Industry Sanitation Standards Committes ‘Biovigilance, 833631
(BIESC), 1081 Biuscust betle, 5051, 509510
Ball beanings, 703 Basphenal A (BFA), 112-113
Ball feet, 659 BISSC. Ser Baking Industry Sanilatien Standands
Batch blast chillers /Ircezers, 491 Comenittee (BISEC)
Bearings, 678, 694 Bivalve molhsks, 191
Brauvena bassiena, 8164 ‘Blanching, 424
Beel cattle, E. coli D157 in, 135 Glane, Sir Gilbers, 1107
Boer stone, 755-756 Blanked-off tees, 711713
Beetle pests, S01-805, BO3t Bleached Krah, 401402
Belgium, 91 Bleaching, 135-136
Belt conveyor, T03-T07 Bertrytis cimeren, 19
Belt [reezers, 495 Battled water, H7-33. Ser s Waker
Benz{a) pyrene (BaF), 329 and food industry, 348
Benzimidazales, 101 eqanpment, 678
Beta vulgaris, 289-290
‘BELC. Ser European Consumer Organization (BEUC) per capita comsimption, by countriss, 355
Bins, hygienic design of, 686691
Bro-d risk assessment, 3h6-367
Binlilms, 141-142 risk management, 364-167
Ticlogical contamination, Se Riolageal hazards safety, 374-376

Biological hazards. Sov alsa Poodbeme pathogons Types, 355
animal infections, 573

Botlism, scalood-associated, 203
drinking water, 3559-3640 Bavine somatobrepin (BST), 101-402
farms, pathogens contral on, 573 Bovine spangiform (BSE).
in feed chain, 29, 32¢ 1261-1282, 383-384, L0M, 1045

bacteria, 29 BPA. See Bispherul A (DPA)
endoparasites, 29 Beacken fern, 5051
prions, 24 Hirainstorming, 1029-1031
Trom fiood cumtact materials, $06-417, 416 Branciizeraocs simguinss, B4
in fraits and vgetables, 215-220 L s, 004
in meat and meat products, 129-132 Bragil coffee processing in, 252-153
in meat products, 125-134 TRC. Ser Hritish Retail Consortiam (BRCH
animal and meat traceability, 133-14 ‘Bread beetle, 85
animal healih, wellare and humane treatment, 133 Breaking and winnowieg, 266
barterial, 129-133 Bavteshs Ractail Consartium (BRC), G27-625
comeerms in meat, 132-133 Eroad-horned four beetle, S0, SE-5100
enwironmental contamination kssies, 134 Bruoels shring, 57| 572
peneral, 125-129 Bracells spp, 96,84
pathopgen resistance, 134 BSE. Sec Bovane spengil bulopathr (BSE)
itk and dairy produets, S, 90-114 ST, Se¢ Bovine

(BT
In pet food, 350-384 BT Act. Ser BiaTermarism Act (BT Acth
in poultry and eggs, 164-166
in seabood, 192193, 1921, 1941, 195-196, 200-201
Biosecunity, principles of, 576-579
farm aniemaly, 576-577
farm visitors, 577-576
misks
Fromm farm cquipment, 578
frorn vehicles, ST-579
from wildlife, 578
BloTerronsm Act (BT Act), 956
Bioterrorism, 630-631, 940
Hintoxing, 197-198
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Building design (Continuad)
SEwers,
storage rooms, 670-672
for chemicals and lubricants, 671
Tor challed Tood, 671
fir grain, 670671
for oills, 671
for packing material, 671
for refuse and waste materials, 671
temperaturne control, B47
ventilation, SHE-660
walkways and starways, 664
wealls, G666
zoming, 665665
Butterfly valves, 727
By-products formed in oil refining, M41-243
cis-trans isomerization, 341-342
3MCPD and glycidyl esters, 342-343
Byssochlarus, 224

c

CAL. Ser Cudex Alimentanus Commission (CAC)
Cadmium, 200, 650

Zaleium enalate, T55-756

Campyiobacter, 1i4-166, 174=175, 201, 216, 359, 4531, 570
Cmmpylobacter spp., 4, 12611241, 130, 457, 570, 570, §24
Campylobacteriosis, 130, 570

Candida, 216
Candied humey, Ser Crystallized honey
Canned products, 204, 434t

433435
Carbamate pesticides, 102-103
Carbon stoel, usage of, 679
Catbenylic acid, 543
Carcass washing, 175
Cepeylvilies effrmidiintars, B0A-8108

single-wheeled, 713
Caltle slawghter processing, 1557
Chinse analysis
o fuod safety crisis, 1026/
serven step process, 1028F
Smudwmnjﬂ.m-“?‘d ST 1024, 10257
Caustic-oxidizer, 751
CCFH. 5o Codes Committie un Foud Hygiene (CCTH)
CCP. See Ciritieal control psoint (CCT)
COCTV., Sev Clossand evreunit television (CCTV)

Ceeilings, 666-667

Celiac disvase, 62-63

CEN. 5¢ European Committes for Standardization
{CEN)

Center fur Foud Safety and Applicd Nutrition (CFSAN),
7

Centrifugal pumps, hygienic design of, 721722

Ciphalonommia gallicola, 8168

Cephalanamn tarsalis, 516!

Ceplalpnoasia weterstoni, BL&S

Ceramic artiches, 402403

Ceramics, use of, 652

Cestificate of analysis (COA), 399, 911-913, 925-526

Centificate of compliance (CoC), 925

Ceertification and Accredil R
[CNCA), 956

Certification requirements, 555

CFF. See Ciguatera fish poisoning (CFF)

CFR. Ser Code of Federal Regulations (CFR)
CFSAN. See Center for Food Safety and Applied

MNutrition (CFSAN)
management, 7-10, E77, B36, See alw

Maintenance of HACCTP plan
CHAGS study, 969

Check valves, 728

Checklist, du-'rlupultﬂl lﬂil use of, 'Im 1000

Chitesr p ing and m. 1
l[f'-llﬂ

‘Chrlants, 751

ancl sequestrants, 753
Chemical activity, in cheaning and sanitizing, 744
Chamvical cleaners, environmental ssues with, 751
Chemical contaminants, See alsr Chemnical hazards

allatoxin B, “0-%1

allatercin M1, 102

allatonins, 306-3F, 331, T0-I0

algal towins, 197

allergens, &, 275276, K571

ardibicdics, 288, JHE-09

aquacultire drags, 19, 614

arsenic, 2V, 341, Y20

bigtaxins, 197-193

bisphenol A (BPAY, 112-113

cadmitm, 200, 680, See also Heavy metals

carbamate pesticides, 12103

chloramphenicol, 288

cyaneogenic glyoosides, 49-50, 55 Ser also Linamarin

cyanuric acid, 359-390

deoxynivalenol (DON), 308-304, 386-387

diartheic shellfish poisan (DS, 611-612

dibenzolurans, 30

dibuthylphthalate (DEF), 413

dichlorodiphenyl-trichloroethane (DDT), #13

diaxin-like componnds (DLCS), 6114
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duin-like polychlorinated biphenyls (DLPCDS, 3 processing contaminants, 520

dioxing, 15-16, 30-31, 311, 91, 103 p,lﬂmidm;;;lﬂ\d'm
mmmmwmnnﬁuu,n-&m rachonuchdes,
339-340, 1041-1042 scomibrotain, 612613 Sk Histasine
drugs, 363364 shellfsh bactiins, 197
1 and industrial i 102-14,  o-salanine, 43
134, 1924, 195-200, 613615, 920 veterinary drags, 100-102, 198, 268, 35-399, 141,
fish toxin, 197198 565,575, 614,857,512
food additives, 921 easalencme, 331-552
fumunisin, 305, 308-309 hemical oontamisanis, masapement 518
glveoalkalonds, 49, 55 tactnes affectng th
Erayanotaxin, 287 -2

heavy metals, 103-104, 198-199, 265-259, 292, 334, 'HACCP system, application o€ 27955
339, 6111, 671

b=
Iistamine, 201=202, 612-613 comtive aitice,
hormanes, 101-102, 363364 P mamitorng and other venificabon, ¥3-41
hydrocarbans of mineral erigin, 329-331 eritical limits, 919930
hydrosymethyifurfural (HMF), 287-285 hazard analysis, 925
ik, i34 ‘hazards, eontrl of, 528529

antibyiotics, 368-36Y hazards, idenification of, 27

lead, 29, 198-195, 292, 650. Ser als Heavy metals maintenance, 955
lextins, 55 ‘menituring plans, 131-433
linamarin, 481, 49-50 validation, 933534
lubricants, 4M, 671, 705
marine biotoxns, 197

mielamine, 104-105, 359-390, 1048

mercury, 199, 614, See also Heavy metals

methyl bromide, $12-813

igenic fungi and iy s, 30, 9091, 102,

3003, 310e-3U10, 331-332, 364-388, 670, 8571

maturally sccurring toxicants ol plant onigin, 4546

natural pesticides, 47

natuttal tosbng, 6104612

nitrite, 110, 204

mitrosamines, 203, 403

ochratonin A (OTA), 253, 505, 308-309, 670

arganechlorne pesticides, 30, 102, 611

organophosphate pesticides, 102-100

organuphosphons compound, 326, 512

packaging contaminants, 397, 920, 1451047

patulin, 224

pentachlorophenal (PCT, 15-16

perchlorate, 343

prsticides, 102-100, 254, 285-269, 291-292, 327-328,
3, W1, 613615

pharmaceuticals, hormones and drugs, 353-364

plant toxicants, 47

polvehlorinatid biphenyls (PCls), 91, 103, 166-167,
303, 613, HMIh, 145N

polychlorinated dibenrofuran (PCDF), 103

polychlorinated dibenzo-p-dioxin (PCDD), 20, 105

polvovclic anamatic hydrocarbon (PAHs)

memoval, 103, 205, 305, 305-309, 328-329, 137-138,

&1L 670
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Chemical hazards (Confmued)
in wils and fats, 327-335
in poultry and eggs, 166-167
in sealfood, 1924, 1941, 198-200
Chiemical refining, 336
Chemical-based washing trestments, for fruits and veg-
etables cleaning, 229-25)
chiorine dioxide, 229
combination of disinfectant agents, 230
hydrugen pereside, 29-230
organic acids, 729
Chemicals and lubricants, storage of, 671
Chernobyl accident (1986}, 91, 104, 364
Cheyletus eraditus, B16
CHG. Ser Chlurhexidine glucomate (CHG)
Chilled chocalate products, 274-275
Chilled foads, 482
storage of, 671
Chilled retail display, 49549
Chilled storage, 496457
Chipboard, 401402

Chluramphenicul, 285
Chllorhexidine ;lummlt' (CHG), 782
Chlorhexidines,

ultlmdlunl!.m TSE-T9
Chilerine, 237, 758
Chborine-based disinfectants, 583
Chlorine-based samitizers, 755
Chacalate crumb, 271-272
Chocolate, 270-271
chilled chocolate products, 274-275
choculate cruemb, 271-272

conching.

extrusion, 1773

lilling proparation, 273-274

GMP/hygiene nequineenents in production o,
Z75-180

allergens, 275-276
cleaning. Z78-279
MHdu;drqwmnM

'§ Progr
rework, 276
bransportation, I79-260
woming (eparstion), 277
manulacturing, 271-275
malding, 274
pree-mixing / refining. 272
raw materials, 270-271
storage/ distribution, 274
Choclospif elegans. 8160
Cholera, 190
Chrome-mickel stel, 679-080
Chromas-nickel-malybdenam stel, 679-680
Cigarette bevile, BU3t, SP-8100

277-IT8

INDEX

Ciguatera fish pedsoning (CFF), 612

Ciguatera poisoning. 190-191, 196

CIF. Sre Clean-in-place {CIF)

Cis-trans lsomerization, 341-342

CL. Ser Critical limits (CL)

Cladasparium herbanom, 4551

Clamp coupling IS0 2852, 718-7214

Cliticeps purpurea, 297

Clean sodl, 592

Clean water, 349, 592

Cleanersanitizers, 754

Cleaning chemistry, 750-754. See also Sanitizing
chemistry

acidity, 752-753
alkalissity, 751-752
caustic-oxidizer, 754
chelanis and sequesiranis, 753
eleance-sanitizers, 754
l dssuies writh o
enzymes, 754
personal prodective equipment (IFFE) and salety pro-
grams for chemical usage, 751
surfactant and solvent systems, T53=75
Cleaning factors, 744
Cleaning long and antificial ingemails, 7R3
Cleaning out-of-place (COI"), 74X, 747
Clearungg probliems, in food process environments,
b S
Tats and oils, 755
prodein cleaning problens, 755
seale remmonval problems, 755756
sensitive equipment, 75
starches and w!y\unl\uldm,"sﬁ
Cleaning valid, havalogy
T )-Fidy
albergen validatin, 703761
eleaning and sanitiring protocel, validation of, 76
clesning verifieation tests, 765-766
dry. ]uud pndnnlun cheaning validation, 745
d protuead, s i, Thl-Tis

1el 751

(_‘hunlng
of allergens, 70, 78, 749
analysis-based cleaning valication, 800
anecillary cleaning equipment, 749
chemical activity, 744
chemicals, 37
in chocolate production, Z78-274
and disinfection, 584-585, 636-63%
of dry /lew moisture foods, 750
enviranmental, T44-749
ancillary cleaning equipment, 749
foaming / gelling systems, 745
high pressure cleaning systems, 748-749
rmaster sanitation schedule, 744



2 mesinrng of S, ek and vegeiables, D5
Ceammegilnee fI, 4 aS-080, 717, MO, 1Y

Tecimmand TH-TE

=% oraT Seareg T

Clstrudmem sotuiomem, 97-95, 1260-1281, 12130 205
204,208, 221, 2357, 291, 426408, 430401, €3,
&72, $74-476. 485, B03

Clestrdinem ipotalimem type E, 617

Clomtridmm di¥iciie, 129-130

Chastridtissm perfrimpens, 97-96, 1264-126¢, 1293130, 23,
221, 47T K24

Ciowrrubuss epogemes, 4560

Clothing, 442, 790

CNCA. Ser C and
Admisusteation (CNCA)

*“Ca, for food i

w‘u
COA. Ser Cerrificate of snalysis (COA)

Castings, 44
ColC. 5o Certificate of compliance (CoC)
Cues-Cola (1999) crisis, 1042-1043, 10444
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Coleoptera, 801

Columnans disease, 602
Comb honey, 285
Combase, 472473
Commercial stenlity, 428, 433
Communication, 1066
i dairy farm, 101
documentation and record keeping, 877
in feed sector, 35
Competence of managers/empluyos, 127-1128
Campetitars, 943
Compliance, improving, 7¥1
Compound leed, 26
manufacturing prooss, 26
Comching, 272-273
Confectianery, 244292
biclogical hazard analysis, 291-292
chemical hazard analysis, 291-292

Conscience of the staff, 1129-1130

Consensus Process, 1066

Conslstency, 538, 547-54
Consumer Goods Furum, 1073

G isinterp d expectations, K349,

e
Consumer trust, 2
Comsumer, 10051006
alkergens, Labeling of, 1012-1013
chice, in food, 1008

plubal regulatory measanes, 10071008

and informal sector, 10

information to, 1006

Rabseling. 1009, 1014

precaution, 10013-1014

produnct information within food chain, 1008-1001
iom, 1007

and risk, 1011-1002

industrial and envirenmental, 102-104
in milk and milk products, 110
in vils and fats, 327-335

cangovs, nesidues of, 332-333

crude ail risk aseessment, 327

INDEX

crude oil risk matrix, 334-335
heavy metals and dioxans, 334
hydroearbons of mineral arigin, 329-331
mycoloxins, 331-332
pesticide nesidues, 327-328
polvevelic aromatic hydmcarbons (PAHS), 328329
Contamination, 15=16
barriers Lo, 7E7-786
of bread meal with dioxins in Ircland (2008), 4041
Trespuency, 14-136
sk of, 662
vectors, #7
risk assessment log, 648
Cuntamination, intentivnal
prrpetratons committing, $41-945
agents, $44-045
competitors, 943
emplovees and other insiders, #2-943
glubal terrogist thrval, Y44
Bocal extremists, 43
owners and managers, $41-042
preventive measures, 950-956
comparisen with HACCF, 951
inside security, Y52
loghtics, producthon and storage security, #53-954 I
management systems, Y54
wulside (perimoter) security, 952
regulatory requirements, Y56
largeted miligation measures, Y55-U565
Continuous ale-chilling system, 4907
Cortinuas bunding, 676
Curitinuous improvement, 31
maintenance of HACCT Plan and, 47
Control rmeasures, 8515, B52-883, 978
in preveniing fraits and vegetables contamination,
126-232
cleaning and washing, 226-228
packing, 228-229
prrocessing and preservation technigues, 29-232
transpuort and storage, 228
Control/ operating limits, sstablishing, 652-653
Conventional washing /sanitizing rmethads, 227
Conveyor bell, 74
Convevor frames, 7704, 704F
Conked sealond uncts, 209
Cooking, 424, 616617
COP S Cleaning out-ol-place (COF)
Copper, usage of, 650
Corcura cephalonion, KO3Y, Brs—H10¢
Corlk, 41
Cormn sap bicthe, BEN-E10H
Corporate sucial responsibility, 1015
Corrective achon plan, establishing, 653655
Corrugated board grade, 4U2f
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Corymetectormgmy beow, 53 Crptaan, e
Coapiiog DI L, T28-TT0 Cryptolendes frmeginges, B K41 817
Covwmrs 3 g, TUTTIRE Crmtalavios hmcanes, BON, SM-5U0
Comill bt 96, T Craptaqeridi, 1o
Coeesote. £1l6 Cristaquraliom, ¥, .0, 1
Coell, 252 Cryptosperidiem purrum, 98, LIN-125 T X580 505
decorsesnioe wad remeds, Wl s, for bood preservation, 418
emenain o, LTINS Kured products, 208209
e frees, 10G-1281 Cuntomer and/og coosumsr sekevane, SE55
BSE 1S Quality Fumction Deploymenss ([QFI, 350551
Cmca=Cols (Tvew, Tl-1043 Cyangmic plyoosibes, 4458 55
ot soantal S0, 10451001 Cyclompons arpetomensss, b
lamme (SOCT-20U0, 131G
crntamanans, THME-100 D
Perrer memeral =wter (19900 142 120 concept. 432
Sugatcwss pesducmg E ol STEO O1MHL Dwaboe, {05, &0, 48
amd Framoe. 20711 1049 Dainy courpling DIN 11851, 718721
by fo By [OE] Duiry desserts, 111
swcovery mnd rebhaldong siver crus, 10811050 Diairy products. Ser Milk and dairy producs
Cms mumaper L057=1 738 DALY conoept. Ser Disability Adrusted Lo Year
e, TTA-1040

Cestical contral pesat (00T, 152, 157, 55885, 677,
DT

= chillsng cperaton, TTR-1T3¢
dedect desection, 170171
Aewrmaarg, B3
HACCT and &%
memterng of, 150-151, 884
ondorng wve oy, b
mpreiicacy ol Wb
vabdatyr of, 150

Comcal frevts (14

Oy prod el gz practis
Commp-romriar e, b0, 67, 85-70, T4
Crude maiee geren il
oo (LEN) i, T1-¥5
Crustarrsrn, 190

Cryopeur e, 443
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Dilsvpropylnaphthalene (DIFN), 413
Dimachus discelor, B16¢
Digxin:like compounds (DLCs), 611
Diain-like pal ted biphenyls (DL-PCBs), 30
Dhoxins, 13=16, 30-31. 314, 91, 103

in fevd fats in Germany m 2010/2011, 4143
DAPN. See Dilsopropy naphthalene (DIFN)
Direct contact, 396
Drisability Adjustecd Llle M {DALY) m\mp‘, 55
Discharge outhet, f with, 686
Disinfectant agents, 230
Dhsinfectants, S62-584, 756

agents, 230

alosdvils, 583

carboxylic acid, 553

chiorhexidines, 553

chlorines /hypochlorites, 563

585580

handling.
hazards associated with water, 363
dophinns/iodine eomplees, 583
erony compoiinds, 581
henuls and cresols, 584
uatrnary ammoniun compounds, 554
sodium hydroxides, 584
sullates, 584
Dnsinfection, 581-584, 6X7-628, Ser alvs Cleaning
by chemical means, 562

THEEX

wrgganoleptic hazards, 365-366
radiological hazards, 364-365
sources of water-related pathogens, 360t
Dry coffes mives, 259
Dy fowd production deaning validation, 765
Dy hwat, disinfiection by, 5862
Diry/low matsture foods, cleaning of, 750
DST, See Diarrheic shellfish powoning (DST)
Due defense, 544-545
Due diligence principle, 1023-1024
Dull-nickel-plated fixing, 656
“Dutching process,”, 266

E
E. colt.. See Escherichis colt
EAEC. Sex Enteroaggregative E. ol (EAEC)
fon (EMA), 941-942

Edible nusts. See Nuts

Education and tradning, 10, 71, 152-153, 641, B40-841,
YE3-084, 1109, 1127

Edwardsiclls septicemin, 602

Ed dshellinls enterit g

s, 602

Edwardsellosis, 602

Elfectiverwss verification, in root cause anabysis, 1030
Fgg breaking operations, 180-164

Fx; Products Inspection Act of 1970, 182

ﬂmt.' :mnmmm Mrm rN!I 511 Sm-'w

cleaning and, 584-565 1y
by physical means, 551-542 nw l'-l'ECf\"TEL!mvt}-pn
dry heat, 582 EHEDG. See European Hygienic Engineering f Design
wt heat, 581-582 Group (EHEDG)
Dismaountable prints of equipmend, 644646 Elsstugners, 678
DLCs. See Dhoin-like compounds (DLCs) IJnrlr!z .1; dryers, TES-THG
DLPCHs, See Dioxin-like palych A bipeh Josssres, FOH-709, 2]
{I-PCBs) Elextrical hewting methods, 438430, 439
Documentation and record keeping, 35, 101, 656, 577, ELFA tixhniquis. See Eneyme-linked fluonsont
1061 (ELFA) techniques
Domed nuls, 661-645 ELISA. Ser Encyme-linked immunesorbent avsay
DON. Ser Deaxynivalenol (DON) (ELISA)

Diiirs and windows, GH5—664
Doublejacketed squipment, 276-277
Dirainnge, 633

Divains, 668

Divied Eruit beethe, B08-810t

[iried honey, 265

Dried milk powder, 111=112

anganic, 362-363

pharmaceuticals, hosmanis and drugs, 263-364
in Food industry, 354-358
microbial hazards, 359-36

EMA. Ser Economically mativated adulteration (EMA)
Employees
and other insiders, risks associated with, 942-943
reparts of, 1019

Endrosis sarcilrella, BOS

Eneegy and waste mansgemint, 593-505, 504k

Entitmacha iustalytics, 216

Enteric omganisms, 792-743

Enteric redmouth disease, 601

Enteroaggregative E cli (EAEC), %5

Enterodacter salazalii, 1061-1062. See afsa Cronuhacter
sakaralun

Enterobacieriaceac, ¥3=45, 200, $99=901, 9011
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Entesshemerrhagic Esclierichia coli. See EHEC {enterohe  Ethicalissucs, n food safety, 111122
morthagic Escherichia colil fprecautionary pringiple, H21-1122
, UG Ethics, in food safety management, 116-1115
‘human resource management, $71-972, 9711 EL-AIR-NETTOX peoject, 47 :
innovation management, 969570, 570F EURC. Se¢ Exsrupean Food Infarmation Council
and bi ity p han, prinaples (EURICY
fa, SU5E E ‘ dusation {CEN).
I chemical nd p AT-1071
615615 Eiaropean Consumer Organization (FELC). 1678
Environmental cleaning, 748-749 Eutupean Frod Information Coundl (EURCL 1077
ancillary cleaning equipment, 749 Exsropean Food Safety Authority, 13, 1642, 1072
foaming or gelling systems, 743 E v giemic Engineering & Desin G
high pressure deaning systems, F48-749 (EHEDCG), 542, ba2, 652, 1073-1050
master sanitation schedule, 749 Eutrophication, 414, 10%
Environmental contamninants, 102-104, 920 Evabuation process, in fund salety management, %5
5 progs LT-ITE LS, Evidence based dromon-making 3
92805 Exhaustion, {24
Environmental plan assessment Extended sheld-fife (BSL) mille, #1
Environmental Protection Agency (EPA), 1074 Eatime weather, 1100
Enymme-linked Maotescent (ELFA) technigues, 7ok Extrussion, in chooolate making, 273
Frzyme-linked immundasorbent assay (FLISA),
77,6 F
Ercymmes, in cleaning programs, 754 Fit vaboes, 430471
EPA. Se¢ Envirommental Protection Agency (EPA)

Fpfarstia candella, O3, 805806, BISH-B100
Epliestia kuchnsella, BO3t, BOS-506, BO-8100
Epouidired sovabean il (ESBO), 308
Equation of suryival curve, 425
Equipment Iramework, 697695

Factory clothing, b2 el rotecre ethingock
thothes

Fevcelucteraon prousmi, 111
Faibure Moo and Elfect Anabpis {EMEA], 167, 155
e

Faihures, moan cause of, #7-484, 950
Erysipelosts anguillarmm, 601 active falbure, 90, 10041025
Erysipelotrax rusiopetiiae, 603 Puuaman errur, 51, 953
Erythrodermatitis of carp, 601 rarman fackars, YE0-981
ESBO. Sev Epenidiend soyabean oil (ESHO)

Latent failures, 575, 951563, 1024035

Esckerichia coli, 95, 119, 12641288, 130-131, 135, 193, 216, Wﬂﬂdéﬂtﬂﬂ*"’“
204, 370, 541, S69-570, 644, 824, Ser el Shigatonin:  violations, 98

producing fvenstoxigenic £ coli (STEC/VTEC)

Y81, 962 -
warking condisions and epvimomeet.
perolypis Fabue crilings, 466667
Enterohermorrhagic Exchericia vl (EHEC), $41. S False rejoct rate (FRR), 529
oo Bh e producing / agenic E.ooli  False rojects, defaned, 528 o
(STEC/VTEC) serotvpes FAD Sor Fond snd Agreuluse Orparitaie
Eschrrichia coli (Shigatoxineproduring E ol STEC)

OO, 1049, 10500
Eacherideia coly (Shigatoxin-producing Eooli (STEC)
0145, 1M
Escherichia celi OV57, 111, 135, Seealsp
LSk " s

" ¥ L igemir [ ool (STECY
VTEC) seroty pes
Escherichia colt ONS7:H7, 125-129, 131, 134-135, 139,

142, 145, 216, 4530, 4590, S69-570, She-547 Seealss
EMEC Eschericlia caliShi

!
toxigenic E. coli (STEC/ VTEC) ’ g

Escherichia eolt 026, 111

ESL milk. Ser Extendied shelf-lie (ESL) milk

Ethical dectston-making, 1122-1123




1142 INTEX
Farm [Contisied) e livestiock production, 574
Cruplesporidiem spp., 98 possible procedures fo minimuze the
enterobacteriaceas, 93-45 risks, ¥2-43
Listerna morocutvgenes, 0, 95-46, 108-109 problems, 90-92
Myrobacterium spp., 96-97 Feod, hazards in, 28-3
Staphylococous aureas, 97 biological, 29
pathogens control on, 573 s
potential chemical hazards, 104-105 endoparasites, 29
staff, 575 pricns, 29
veterinary drugs, 100-102 chemical, 29-32
visibors, 577-57H bactenal toxins, 30
FASCAT. Se¢ Food AG sector ity tool b 29-30
(FASCAT) mycoloxins, 30
Fastuners, 633 wrganic chemicals, 30-32
Fets and nils, 755 terrestrial plant toxine, 30
Fatty acid sanitizers, T physieal 32-34
Fil. Ser Funetional barrier (FB) Feel, £05-701, 6551 7007
FOM. Ser Food contact materlals (FCM). qu-:;pmqﬂmcmq:hlﬂufﬁmmﬂ
FDA Food Safuty Modernization Act, 545 Fenwnycarb, B11-812

FDA. See Ford and Drug Adminkstration (FDA)
Fecal contamination of hands, 75
Fecal-orally transmitted pathogens, 5659
Feed addilives, defined, 25
Feed chain, 24
characteristics of, 2426
co-products, 24
foed safety incidents, examplis of, 3943
bread meal comtamination with dioxing in frcland
i 2008, 4041
digxing in feedd fats in Germany in 2010/2011, 41-43
MPA ins gluicose syrup in 2002, -0
Functioning of, 25
good hygiene practices in, 34-29
certified feed safety assurance schemes, 349
Ieed safety management principles, M-
hazard analysis and manitoring plans, 57-39
prevequisiie programs, 337
muaterialks, 26

in. 24
potential hazands, 2034
bacteria, 20
bacterial toxiny, 30
biological hazards, 2%, S:¢ alva Foodbame
FPathagens

chemical hazands, 29-32

terrestrial plant tosins, 30
Feed salety management principles, 34-36
Fuod, W93, Sor also Animal fecd
wategueies of, 252
dedined, 24

Fermented foods, 474475, 4771478

Fermented mesl, 124-125, 4'5-‘?6

Fertilizers, 221-222

Fibsesrglass batting, i@6-697

Filling preparation, in chocolate making, “73-;?1

Fillered haney, 265

Fingernails, artificial, 783

Finishwd products, accephance criteria and testing
P ms for, WE-510

Fish and fish products. See also Seafood

irsternational fish tracle, 190
Fish bacterial diseases, 601-603
Fish lungal disease, 605604
Fish helminth soonoses, G056
Fush hyppene, 594
bactrrial diseases, S1-603
disease preventivn, 596-597
diseasers of medluca and crudace, B8
lisease trvatment, 976K
Tinhi Bilmmintls zroasises, MS-04
fungal dissase, 63604
parasitic diseases, 60=5
pathogenic bacterial growth and toxin formation,
6156186
toicity, WIF-615
wviral diseases, 600-601
Fish parasitic diseases, 604605
Fish processing, hazards from, 205
additives and allergens, 204-205
Facteria and viruses, 200-2010
histamine, 200-202
physical hazards, 1920, 2058
towing produced by pathogenic bacteria, 2i02-204

-



Fish tosdicity, 607-615

" 3 d prsti-
cides, 613-615
aquacubture drugs, 614
methylmercury, 614
factors affecting, 607-610
biological interactions, 608-610
water quality conditions, 607608
natural toxins, 610612
seombrotosin formation, £12-613
Fish toxin, 197-198
Fish viral diseases, 600-601
Fishbone diagrams. See Ishikawa Cause and Effect
Analysis
Firhborme osstode infertions, 606
Fishborne nematodiases, 600
Fishborne trematacliasis, 606~ - \ Bem
Fit for consusmplicn, 4
Fixed feet, V9
Flat gackets, 69
Flies, in food processing Facilitics, 805

onesite confirmation ol, 645, B55
FMEA. See Failure Mode and Effect Analysis (FMEA)
F, value, 430, 431/, 4324433
Foam sanitizers, 78
Foaming. 748
Food addditives, 921
Fuod AG secior criticality assessmment ool (FASCAT),
i

94
Food allergy, b0-65, See also Allergens
defined, 61
and food intoberance, #-62
m::‘-nwdul(d, 6263
micchanisms of, 62f
prevalence of, 63l
symptoms af, 63
Food and Agriculture Orgarization of the United
Mations IFA(‘:L WI“’-'-M GO
andd Adiministration )
m .—h::gmdud information within, 1009-1011
Food contact materials (FOM), 357
case studies, lessons [rom, 414=416
bralogeal contamimation, 416
ipmen! preparation, 416
microwavable plastic battles, $15-116
il ti-material paperboard bricks, printing of,
414415
elassilieation of, 400405
contact types, 400
definitions of, 38
environmental impact, 413
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function of, 405
hazard identification, 405410
allergen hazards, 410
biclogical hazards, 406407
chemical hazards, 407408
physical hazards, 405-406
material types, 40405
recycling and reuse, 413
safety maragement of, 410-413
regulatory aspects, 412
Food defense, 6304631
case, managing, 956
defined, 939
description of lssues, 938
food recall case studies, 957 = ey s
g intentional

941845
ST, 44945
Fmpetitars, 943
emplayees and other insiders, 942-943
Elobal terrorist threat, 944

local extremists, 543

OWners and managers, $41-541

preventive measures, 950-55

camparison with HACCE 951

inside security, 952

logistics, production and starage
securily, ¥53-054

management syslems, 954

outside (peri

. 950
“Buni” CARVER + Shock, 549
“farm o fork,”, 940541
Food equipment, hgenic design of, 631633
wod

T ]

10462
mhere pulsed light, 457459
Ireaddiation, 44745
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Food processing equipment (Contirund)
dearance with nespect to the floor, walls and adjacent
equipment, 724
ralsed walkways and stairs, 729-730
Foud processing validation program, 762
Food producd, design of, 4
Food protection, defined, 939-940
Food recall case studies, 457
Fond Related Exercise Bundle (FREE-B), 956
Food Safety and Inspection Service (FSIS), 177-178, 1074
Fand safiety assurance system, BA5-E46, B4 BT
Foad Safity Management (00001}
acadesmia, 10-11
assessment, 957
challenges, 11-19
cumplenty of food operations, 14=15
complesity of food supply and external environment,
15-16
cumplexity of subject, 13-14
wvnsmers, 10
develop in foad safety I t, 7
wlements of fuod safety management, $-11
wthics, in. 1116=1118
povenments, 4-7
Tood safety metrics, B34435
food salety objectives, 6, 8, 851, 891, 8927
egislation enforcement, 4, 16
microbiological criteria, 152, #92f
[performance criteria, 8, 851
pesformance objective, 836-837, 951, 841, 5927
risk asseusment, &
risk communication, 5f
risk management, &
surveillance, 7
verification, 3, B
humian Lactors, 16-15, 975
Induistry, 7-10
oo hyglenle, 6G31-632, 674, 780, B45-546
HACCE: 3, B47-848, Bi9-E70

prerequisite activities, B49, 4518, £67-s6s
verfication measures, 9

principles for, 3¢
Food Safety Management Act, 1074
Food Safety Management Standard TS0 22000, 2005, 768
Foud Safety Modernization Aet, 956
Food safety objective (FS0), 8310, 891
Fowd safety systems, 540-541
6 Sigma, S0-501
GIsI, 540
HACCF, 3, 8. 540
500 22001, 118, 540, (627, 850-851, 928070, 477
1500 9001, 540

TNDEX

Food safety
agricultural practices for, 586-557
concept of, 34
defined, 46, 938-53%
hazards, 824. Ser alvo Foodbomne pathogensChemical
contaminants
management, §25-816
risk factors, E24-525
Food sccurity, defined, 939
Food Standards Ageney (FSA), 1073
Food Standards Australia New Zealand (FSANZ], 50
Food suitability, 4
Food supply
15-16
Food value chain, 551
Foed volatiles, 510-811
Food workers
fecal contamination of hands, 775
hygienic practioes of, 775=781
incubation periods, 774-775
outhreaks contributed by, 770-774
pathogens carned by, 774-775
suurces of pathegens, 74
Foodbarne disease incidents, 2171
Faadbame diseases, 86, 217-218, 566-567
Foodborne hazands, 5620-564¢
Fuandbuarne pathogens, 565, 567-573, See also Biokogical
hazards
Anizakis spp., 196-197, 209
Bacellus anlheaces, 129
Baciltus erreis, 97, 1264-1284, 129, 200, 221, 259, 293,
TUT, ATA-ATE, Bheel, K24, WS
Baciilus spp, 370
Barcills sublitis, 293
Brucella spp., 96, 571-572, EM
Calicivirus, 191
Camglodacter coli, 570
Campuylobacter jrfunt, 165, 359, 4530, 570
Campulobacter spp, B4, 12641204, 130, 164-160, 174-
175, 200, 216, 359, 487, 570, 57N, B4
Clostridia spp,, 9798, 370, fin2
Chotendium botulinm, S7-08, 1260-126, 126-130, 103
204, 208, 221, 286-207, 291, 426428, 430-151,
433, 472, 474476, AR5, 603, 617
Cloetrifisem difficile, 129130
Clastridiuen perfringens, Y7-95, 126i- 128, 129-130),
203, 221, 474475, K24
Clostradisen spp.. 203, 456¢
Corynebecierium berds, 93
Coxiella burmeiti, %, 130
Crimobacter app.. 95, 112, 834, W0
Cryptasporidinre parcum, 98, 12611280, 216, 359
Crupiessporidivm spp, 98, 216, 359-360, 371
Ciclospora cavetaneness, 216

[
d exlernal L, ol




TNDEX.

Entamoche histolyticr, 216

Escherichia coli, 95, 111, 126-128¢, 130-131, 135, 195,
2186, 294, 370, 569-571), 644, H24

m:mnrrhnge Escherichiz cels (EHEC), Sec also

Escherichia coliEacherichia onli 0157 Shigalozan-
producingfoertoxigenic E. cofd (STEC/VTEC)

Escherichia coli (sh producing E. coli (STEC))

05,11

Escherichia coli (shigatoxin-producing E. ool (STEC)/
vemlmn—pmdmn; E_mh[\"l‘}:cjmryps}.

1!1 135,541
g E. cofi (STEQ))

chia col (shi
O104:H4, lﬂi‘-’. 10500

Escherichia coli 0157, 111, 135

Escherickia coli O157:H7, 125-129, 131, 134-135,139,
142, 148, 216, 453, 4580, 56-570, 386587

Escherclua eoli 026, 111

Foodboni: vinses, 126-1258, 4581

Giardia, 360, 370

Gisrdin dundmalic, 126:-1250

Giaridir [ombia, 216, 371

Heticobacter puleni, 1110

Heminths, 572573

Thepatitls A virus (FIAV), 99, 770

Thepatitis E vinas (HEV), 1260-126¢, 359

Leptospirs, 108, 603, S00-501

Lesieria, Y, 109, 131-132, 216, 383, 406407, 484, 570,
w02, TR

Listeris tnaecia, 4510, 4580
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Salmoneils Typhimuriam, 109, 294, 587-5358, §37-535
Salmoneils Ty phimurium LT2, 589-541
Sarcocyslis spp, 1260-128¢
Shigells fexnerr, ?.!?
Shigrlla sonmei, 360,
Shigella spp., 98, IM 1260-1261, 150, 200, 216, 241,
586, 615, 663, 770, B0-H01, E24
Shigelia spp., 98, 200, 615, 770, B4
Staphylococcus auncus, 13-14, 93, 97, 1264-128¢, 130,
193, 203-204, 259, 293, 197, 4564, 472, 474475,
774, 795, BES-$67, B8
PP, 93
Teria spp., 126¢-125¢
Toseplasma gordii, 1261-1251, 216, 567565
Trickrnella spiraiis, 457468, 573
Trickinella spp., 126:-1281, 572
Vibrur chalerac, 190, 195-196, 216
Vibrio paratmemolyficus, 191, 195-196, 201, 603, 524
Vidbvio spp, 191, 195-196, 359, 565, 524
Vilria mulivifius, 195-19, 617
Foodbarne viruses, 126/-1251, 458¢
Foods foe bsealih, 1107

“Foot dizexse,”, bUb-607

Foot spandle, 700¢

Footwear, for production hall, 669
Farasaer, 262

Fracign bodics, 216-217, 511
Fareign materials, 167, 174, 216-217

FREE-B. See Foou Related Emergency Exervise Bundle
Listeri mesiocy 0, 9556, 106109, 124-125, (FREE-E}
T264-1381, 131, 141, 144145, 148, 191192, 201, Freesing, Ser Refrigeration and frecring
221, 453, 4581, ATAATS, 485, 5T0-571, 617, 667, Fresh entions, In Urited
ER-832, M;:;?.HW States, 1548
Mucebacerium sriim, 'I’Iuh-ﬂd.' 26
e i ubspecies pertbercalons wan
T [MAD, BT FlR.i«Fa'lauqeﬂnleml
Mucahacteriiom paratibercnlesis, 150 Fruits, 213
M errim spp. %6-97, 602 biailigieal contamination, factors affecting, 217-220
Mucobacterivm Inberculosis, 9 bagterial altachment, 18-219
wyoroirus (NoV), 195,770, 530 bacterial biokilm farmation, 219
Toliovirus, % Trcterial infiltration snd intemalization,
s, foodborne disesses, 217-218
Satyranelln Besta, 109 surface characteristic, 21K
Galmoneiln Brandenburg, 773 ‘conkamination Along, faod chawn, 220-22
g,,.,mu,. enlerics, 1264-128, 132, 824 m
Calnrmelln Enteriticlis, 184 minimz] procesing, 26
Stmoneiln Muntevideo, 260 05
Calmanella Oranienburg, 260 postharvest factons, 223224
Calmanelln spp.. 94, 132, 145, 165, 177-174, 150, 185, pre-harvest factars, 20-213
T 200, 208, 216, 260-262, 294, 32, 70, 380, 476, 26
564569, 588, 602, G501, 651, 6341, 750, 775, storage and handling, 224-235
E791-4801, 900, 1061-1052 ol F
Salmomelln Thompson, 772-T73 T
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Fruits (Contiseu)
cleaning and washing, 226-225
packing. 128-229
processing and preservation techniques, 229-232
tranport and stisragy, 28
HACCP system application, 232-247
hazards associated with, 215-217
Liological hazards, 215-216
chemazal hazands, 216
physical hazards, 206-217
salety of, 215
Fryng 424
FSA. See Food Standards Agency (FSA)
PEANZ See Fuod Standands Australia New Zealand
(FSANZ)
FEE. See Feline spongilorm encephalitis (FSE)
FSI5. Sce Food Salety and Inspection Service (FSIS)
FS0. See Food salety objective (FS0)
Fumigants, §12-813
Fumonizin, 305, 508-3509
Functional bareler (FI5), 305
Funggal infections, in fish, 603-604
Furocoumarins, 52
furunculosis of salmonids, b01
wisarim erookteellense, 305
wsariumt culmorae, 305
aosamine fungi, 331
Cwmaninm grosvinesrum, 297, 305
Frusarivm profiferelien, 205
Frseriem verticilioafes, 305
Fuseniom, 304, 366
Future of systerms, 556-557

G

Galvanized stocl, 679

Camfserliscuy loxicus, 198

GAPs. See Good agricultural practices (GAPs)
GATT. Ser General Agreement on Tanils and Trade

(GATT)

Gaelling systoms, 748
General Agrecment on Tanifis and Trade (GATT), 1070
Cenetically modified organisms (GMO), 1121
Genistein, 480
Geobacillis s, 426128
GFSLL See Global Food Salety Initiative (GFST)
GHI See Good hygiene practices (GHI) in foed sector
Giardut damdenalis, 12601281
Giarida Jamblia, 216, 371
Gimeidin, 260, 370
Gilass, U1, 519, 671

i packaging, 112-113, 285256

physical hazands by, 32, 105, 216-217

usage of, 681
Global Food Safety Initutive (GFST), 5S40, 627624, 1075

INDEX

Glasbal terrorist threat, 844
Global Trade Item Number. See GTIN (Global Trade
Item Number)
Global water distribution, estimation of, 352
Gluves, usage of, 789, 830, 8300
Glycoalkaloid, 47, 49, 55
Glycyrrhizic acid, 48/
GMA, Ser Grocery Manufacturers Association (GMA)
GMO, Se¢ Genetically modified H (GMO)
GMP: Ser Good manufacturing practices (GMP)
Gratogerns cormuius, 503, BUOH-B10
Good agricultural practices (GAPs), ¥2, 591-596
‘basics principles of, 591-5%
dlean soil, 592
chean waler, 552
in crop production, $92-593
energy and waste management, 593-505
environment, 595-596
for food safcty, 586357 .
harvesting, processing and storage, 593
plant protection, 593
record keeping, 596 ,
wellare, health and safety of workers, 595
Good hygiene practices (GHI') in feed sector, 34-39, -
149-150
Feed safety m principles, 34=36
from good practices o centified feed safety asuranoe
schemes, 39

lhazard analysis and monitoring plans, 37-3
[preTequisite programs, 3637
- e desiggn, 631-632, 674
Good hygiende practce, B5-846
Good manulacturing practices [GMIT), 452, BR2-883
Geod Practives for Amnmal Feading, 29
Covernance, 10015
Cavernment, 4-7, 1007
Grain beethes, B4
Grain, storage of, \‘A?H?l
Granary wewrvil, BO®, B0R-810
Granulated honey, Ser Crystallized haney
rayanotomin, 27
puisoning, 267
Grease-proal papes, 401402
Green coflee beverages, 259
Grinding of nibs fcocoa liquor production, 268268
Grocery Manufacturers Association (GMA),
WTB-1079
Giross soil remaoval, 637
Groundwater, 221, 551-352
GS1, 549
CTIN (Global Trade liem Number), 549
Guidance documents and checklists, 348-519
Gut microbiota, 1111
Gutters, Al
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HENI virus, 457
Halbrebracon brevizornis, 816t
Habrobracon heietor, 516t
HACCP. Ser Hazard analysis and eritical control points
(HACCP)

Hand hygiene, 762. Ser slso Hand washing
Hand washing, 781-757

alcahul-based antiseptics and wipes, 786

antiseptic products, 782-783

eleaning long and artificial fingermails, 753

double, 784-755

drying of hands, 785766

duration and Iquency o, 783764

efivct of friction during, 782

issties at hand-washing stations, 785

rationale for, 751

reinforcing the importance of, 79

sail, remowal of, THI=TE2

vigilance duning outbreaks, 786-787

waler temperature, 784
Harburage sites, 646
Harm, notion of, 4
Harmonization of food standards, 3

ion o p

AV, See Hepatitis A virus (HAV)
Harard anatysis and critical control peints (HACCF),
8, 1314, 37-30, 6, 343345, 482, 540, 543, 5B,
625, BI5, M5, WS
applieation o, B30-869, 6575877, 923, 927935
CCP monitoeing, Y30
corrective action, ¥33
T momiboring and sther venfication, 930-931
critical limits, 929-930
o s 28
hazards, contral of, 92529
Thagards, identification of, 927
imple —
maintenance, ¥4-53%
promibering phm.!.‘l;m
mmpmmm:m-a
Ealh!.lim. 939
assmement ol BhE-ET0
chycklist for, T0011-1003¢
parriers to implementation of, 10271
“pased Inspection Models Project (HIMF), 175
{enefits of, 819
study
r‘:nmp'{e of pistachios, 32-33
example of tomato. :3?—“.&7
4/

RET-56Y

in the appll

INDEX

errurs, or

A7R-836
and critical control point (CCr), B78
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for decision-making, 577
defined, 149-150, 845-846
detection Imitations and, 532-333
documentation and record beeping, 577873
during the hazard analysis, 678
effectivenes of, BE5-586
elficiency of control measures, 57
generic model, 167-175
guidance for application of, 853-867
assembling the team, 853
critical control points (CCPs), 859, B61
enitical limits, establishing, 559-81
description of the product, 854
establishing commective actinns, B2
flow diagram, constructing. 655
low diagram, on-site confirmation of, 855
hazand analysss, 656
identification of intended use, B34
veniication, establishing procedures fog 862
histarical background, 47448
implementation
advantages o, 17-150

as a measure for authontes/cestification bodi
ST4-E78 bodics,

iR meat safely process management, 149-150

nhepnrqmnu. K73

mullidisciplinary teamwork of, 575-476

need fog, BAR-E4S

principles of, §26-627, 849850
in seafond indusiry, 191-193
in small b bR

F ey, 843
study

v diagrasns wsed for, 831

for ruts, 12-322

ot pistachéo ruat processing, 312322

proces of developing,

#udy worksheet and plan, 322

success of, 850

hea

ik ol ek

ol 32
validation, 655
werification of, 151, 845484
with interventions, 153-157
Hazand analysis, 648, 652, 652
‘Hazard and Operability Studies (HAZOR),
1033-1034

HAZOR Set Hazand and Opessbily Studies
HOPE packaging, See ;
E pcdago S igh ety oyt
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Heat preservation, 424125, 432437
canning, 433435
pasteunzation, 435-437
sterilization, 432-433
Heat processing, 424425
requirement, ditermination of, 428432
Heat treatment, 424425
combined trestments, 440441
{actors determining, 437-438
nnn-traditional, 43840
e, for fond preservation, $13-814
Heavy metals, 103-104, 292
contaminanis, in seafood, 195-199
HMeliwobacter pulor, 1110
Herninths, 572-573
Hemolyfic uremic syndrome (HUS), 111, 131
‘Henderson-Hanselbalch equation, $69
HEFA (high-cificiency particulate air) fillers, 668659
Hepatitis A wirus (HAV), %9, 770
Hepatitis E virus (HEV), 1266-125, 359
Herbs, 213
bivlugical contaminativn, facturs affecting, 217-220
bacterial attachment, 21%-219
bacterial biofilm formation, 219
bacterial infiltration and intermalization, 219
loodborne diseases, 217-215
surface characteristic, 218
contamination along food ehain, 220-226

pre-harvest inctors, 220-223
processing. 226
socage and handling, 224735
comtamination prevention, control measunes in,
E-132

eleaning snd washing. 226-225
packing, 226229
I i and q
transport and storage, 224
food safety for, 215
HACCT system application. 232-247
hazards associated with, 215-217
bialogical hazarde, 215-216
chemical hazards, 216
physical hazards, 216-217
HEV. See Hepatitis E virus (HEV)
Hexagon headed bolts, 684685
HFCS. Sev High fructose com syrug (HFCS)
HHE See High hydrostatic pressure (HHT)
High density polyvetlwlene (HDPE) packaging, 112-113
Fructose: com syrup (HFCS), 289201
High hydmstatic pressure (HHI), 452454

INDEX

High pressure cleaning systems, 745-749

High temperature—short time (HTST) pasteurization
method, 106, 435436

High-elficiency particulate air filicrs. Sec HEPA (high-
elficiency particulste air) fltcrs

High-pressure processing (HPF), 232

Histamane

formation, 612-513
polsoning, 190-191, 201-202
HME S Hydroxymethylfurfural (HMF)
Hofmamopinla (Stainton), BUOS, 057
Homes and food services, sale food handling in, 821
education and training. B40-841
foodborne illness and consequences, evidence of,
E22-824
food safety hazards, 524
food safety m:
food safiety risk factors, 524625
HACCP principles, application of, 826-827
hazard analysis, E32-840
eritical control points and limits, B3H-539
intended use, 34, 833
menitoring and corrective action, B3#-H0
potential hazards, K33-434
product Mow, 812-433
walidation and venlication, B40
[preveguisite progprams, 827-832
design, layout and lacilities, 877-K24
incoming materialy, control of, K28
makntenance and sanitation, 831-832
porsanal hygdene, B29-830
Huoney, 284-28%
Biabogical hazard, amalyss of, 286262
chemical hazard, analysis of, 267-28%
antibiotics, 268
rayansbosin, 257
heavy metals, 202
beydraeymethylluefural (1IMP), 267288
presticides, 291
pesticides and heavy matals, 286280
peisoming, 267
mtovication of, 267
intrinsic propesties, 285-280
physical hazarc analysis, 260
proceseing, HA-385
raw honey, 28
Hormanes, 101-102, 363-364
Hursemeat seandal 2013), 1045-1051
Hoswes, 715, 715/
Housekeeping, 636
HIP Ser High-pressure processing (HPF')
HRD, S Human resource development (HIL)
HTST pasteurization method, Sce High temperatun—
short hioe (HTST) pasteunzation method
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Hub, propeller, 693, 695¢, irrigation water. microbiological quality of, 588
Human crror, ¥§] e b bacteria, trznsmassion of, 389591
Human factors, in food safity management, 16-18, 575 Hygiene, 541-543
management commitment, 964-985 55,583 -
mnwu{lﬂhlms,imm defined, 4, 541 z
human factors, $60-55] European Hygenic Enganvering & Design Group
responsibility of management, 952564 (EHEDG), 542
types of failures, 950 prerequisite programs (PRPs), 512
active, Y50 Process Variation Reduction (FVR), 342-343
human vrror, 981 Hyienic desiggn standlards erganizations, | 079-1081
latent, 950 Hyghenic 109, BUS-&96, K71
violaticns, 451, 9852¢ Hygienically designed guard, 7087
working, conditions and environment, 951 Hypochlorite, 363, 553
“Swiss chose™ concept, 975-97%, 975
Husman nutritional study, 107 1
Human resource development (HRD), 971-872 lce cream, 111
Human resource management, $71-972, 971 Salwarelle in, 8790580
Hurdle technology, 232, 440, 460462 ‘Staphylocecrus airetes in, STH-880¢
critical factors and critical control points, 360463 sticks, 401
principhes, 400 for, 528
HUS. Ser Hemolytic uremic syndmme (HUS) fish cooling with, 497, 4527
Hydrucusoling, 492 Tehthyophonzasis, 603
Hydrogen peraxide, 229-230, 759 Iekibyoplons 03
‘Hydroprene, K11-512 JEMSFE: Sec International Commissian on
Hydvoxymethyliurfural (HMF), 257-288 Microbialogical Specifications far Foods (ICMSF)
“’Whmpgmmhl—ﬁﬁ :g?mlmm
animal husbandry, coupling IS0 2853, 7187211
11 T risks an, 566 TFIF/FAD Manual for Industrial Feed (2009), 34
anirmal health, 575-576 1F5 Cash & Chrry, 555556
Pinseeurity, principles of, 576-57% IgE-medinted food allergy, 61-63
fuodburne discascs, Sib-567 Ilw-kﬂmmhmhwm necrusis (THN)
foodburne pathogens, examples of, 567-573 ms«h-hnumlu&smmmmﬂusu
food farming, practices for, 573-575 hmmmdm‘lﬁ—l??.iﬂ,'.ﬂ#'
‘hazard analysis and critical conteol paints kmmersion/spray chilless/ freezers, 492
(HACCT), 580 . Impaction machines, §14
Tivestock Farms, goud hygiene pracios on, 579566 Incdent Fer slso Crises m
Tish hyghene, 596 irvestigation, 1022-101%
pacterial dhoeases, 601-603 ‘managing
disease prevention, 596-557 prevention of incidents, 1018-100
st of mollusca and enustacea, 606-467 Teposting incident, V020
disase treatment, SY7-600 and teot cause analysis, 1023-1035
fish helaninth ssonowes, H05-606 Roalls fior, V0271035
fungal disease, 503-604 Mmm
parasitic s, (=603 Incubation periods, 74-775
pathegenic bacterial growth and toxin formation, of listerinsie, 131
15618 Indian meal math, B3, B05-806, HO9/-4101
roxicily, 607-615 Indhulwmlnl.ﬂ
viral diseases, H00-601 Induction training, 641
food saluty, yood agncultural mdwslur.w hﬁd?u.l?[mdmu:.nlvgﬂ' )
fresh vegetabl 3 plopess’ exclusion, in g
of 587 - gt
Tresh vigetabliss, presence of pathugenic bacteris icalth benefits, lack of, 74-795

good agricultural practices (GAVs), 591-546 stonl testing, 7V3-Ta4
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Infectious hematopuletic necrosis (THND, 600-601
Infectious c necrosis (TFN), 600
Infectious salmen anemis (ISA), 599, 601
Influence diagram approach, 1034
Inherent plant tusicants, 47, 46t
risk management of, 53-55
agricultural, storage and landling practices, 54-55
peneral eontext, 51-54
processing, 55
sedictive breeding and new cultivar
development, 54
In-house waler treatment facility, 663-664
Inks, in food industry, 404
Innovation management, %658-470, S700
Inorgganic hiazards, associated with water, 361362
Insect groweth regulators, $11-612
Insecticides and repellents, 12
Inside scecurity, 952
Inespection, 4-7, Ser alsa Assessmunt of food safcty man-
agement systems
Instant/ soluble coffer, 253-256
Irulation material, 696697
Integrated appeoach, 3
Integrated pest management (IFM), 640-641, K17
Integrated schermes, 552-553
product lifecycle management (FLAM), 556
systems and value chain, 553-556
Intelligent materials, 399
Intended product use, identifying, 3, 45
International Code of Practice-Ceneral Principles of
Food Hygiene, 7-8
International Commsission n Microbiological
Specifications for Foods (ICMSF), 851, 1076-1077
International Egg Pasterization Mennal (1965), 184
International Foud Standard, 627-624, 1007
Internationsl bevid of puiblic health sversight, 1067-1070
{!ﬂmut:‘ma! Ele Sowences listitute (1151, 927, 1076

Ishikava Cause and Effect Analysis, 1033
example, 1033/
for metal contamination, 1034f
150, See International Organization for Standardiztion
(150)
IS0 22000, 34, 68, 543, 627, 628, 652, 851
150 28591, 552
150 9000 series of standards, 626-627
150 9001, 539-540, 553-554
150 9001:2008, £26-627
lsapropylihicixanthone (ITX), 112-113, 398, §14, 579,
U247, 1045-1047, 1H6b-10470
ITX. See Isopropylthiotxanthone (ITX)

J

Johne's disease, 9647, 130

Joint FAD/WHO Expert Committee on Food Additives
(JECFA), 199, 329-330, 1067- 1068

Juint FAQ/WHO Expert Mecting on Microbiological
Risk Assessment (JEMRA], 1067-1064

Joint FAQY WHO Meeting on Pesticide Residoes
(IMPR), 1067-1068

K

Khapra bectle, BI2-EH, SBON-8100
Kingpin assemblies, 702-703
Kjeldahl analysis, 104-105

L
LAB. Ser Lactic ackd bacteria (LAB)
Labsding. 1009, 1014

of allergens, 1012-1013

of bottled water, 3149

consurmer feedback, 1014

as begal requirement, 1008

Sy contain,”, 1004

milk and dairy products, 113114

i for Standard {150, procuct infermation in, 101011

=3 “lfl-ll?l Lactic acid bacteria (LAR), 124-135, 474

i I C ocu), Lactococens Lactés, 474475

ES Lactoperomidase (LI') syatem, 107

Intoxication, of honey, 257 Lamps, 667, 731
10CU. See Intemational ol C Larispleaguss distingucesdus, 8161

(IOCU) Lasisudermia servicome, BOCHL, SD9-K100
ladine, 543, 754 Lasins miger, B
Todophors, 543 Latent failures, 7%, YE2-983, 1024-1025
Tonizing radiation treatments, 146, 449¢ Lavoisier, Antoine, 1107

Tonophone antibiotics, 365-359
IPM. Ser Integrated pest management (IFM)
1PN See Infectious pancreatic necrosis {1I°N)
Trractiation, 231-232, 915

for fwos preservation, 447450, B15
Ierigation water, microbiological quality f, 558
15A. See Infectious salinon anemia (1540

LCA. See Life cvche assessment (LCA)
Leacl, 2, 198-199, 292, 680
eantamination in honey, 2848
Leaddership, effective, 959
detined, 9
modils of, 961872, 063F
entreprencurship, Y6-472
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human revource management, 971-972. 9716 Livestock production farm managemnt, 574-575
innovation management, 969-970, 9707 Load-bearing foot, 700701
leadership and strategic igement, 964966 Lacal M3
Project manag) LOD. See Level of determination (LOD)
quality, culture, inngvation, 963-964 Lagistics, produstion and sturage seourity, 953-954
quality management, 66968 Lotaustralin, 45-50

and strategic management, 964956 Low temperature—long time (LTLT) pasteunzation, 106
theories on leadership, 961 LP system, See (L) system
TLTE p tang, bme
Ledercr, Edgar, 1111 (LTLT) pasteurizaticn
Legible label, as legal requirement, 1009, 10107 Lubrscants, 404, 671, 703
, 366 storape of, 671
i Lye, 339, 554
on food production, 675 Lymphocystis discase, 601
Tor water, 349-350
botiled water, 349 M
groundwater, 351-352 Magnets, 295, 514, 346
municipal drinking water, 39-350 d for food g, 708710
Lagumes, 302 Maintenance of HACCT Plan, 247
hazard snalyss, 302-40 and continuioius improvement, 3

Leptospera, 100, 603 i operations, hygiene practices during.

Laptospens ictervhtomarrliagise, 800-501 7H-TIS

Lewser grain borer, B03, 809r-510¢, 817 alter mamtenance and repair, 36737

Levamisale, 101 efare the onset of maintenance and repatr opers-

Leevel of determination (LOD), of pesticides, 327 tions, 734-735

Lids, usage of, 657-685 during, maintenance and repair, 735-736

Lific eyche assessment (LCA), 1092-1093 1 of quality of otk dome and

Light pulses, 231, 457 recnnd keeping, 737-734

Lighting, b4, 667 maintenance and repair, 730-731

Lime, s medicine, 1107 persanal hygiene peactices during maintenance

Linamarase, 44-50 oprations, F33-7H

Linamarin, 48, 49-50

Live cireuit cleaning, T4b
Linear plug and stem vakves, 720
uquwpmmm 163

preventive mamtemance, 731

Processing equipment, proper design and installation
ol 731732 *

Maize weerll, 5391-8100

Lagqund fesod, proussing; vl Management commitment, 954-055
by ghenvic design of chosed equipment for See Closed — Management, defined, 939-960
ygienic design of Mamual harvesting, 223
Uit m&uﬁmﬁm‘ (MAP,
immocua, 4310, . '
:ﬁmmw.mm,m—mmﬂu Mycob dhsesses pafaliberculos
T260-RE 131, 141, 144145, 148, 191192, 200, 21, MAT)
1531, 4581, ATAA7S, 455, 570-571, 617, 667, BM-632,  Marine faquatic) environment
wShh7, B, 1119 hazands to seafoods from, 195-200
Listeria, 96, 109, 131-132, 216, 363, 406-47, 484, 570, drage, 19
o, 750 bactena and vinses, 195196
contamination, B39 biglogical, 1921
Livesstuck farms, goud hygiene practices on, 579-58 Fiotanin, 157198

huaning, 380-551
cleaning and db.f;um process, S4-585
disinfection, 561
v chernical subrstances, 562
distnfertants, 562-586
Ty physical means, 581-562
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Material safety data shevt (MSDS) documents, 751
Materials of construction, 878682
ceramics, use of, 652
for food contact, 632
general recommendations, 676679
plass, use of, 681
metals and alloys, use of, 679650
nananatenals, use of, 682
plastics, use of, 680
mubbers, use of, S80-681, 6811
wood, use of, 681
Mattesia diaspors, B16¢
Mattessa aryzacpiuli, G160
Maximum residus levels (MELs), 327, 613
MEBM. Ser Meat and bone meal (MEM)
3MCT'D and glycidyl esters, 342-343
Meat and bone meal (MBM), 10450
Meal and meat products, 120-121
cimtamination froquency, 134-13
decontamination interventions, in United States, 1541
hazards associated with, 121-123
biulogical hazards, 125-134
meat fermentations, 124-125
micrabial comtamination, 123-124

meat chaln, control of hazards at, 140-14%
o / of 143-144
keeping contamination low, 141-143
micrubial control strategy, 140
meat safety process management, 148158
education and training, 152-153
HACCP implementation through SOF, 150
HACCP with interventions, 155-157
miicrubial testing in meal safety assursnce, 151-152
minnitoring of CCPs and Cls, 150-151
nom-intervention HACCT, 153
preresuisite programs and HACCT, 149-150
fegiilatory requinements, 145-149
validation of COP and CL, 150
verification af HACCT, 151
Mechanical harvesting, 223
Medical sereening. 635
Mummn Aour moth/ mill maih.ll!r. BOR-100
IMPA), in glucase syrup

in m 39
Melamine, 104-105, 380-390, 1047-104%, 1484

Melissococous plitonins, 288

Membrane {iltration, 459460
eritical factors and critical control points, 45¢
monitoring, 459
principles, 459

Membrane permeabilization, 452

Merchant grain beetle, B051, smg-0¢

s, L

Metal detection, 515-518
failure, challenging, 1032
impartant aspects for, 516-517
technical limatation, 517-518
working principle, 515-516
X-ray, 526

Metals and alloys, 400401
use af, 679680

Metals, 6118, 671

Metal-to-metal joints, 6M4-655
Methemoglobinemia, 362

Mnhnpmnr §n-s12
E-Methoxypsoralen, 48/

MF technology. See Microfilt (MF) technology
Micrubial contamination of meat products, lB-I"i
Microbial control

mical and meat products, 140
Microbsial hazards

associated with water, 359-360

poultry and egps, 164-166
Micrubial testing, in meat salety assurance, 151-152
Mierobiological i, of factory

L]

o, clata, analy 1

interpretation uf, 50702

environmental monitoring program sites, welection
of, Y-S

wnvironmental samples, collection of, 905-907

processing environments that are dry ceaned or
comtrodloed-veet cheaned, WE-902

processing envirmnments where wet cleaning is con-
ducted, B

seliction of pathogens and indicator organiame, B8

Micrbiulogical rumitesting of finished products, $13-915

dmwillpmt(-l,\ll-l—”l'ﬁ
M g of raw alls, 910-513
establishment of lnlcmtmfo;k\llq“iﬁralm W
FAW maleri ting program, design of, 911-%13
Microbiological testing programs
prevequisites ta the development and
implementation of, 854-895
HACCT stucly, 595
requinements of rrgu1llw} agencies and
customers, §94
asoning of Lhti'lﬂw-y environment and hygienle
design of equipment,
Tor vertfication, #91-864
Microfiliration (MF) technology. 459




INDEX 1133

837t
acidity and, 471472
in food products, 446!
heat resistance of, 426428
thermal death of, 425426
Microwavable plastic bottles, as food confact materials,
415416
Microwave (MW) heating, 438139
:““mmm
k and ¢ products, 84-85
dcﬁmti::r;tlp
diversity of dairy products, 54
extended shell-life (E5L), 441
foodborne discase oulbreaks, B
historical perspective, E5-86
Pasteurization, 5556, 106, 436
risk and controls, %0-114
farm, 43-105
e, 90-43
labeling, 113-114
packagimg, 112-113
physical hazards, 105
preparation and consumgrtion. 114
processing and manulacturing, 105-112
warchouse, 113
Milk stone. See Caleruen phosphare
Mincral oil products, 329-330
Mineral water, 355
contaminated with benzene, 1052
“Mini” CARVER 4+ Shock, ™49
Whnamnum nequired periormancy limits (IMRPLs), 929-930

biclogcal g of factory
S99

microbiclogical manitoring of finished preducts,
213915

microbivlogical monitoring of raw matcrials, 910-313
monatonng system, 361
precequisites programmes, §94-878
processing environments that are dry cheaned of
mwﬂdﬁmﬂ S0
whene

iscone
dumd L
raw material testing program, design af, 911-913
selection of pathagens and indicator arganisms, 835
Margmiormum plarsons, 806
Math, 05506
Maotile a¢romanas septicemia (MAS), ﬂ:ll
MFPA. &or
MRLs. Ser Maximum ns.ulnl: levels iMllLiJ
MRPLs, Ser Misimum required performance limit:
(MRI"Ls)
MSDS documents. Sec Material safety data sheet
(MSDS) ts

MSHARFF, #50

Mucor pirforms, 229

Multi-disciphnary approach, 3

Muln material paperboard bricks, printing of, 414415
water. 349-350

Mw hesting, Soe Microwave (MW)besting

Mlﬂmum m
M;tmmml awiim subspocics paratuberless (MAF).

perorptions

“m‘m A of food busi ot ,,__,_
hmwd[ondbmld

Mites, H06-807

Misxprool valves, 728
Modified stmosphere

Mogul. 290-291
Muolding, 274
Miklaslis, 190, 205, 3557

packaging (MATY, 147, 226, 728

development of, 914-515
enwironmental monloring dats, amalysis 2nd inter-
?neunmni W'.\'-llﬂ

-1
WMMWunM
of, 902-905

nvirommental samphes, colleetion of, 90557
ul..m.l-h\smmlnlw\s sy sbetn, 653
wof acal specifications, 911
finished products, amupm ciletia and Testing,
am foe, ¥09-910
macrolstal besting, in mest safety assutance, 151-152

”W*'W'memukm&m 130
Myoohecterium spp.,
Mwhmiurm-:.mu
Mycotaxicosis, in pet food, 354-388
aflatowins, 364-386
deowynivalen] (DON), 356387
Mycotowing neenerval, in oils and fats, 331-352
aflatowins, 331
dioreirs, 333-340
Teeavy metals, 239
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NAPCOR (National Association fur PET Container
Resources) study, 355
Mational Center for Food Protection and Defense
(NCFPD), 944
Mativnal | organizations, 1073-1074
“Natiral cooking,”, 605
Natural Kraft, 401402
Natural mineral waters, M8-350
Matural pesticides, 47
MNatural foxins, 610-612
Naturally oeeurring toxicants of plant origin, 4546
acceptable daily intakes (ADI), 52
inherent plant toxicants, 47
risk assessment considerations, 52-53
risk management of inhenent plant toaieants, 53-55
agricultural, storage and handling practices, 54=55
I of risk 5354

pProcessing, 55
sebeetive brovding and new cultivar
development, 54
scope and definitions, 4647
iculogical and biological considerati
modulation of toxic effects, 51-52
tomic s, 4451
NCFPD. See National Center for Food Pratection and
Defense (NCTPD)
“Mear-miss™ situation, 578-980
Nematodiasis, 196
Nesilé, 10451047, 10463~ 10470
Tha Nelhwrlands, 39, 91
Newmao Bioconnects, 71817211
Neurotunic shellfish puisoning (NSP), 197, 611-612
Neutralization, 335

47-52

fodegradable polymers, £71
Nm-dnhndl‘-r!hum nsulation material, 496607
Non-drainable pipe, 7111
Non-intervention HACCT, 153
Nor-oxidizing sandtizers, 759-760
acid anionic sanitizers, 760
alcohal sanitizers, 760

Suatemary ammonium nalls, 760
Non-prutein nitrogen (NPN), 389-390
Non-thermal processing tectnologies, 443

INDEX

for fovd preservation, 447462
high hydrostatic prossure, 457454
hurdle technology, 460462
intense pulsed light, 457-459
irradiation, 447150
membrane filtration, 459460
pulse clectric fields, 454457
siipereritical Nuid technology, 450452
idenlification of risks in, 44447

overall product lile cycle, 44
packaging. 47
ravwe materials, 444445
venfication and validation methods for, 462463
Non-toxicity, 637-638
Non-traditional heat treatment, 438440
Noravirus (NoV), 195, 770, 830
Nosema spp., SI60
Mot intended contiact, 400
Not intentionally added substances (NIAS), 3%
PN, See Nun-protein nitrogen (NFIN)
INSF International, 107%
PS5 See Newrotoric shellfish poisoning (NSI)
iepnal trencds and health cl nox
diet and health, 1107-1113
foads for health, 1107
historical perspective, 1104-1105
in enadern bimes, 1106
Muts, 302
wcontamination levels, incidence of diseases, 309-312 |
global production of, 302
good manufacturing practices (GMI™, 306
gl slarage practices (GST), 306
HACCT case stuidies, 312
hazand analysis, 302-303
hazard identification and risk analyss, 214-322
¥ i Tangh el ins. MI-A04
aflatoins, W7-308
wumlrdl pcarures for, 3W06-309
dreaxynivalenol, 330
Turmon i, H6-T06
infections, 305
wchratowin A, 308-30F
mycotoxin contaminalien on, 3100-3111
pistachio nul processing, 312-313
commodity Mow diagram (CTD), 313
description ol prodisct, 313
distribution and intended use of the prodid, 313

Q

Ochratoxin A (OTA), 305, 306-309, 670
it infections, 306-309

Ochratoxns, 670
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OECD. Sec Onganization fur Ex i son and
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fagiators in, 691

Development (OECD)
OH. See Ohmic heating (OH)
Ohmic heating (OH), 436439
Oils and fas, 325, 735
by-products formed duning oil refining, 341-343
FMICPD and Blyaidyl esters, H2-343
Cis-trans isomerization, 341-342
contaminants in, 327-335
cargoes, nosidues of, 332-333
crude oil risk assessmment, 327
cride il risk matrix, 34-335
heavy metals and dioxins, 33
hydrocarbens of mineral origin, 128-331
mycofoxine, 331-332
pesticide residues, 327-328
polycyclic aromatic hydrocarbons (PAHs), 328-320
functionality, 326
HACCT, 343-345
refining process

Opn\‘auh. lati

opc-ao-uul prenequisiie programs (OPRTs), 62, 6515
determining, 651-652

OFRPs. See Operational presequisite programs (OFRFs)

Optical and laser sorbers, 514-515

COrganic acids, 143, 229

Organic chemicals, in feed, 30-32

Organic hazards, associated with water, 352-363

qum: numcunh,ﬂ‘

management, 5
Dmuunlimdfu]lum,luﬂuxlw,m 977, 953, 1051
Organachlorine pesticides, 30, 102, 811
Organaleptic hazards, assooiated with water, 365-366
‘Organopheosphate, 102-103
Organophos phores compound, 328, 12
O-rings 641, 696, 722, 725-725

L wemaoval,

335-341
hydrocarbons of mineral origin remioval, 338-339

malerial of, 690641
Bﬂlmr'nh'hu mercafer, B0B, BORI-810¢

mycotaxins removal, 339 Ostracoblebe i . BT
pesticide residues removal, 336-337 mJLs;mmA:om
palyeyclic aromatic hydrocarbon removal, 337-338 'uhrrle!ﬂmuinfndum 3
efining, link tables, 0 “Other waters,”, 45
refining process, 335-336 Dcuuﬁm(pmmalmmmv 552
starage of, 671 Overall migration (OM), 399
supply chain, 326 Overall product life cycle, 444
Ohileredls, 302 Over-lubrication, 737/
hazard F02-300 Over-wraps, 508
OM, See Overall mgration (OM) Oviposition, 805
Rt & Oridh TSy
'm-m acidilied sadiwm chlorite (ASC), 759
Oxmycctes, 604 hiarine, 758
Open exquipement, hygienic design ol, (32710 chlurine diaide, 758754
belt comveyor, U707 fodine, 758
castars, T01-703 peraddes, 759
covers and puands, T07-T08
dismontaldi joints, GB4-656 P
Tramework, 697 -698 Packaged water, 348
feet, G9B-701, 699 Packaging, 31, 447, B08, L45-1047, 1072
it daiget i h 5 Lot s, 508
e, GRE=697 contaminants, 920, UH5-1047
insulation practices, foe-697 ol food produsts, 347
hygienic design of agiators, 6446 af fruits. and vegetablis, 295-706, 778-109, 24
{netallation of agitaters in open vessels (e g - materials, 405

tles), 691
inteekor and extenor design of proces vessels,
containers, bins, eic., 636-691

ermanently mounted agitators in closed vessels,
1=t

musintenance enclosires, 708-710
permanent joints, 6E2-644

mat and meat products, 146-147
ikl and dairy products, 112-113
material, 439



1156 INDEX

Packing (Continued)
matirial, storage o, 671
of vegetables, 224-229
Pacnibacillug faroas, 288
PAHSs. Ser Polycyolic aromatic hydrocarbons (PAHs)
Painted stevl, 679
FPalm oil extraction, 327
Paper and paperbaard, 401-402
Parachl i Jenol, 752

Paralytic shellfish peasoning (PSP), 197, 611
Parasites
diseases in fish, G04-6U5
in drinking water, 359
seafiod -related hazards, 196-197
PAs. Ser Pyrrolizidine alkaloids (PAs)
PAS 220k2008, 627624
PASI2 (2011), 34
“Fassing conlamination,”, 915
Pasteur, Louis, 8586
Pasteurization, 106-107, 424425, 435437
of ege. 163, 1831
fish and fish products, 618
of haney, 264

of milk, 13, B5-#i
Pasteutization, 435137, 616-617
Pastesrized Milk Ordinance (PMO), 1074
Pathogen Modelling Programme, 472
Pathogenic bacteria, 193, 454

control stralegies, 616

on fresh vegetables, 588

syro th and boin formation, 615618

cvking/ pasteurization, 616-617

fish and fish products, ton of, 61§

Patulin, 224

PC. S#¢ Performance criterion (PC)

PCBs. See Polychlorinated biphenyls (PCBs)
PCDD. See Polychlorinated dibenzodioxins (PCDD)
PCDF. See Pelychlosinated dibenzofuran (FCDE)
PCP. See Pentachlomphenol (PCF)
Penicilium nordicusm, 305

Penicilium vernucasinm, 305

Penicilinr, 102, 224, 253, 305

Percallivan cxpasom, 29
Pentachlorophenal (FCT), 15-16

PEP. Se¢ Processing environment plan (PEF)
Peracetic acid, 363

Perchlorate, 363

Performance: criterion (PC), 891592
Performance objective (I'0), 891

Permanent joints of equipment, 682664
Permeate flov, 459

Perovidis, 759

Permxy compounds, 581

TMerawycarbexylic acid, 759
Peroxycarboxylic acid-baved ﬂﬂllk;ﬂ\. 759
I

" 041045, Sre also Food defense

agents, P05

competitons, 93

empliryoes and uther insiders, 942-943

plobal terrorist threat, 944

loeal e tremists, 443

owners andd maragers, 941-942
Perrier mineral water (1990) (casc), 1040, 10475
Personal hygivne and health, 641642, 769

ba food o to limil spread of patho-

inadequate drying, 616
processes designed (o retain raw product charag-
eristios, 617
time and temperature abuse, 615-616
strategies for control of, 616
taxins produced by, 202-204
tramsmission uf, 559-501

Pathogenic Vibrio wpp., 624
Pathogens, 95-95

I sp d body ions, TT6I-T77
fecal-orally transmitied, 98-59
Uimilting spread of, 767793
barriers o comamination of food, TH7-788
vomplisnee, improving, 791
fossed i_l.irld.cmd utensils as barriers against con-
tamanation, 7Y0-74]
ploves, effectiveness o, 788-790
"N:'uh Bheme vocasions, 792
muat muat products, tracing in, 139
nanurres of, 774 =
spread of, 775-7H0

gons, THT-792
barriers lo comtamination of leod, 7E7-788
wlfertiveness of glives, 7TR8-78
Toned phieldn and utensils as barrbos against con-
tarnination, 790-79]
hand hypgiene oocasions, 792
mprencing commpliance, 791
food operations and foads inphieated, 771
hand washing, TR1-787
alcohol based antiseptios and wipes, 786
amtiseptic products, TE2-7E3
cleaning long and artificial fimgemails, 83
double, 784-755
drying of hanls, 785786
duration and frequency of, 783-784
effect of friction during, 783
isswes at hand-wachng station, 745
satianale lor, 781
sail, remaoval of, THI-782
wigilanee during outbreaks, T86-757
waler temperature, Te4




hygienic practices of food workers, 775-781
emplayees, exclusion of, 792-725
Lack of health benefits, 794-795
palicies for, 793-793
stool testing, 793-794
outbreaks, factors contributing to, 772
outbreaks contributed by food workers, 770771
examples of, 772-774
Pathogens carried by food workers, 774-775
{mnl comtamination of hands, 75
incubation penods, 774175
sources, 774
ctices during mal .
industry, 733-734
Personal protective equipment (PPE), 642

and gafely programs for chemical usage, 751
Perspes®, 651

Puest Sightings Register, 40
Pesticides, 102-103, 254, 201-292, 344, 361, 613-615
and heavy melals, 258-28¢
menadiaes, 327-326
remuval, 336-337
Pests, 115, 500-807
ants, Kb
Teetle, B01-505
cockmaches, B0G
contr, 60641
control strategies, bA0-641, B11-417
aggregation &0
biologlcal control methods, B15-817

chisgnbeal control methods, $11-813
cold, Bi4

Iumiganis, K12-513
hiat, M3-614
i ion, K14
m-:a-m

intepeated pest management (M), 617
irradinticn, 815

B0
pheromanes, 811 .

| BI5-817
physical control methods, 813-815
dictectivm strategis, B05-511
Mies, B0 2
Iy food premises, minkmizing, B07-508
ent in threats for th ful

the food

INDEX 1157
paocids, 806
vertehrate, EM-F01
PPET. Sec Polyethylene terephihalate [FET)
Pel focd, 379
adulteration for profit, 383-391
biological hazands, 350-364
salmanells contamination of dry pet foods and
treats, 260-363
commen hazanls associaled with, 3811
hazands associated with pet foud safty inidets, 3507

‘myeotoxicosis, 384-388
aflatoxins, 334385
deoxynivalancl [DON), 386357
itinnal loclcitics and defic 392

pet food raw malerils, 388359

¥ »
veterinary drug nesidues in, 358
PH. 108,132

acidity and, 467470

defined, 465

pathogen control by, 472474
MFMS«E“IMM{FHAI

Phenolic-wheeled castor types, 702
Phenols and enesals, 584
Pheromanies, 806, §15-517

aggregation, 510
a3 pesl management tool, §11
= 510

i in fish g b

ith water, 3a3-364

g b T

Thasphine, 813
mummumzm
in dairy industry, 105
detrvtion equipment management, 328333
Takse reject rate (FRE), 529
Yirmat of dictection, 531-532

maintenance of, B17-618
i, BG-507
moth, BUS-H06

-
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Physical hazards (Contined)
poultry and cgys, 167
sealood related, 1921, 1948, 205
sarters and detection equipment, 512-515
Xerny debection, 518-524
impartant eritena for effective detection, 520-522
safety, 522-524
technical limilations, 522
working principhe, 518-519
Physical refirung, 336
Phytohemaglutinin (FHA), 51, 55
Pichir, 216
Fillsbury Company, 635, B47-548
Fipe juints, 715-721
detachable, 717
welded, 715-717
Pipes, 279, 716
non-drainable, 711f
foor transpont of products, 670
Piscine tuberculosis, (12
Pistociasera L., 312-313
Plain soap, 762
Planning pricess, of food safety management, 995
Mant protection products, 222-223
harvesting, 223
post-harvest factors, 223-224
Plant-dirived foods, 4647
Plastic materials, 403, 40
Plate chillers { freezers, 495
Plabe hent exchangers, 496
PLM. Ser Procuct Lifeeycle Management (PLM)
Plodia interpunctella, 5030, S05-806, B0N-S101, 410
Pl valves, 724
MO, See Pasteurized Milk Ordinance (PAMO)
FME. See Preresquiisite management plan (PR
PO. Ser Performance objective (P0)
OB, See Mrobability of detection [FOT)
Poliovirus, 99

Palycarbonate, 681

Palychborinated biphenyls (FCHs), 91, 103, 166-167, 363,

= r;-lli 10428, 10438
orinated dibenzodiexing (PC , 30, 103
Folychlorirated dibenzofuran lPCDl?),DI}ﬂ;U'

Polyethylene Im-phllulmrll‘l-‘!‘l
bottled water,

Polyhedrosis mu.n. Slo

Palysacchandes, cleaning starches and, 755
Polytetrafluorethylene (IMTFE), 630, 697
Poor hygienic practices, 780

Pup rivets, 684

Population control, pheromaones for, §15-817
Past-rinse, f34

Putable {dnﬂkl'b!l] waler, HB. See also Tap waler

Drinking w
DMotassium Ilyll!wdde TS1-752
Potato ghycoalkaloids, 49, 55
Poultry and eggs, 163-164
chemical hazards, 166-167
g breaking operations, 180-186
equipment/ process selection, impartance of, 175-177
HACCF generic model, 167-175
HACCT implementation, advantages of, 177-180
microbial hazards, 164-166
physical hazards, 167
Pouliry Slaughter Model, 167165
Pox disease of carp, 600
PPE. Ser Persunal protective equipment (FIE)
Pretiotics, 1111
Premines, 25
Pre-mising/ refining, in chocolate making, 272
Presequirite management plan (PMF), 625-643, 657
cheaning and disinfection, 636639
{CIF), 639640

factary building, 629

Iactory site, 62

food defense, biovigilance and b-nlrﬂmhm.
630631

medical screening. 635
personal hygiene, 641-642
st eomirol, S40-641
process lines, 631

ventilation and air flows, 631
veaste disposal, 634-535
Prevequisite pragrams (PRPs), 541-542, K516
“Preroquisite” prigradis, 827
Pre-rinee, 837
Pressed-in ruller ends, 707
Pressure cooker /vacuum cooler, combined, 1917
Pressure relief valves, 728
Preventive maintmance, scheduled, 731
Primary productian, hygiene in. See Hygiene in pri-
mary production
“Principles,” of gquality and food safety management,
5

Prins, 29, 04

Probability of detection (POD), 550-531

Probiotics, 1111

Process and utility lines, hygienic design of, 710713

Process and utility prpang, hygienic infegration of,
T14=715
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Process equipment’s knstallation in food factory, 729-730  Product infurmation within food chain, 1005-1011

clearance with respect to fleor, walls and adjacent
equipmen, 729
raised walkways and stairs, 729-730
Process lines, 631
Process support and wtility systems, 665-670
Process Variation Reduction (PVR), 542-543
Process vessels, interior and exterior design of, 686651
Processing aids in biofuels or food manulacturing
processes, 31
Processing and preservation techniques, for fruits,
herbs and vegetables, 229-232
chemical-based washing treatments, 229-230
chlorine diowde, 229
disint: agers conib of. 230
hydrogen peroxide, 229-230
organic acids, 225
phwsical lrcatmenls, 250-232
high-prossure processing (HPF), 232
Hurdle techinology, 232
irradiation, 231-232
Tt pulses, 231
pulsed energy;, 231
pubsed magnenic field, 231
ultrasound, 230
UVC light, 230-231
Processing contaminants, 920
Processing environment plan (PEF), 628429
conetructing fow diagram, 645
control foperating limits establishing, 652-653
corrective action plan estableshing, 653-655
difining scope of terms ni n-;lm B4
R

Product Lifecycle Management (PLMJ, 556
Production areas, arcess b, 663
Troject management, P8-965
i five phases, 96§
Promolivnal items, 399, 405
Propeller hub, 655, 695, 696
Protective clothing, 612, 790. See also Factory clothing:
Work clothes
Protein cleaning, 755
Proteins, 51, £37, T54-755
PRPs. Sve Precequisite programs (PRPs)
Paocids, in food processing lacilities, 506
PSP Ser Paralytic shellfish poisuning (PSP}
FT. Sez Plaquiloside (PT)
Praquilosice [PT), 50-51
Prersdinm mquilinren... See Bracken fern
Peeramalus cerarleilas, 816t
PTFE. See Polytetraflluarcthylene (FTFE)
P'ulse electric fields, 454457
critical faciors and critical control posnts, 454-456
munitoring, 456457
principles, 454
Pulsed energy, 231
Pulsed magnetic field, 231
Pumps, hygienic design of, 721-723
centrifugal pumps, 721-722
olary lobe pumps, 722
Purified water, 355
FVR. 5o Frocess Variation Reduction (FYR)
Pyewoles tritici, 16
:_Il!-nl'ﬂ veniricosns, K161

. P fot, b43-656 Py pound, E12
documentation and recond keeping establishing, 656 Pyrext, 681
environment, describing, 6L-615 Pyreolizdine alkaloids (IAs), 50
environmental plan sssessment (PEP) eam,

pelecting, 4
hagard analysis conducting, 615-651

iebrtified hazands, contrl miasures o, 645651
itended product use idenlilying, 645
management commitment, dbtaining, 613
monitoring system establishing, 653

on-site confirmation of flow disgram, 6?5-.451

.y
al hazards lsting, p45-651
verilication, 655-656 :
juipment, proper desig
of, TN=732
Processing industry
for meat products, 142
for seafoods, zm;n:!m
Processing malenal
Producl contact surfacey, 679, 682
“product effect,”, 513

Q
QFD. See Quality funetion deployment (QFD)
Wwﬂ;g:nwnhd.ﬂm

‘customer and for coneamer relevanee, $99-351

%MM&MMMM

U5 Fuued Salety Modermization Act (FSMA), 545
eeliability, 545-547
Total Predutive Maintenarce (TFM), H6-347
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Quality and safety manay in food (€ ]
traccability, 548-549
andmal and meal traceability, 133-134
G5, 549

radiv-frequency identification (RFTD), 549
transparency faccountability, 551-552
Acceptance Quality Limit (AQL), 552
Quality function deployment (QFD), 549-551, 554
Quality management, 966-568
as continuous process, 967
systems, 626-627
Quality system certification, 550
Quat i els, 584, 637638, 760

R
Radiation dosimeters, 450
Radiolrequency (RF) heating, 438439
Radie-frequency identification (RFID), 549
Radiologieal hazards, associatid with water, 364365
Radionuclides, 104
Rainwater, 353-3%4
Raised walkways and stairs, 729-730
Rapid Alert System for Food and Feed (RASFF), 32-33,
S5, Y27, 10465~ 10478

Itaksi‘::s« Rarpid Alert Systern for Food and Feed
Raw materials, 71-72, 41445, 624

of chocolate, 270-271

finlshed products and, Wh-i1g

microbislogical moniloring of, 910-513

INDEX

refining link tables, 340
iny process, 335-336
Refrigeration and freezing, 482
chilled retail display, 498499
chilling effect on food safety, 483484
chilling rate effert on food safety, 484486
domestic handling, 500-501
freezing eifect on food safety, 186188
freezing rate effect on food salety, 458
fruzen retail display, 499-500
managing/production princ
miethods 459197
air chillers/ freezers, 490491
belt freezers, 495
chilled wmgr.m-lﬂ

for, 503

pray chillens/f 9z
indirect methods, 459
ligquid heat exchangers, 495496
plate chillers/ freczers, 495
seraped surface freezers, 495
stirred jacketed vessels, 495
vacuum chillers, 494
PP (produci-process—package) factors, 503
principles, 485459
sped ficatian, 501-502
temperatune measurement and moniloring, S03-504
problem areas,

i dood cuntruls, 505-507

1
raw miaterial testing program, d.,wu o, 911-913

of pet food, 38k-34y

receipd and storage, 72

reveiving, 242
FBST. See Recombinant BST (eB5T)
Ready-to-drink cofecbased beverages, 25¢
Ready-ta-eat (RTE) foods, 201, 570, 628, 771, 551

hefined, 1021

levels of, 10228
Recessed ning joint type (RIT), 7180721
Recombinant BST (¢BST), 101-102
Record Kevping, Ser Documventation and reoord

keeping
Recovery and food defense, 950
Recycled material, 399, 413
Ruecreled water, 354
process validation, in vils and fats

Tur cemtaminant removal, 335-341

hydrocarbons of mineral origin removal, 336-339

myootusing removal, 178

residues removal, 336-337
polyeyelic aromaric hyvdrcarbon removal, 357-538

recutnimended temperatures, S4-505
thawing and tempering systems, 49749
transpartation, 49
TTT (timme-termperature-toleranoe) G, 500
Refuse andd winte miateriaby, storage of, 671
Regenerated orliulose materialy, 802
Regronal standards organieations, 1071-1073
Fegulatory requirements influencing food safety, 662
and challengrs, 922-923
for meat safety process management, 148158
Reject syntems, 526-528
Relative light units (KLU, 899
Reliability, 545-547
total productive maintenance (T1%), 586517
Repellents, mn.-rundn and, K12
Bieplesd {refrigs i el foend af
bility), 440141
Reins for lon cxchange and absorption, 404
Response and food defense, 950
Retailer's requirerments influencing food salety, 643
Rewsed material, 399
Reworked material, 399
RF heating. Sec Radiolrequency (KF) heating

fed eluira




RFID. Ser Radio-frequency identification (RFID)
Rlwedodendrom ponticiom, 287

Rhodolorula, 216
Rlryzopertha dowmica, S031, 80918101, 517
Rice moth, 8931, B09(-810/

Rice weevil, 5031, S09:-810¢

Rigrd containers, 520f, 522, 527

Rinsing hands, 785

Risk

RJT. See Recessed ring joint tvpe (RIT)
KLU, Ser Relative light umits (RLU)
Roast and ground eolfee, 253-256
Fasting of beans, 264-265
Rudent-provling, 501
Roller bearings, 703
Roofs, 665
Root cause analysis, 1025-1035
and corrective actions, 915
of fusod safety erisis, 10267
seven step process, 10247
structoring, 10281030
active failures, 920
cullecting data, 1029
defining the faultfincident, 1029
mﬂnh; the nn unneh\_ 29-10%)
assible.
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Rubber-wheeled castors, 703
Rust-red flaur beetle, BO4S, 5095108
Rustred graim beetle, 8034, Bs1-E10¢

§
SAB. Ser Scientific Advisory Beard (SAB)
Sabotage, 921. Ser also Agro-ternarisen Biotermorism
Contaminatson Food defense Terrarism
Sacchrruns efficiaenim, 289-230
Safe Quality Food lnstitute (SQF), 627-628, 1075
Safe water. Ser Drinking water; Bottled water, Tap
waler
‘Safety management, of food contact materials, 410413
Saline waler, 354
Salinomycin, 388-359
Salmevaclis, 4, 132, 145, 165, 177-17%, 160, 208, 216, 24,
302 370, 380, 47, 602, 651, 750, 775. 500, 1051-1062
egg breaking operations, 185
H!Mllhpnvd.ryugm

Salmomells entering, 12601280, 132, K24
Salmonells Enteritidis, 184
Salnwmrily Frrd

Fexnen,
Subwanela Heidelberg, 108-105, 47714780

Salmmelis Montevideo, 260
Satmanells Oranienburg, 260
Satmiclla Paratypha B, 109
Salmonella Saint Paul, 1039
Salmacncla spp. 94, 200, 565-564, S8

tactors, 1029
hanman vrroes, 981
action plan, 1030
Tatent Eatlures, 979, 982-983, 1024-1025

verifying effectiveness, 1030
viulatians, 951, 982t
Swiss cheese concept, S78-479, 979, 104, 1005/
toams, 1028
wﬂboa WE-1E5
yaraks for, 10E7-1035
Tatary lobe puemps, hygienic design of, 722
Pastary shalts, 693, 6931
Rotavirus,
RTE foods. See Ready-to-eat (RTE) foods

iew wf, 6210

TR
wmnmmw-mm
sdmmu-‘ll.mm.m_m

associated with cheese,

Hubiber materials,
Rubbers
and elastomens, 403
use of, 6EU-681, 6811
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Sanitizing chemistry (Continued)
acdified sodium chlorite TASC), 759
chiorne, 758
chlorine diendde, 756-759
iodine, 756
peronides, 750
samitizing systems, 757
thermal sanitizing, 757-758
Saprolegniaceas, H13-61
Saprobegniasis, 604
Sarcocystis spp., 1261-128¢
Saw-tooth grain bectle, B0, B9-510¢
SBS. See Solid bleached sulfate paper (SBS)
Scale remnoval problems, 755-754
BOC. See Somatic cell count (SCC)
SCF See Supercratical fluid technology (SCF)
Sctentific Advisory Board (SAB), 1077
Soumibrolesn, larmation of, 612-613
Seraped surface Ireczem, 495
SI20). Ser Standards writing organization (S00)
Senfood, 190-19]

hazards assnciated with, 193-205, 194t
additives and allergens, 204-205
aquaculture drugs, 198
lbacteria and vinses, 195-196, 200-201
biological, 192¢
biotoxins, 197=194
shemicals [rom environment, 1921, 195-200
histarnine, 2001202
Parasites, 196-197
Physical hazards, 1921, 205
[processing hazards, 205
towins produced by pathogenic bacteria, 202-204
Premquisite poograms and HACCP, 191-143
production of safe sealood, 191-193
risks at different stages of food chain, 205-210
aquactiliure, 205-206

processing industry, 206-209
Inmpmhtlm .uf.nm,‘_‘

SEM. Ser w:--lundz (SEM)
Semicarbaride (SEM), 398, 1045, 1046b-1017
Senior management, 71, 643

Sensitive equipment, deaning, 756

Sensors and Enstrusmentation, 723-729
Sequestering agents, 637

Sequestrants, 753

Serotyping, W8

plan, 629630

Serratia warcescens, 4584

Sct-off, defined, 399

Sewers, 668

Sex pheromones, 510

Shared responsibility, 3¢, 220

Shelf-stable food (SSP), 440

Shellfish biotoxins, 197

Shellfish-borne bacterdal infections, 191, 195

Shigatoxin-producing E. coli (STEC) O104:H4, 1049,
10500

Shigatoxin-producng E. colt (STEC) 0145, 111
sluptu::::mdun::.lfwmmk E. coli (STEC/
VTEC) serotypes, 131, 135
Shageila flezmeri, 78T
Shigrila sconer, 360, THT
Shkigella spp., 28, 200, 615, 77U, 824
Shvigela, 108, 126¢-128¢, 130, 216, 241, 586, 663, BO0-E01
Shart chain hydrocarbons
in wil and fats, 330
Sieves and filfers, 514
Silicones, 403
Simple batch air-couling systam, 4%
Single versiss multi-use CIF designs, 747
LI See Sterilizing-in-place (SI17)
Site layaut and food salety, 664-665
acoes ho production areas, G61-605
Eiter sabetion influencing food salety, G63-hid
Sitoplrifis grmaris, B3, B9-H100
Sifophiius pryzee, BO31, SEH-810
Sitephilus zormars, BOM-RIN
£ Sigma, 538, 540
M. See Specific migration (SM)
SMS 1145 coupling. TIB-721
Soaps, TH2
Sediuen hydrodde, 564, 751-752
Sodium hypochlonite, 370, 679-650
Sail, 221, 579
removal of, 761-782
a-Solanine, 45
Solriem tubyrosim, 49
Solid bleached sullate paper (515), 401402
Soluble/instant colfee, 353-256
Somatic cell count {SCC), #2
" Ser Slandard operating g t
Sorbers and detection equipment, 512-515
Source Perrier Cornpany, 1040
Sparkling bottled waber, 355
SPC. Ser Statistical process contral (SPC)
Specific migration (Sh), 3399
Spiral freczees, 491
Spailage mlrrmws,amm i meal products, 124
r, 1108

Spring water, 355



NDEX

1163

SQF. See Safe Quality Food Institute (SQF) Supercritical Auid technology (SCF, H7
SSOPs development, See Sanitation Standard Operating  eritical factors and eritical limits, 452
Procedures (S50P%s) development principles, 450451
SST. Ser Shell-stable food (S57) Surface active agents, 363
Stainless steud Surface finish, 632, 652
AISLSS 304(L}, 679-650 Surface water, 221, 352-353

AISI S5 316(L), 67080

sarutary tubing jsints, 7167
Stairways, 669

Stakchalders, 4-11
academia, 1011
consumers and informal sector, 10, 991914

Eovernment, 4=7
industry, 7-10
Standard operating procedures {SOF), 149, 742-743

HACCT implementation through, 150
Standard SMS 1145, 718t-721¢

Standards wriling onganization (SDO), 1066, 1076

sources, 354
Surla<tants, 363, 637, 782
Mﬂmm

1083, 1087

mkmo‘. 10sS- 1069

environmenital concerns, 1069-1091

food safety and, 1093-1094

i future, 1094-1090

improving sustainability in frod settar, 1092-1043

social aspocts of, 10671084
SVC. See Spring viremia of carp (SVC)
Swabs and sponges,

06
Stapviecoceus aurcis, 13-14, 93, 97, 1260128, 130,193, Swiss choese contept, $78-57Y, 979, 1004, 1025/
203-204, 259, 293, 297, 4581, 4T2, 474ATS, 774, 795, Swivel castors, T02-A10

EGS-B47, 838
Starches and polysaccharides, cleaning, 755

defined, 536
Statistical process control {SPC), 150-151, 7oé and value chain, 553-556
Stram debacterization, 265-266
Stegobium panivesim, 8031, 8091100, 510 1T
Sterile spatulas/scra) W05-906 Tieowi spp., 126/-126¢
Stenlization, 430433, 4317 447 Tank cincust ebeatang, 76747
Sterilizers, 756 Tank owtlet valves, 728
Sterilizing-in-place (517), 717 Tap waler, 348 Su-iaurinuuwm
Stirred jacketerd vewels, 495 TBE, Ser Tickborne encephalitis (TBE)
Stwol testing, TY-7H TCD0. 8 2,3, 7, B-Tetrachlurn dibenzo-p-dioxin
Liwrage, 357, 60671 {TC0n)
of chemieals and hubricants, 671 Teimp 1, i
of chilled food, 671 “Temperature danger zone,”, £33-633
and distribution, of chisolatis, 274 Te i frood
of grain, (70671 euld-chain managemient sysem, 513508
udmmdling,m—m Temperature sensors, 725
ol wils, 671 Tempering, A48
ol packing material, 671 Tenekrio melitar, BAH-5101
of Feduise amd waste materials, 671 Terreetrial plant toxins, in foed, 30
anid transportation, 209 Terrorism, 921
Srored-procuct beetles, 812 agro-terroisem, 940
Greakned honey, 284 Tho-terrarism, K30-631, 90
Glratipic management, 964, 9657 3,7, E-Tetrachloro dibenzo-p-diaxn (TCDD). 103
Jeadership and, %64-966 TFA. Ser Teans Fatty acide (TFA)
Streptocorcus spp., 93 Thawing, 457445
Grony, iletergents, 782 Theebreens cocea L, 263
Structared lwrulch. X Thermal sanitizing, 757-758
Gy palnam, treaiment, A5
Gulbethal rrm'l.u-pl! urdbes, optimization of, 147148 coribinied treatments, $40-H1
Suggar beets, 259290 conventional heat
suprm 265-290 canning, 433473
Sulfates, pastetifization, 433457

Sunllower mL 15-16, 329, 331, M1 1055
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Thermal treatment (Continued)
factors determining, 437438
heat processing, 424425
heat process requirement, determination of, 428332
heat sesistance of microurganisms, 426425
non-traditional, 438440
thermal death of microorgansms, 425-426
Thermaoplastic rubbers, 403
‘Thermosetting plastics, 702
Thermowells, 725, T26f
- Thujone, 48¢
Tickborne encephalitis (TBE), ¥
Tibed floors, 666
Tiee: and temperature shuse, of fish and fishery prod-
urts, H15-616
Time—temperature indicators, 504
Tissue paper, 401402
TME. See Trans-membrane pressure (TMEF)
Tobacen bectle, 803
Tobacen madh, B3I
Tahoku earthguake and tsumami, 200
“Top tiems, deskgn of, 687, 6557
Torulaspaira, 216
Tenal plate counts (TIC), B
Total Productive Maintenance (TPM), 546-547, 550
“Toic honey,”, 287
Towicity, defined, 4849
Towine, naturally eocurring, Y20
Teuplasms gondii, 1264-1284, 216, 562568
TPC. S Total plate counts (TPC)
TPM. Ser Tutal Productive Maintenance (T7M)
Traceability, S48-549
radio-frequency identification (RFID), 549
Teaditional ball valves, 727-725
Tn-ldlng,?lﬂ, 7L, 152-153, 641, B40-841, Y8398, 1100,

Trans fanty acids (TFA), 341
Trans-membrane pressure (TMI), 459
w13 RN (B0 2%

i and sep fhiciency, 45%
Teansparency, 31, 551-552
Acceptance Quality Limit (AQL), 552

Transportation, for chuoalates, 279-280
Traboliuns castaneinm, S, BB
Trioliiem confiesum, BU3, 8098100
Trichinclle spiralis, 487488, 573

Truchiieila, 1264-126r, 572
Trichloeethylene, 363

Trichogramma cavorciae, Bi6d

Triclagraniini exsrsescems, 8166
Trichagrannma pretioium, Blod

Trichiosporon, 216
Triclocarban-trchlorocarbamide, iz

INDEX,

Triclosan, 782

Trinitario, 262

Trogederma gravarmum, BII-810¢

Trogoderma spp., BUR-510¢

Tropical wanchouse moth, 503, B09t-810t
TSE See Tr. iblie spongife phalop

(TSE)
Tunnel chiller/ freezer, 491
Turkish grain beetle, 8031, B05-810¢

u
UHT. See Ultra-high temperatures (UHT)
UK Food Salety Act of 1990, 54545
UK Food Standards Agency Allengen alerts, 687
Ulcer disease of salmonids, 602
Ultra-high temperatures (UHT), 435-436

106

process,
Ultrasonicated honey, 285
Ultrasound, 231
United States Department of Agncalture {USDA). 1074
Unloading equipment. 630-631
“Unnatural Frankenstein's food,”, 1121
URS. See User wpacification (URS)
USDIA. Ser United States Department of Agriculiune
(USDA)
User requiremnent specification (URS), 525-526
Upensils, hygienic design of, 633
Uitility lines, hypgienic design of, 710-713
Utility piping, hygienic integration of, 714-715
UV-C light, 230-231

v
Vaceinations, 597
Vacuum chillers, 494
Valication and mainterance, procss of, 8640
Value chain, 553-5%
Valven, 726-737

butterfly, 727

check, 725

diaphragm, 727

linear plug and stemm, 720

minproof, 728

plug. 728

pressure pelac, 728

tank outhet, 728

traditional ball, 727-728
Vagiant Creutafeldi-fakob disease (vCJD), 133, 10456
Varivert® flange coupling, T18-721¢
VCID, See Variant Creutzfeldi-Jakob disease (vCTD)
Vegetable oil, 331, 1013
Vegetables, 213

hilogical contamination lactors affocting. 217-220

lbacterial attachment, 218-219
Bacterial biofilm formation, 219




bacterial infiltration and internalization, 219
fnodbome discases, 217=218
surface charactenistic, 218

eontamination alung food chain, 220-226
harcesting, 373
minimal processing,
packing, 225 275
Ppost-harvest factors, 223-224
pre-harcest factory, 220-223
Processing, 226
storage and handling, 224-225

contral in ination p ,
2623

cleaning and washing, 226-228

packing, 335-229

226

Provessing and preservation techniques, 220-232
‘ransport and storage, 228
fuod safety far, 215
HACCE case study, example of tomat, 252-247
hazards associated with, 215-217
Wiological hazands, 215-216
chemical hazards, 215
Physical hazards, 216-217
microbiclogical contaminations of, 587
Presence of pathagenic bacteria on, 588
W‘u‘tnu\ru\h:hmwrﬁsm average et resistance
wl, 4271
Vending machines, 405
Veno-occlusive discase (VOD), 50
Ventilalion, (68450
anil air Howes, 631
Venturia caneacens, Bt
Verification
data, examples of, 1019
easures, deviations in, 1019
ol procesing cowvinomnme

ot plan (PEP), R55-656
Vertebrate pests, 500-40)

Neterimary drugs, VRY-102, 565, 575, 614
antimicrubials, 100-10)
harmones, 100-107
et o, 3y

VHS. See Viral hey

murthagic septicemia (VHS)
Vibrio chalerae, 1

), 195196, 216
Vibrio peibsemalyticus, 191, 195-196, 201, 603,824
Vilwio spp., 191, 195-190, 545
Vibria puinificus, 1W5-196, 617
Vibrin, 350
Vibriosis, 597, 601
Vinegar, 470471
Violations, 9K1, 452:
Viral hemorehagic seplicemia (VHS), 600
Winuses. See also Foudbome vinses
hazards

in meat and meat products, 133

1165
EEX

In seafoods, 193-196,200-201
: "
m':‘;_"w‘:,:‘:w‘f"w"f,,m Trace Allergen Libsingl
. 7980
Veno-veclusive discase (VOD) e
m;mmwwﬁ‘
VITAL
\wﬁWtMm
Velneaily palysis S50
CARVER 4+ Shock 04é-355, el 590
"‘I‘M“ m" m' ?:,mmﬂml
: (FASCAT), +nd checblists, 59
MSHARFF,

P, 950
“mini~ CARVER + Shock 49

w 3 o
Walkways and stairways:
Warehouse beetles, E09I-8100
Warchouse management 15,
Wanehause moth, BB
Wasbrooma, 790-791
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Water {Covbmaed)
fltration end chlorination, 372
memkrane filiraticn, 370
saline water, 354
sources of, 350-354
for ful Livestick prod
surface water, 352-553, 353(
tap water, 348
Waterless antiseptic agents, 7E3
WBCSD. See World Business Council for Sustainsbbe
Development (WECSD)
Weather pattern fluctuation, 1100
Welded pipe joints, 715-717
Welding. 676, T15-716
Well water, 355
Wt heat, disinfection by, 581-582
‘Whipped honey, 265
Whistleblower /Whistle blowing, 959, 1120
WHU., See World Health Organization (WHO)
5-Whys, 1021
Wing nuts, 654, 6857
Wowd, in fued industry, 401, 651
Wark clothes, 790, See also Faciory clothingProtective
chothing
World Busi Council lor
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(WEBCSD), 1086, 1092
World Health Organization (WEHC), 1067
World Trade Organi zation (WTO), 1070
WIS, Ser Waler Phase Salt (WI's)
WD Sev World Trade Organization (WTO)
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Neray detection, of physical hazards, 515-524
important entena for effective detection, 520-522
metal detector versus, 526
safety, 522-524
techamical limatations, 522
waorking principle, 518-519

Fuloearis flawipes, BIGH

¥
Yellow meal worm, BOW-8100
Yellow No. 5, 204

Yersima enferoenliticn, 1266-1281, 130
Yersinia, M-85

Yersiniosis, 601

Yoghurt, 111

z
Zatropuy incertus, 516
Zearalenone, 305
in crude maize germ oil, 331-332
remaval in maize wil, 139
Zeerane], 102
Ferm tolerance, Y29-530
Zoning, in building design. 668649
Zoomuotic, 359
zovalue, 426/, 430
Zugoeaccharcunyees hailii, 286
Zygrssocurannics i, 266, 291
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