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CEN/TC. See Comitée Européen de
Normalization technical committee
(CEN/TC)

Centers for Disease Control and Prevention
(CDCQ), 61, 76

for DNA “fingerprinting”, 78

Centrifugal pumps, 212—213

hygienic design of, 214—-215

Ceramics, 113

CERC. See Crisis and Emergency Risk
Communication (CERC)

CFR. See Code of Federal Regulations
(CFR)

Chaos theory, 61

Check valves. See Nonreturn valves

Chemical cleaning, 241

Chemical food contaminants, 15

LIBS for detecting, 32
vibrational spectroscopy for detecting, 30

Chrome-nickel-molybdenum stainless steels,
110

CIP. See Cleaning-in-place (CIP)

Cleaning-in-place (CIP), 189—190, 199, 246

Closed equipment for liquid food processing,
167—168

European Standards and guidelines, 169
food industry, 167
hygienic design
of process and utility piping, 193—-212
of pumps, 212—-217
requirements, 171—176
of valves, 218—243, 220f
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cast-iron casters, 130
casters
with full thermoplastic wheels, 131
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building situational awareness across food
chain, 83—85
challenges of food safety, 76—77
data-driven food safety, 77—79
food recall issued, 96—97
future trends, 97—98
lab results and consumer complaint calls,
95-96
maintaining safe and secure food supply,
75
NCFEDA, 88-92, 89f
common operating picture, 94f
simulation timeline, 92f
user login page, 93f
new food safety stakeholder model, 79—81,
81f
reducing latency in surveillance and
response, 81—83, 83f
reports of gastrointestinal illness, 94—95
Decontamination of facilities, 54—55
emergency phone list, 55
facility map, 55
Degree of latency, 82
Detachable joints, 293—294
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lubrication process, 299—300
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(EPDM), 255
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future trends, 32—34
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preoccupation with failure, 66
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vulnerability assessment, 45—50, 48¢
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mitigation strategies, 51—52
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equipment, 160—161, 160f
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161-165, 162f
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Food Protection and Defense Institute, 5—6
Food Standards Agency, 4—5
FPDI EMA Incidents Database, 7
public health and food protection
perspective, 6
Food grade lubricant, 108—109
Food industry, 167
Food legislation, 101
Food processing equipment, 267
hygiene practices during maintenance
operations
during maintenance and repair, 317—320
after maintenance and repair, 320—323
before onset of maintenance and repair
operations, 309—317
personal, 305—309
toolbox, 316f
hygienic vs. operational performance,
274-275
installation in food factory
clearance to floor, walls and adjacent
equipment, 160—161, 160f
stairs, raised walkways and platforms,
161-165, 162f
maintenance according to principles of
hygienic design
hygienic design principles to respect
during repair, 279—-298
lubrication according to principles of
hygienic design, 298—304
purchase and acceptance of parts, tools,
lubricants, 275—279
recalibration of measurement devices,
304-305
maintenance and repair, 268—271
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quality evaluation of maintenance work
done and recordkeeping, 324
scheduled preventive maintenance,
272274
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response plan
Food production, 101—102
Food Protection and Defense Institute, 5—6
Food recall, 96—97
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Food safety, 15, 61
challenges, 76—77
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stakeholder model, new, 79—81, 81f
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Fourier transform infrared spectroscopy (FT-
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Fully shrouded impeller, 214, 214f

G

Galvanic corrosion, 284—285
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alloys, 286f
metal compatibility diagram, 285f
GAP. See Good Agricultural Practices (GAP)
Gastroenteritis, 86
Gastrointestinal illness reports, 94—95
Gastrointestinal ulceration (GIU), 94
Gauge installation
for hygiene, 250
measuring
to eliminate effect of magnetic fields and
electrical potentials, 250
to eliminate pressure misreadings,
248—-249
to eliminate temperature effects,
246247, 248f
to eliminate vibratory effects, 249
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Geopolitical considerations, 9—10
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Human decision-making process, 85
Human interfaces
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devices of, 156—159, 157f, 158f
of electronic panels, 159, 159f
of switch boxes, 156, 156f
Hygiene practices during maintenance
operations
during maintenance and repair, 317—320
after maintenance and repair, 320—323
before onset of maintenance and repair
operations, 309—317
personal, 305—309
toolbox, 316f
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design
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casters, 130—133
closed vessels, 177—193
of closed vessels, 177—193
covers, 141—144, 143f
electrical cabinets and field boxes,
146—150, 148f, 150f
electrical cabling, 151—155, 151f, 153f,
154f, 155f
electrical equipment, 146, 147f
European standards and guidelines, 103
feet, 119—129
framework, 116—119, 118f, 119f
guards, 144—145, 145f
human interfaces, 156—159
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and bins, 114—116
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in food factory, 160—165
legislation, 102
lubrication according to principles of,
298—304
maintenance
hygienic design principles to respect
during repair, 279—298
purchase and acceptance of parts, tools,
lubricants, 275—279
recalibration of measurement devices,
304—305
materials of construction
general recommendations, 110
other materials, 113
use of metals and alloys, 110, 112f
use of plastics, 110—112
use of rubbers, 112—113
motors, 138—141, 140f
of permanently installed agitators,
184—189
principles, 275—276
combination of metals, steels and alloys,
284—285
compatible materials of construction,
279—-284, 280f
correct installation practices, 287—288
design for maximum access, 279
installation of cabling, 297
making pipe joints, 291—-294
making sheet joints, 288—291
reducing surface roughness of stainless
steel, 297—298
replacement of insulation, 296—297
selection, delivery and storage of
replacement parts, 286—287



unsuitable and suitable fixing practices,
294-296
process and utility piping, 193—-212
of process and utility piping, 193—212
pumps, 212—-217
of pumps, 212—-217
requirements, 103—109, 171-176
badly corroded copper pipe, 171f
belt lifting device, 109f
equipment surfaces, 107f
food processing equipment, 103f
hard-to-clean pocket, 173f
hollow roller, 105f
mechanical versatility, 108f
motor without drip pan, 109f
nameplates, 106f
penetration of hollow sections of
equipment, 105f
process equipment, 109f
product spillage, 104f
spot welds, 172f
too-long T-piece functions, 174f
welds, 104f
surface finish, 113—114
of temperature measurement devices,
259-260
US standards and guidelines, 102
of valves, 218—243, 220f
Hygienic performance, 274—275
Hygienic requirements, 219—221
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TAMEES. See International Association of
Milk, Food, and Environmental
Sanitarians, Inc. (IAMFES)
IDF. See International Dairy Foundation
(IDF)
Immersion tests, 279—282
Impeller, 214, 214f
Inference rules, 87
Infrared (IR), 27
Infrared spectroscopy, 27—28
INS SERVICES (UK) Ltd., 276—277
Installation practices, 287—288
Insulation replacement, 296—297
Intentional contamination, 43
Interior and exterior design of closed vessels,
177184
correct design and mounting of covers, 182f
covers, 180—181
internal supporting members, 180f
seals for mandoor covers, 183f
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International Association of Milk, Food, and
Environmental Sanitarians, Inc.
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International Dairy Foundation (IDF), 169
International Standardization Organization
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Jewelry maintenance, 308

L
Laser-induced breakdown spectroscopy
(LIBS), 30—32
for bacterial identification, 31—32
for chemical contaminants detection, 32
Latency reducing in surveillance and
response, 81—83, 83f
Leaks, 298
Legislation, 102, 168—169
LIBS. See Laser-induced breakdown
spectroscopy (LIBS)
Linear plug and stem valves, 228—230, 229f,
231f
Liquid food processing. See Closed
equipment for liquid food processing
Liquid-filled pressure gauges, 243
Listeria monocytogenes, 275
Logical reasoning, 85
Lubricants, 276—278, 298—299
hygiene, 277—278
Lubrication according to principles of
hygienic design, 298—304

M
Machine Directives 2006/42/EC & 98/37/EC,
172—174
Magnetic nanoparticles, 33
Maintenance
compounds, 303—304
maintenance technicians, disease of, 306
products, 301—302
tools and aids, 312
workers, 306
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Matrix-assisted laser desorption/ionization
(MALDI), 17
Biotyper system, 20—21
MALDI-TOF mass spectrometry, 17—27
fingerprinting for bacterial food
contaminants detection, 21—27
spectral databases, 20—21
Measurement device recalibration, 304—305
Mechanical gauges, 243—244
Mechanical seals, 214—215
Membrane
sampling valves, 241, 242f
type back-pressure valves, 224, 225f
Metal-backed elastomer gaskets, 289—291
Metal-to-metal sandwiched area, 289—291,
290f
Metals and alloys use, 110, 112f
Methicillin-resistant S. aureus strains (MRSA
strains), 25—26, 31—32
Methicillin-sensitive S. aureus strain (MSSA
strain), 31—32
Microbes, 175
Microbial source tracking (MST), 25
Microorganisms, 176
Mindfulness, 65
Mindless approach, 65
Mitigation strategies, 51—52, 52¢
Mixproof valve systems, 230—232, 232f, 233f
MLST. See Multilocus sequence typing
(MLST)
MLVA. See Multiple-locus variable number
tandem repeat analysis (MLVA)
Molecular fingerprinting, 17
Motors, 138—141, 140f
MRSA strains. See Methicillin-resistant S.
aureus strains (MRSA strains)
MSSA strain. See Methicillin-sensitive S.
aureus strain (MSSA strain)
MST. See Microbial source tracking
(MST)
Multilocus sequence typing (MLST),
16—17
Multiple-locus variable number tandem repeat
analysis (MLVA), 16—17
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National Sanitation Foundation (NSF),
276277

NCDA&CS. See North Carolina Department
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(NCDA&CS)

NCDENR. See North Carolina Department of
Environmental and Natural Resources
(NCDENR)

NCDPH. See North Carolina Department of
Public Health (NCDPH)

NCFEDA. See North Carolina, North
Carolina Foodborne Events Data
Analysis Tool (NCFEDA)

Neural networks (NNs), 31—-32

Non-chloride-releasing insulation, 296—297

material, 193

Nondrainable valve body, 220f

Nonferrous metals and alloys, 110

Nonporous footwear, 307

Nonreturn valves, 235—238, 236f, 237f, 238f

North Carolina, North Carolina Foodborne
Events Data Analysis Tool
(NCFEDA), 75, 87—92, 89f

Analytics Engine processes, 88
operating picture, 94f
simulation timeline, 92f

user login page, 93f

North Carolina Department of Agriculture
and Consumer Services (NCDA&CS),
88

North Carolina Department of Environmental
and Natural Resources (NCDENR), 88

North Carolina Department of Public Health
(NCDPH), 88

NSF. See National Sanitation Foundation
(NSF)

O
O-rings, 209
On-site calibration services, 304, 305f
Open food processing equipment hygienic
design. See Hygienic design
Open vessels, containers and bins, hygienic
design of
installation of agitators in open vessels,
116, 117f
interior and exterior design of open vessels,
containers and bins, 114—115, 114f,
1151, 116f
Operational performance, 274—275
Outside isolating diaphragm, 245

P

Partially shrouded impeller, 214, 214f
PC. See Polycarbonate (PC)

Peanut Corporation of America (PCA), 82



example, 83—84
timeline for, 82, 82f
Perfluoro-elastomers (FFKM), 255
Permanent pipe joints, 199—201, 288—289
Permanently installed agitators, hygienic
design of, 184—189
hygienically designed agitators, 185f
machined transitions, 187
metal-to-metal joints, 185—187
welded in-tank shaft connections, 187—189
Personal hygiene practices during
maintenance operations, 305—309
PES. See Polysulfone (PES)
PFGE. See Pulsed-field gel electrophoresis
(PFGE)
Pinch valves. See Membrane type back-
pressure valves
Pipe joints, 199—209, 291—-294
dismountable pipe joints, 201—209
market available pipe couplings and seal
arrangements, 202¢
permanent pipe joints, 199—201
Piping insulation, 209—-210
Plant personnel, 305—309
Plastics, 110—112, 282—283
Plug cock valves, 232—234, 234f
Poly(methyl methacrylate) (PMMA), 245—246
Polycarbonate (PC), 245—-246
Polysulfone (PES), 245—-246
Polytetrafluoroethylene (PTFE), 228
Positive displacement pumps, 212—213
Positive Material Identification technique,
279-282, 282f
Postcrisis, 63—64
Precrisis, 63, 68
Predictive analytics, 87
technology, 97
Pressure gauges and pressure sensors
calibration, 259
Pressure measurement devices, 251f, 253f.
See also Temperature measurement
devices
diaphragm seals, 255—259
hygienic design of pressure gauges,
245-246
installation of gauge
installation for hygiene, 250
installation for visibility, 246
measures to eliminate effect of magnetic
fields and electrical potentials, 250
measuring to eliminate pressure
misreadings, 248—249
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measuring to eliminate temperature
effects, 246—247, 248f
measuring to eliminate vibratory effects,
249
pressure gauge for, 243245, 251f, 257t
electronic gauges, 244—-245
liquid-filled pressure gauges, 243
mechanical gauges, 243—244
retractable measurement instruments,
250-255, 253f, 254f
Pressure relief valves, 241—243, 242f
Preventive maintenance, 274
scheduled, 272—274
Process and utility piping, hygienic design of
application of hoses, 210—211
drainable process, 193—198
in food factories, 211—-212
nondrainable pipe section, 195f
pipe joints, 199—209
piping insulation, 209—210
self-draining, 194f
utility lines, 193—198
Process diaphragm. See Outside isolating
diaphragm
Process vessels, 177
PTFE. See Polytetratluoroethylene (PTFE)
Public Health Illness Data, 90
Pulsed-field gel electrophoresis (PFGE),
16—17
Pumps, hygienic design of
centrifugal pumps, 214215
positive displacement pumps, vs.,
212-213
requirements, 213—-214
rotary lobe pumps, 215-217

R

Raman spectroscopy, 27—28

Random amplified polymorphic DNA
(RAPD), 16—17

Rapid Alert System for Food and Feed
(RASFF), 7

Rapid screening tests, 15

RASFF. See Rapid Alert System for Food and
Feed (RASFF)

REACH Regulation. See Regulation on
Registration, Evaluation, Authorisation
and Restriction of Chemicals
Regulation (REACH Regulation)

Real-time collaboration, 85

Reasoning engine, 87
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Recalibration of measurement devices,
304—305
Record keeping, 59
Regulation on Registration, Evaluation,
Authorisation and Restriction of
Chemicals Regulation (REACH
Regulation), 283—-284
Reliable retention of tools, 313—314
Repetitive sequence-based PCR (rep-PCR),
16—17
Replacement parts, 276
Rivets, 291
Rotary lobe pumps, hygienic design of,
215-217
Rubbers, 112—113
compounds, 283—284
rubber-wheeled casters, 131—132

S
Safe Quality Food Institute (SQFI), 167—168
Salmonella spp., 275
Sanitary design, 102, 105f
Sanitation Standard Operating Procedures
(SSOPs), 45
Scheduled preventive maintenance, 272—274
Self-tapping screws, 294
Sensitivity, 66
SERS. See Surface-enhanced Raman
spectroscopy (SERS)
Sheet joints, 288—291
Single diaphragm seal, 255—258
SIP. See Space in place (SIP)
Situational awareness building across food
chain, 83—85
SOPs. See Standard Operating Procedures
(SOPs)
Space in place (SIP), 189—190, 246
SpectraBank library, 21, 22f
Spectral databases, 20—21
Spectral fingerprinting techniques, 17, 32—33
Spherical void expansion, 282—283
Split pins, 294, 295f
SQFI. See Safe Quality Food Institute (SQFI)
SSOPs. See Sanitation Standard Operating
Procedures (SSOPs)
Stainless-steel
casters, 131
equipment components, 287, 287f
hygienic tubing joints, 292—293
Stakeholder databases, 90
Standard Operating Procedures (SOPs), 45
Staples, 294, 295f

Streptococcus genus, 23—24
Styrofoam, 297
Suitable fixing practices, 294—296
Supply chain complexity
food supply, 1
regulatory and supply chain control
challenges, 2—4
visual representation of supply chain, 3f
Surface finish, 113—114, 177
Surface roughness reduction of stainless steel,
297-298
Surface-enhanced Raman spectroscopy
(SERS), 2728
Swivel casters, 132—133
System of systems, 78
Systems theory, 61

T
Tainting of flavor, 111—-112
Tank outlet valves, 238—240, 239f, 240f
Temperature measurement devices, 261f.
See also Pressure measurement
devices
hygienic design, 259—260
installation, 261—262
Temporary repairs, 296
Thermoplastic wheels, casters with full, 131
Thermosetting plastic wheels, casters with
full, 165
3-A Sanitary Standards, 169—170
Time of flight analyzer (TOF analyzer), 17
TOF analyzer. See Time of flight analyzer
(TOF analyzer)
Top mounted installation of agitators,
189—192, 190f

U

Unintentional contamination, 43

United States Department of Agriculture
(USDA), 44, 102, 276277,
296—297

United States Pharmacopeia (USP), 7, 9—10,
12

Unscheduled downtime, 272—274

Unshrouded impeller, 214, 214f

Unsuitable fixing practices, 294—296

US Federal Food Drug and Cosmetic Act, 4

US Food and Drug Administration (FDA), 2,
20-21, 44,78, 170

US Sanitary Standards, 170—171

US standards and guidelines, 102, 169—171



USDA. See United States Department of
Agriculture (USDA)

USP. See United States Pharmacopeia (USP)

Utensils, 315

Utility lines, 193—198

\Y
Vacuum cleaners, 318, 319f
Valve hygienic design, 218—243, 220f.
See also Hygienic design
back-pressure valves, 223—224
ball valves, 226—227, 227f, 237f
butterfly valves, 224—226, 226f
diaphragm valves, 221223, 222f, 223f
flow control valves, 235
globe valves, 241, 241f
linear plug and stem valves, 228—230,
229f, 231f
membrane sampling valves, 241, 242f
mixproof valve systems, 230—232, 232f,
233f
nondrainable valve body, 220f
nonreturn valves, 235—238, 236f, 237f,
238f
plug cock valves, 232—234, 234f
pressure relief valves, 241—243, 242f
tank outlet valves, 238—240, 239f, 240f
Verification
conducting food defense audits, 58
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plan reviews, 57—58
plan tests, 58
Vibrational spectroscopy, 27—30
for bacterial identification, 28—29
for chemical contaminants
detection, 30
Vibrio parahaemolyticus, 23—24
Visual aids, 309
Visualization Dashboards, 91—92
Visualization tool, 84
VITEK MS platform, 20—21
Volume, velocity, variety, veracity and value
(5 Vs), 78—79
Vulnerability assessment, 45—50, 48¢

w

Wash-down motor, 140—141, 140f
Welded joints. See Permanent pipe joints
Welding, 199—200

Wing bolts and nuts, 289—291

Wire hooks, 294, 295f

X

XRF-analyzer, 279—282

y4

Zinc-plated mild steel casters, 130—131
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