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1-methylcyclopropene (1-MCP), 289
1,1,1-trifluoroethane (R-134a), 77

vapor-compression chart, 75
2K aerosol systems see multicomponent (2k)

aerosol systems, 186

abbreviations and units, 20
archival units, 22
derived units, 21
dimensional correctness, 20
fundamental units, 21
types of units, 21

absolute humidity, 83
absolute pressure, 29

gauge pressure conversion, 30
absorbents and dispersants, 282
absorption coefficient, radiation heat transfer

see emissivity coefficient, 60
absorption refrigeration, 78
accumulators and conveyors, packaging

machinery, 304
accuracy, 305
acoustic energy, 33
acoustic refrigeration, 79
acoustic testing of packages, 124*, 305
activation energy, 257
active packaging, 281

absorbents and dispersants, 282
pitfalls, 282
processing of product by package materials,

283
additive synthesis, 143
additives to polymers, 156

adhesion, 124, 158, 162, 177*, 199
role of surface chemistry, 175
failure, 182

adhesives, 175
adiabatic processes, 27
adiabatic systems, 23
adiabatic humidity changes in drying process

air, 84
aerosol flammability tests see aerosols, hazards
aerosols, 185

system types, 186
air powered and compressed gas (single

phase) systems, 187
alternative propellant systems, 187
chlorofluorocarbons (CFC), 186
co-solvency effect, 185
flashback tests, 189
HCFC propellants, 188
heptafluoropropane, 186
hydrofluorinated alkanes, 186
immiscible aerosol systems, 186
metered dose inhalers (MDI), propellants,

186
miscible aerosol systems, 186
multicomponent (2k) aerosol systems,

186
nozzle design, 189
propellants – types, 188
respiratory inhalers and propellants, 186
separated aerosol systems, 186
trifluormonofluoroethane, 186

aerosols, hazards, 188*, 190
aerosols, propellants, 185, 187, 188*
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air see also drying, dehydration and
psychrometry

properties – description, 82
properties – psychrometric chart, SI and AE

units, 93–95
psychrometric chart description, 82
psychrometric chart, process paths, 85

air blast freezers, 225
air conditioning processes see refrigeration
air drying, 82
air shipment, 345*, 350

hazardous materials, 389
seafood, 286

airflow separation of recycled materials, 410
Alger, Russell, 380
al-Razi, Muhammad ibn Zakariya, 244
alternative food processing technologies, 221

high pressure, 69*, 223
light based, 221
microwave, 72
nonthermal, 221
pulsed and oscillating EMF field, 222
thermal, 68
ultrasonic, 223

aluminum, 100, 135*, 142, 162, 409, 411
general production, 101
alloy compositions, 136
bottle cans, 137
cans, 137
foils, 138
grades, 135
production methods, 135
resource outlook, 101
thermal conductivity, 62

American Cereal Company, 380
ammonia

refrigerant, 77
compost emissions, 424

Ampere, 21, 33*
amplification factor, 364
amylase, 177
amylopectin, 147
amylose, 147
anelastic, 50
anelastic materials, 50
anilox roll, 196
ANSI/ASQC Z1.4 sampling plan, 327
antimicrobial compounds, 276

table, 277

antimicrobial compounds, regulation, 389,
390*

antimicrobial packaging, 279
Appert, Nicholas, 253
archival units, 21
Army Meat Scandal, 380
Arrhenius equations, 213, 256*
aseptic packaging

energy use relative to traditional methods,
219

materials, 169
processing, 69, 219*, 222

aseptic processing, 219*, 254
processing line layout, 220
equipment concerns, 221
packaging material sterilization, 220
product sterilization, 220

asymmetric warfare, 394, 398*
atactic, 150
attenuation, vibration, 365
attenuation, shock, 368
authentication, 399
Aw (water activity) see water activity, 271

B. stearothermophilus and related spoilage
bacteria, 210

Baekeland, Leo, 142
bag-in-box packaging, 352
bacon, 285
Bakelite, 142
bakery products, preservation and shelf life,

291
gas mixtures used for preservation, 292

Ball’s Formula Method, thermal processing,
215

balance sheet, 10
current liabilities, 11
property, plant and equipment, 11
protection, packaging function, 11
stockholder equity, 11

bar codes, 204*, 346, 348
Barnum, P.T., 379
base rate fallacy, 306
basics of engineering, 17
batch systems, 24
beer and wine spoilage, 292
Beveridge Bill, Pure Food and Drug Act of

1906, 380
biaxial orientation, 155
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Bingham fluids, 56
biomass fuels, energy content, 423
biopolymers, 145
bioterrorism, 398

Department of Homeland Security, 390
Bioterrorism Act of 2002, 398
Birdseye, Clarence, 224
bisphenol-A, 130, 193, 279*
Black, Dr. Joseph, 36
blanching, 208*, 260
blocking, 181
blown film, 161
boiling point, defined, 41
Boltzmann, radiation heat transfer, 60
bonding agents, other non-glue, 182
bone glue, 179
bottle bills, 405, 407*
bottle cans, 137
bottom line, 9
boundary, system, 23
boundary layers, heat transfer, 65
Boyle’s Law, 188
branching and crosslinking in polymers,

148
break bulk, 346
breaking point, 44, 45*
brittle failure, 46
brittle fracture, 46
brittle fracture, glass, 125
brittle material, 45
brittle response, security, 397, 401*
browning reactions, 260
BS 5750 quality system, 335
buckling stress of cylinders, 130
bully beef, 379
Bureau of Alcohol, Tobacco, Firearms and

Explosives (ATF), 388
burner efficiencies, 31
butter see dairy products, preservation and

shelf life, 289
butterfly effect, 435

C. botulinim, 69, 209*, 210, 238, 276, 286
C. burnetti, 208
C. sporanges and related spoilage bacteria,

210
candela, 21
calculation of thermal process times, 208
cap-and-trade, 429

Cape Systems R©, 318
caps, 165, 174*, 292

liners, 174
thread profile, 174

caps, end see end cap
capillary condensation, 228, 250*
caramelization, 218, 261*
carbon dioxide, 104

as a preservative, 226, 292
as a solvent, 247
emissions, produce, 287

carbon monoxide, use in meat preservation,
284

cardboard see corrugated board, 117
carpal tunnel syndrome, 337
carton blank, 118
casein glue, 175, 179*
casein, flocculant, 250
catalysts, role in polymerization and branching

behavior, 148
cavitation in fluid flow systems, 55*, 223
cellulose, 108*, 114, 142
cellulose acetate, 283
Celsius, 34
centrifugation, 241
ceramic materials, 99

glass production, 100
resource outlook, 100

change and chaos, 434
cheese see dairy products, preservation and

shelf life, 289
chemical chillers, 78
chemical degradation reactions in food, 255
chemical degradation reactions In food –

specific examples, 260
Cheryan, Munir, 239
child resistant packaging, 12, 141, 175*, 392
chill roll casting, 160
chill roll, metallization, 162
chlorofluorocarbons (CFC) and alternatives for

aerosols, 185
closed systems, 23
closures, 173*, 303
CMYK (color system), 196
coding, scanning and identification methods,

204
bar codes, 204
coding methods, 204
cut codes, 204
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machine readable codes, 204
RFID codes, 205

coefficient of performance (COP), 77
cohesion failure, 182
cold-drawing

at failure, 45
fabricating plastics, 156
perform “stretch-blow” bottle blowing,

163
cold-seal adhesives, 181
color addition and subtraction, 196
color standards, 197
color temperature, 197
combustion, 31
commercial sterilization, 211, 213*, 215
communication, packaging function, 12
composite cans, 170
composite-layer heat transfer, 61
composting, 214, 424*

costs and revenue sources
odor control, 426
optimization, 425
processing methods, 425

compression damage, 355
compressors, hydraulic and pneumatic, 32
compressors, refrigeration, 72, 76*

efficiency considerations, 76
concentration and separation of food products,

239
cyclone and hydrocyclone, 243
crystallization, 246
density differential, 240
diffusivity, 248
size differential, 239
size differential, 240
solubility differential, 247
supercritical fluid extraction (SFE), 248
surface activity, 250
vapor pressure, 245

condensation and evaporation, heats of, 40
condenser, refrigeration, 73, 76*
conductive heat transfer, 60

thermal conductivities, table, 62
conservation of mass, energy and momentum,

22
consistency index, 56
constant rate drying, 228
Consumer Product Safety Commission

(CPSC), 12, 392*

contact angle, 176
containerized transport, 349
continuous flow and batch systems, 24
control chart, 333
control volume, 18, 23*, 59
convection heat transfer, 61

convective heat transfer coefficient
determination, 63

laminar sublayer formation, 65
cooking, 207
cooling, evaporative, 85
cooling, refrigeration see refrigeration
cooling load, refrigeration, 76
cooling towers, 86
coordinated packaging lines, 312
copyrights see United States Patent and

Trademark Office (USPTO), 392
copyrights – registration see Library of

Congress, 392
corrosion in steel cans, 133
corrugated board, 107, 117*
corrugated containers – strength, 118
co-solvency effect, 185
cost analysis, 9
counterfeit goods, 399
Country of Origin Labeling (COOL), 383
critical damping, 362
critical element analysis, 255, 369*
critical point, 38, 232*, 247
criticality, 38
cross-docking, 346
crystallinity and density in polymers, 152
current, electrical, 21,
current liabilities, 11, 33*
current assets, 10
cushion curves, 376
cushion design see packaging design for the

dynamic environment
cut codes, 204
cyanoacrylate (CA) adhesives, 180
cyclone and hydrocyclone separation, 243
cylinder, buckling stress, 130
cylinder machine, papermaking, 112
cyphertext, 400

dairy products, preservation and shelf life, 289
D value, 211
D and z value for bacteria and food

components, 218
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Dalton’s Law of partial pressures, 42
damage boundary curve, 371, 373*
damping, 360
damping – ratio, 361
Darcy-Weisbach friction factor, 53
debossing, laser, 202
decimal reduction time (D), 211
deformation energy in fluids, 49
deformation of solids, 44
deformation, plastic, 45
degradation of product during thermal

processing, 217
degradation of products and oxygen level

metabolizing (vegetable), 289
non-metabolizing, 281

degradation reactions in foods, chemical, 255,
260*

degradation reactions in foods, moisture
related, 271

DEHP see di(2-ethylhexyl)phthalate
dehumidification, 85
dehydration, 82
Deming, W. Edward, 328
Demo3D R©, 317–318
denial of service attack, 401
density, fluid, 51
density, molecular weight and properties in

polymers, 153
density, power in microwave systems, 71
Department of Defense (DOD), 391
Department of Homeland Security (DHS), 391
Department of Transportation (DOT), 388
derived units, 21
desalination, distillation, 245
desalination, reverse osmosis, 248
Design For Quality (DFQ), 326
deterioration of food products, 254
developed flow, 51
dew point, 85
di(2-ethylhexyl)phthalate (DEHP), 279
diathermic systems, 23
dielectric loss factor, 71
dielectric properties of materials, microwave

heating, 71
dielectric sealers, 184
diffusion, 79, 80*, 228

through packaging materials, 263
diffusivity based separation, 248
diffusivity coefficient, in fluid mass transfer, 81

diffusivity calculation in permeation, 265
Digital Millennium Copyright Act (DMCA),

392
dilatant materials, 57
dimensional analysis, use in deriving Nusselt

numbers, 64
dimensional correctness, 20
dip freezing, 225
dipole rotation, microwave heating, 70
dipole rotation, in magnetic refrigeration, 79
direct contact freezing, 225
direct printing, 194
discoloration reactions, other, 262
dispersants see absorbants and dispersants, 282
displacement

initial, in vibrating systems, 358
in fluid power, 32
of indigenous populations, 99

disposal and landfills, 413
composting, 424
durable and non-durable goods, 414
economics of waste handling, 426
food scraps, 414
incineration, 422
landfill construction, 414
landfill tipping fees, 417
number of landfills in operation, 415
other disposal methods, 416
U.S. waste production, 413
yard waste, 414

disposal, re-use, recycling, and the
environment, 405

distillation, 244
distribution and inventory economics, 346
distribution and warehousing, 345

data from information systems, 347
data tagging and data acquisition methods,

348
distribution and inventory economics, 346
information cycle, 346
limitations on data, 349
role of packaging in logistics and inventory

management, 348
distribution data, 349
distribution packaging, 349*, 355

bag-in-box packaging, 352
Flexible Intermediate Bulk Containers

(FIBC), 351
fluid tanks, 350
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institutional packaging, 351
Intermediate Bulk Containers (IBC), 351
Int’l. Std. for Phytosanitary Measures

(ISPM 15), pallets, 353
jugs, 352
new Panamax, 350
pallets, 353
post-Panamax, 350
shipping fixtures, 354
shipping sacks, 352
slip sheets, 354
Twenty Foot Equivalent Unit (TEU), 350
Unit Load Devices (ULD), 350
unitized air shipments, 350
wood crates and boxes, 354

doctor blade, 195*, 229
dot matrix printing, 202
drop height versus weight and transport

method, 374
drum drying, 229
drums, steel, plastic and fiber, 130, 139*
dry bulb temperature, 82
drying curve, 227
drying mechanisms, 227
drying of foods, 227

constant rate drying, 228
drum drying, 229
drying – geothermal, solar and microwave,

231
drying curve, 227
drying mechanisms, 230
falling rate drying, 228
freeze drying, 232
freeze drying process time calculation, 234
geothermal, solar and microwave, 231
spray drying, 230
tray, belt and tunnel drying, 231

drying, dehydration and psychrometry, 82
absolute humidity, 83
assumptions of evaporating and drying, 84
dehumidification by cooling, 85
dew point, 85
dry bulb temperature, 82
enthalpy, 83
enthalpy correction terms, 83
evaporative cooling as an indicator of

process control, 88
evaporative cooling effect, 85
other types of drying, 88

process paths, 84
psychrometry, 82
relative humidity, 83
specific volume of dry air, 83
wet bulb temperature, 83

drying time estimation, generalized air drying,
228

drying time estimation, freeze drying, 234
Duales System Deutschland (DSD) see Green

Dot System, German recycling, 419
ductile failure, 48
ductile materials, 45
D-value, 211
dynamic considerations in packaging, 355

amplification factor, 364
attenuation, 365
critical damping, 362
damped systems, 360
forced vibration, 363
harmonics, 359
natural frequency (fn), 356
overdamped systems, 362
package design and testing, 371
phase shift and damping in vibrating

systems, 366
phase lag, 362
repetitive shock, 365
resonance, 357
response of simple spring-mass systems, 358
shock, resonance and shock amplification,

367
simple spring-mass repsonse to forced

vibration, 363
the soft cushion paradox, 367
underdamped systems, 361

E. coli, 0157:h7 217
eddy current separator, 410
efficiency

combustion, 31
distribution and warehousing, 345
energy, in transportation, 343
fluid pumps, 54
microwave energy conversion, 70
refrigeration compressors, 76

Einstein, Albert, 203
elastic limit, 44, 45*
elastic materials, 49
elastic modulus, 44, 50*, 59, 131
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elastoviscous materials, 49*, 57
electrical energy, 33
electrical power, generation from waste, 423
electrical resistance and heating, 31, 33*
electrodialysis, 249
electromagnetic energy in radiation heat

transfer, 60
Electronic Point Of Sale (EPOS), 205
electrophoresis, 240
emergent properties of complex systems, 398
EMF field

microwave heating, 70*, 191
microwave packaging, 190
RFID systems, 348

EMF food processing, 222
emissivity coefficient, 60

table of selected values, 61
emulsion, 179*, 241, 291
EN 29000 see ISO 9000 and 22000 Series

Quality Standards, 335
encryption and decryption, 400
end cap, 375*, 116
endocrine disruptors, 279
energy, 104

balances, 26*, 28, 65, 358
conservation, 17, 22*, 34, 191
electrical, 33*, 71, 77, 424
Hubbert Curve, 104
kinetic, 34*, 52, 243, 358
mechanical, 22, 33*
potential, 34*, 52, 358
resource outlook, 105
supply, 22, 105*
thermal, 22, 31*, 34, 40, 154, 192, 213, 262

energy balances and thermodynamics, 28
energy and work sign conventions, 31
energy terms, 28
isenthalpic processes, 28
isentropic processes, 28
isobaric processes, 28
isochoric processes, 28
laws of thermodynamics, 27
process types, 27
types of energy in energy balances, 28

energy efficiency in transportation systems, 243
energy equation, fluid flow systems, 52
energy generation from municipal solid waste,

424
energy losses in fluid flow systems, 53

energy terms, 28
absolute pressure, 29
force, 28
gauge pressure, 29
power, 30
pressure, 29
vacuum, 30
work, 30

engineering basics see basics of engineering,
17

engineering design, 36
versus trial and error, 14

engineering analysis method, 18
enthalpy, 36–42, 74
enthalpy, air, 83–86
enthalpy, air – psychrometric charts, 93–95
enthalpy, air/water mixtures (table of values),

90–91
enthalpy, refrigerant (R-134a pressure-enthalpy

diagrams), 92, 93
entrance length number (El), 52
Environmental Protection Agency (EPA), 389
enzymatic browning, 260
equivalent length of pipes and fittings, 53
ergonomics, 307, 336*

environmental adjustment, 340
examples, 339
methods of ergonomic analysis, 337
movement assistance, 339
positional fixtures and work height

adjustment, 340
proper lighting, 340
sales multiplier method, 340
task rotation, 340

error amplification in shelf life estimation, 260
ESL (Extended Shelf Life) processing of milk,

290
ethylene

role in preservation of fruits and vegetables,
287

interruption of biosynthetic pathway with,
1-MCP, 289

sensitivity of various produce products,
293–296

evaporation, 87
evaporation, concentration by, 244
evaporative cooling effect, 85

cooling towers, 41, 82*
use as a process control indicator, 86
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expansion valve, refrigeration, 74
Extended Shelf Life (ESL) processing of milk,

290
extending shelf life see food preservation and

shelf life, 253
extension of shelf life by packaging see shelf

life extension by preservative agents, 277
externalities in sustainability, 429
extraterrestrial shipment, 345
extrusion, 159*, 164
extrusion blow molding, 163

F-value, 212
fabrication of paper-based packages, 117
facilities and personnel management,

scheduling, 310
Fahrenheit scale, 34
failure point, 45
falling rate drying, 228
false positives see base rate fallacy, 306
Fanning friction factor (Ef), 53
FCN see Food Contact Notification, 387
Federal Aviation Administration, 389
Federal Food Drug and Cosmetic Act (1938),

384
Federal Food Drug and Cosmetics Act

(FFDCA), 383
Federal Maritime Commission (DOC), 388
Federal Trade Commission (FTC), 382
fiber drums, 140
Fick, Adolf, 79
Fick’s law of diffusion, 79

for gasses through packaging films, 264
reverse osmosis, 249

fill weight distributions, 305
fillers, feeders, metering, and measuring

machinery, 300
film blowing, 155*, 160
film metallization, 161
first law of thermodynamics, 27
first order reactions, 256
fish glue, 179
fishbone diagram and cause chart see Ishikawa

diagram, 330
flammability

in aerosol propellants, 185
of refrigerants, 77
testing and labeling required for aerosols,

189–190

flash boiling, accidental, 191
flash cooling, in milk processing, 290
flashback tests, aerosol containers, 189
Flexible Intermediate Bulk Containers (FIBC),

351
flexible manufacturing, 311*, 323, 437
flexographic printing, 195
flocculation, 250
flow behavior index, 56
fluid flow systems, 50

developed flow in pipes, tubes and ducts,
52

energy equation, 52
energy equation, misuse of, 55
flow regimes, 51
pipe equivalent lengths, 53
pressure and safety, 54
power law, 57
pump efficiencies, 54
Reynolds number, 51
rheology, 55
work, 54

fluidized bed combustion, 31
fluidized bed drying, 82, 230*
fluids, compressible and incompressible, 50
fluids, heat transfer see heat transfer,

convection, 61
fluid power, hydraulics and pneumatics, 32
fluorination, 164
foil, aluminum, 138
Food Additive Petition (FAP), 386
Food and Drug Administration Modernization

Act of 1997 (FDAMA), 385
food demand increase in China, 436
food engineering see basics of engineering, 17,

and process calculations and their
application, 207

food and packaging laws and their related
agencies, U.S., 381

air shipment, hazardous materials, 389
Bureau of Alcohol, Tobacco, Firearms and

Explosives (ATF), 388
Consumer Product Safety Commission

(CPSC), 392
Department of Defense (DOD), 390
Department of Homeland Security (DHS),

390
Department of Transportation (DOT), 388
Digital Millennium Copyright Act, 392
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food and packaging laws and their related
agencies, U.S. (Continued )

Environmental Protection Agency (EPA),
389

Federal Aviation Administration, 389
Federal Food Drug and Cosmetic Act

(1938), 384
Federal Food Drug and Cosmetics Act

(FFDCA), 383
Federal Maritime Commission (DOC), 388
Federal Trade Commission (FTC), 382
Food Contact Notification (FCN), 387
Library of Congress, 392
Maritime Administration (DOT), 388
National Institutes of Standards and

Technology (NIST), 382
National Labeling and Education Act

(NLEA), 384
National Marine Fisheries Service (NMFS),

387
National Motor Freight Classification

(NMFC), 393
NLEA and health claims, 385
Occupational Safety and Health

Administration (OSHA), 393
patents, 391
Private Carriers, 393
Rule 222, 393
Rule 41, 393
structure-function claims, 386
Surface Transportation Board (STB), 388
The FDA Modernization Act of 1997

(FDAMA), 385
Threshold of Regulation (TOR), 387
Uniform Freight Classification (UFC), 393
United States Department of Agriculture

(USDA), 383
United States Food and Drug Administration

(FDA), 383
United States Patent and Trademark Office

(USPTO), 391
United States Post Office (USPS), 391

food production laws and standards of selected
countries, 382

food antimicrobial compounds, 277
Food Contact Notification (FCN), 387
food preservation and shelf life, 253

activation energy, 257
active packaging, 281

amplification of errors in shelf life testing,
259

antimicrobial packaging, 279
bakery products, 291
beer and wine, 292
browning reactions, 260
chemical degradation examples, 260
chemical degradation reactions, 255
dairy products, 289
degradation reactions in foods, moisture

related, 271
deterioration of food products, 254
diffusion through packaging materials,

263
enzymatic browning, 260
fresh fruit and vegetables, 286
gas permeation, 263
lipid peroxidation, 262
meat and poultry products, 283
microbial growth curve, 275
microbial product changes, 274
moisture sorption, 268
other discoloration reactions, 262
oxidation in oils, 262
permeation factors, 267
photooxidation, 263
potato chip and crisp snacks, preservation

and shelf life, 292
Q10 Estimation, 258
rancidity, 262
seafood, 286
shelf life extension by preservative agents,

277
shelf life testing, 257
shelf life testing follow up, 259
water activity and water mobility, 271
water mobility, 273
water vapor permeation, 268

food processing 5, see also engineering basics,
17, and process calculations and their
application, 207

food regulation, safety systems and security,
379

food and package regulation history, 381
food safety and security systems, 381
packaging laws and their related agencies,

394
Pure Food and Drug Act of 1906, 394

food stimulants for extractability studies, 386
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food safety and security systems, 380
authentication, 399
Bioterrorism Act of 2002, 398
counterfeit goods, 399
denial of service attack, 401
emergent properties, 398
encryption and decryption, 400
food safety and security systems token,

security, 399
food security, 395
Hazard Analysis and Critical Control Points

(HACCP), 395
hourglass effect, 394
information-based security systems, 400
lifting (identification token theft), 401
product recalls, 395
public key systems, 400
response to threats, 401
Role of Identification and Information

Technologies, 399
security concepts, 397
Tylenol R© poisoning incident, 398
validation, security, 400
vector, bioterrorism, 398

food security, 397*, 398
force (units), 28
forced convection, 63
Form-Fill-Seal (FFS), 302
Formosa termite, 353
Fourdrinier, 111
Fourier, Joseph, 60
Fourier’s law, 60*, 80, 274
fractional distillation, 245
free convection see natural convection, 63
free volume, 267
freeze drying, 232*, 261
freezer burn, 225*, 273
freezing systems, 225
frequencies

microwave, 70
forcing, in transportation dynamics,

359
natural, in transportation dynamics, 356
resonant, in transportation dynamics,

358
RFID, 205

fresh fruit and vegetables
preservation and shelf life, 286
ethylene sensitivity, table, 293–296

friction welding, plastic, 183
frozen food, 224*, 254, 260
fuel consumption, freight handling modes, 344
fuels (biomass), heat content, 423
fuels (common), heat content, 31
fundamental packaging functions, 11
fundamental units, 21
future developments and technologies, 433

butterfly effect, 435
chaos theory, 434
garage biology, 439
Gartner Hype Cycle, 433
Lorentz Attractors, 435
Moore’s Law, 437
QR codes, 438
resource scarcity, 439

gauge pressure, 29
conversion to absolute pressure, 30

garage biology, 439
garbage archaeology, 415
Gartner Hype Cycle, 433
gas permeation, 263
Generally Recognized As Safe (GRAS), 157,

279, 384*
German Green Dot System, recycling, 419
glass, 119

characteristic fracture features, 128
chemical ingredients, 122
decoration, labeling and shipping, 124
design considerations, 129
failure, 125
formulation, 121
general description, 119, see also ceramic

materials
general production, 100
history, 119
hydrodynamic failure, 128
impact fracture, 126
ingredients, 122
inspection and cartoning, 124
manufacturing flowchart, 122
manufacturing methods, 121
resource outlook, 100
surface treatment of finished containers, 123
thermal conductivity, 62
thermal failure, 126
types of molding systems, 123
water hammer failure, 128
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glass transition temperature (Tg), 152, 154*,
181, 225, 259, 268

in foods, 273
in synthetic polymers, 175

glues and adhesives, 175
jelly gum, 178
solvent-based adhesives, 180
bone, hide and fish glues, 179
casein (“white”) glues, 179
cold seal, 181
contact angle, 176
cure, adhesive, 177
cyanoacrylate (“CA”, “Super Glue”), 180
failure, 182
hot melt, 180
hot melt blends and additives, 180
other bonding agents, 182
other gum, 178
polyurethane, 180
PVA (polyvinyl acetate), 180
role of surface chemistry, 175
solvent based, 180
starch and dextrin based, 177
surface chemistry in adhesion and printing,

175
synthetic, 179
synthetic adhesives, 179
terminology, 176
types, 177
waterborne synthetic adhesives, 179
wetting, 176

gravure, 194
Green Dot System, German recycling, 419
Griffith Equation, 46
Guggenheim – Anderson – de Boeur (GAB)

equation, 271
gum adhesives, 177
gummed tapes, 183

halftones and shading, 197
harmonics, 359
Hazard Analysis and Critical Control Points

(HACCP), 395
HCFC propellants, 188
heat capacity

of selected nonfood and food materials, 88
see also specific heat

heat content, biomass fuels, 423
heat content, common fuels, 31

heat exchangers, 63, 65*, 216
heat of combustion, 31
heat sealing, 169, 181, 184*, 352
heat transfer, 59

conduction, 60
convection, 61
convective heat transfer coefficient, 62
during freeze drying, 232
forced convection, 63
Fourier’s Law, 60
thermal conductivity, 62
heat exchanger calculations, 66
laminar sublayers, 65
log mean temperature differential (LMTD),

66
natural convection, 63
other types of heat exchangers, 68
radiation, 60
shell and tube heat exchangers, 67
thermal conductivity, 62

heat transfer characteristics, thermal
processing, 210

hemicellulose, 108
hemoglobin, 283
heptafluoropropane, 186
Herschel-Bulkley fluid model, 57
HFC R-134a properties charts, 91, 92

refrigeration cycle, 75
hide glue, 179
High Density Polyethylene (HDPE), 148
high pressure processing, 69, 223*
High Temperature Short Time (HTST)

processing, 216, 217*, 254
histogram, production, 332
Hoff-Stevens kegs see kegs, beer and syrup,

140
holding tube, 216
holographic printing, 201
homogenization, 216 , 243*
horsepower, 30
hot fill processes, 217
hot melt adhesives, 180
hot stamp labeling, 194, 201*
hot tack, 177
hourglass effect, 394
Hubbert Curve, 104
Hubbert, Marion King, 103
humidity, absolute, 83*, 84, 85
humidity, relative, 83*, 229, 268, 272
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humping damage, 367
hurdle (staircase) preservation, 278
hydraulic and pneumatic energy, 32
hydraulic damping see viscous damping, 360
hydraulic power see fluid power, 32
hydrochlorofluorocarbons (HCFC), 104, 188*
hydrocyclone, 243*, 411
hydrodynamic (water hammer) failure in

containers, 126
hydrogen peroxide

in paper bleaching, 111
as package sterilant, 169, 220*,

hydrofluorinated alkanes, 186
hypothesis testing, 334

ice
crystals, role in frozen food quality, 224
heats of crystallization and fusion, 37
iced “reefers”, refrigerated railcars, 224
refrigeration capacity equivalent, 76
thermal conductivity, 62

ideal gas constant, 42*, 249, 257
ideal gas constant (R), values, 90
ideal gas equation, 42
Ideal-X (commercial shipping vessel), 349
IEC-61131-3 PLC standards, 312*, 437
immiscible aerosol systems, 186
impact fracture, in glass, 126
impedance, 33, 192*
incineration, 422
incompressible fluids, 50
induction damping, 360
information cycle, 6*, 204, 317, 346,
information-based security systems, 400
inhalers, respiratory, and their propellants, 186
injection blow molding, 163
injection molding, 159, 164*, 171
ink jet printing, 202
inks, 113, 198*, 381, 389,
inks, failure of, 181
insulation

during freeze drying, 233
see also table of thermal conductivities, 62

institutional packaging, 351
intaglio printing, 194
integration, packaging function, 13
Intermediate Bulk Containers (IBC), 351
intermittent and continuous packaging

machinery, 299

intermodal containers and transport, 343
internal energy, 36
Int’l. Std. for Phytosanitary Measures

(ISPM 15), pallets, 353
Interstate Commerce Commission (ICC) see

Surface Transportation Board (STB), 388
inventory economics, 321
inventory management, 320, 322*, 348

delivery time, cumulative probability, 324
demand and delivery time optimized

ordering, 326
Economic Order Quantity (EOQ), 322
grocery purchase example, 322
Just In Time (JIT), 323
kanban systems, 324
opportunity costs, 321
ordering costs, inventory management, 321
out-of-stock costs, inventory management,

321
reduction techniques, 320
storage costs, inventory management, 321
techniques, 322
transportation costs, inventory management,

321
ionic heating in microwave systems, 70
ionic charge, separation systems see reverse

osmosis, 248
irradiation, 234

approved levels for foods, U.S., 237
approved materials for packages, U.S., 237
background, 235
effects on packaging materials, 235
food safety, quality and irradiation, 238

Ishikawa (“fishbone”) diagram and cause chart,
330

Ishikawa, Kaoru, 330
ISO 9000 and 22000 Series Quality Standards,

335
isobutane (R-600a) – refrigerant, 77
isolated systems, 24
isotactic, 150
isothermal processes, 27
isotherms, moisture, 269
isotherms, moisture sorption/desorption, 271
ISPM 15 restrictions, 353

jelly gum adhesives, 178
Joule, 30
jugs, 352
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Juran, Joseph, 329*, 336
Just In Time (JIT), 323

kabaris, 421
kanban, 324
kegs, beer and syrup, 140
Kelvin, 34
Kelvin-Voigt viscoelastic model, 58
kinetic energy, 34
kinematic viscosity, 81
Kraft, James, 253

lag
heating and cooling, 215
permeation, 265
phase, 362

lag time in permeation calculations, 265
laminar flow, 51

Reynolds number, 52
laminar sublayers in convective heat transfer,

65
laminates and multiple material packages,

167
composite squeeze tubes, 170
laminate and composite cans, 170
laminates for aseptic processing, 169
lamination processes, 167
materials structure, 168
multiple morphology laminates, 169
rigid composite tubes, 170

landfills, 406, 410, 416*
laser debossing, 202
laser printing, 203
laws and regulations see Food Regulation,

Safety Systems, and Security
laws of conservation of mass and energy, 22
laws of thermodynamics, 27
latent heat, 36, 40*
Legionnaires disease, 86
lethal rate curve, 213, 215*
lethal rate curve example, 213
letterpress, 195
Library of Congress (LOC), 392
lifting (identification token theft), 401
light

based processing, 221
degradation of products, 262, 285*
degradation of printing, 158
effect on printing appearance, 197

for inspection tasks, 340
speed of, 22

lignin, 109
limit of linear elasticity, 45
Linear Low Density Polyethylene (LLDPE),

148
linear orientation in materials, 155
lipid oxidation byproducts, 263
lipid peroxidation, 262
liquids see fluid flow systems, 50
liquid/vapor tables (steam tables), 40
lithography, 194
log mean temperature differential (LMTD), 66
Lorentz attractors, 435
Lorentz, Robert, 435
loss tangent, 71
lossy materials, 71
Low Density Polyethylene (LDPE), 148
lyophilization, 145, 232*

M. tuberculosis, 208
machine direction, 114*, 119, 155, 160
machinery modifications and upgrades, 310
magnetic and acoustic refrigeration, 79
magnetohydrodynamic effect, 222
magnetron, microwave, 70
magnetron, metallic packaging, 191
Maillard reaction (Maillard browning), 261
Manufacturing Execution Systems (MES), 316
Maritime Administration (DOT), 388
mass

conservation, 22
conversion to energy, 22
fundamental unit, 21

mass balances, 24*, 42
blending and separation processes, 26
multistage processes, 26
recycle streams, mass balance, 26

mass transfer, 79*, 228, 232
diffusion processes, 79
mass transfer into moving fluids, 81
mass transfer through polymer films, 80
variability in kinetics, 80

materials
balances see mass balances
raw, 3, 97*
mechanics of see mechanics of materials
primary conversion of, 107
recycling and disposal, 11
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Materials Requirement Planning (MRP), 325
Maxwell viscoelastic model, 58
McCabe-Thiele diagram, 246
McKee formula, 119
meat and poultry products, preservation and

shelf life, 283
mechanical adhesion, 177
mechanical energy, 33

kinetic energy, 34
potential energy, 34

mechanics of materials, 43
brittle failure, 46
brittle fracture, 46
brittle material, 45
deformation of solids, 44
ductile materials, 45
elastic limit/yield point, 45
elastic modulus, 44
failure in ductile materials, 48
failure point, 45
fluid flow systems, 50
limit of linear elasticity, 45
plastic deformation, 45
rheology, 55
solid mechanics, 43
strain, 43
stress, 43
stress concentration and failure in brittle

materials, 46
types of materials, 46
ultimate stress, 45
yield point, 45

meat and poultry products
packaging and shelf life, 283

membrane separation processes, 248
mesophilic bacteria, 210
metals, general production, 100
metal containers, 129

aluminum, 135
drums, 139
general structural considerations, 130
kegs, 140
steel, 131
tubes, 141

metallization, film, 162
metallocene catalysts, 149
meter (m) and fraudulent calibration, 21
Metered Dose Inhalers (MDI), propellants,

186

microbial growth curve, 275
microbial

decimal reduction time (D), 211
growth curve, 275
product changes and preservation, 276
spore forming species and growth

conditions, 210
microcoatings, 164
microembossing, film, 201
microperforation, film, 162
microwave heating and processing principles,

70
dielectric properties of materials, 71
heating mechanisms, 72
interaction with packaging materials, 70
loss tangent, 71
lossy materials, 71
permittivity, 71
power density, 71
runaway heating, 190

microwave susceptors, 190
formulation, 192
heating effects and toxicological concerns,

193
patterned susceptors and reflectors, 193
types, 192

Miles, General Nelson, 380
military packaging see Department of Defense

(DOD), 391
MIL-STD-105 sampling plan see ANSI/ASQC

Z1.4 sampling plan, 327
MIL-STD-2073-1E see Department of Defense

(DOD), 391
miscible aerosol systems, 186
mixed transportation modes, 345
moisture sorption, 268
moisture sorption/desorption isotherms, 269,

271*
mold release agents, 158
molded pulp packaging, 116

pallets, 353
molecular weight distribution, 151
Mollier chart, 73, 75
Montreal Protocol, CFC ban, 188
Moody, friction estimate for laminar flow, 53
Moore, Gordon E., 437
Moore’s Law, 437
Morse Equation, 248
multicolor printing, 196
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multicomponent (2k) aerosol systems, 186
multiple-effect evaporators, 244
multiple-hurdle preservation, 221*, 223, 226,

286, see also staircase preservation
municipal solid waste see also disposal and

landfills, 413
energy content, 423
generation and composition, 413
generation rates, 428
energy production in U.S., 424
recovery and recycling, 408

myoglobin, 283
bacterial discoloration, 285
coloration, 284
cycle, 284

naringase, 283
National Food Irradiation Program, 235
National Institute of Occupational Health and

Safety (NIOSH), 336, 393*
National Institutes of Standards and

Technology (NIST), 382
National Labeling and Education Act (NLEA),

384
National Marine Fisheries Service (NMFS),

387
National Motor Freight Classification

(NMFC), 393
natural convection, 63
natural frequency (fn), 356*, 374
natural gas

general production, 103
glassmaking furnaces, 120
heat of combustion, 31
polymer feedstock, 143

natural period (�n), 359*, 367
Nernst equation, 277
new Panamax, 350
Newton, Sir Isaac, 27
Newton, unit of force, 29
Newtonian fluids, 56
NIOSH lifting equation, 337
nitrocellulose, 142
nitrogen

liquid, freezing media, 72
package pressurization, 137
propellant, 188

nitrous oxide, propellant, 188
nitpicking, 495

NLEA and health claims, 385
No Observed Adverse Effect Level (NOAEL),

387
NOMLI – Not On My Line Item, 10
non-Newtonian fluids see rheology
Nusselt number, 63*, 81
nylon, 6,6 147

Occupational Safety and Health
Administration (OSHA), 393

offset printing, 194
Ohmic heating, 68
Ohm’s Law, 33
Ohno, Taichi, 323
open systems, 23
open time, 177
opportunity costs, 321
optimization

production, 313
composting, 437

orientation in materials, 155
osmosis, 248

osmotic pressure, 249
pressures, table, 250
van’t Hoff factors, 249

oxidation in oils, 262
oxidation-reduction potential, 208, 276*
oxygen

levels and degradation for non-metabolizing
products, 281

permeation assumption, 80
scavengers and absorbents, 174, 169, 226,

282*
oxygen permeability of plastic films, table,

293

package erection and assembly, 300
package inspection, 124, 304*,
package re-use, 5, 405, 419 ,427
package-product interaction, 278

active packaging, 281
antimicrobial packaging, 279
endocrine disruptors, 279
extraction of packaging materials into

product, 276
extraction of product into package, 280

packaging and shelf life of specific food
products, 283

packaging cycle, 1, 4*, 405
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packaging design for the dynamic
environment, 369

additional design factors, 376
critical element analysis, 369
cushion requirements calculations, 375
damage boundary curves, 371
dynamic environment of distribution, 370
environmental condition determination, 373
frequency and resonance effects, 377
package design and testing, 371
performance monitoring, 377
prototype construction, 376
repeated shock and shock amplification,

372
Shock and Vibration Indicators and

Recorders, 373
vibration and repetitive shock, 370

packaging functions, 11
communication, 12
integration, 13
protection, 11
utilization, 13

packaging machinery, 299*, 393, 428
accumulators and conveyors, packaging

machinery, 304
case packers, 307
checkweighing, inspection, and

measurement, 304
controls and displays, 309
delta robots, 303
fillers, feeders, metering, and measuring, 301
for specialty products, 299
Form-Fill-Seal (FFS), 302
inspection system failure, 306
Intermittent and Continuous, 299
machinery acquisition, 307
machinery layout, 308
package erection and assembly, 300
powder handling, 301
pre-closure treatment and closure

application, packaging lines, 303
product inspection, 305
robotic operation, packaging lines, 302
palletizers, 307

packaging machinery, filling and plant
operations, 299

ergonomics, 336
inventory management, 321
packaging machinery, 299

production scheduling, 309
quality assurance and quality control, 325

packaging scavenger compounds, 282
packaging sustainability, 429
packaging waste

general, 405
United States, 413

packaging waste programs outside the United
States, 417

Canada, 420
Developing Countries, 421
EEU, 417
Germany (DSD Green Dot System), 419
India, 421
Japan, 420
Mexico, 422
People’s Republic of China, 421
Taiwan (Republic of China), 422

pails, metal, 140
pails, plastic, 141
pallets, 353
paper, 107

lignin, 109
bleaching, 111
carton blank, 118
cellulose chemistry, 108
coatings and additives, 113*, 118
corrugated board, 117
cylinder machine, 112
fabrication of paper-based packages, 117
Fourdrinier machine, 111
hemicellulose, 108
manufacturing, 109
McKee formula, 119
molded pulp, 116
paperboard, 115
papermaking, 111
process types, 110
properties, 113
pulp manufacturing, 110
strength of cartons and containers, 118
synthetic, 115, 166*

Pareto charts, 331
Pareto optimal, 168, 171*
parting agents see mold release agents, 158
Pascal, unit of pressure, 29
Pasteur, Louis, 253
pasteurization, 208*, 216, 223
pasteurization time and temperature table, 217
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pasteurizer flow diagram, 216
patent breaking, 391
patents see United States Patent and Trademark

Office (USPTO), 391
peanut butter contamination, 397
Peltier effect refrigeration, 78
penetration

ionizing radiation, 235
heat, 215
microwave, 232

pepenadores, 421, 422*
permeant, effect on permeation, 267
permeation

calculation of solubility and diffusion
coefficients, 265

gas, 263
influential factors, 267
multilayer, 266
permeation cell, 265
rate determination for gas, 264
rate determination water vapor, 268

permittivity, 71
pervaporation concentration, 249
petrochemicals (oil and natural gas), 103

production, 103
resource outlook, 103

phase and pressure relationship, 38
phase change

water, 36–38
refrigeration, 73
freeze drying, 232

photoelectric effect, use in laser printing, 203
photooxidation, 263
pipe fittings and bends, L’/D for friction

calculation, 54
pipe, fluid flow, 51–54
plaintext, 400
plant operations, 309
plastic deformation, 45
plastic welding, 183
plastics and synthetic polymers, 142

additive synthesis, 143
additives, 156
antioxidants, 157
basic synthesis, 143
biaxial orientation in molded bottles, 155
biopolymers, 145
blow molded container surface treatments,

164

branching in LDPE, 145
branching and crosslinking in polymers, 148
chain addition thermoplastics, 144
colorants, 157
crystallinity and density, 152
crystallinity and density, 152*, 153
extrusion, 163
extrusion, 159
factors that affect behavior, 148
fermentation biopolymers, 145
fillers, 157
film metallization and microperforation, 161
film production, 160
glass transition temperature (Tg) in

polymers, 154
glassy, 154
injection blow molding, 163
injection molding, 164
manufacturing additives, 158
melt, 154
microcoatings, 164
mold release agents, 158
molecular weight and distribution, 151
monomer, 143
naturally derived polymers, others, 147
odorants, 158
orientation, 155
orientation effects, 156
papers, 166
permeability to oxygen and water, table, 293
plant based biopolymers, 147
plasticizers and additives, 156
repeat units, 143
role of catalysts in polymerization and

branching behavior, 148
rotational molding, 165
rubbery, 154
stabilizers, 158
structural additives, 158
tacticity and conformation, 149
thermal characteristics, 154
thermoforming, 165
thermosetting, 154
UV inhibitors, 157

plastics separation for recycling, 410
plate freezers, 225
pneumatic power see fluid power, 32
poise, 51
polybutylene terpthalate (PBT), 146
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polyethylene (PE), 144
polyethylene naphtalate (PEN), 144
Polyhydroxyalcanoate (PHA), 145
Polyhydroxybutyrates (PHB, PHBV), 145
Polylactic Acid (PLA), 145
polypropylene (PP), 144
polystyrene (PS), 144
polyurethane (PU) adhesives, 180
polyvinyl acetate (PVA) adhesives, 180
polyvinyl alcohol (PVOH), 144
polyvinyl chloride (PVC), 144
polyvinylidene chloride (PVDC), 144
post-Panamax, 350
pot life, 176
potato chip and crisp snacks, preservation and

shelf life, 292
potential energy, 34
poultry and meat, preservation and shelf life,

283
powder and granular material handling,

301
power, 30*

electrical, 33
fossil fuels – outlook, 103
generation from MSW incineration, 423
pumping, 56
refrigeration compressor, 76
Watt, definition, 30

power density, 71
power law fluids, 56
power requirements

fluid flow, 52
refrigeration, 76

Prandtl number, 64
precipitation of moisture by cooling, 85
precision, 305
pressure

absolute, 29*, 30
gauge, 29
phase and criticality, 37
units, 29

pressure-enthalpy chart for general
refrigeration cycle, 71

pressure-enthalpy charts for R-134a, 91, 92
printing and coding processes, 193

color addition and subtraction, 196
color standards, 197
color temperature, 197
color theory, 196

Color Theory and Multicolor Printing, 196
direct, 194
dot matrix, 202
graphic design, 199
gravure, 195
halftones and shading, 197
history, 194
holographic printing, 201
ink jet, 202
inks, 198
laser debossing, 202
laser printing, 203
lithographic, 195
microembossing, 201
offset, 194
other types, 201
package printing versus labeling, 203
plate making, 199
print production, 199
process type selection, 200
raised, 195
screen printing, 201
subsurface, 194
surface, 195
surface choices, 199
Therimage R©, 202
thermal printing, 202
transfer printing and labeling, 201
types of substrates, 198

private carriers, rules and regulations, 393
process types, thermodynamic, 27
produce, 286

degradation and oxygen concentration, 289
ethylene sensitivity, 293–296
gas tolerance, 288

product development, 8
product fragility, 371*, 376
product line scheduling, 310
product recalls, 383, 395*
production flowchart, 329
production line changeover and flexible

manufacturing, 311
production optimization, 313

advanced methods, 314
basic types, 314
integration of manufacturing processes, 316
model types, 315
real-time optimization, 315
software tools, 315
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production scheduling, 309
coordinated packaging lines, 312
machinery modifications and upgrades, 310
Mass Customization Manufacture (MCM),

312
product scheduling, 310
production line changeover and flexible

manufacturing, 311
raw material and component ordering,

acceptance, and tracking, 309
scheduling facilities and personnel

management, 310
storage levels of materials and components,

309
propellants, 104, 185*
property, plant and equipment, 11
protection, packaging function, 11
pseudoplastic fluids, 57
psychrometry, 82

absolute humidity, 83
assumptions of evaporation and drying, 84
correction terms, 83
dew point, 85
dry bulb temperature, 82
enthalpy of dry air, 83
evaporative cooling, 85
psychrometric charts, 93–95
psychrometric chart example, 84
relative humidity, 83
specific volume of dry air, 83
wet bulb temperature, 83

psycrotrophic species, 210
public key systems, 400
pulsed electric field (PEF) processing, 223
pump efficiencies, 54
Pure Food and Drug Act of 1906, American,

380
Pure Food and Drugs Act of 1875, British,

381

Q fever, 208
Q10 Estimation, 258
QR codes, 438
Quaker Oats, 380
quality assurance and quality control, 325

determining importance, magnitude, and
correlation, 330

diagnostic tools for quality management, 329
frequency histograms and correlation, 331

history, 327
hypothesis testing, 334
importance and magnitude: Pareto charts,

331
Ishikawa (“Fishbone”) diagrams & cause

chart, 330
quality assurance and quality improvement,

327
run charts, control charts, and time-based

data, 332
sampling, testing, and remediation, 327
Six SigmaTM, 336
WECO Process Control Rules, 334
ISO 9000 Series Standards, ISO 22000 and

Six SigmaTM Processes, 335
process flow and contributory factors, 329

R-134a refrigerant, 77
radiation

developing printing plates, 195
heat transfer, 60
food irradiation, 234

Radura symbol for irradiated food, 238
rail transportation, 344
rancidity, 262
Rand, John, 141
Rankine, 34
rate constant

heating, 215
reaction, 257

Ranz-Marshall equation, 81
rate-dependent materials, 50
raw material and component ordering,

acceptance, and tracking, 309
raw materials, 3, 97*, 107

ceramic materials, 99
energy, 105
metals (aluminum, steel and tin), 100
other gases (propellants and industrial

gases), 104
petrochemicals (oil and natural gas), 103
wood and fiber, 97

Razis (Muhammad ibn Zakariya al-Razi), 244
rebaudioside A, 384
recyling, 408

materials processing, 411
non-US, regulations and systems, 417
regulations, 412
segregation, 410
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symbols for plastics, 412
volume reduction, 411

reefers (refrigerated railcars), 224
refrigerant types, 77
refrigerated food, 190, 226*
refrigeration, 72

absorption, 78
calculation of refrigeration parameters, 74
chemical chillers, 78
coefficient of performance (COP), 77
compressor types, 77
heat of compression, 76
heat of condensation, 76
heat of evaporation and cooling capacity, 74
magnetic and acousic, 79
non vapor-compression systems, 78
Peltier effect, 78
refrigerant types, 77
refrigeration cycle diagram, 75
Stirling cycle, 79
vortex coolers, 78

refrigeration and freezing of foods, 224
air blast freezers, 225
dip freezing, 225
direct contact freezing, 225
freezing systems, 225
frozen food properties and processes, 225
plate freezers, 225
reefers (refrigerated railcars), 224
refrigerated foods, 226
spray freezing, 225
temperature loggers, 226

refrigeration cycle, 74
relative humidity, 83
repetitive shock, 365
resistance, electrical, 33
resolution, 305
resonance, 357
resource scarcity, 439
response to security threats, 401
retrogradation, 178
reuse of containers, 406
reverse osmosis, 248
Reynolds number, 51
RFID coding, 208
RGB (color system), 196
rheology, 55

Bingham fluids, 56
consistency index, 56

constitutive models, 58
dynamic properties of viscoelastic materials,

59
elastoviscous materials, 57
flow behavior index, 56
power law fluids, 56
static properties of viscoelastic materials, 57
viscoelastic materials, 57
viscosity, 55

robotic packaging lines, 302
rotational molding, 139, 165*
rotogravure see printing, gravure, 194
rotomolding see plastics, rotational molding,

165
Rule 222, 393
Rule 41, 393
run chart, 333
runaway heating, 72

S-adenosylmethionine, 289
sales multiplier method, 341
saturated water vapor, 41

moisture isotherm and permeation testing,
269

saturated salt solutions to generate, 270
saturated steam – table of properties, 89
saturated salt solutions and relative humidity,

268, 270*
scavengers, active packaging, 174, 280*
scavenging, 280*, 282
Schmidt number, 81
Schumacher, Ferdinand, 380
scraped surface heat exchangers, 65, 68*
screen printing, 201
screen sizing of materials, 240
seafood, preservation and shelf life, 286
second and higher order reaction curves, 256
second law of thermodynamics, 27
secondary package components, 173

aerosols, 185
child-resistant packaging, 175
closures, 173
coding, scanning and identification methods,

203
failure of adhesives, inks and coatings, 181
glues and adhesives, 175
microwave packaging, 190
other bonding agents, 182
printing and coding processes, 193
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security concepts, 397
sensible heat, 36
sensitivity, 305
separated aerosol systems, 186
separation – size differential, 239
shear

force, 50–51
pipe flow, 54
rate, 56
thinning and thickening fluids, 56

service marks see United States Patent and
Trademark Office (USPTO), 391

Sheffield, Dr. Washington Wentworth & Dr.
Lucius Tracey, 141

shelf life, 3, 11, 69, 157, 216, 226, 235, 253*,
257

shelf life extension by preservative agents, 277
antimicrobial compounds, 277
packaging, 277

shelf life testing and estimation, 257
amplification of errors, 259
follow up, 259
Q10 estimation, 258

shell and tube heat exchangers, 67
Sherwood number, 81
Shewhart cycle, 336
Shewhart, Walter, 328
ship transportation, 344
shipping container see corrugated board, 107

intermodal see intermodal containers and
transport, 343

shipping fixtures, 354
shipping modes, 343
shipping sacks, 352
shock absorber, automotive, 360
shock amplification, 367
shock and vibration see dynamic

considerations in packaging
shock and vibration indicators and recorders,

372
shock machine, 371
Siebel equations, 38
sign conventions, energy and work, 31
Sinclair, Upton, 380
single minute change of die, single touch

change of die, 311
Six SigmaTM, 336
slip sheets, 354

soda process, 110
soft cushion paradox, 367
soldering, 132
solid mechanics, 43

deformation of solids, 44
elastic modulus, 44
strain, 43
stress, 43

solubility coefficient in polymers, 264–265
solvent welding, plastic, 183
source reduction, 427
space shuttle “Atlantis” – fuel economy, 344
space, regulation of shipment in launch

vehicles, 389
specific heat, 38

calculation of heat flow, 39
of complex food compounds, 38
of selected nonfood and food materials, 88

specific volume, dry air, 83
Spencer, Percy
spin welding, plastic, 183
spores

bacterial, 69
growth and pH conditions, 209
high pressure processing, 223
radiation treatment, 238

spray drying, 230
spray freezing, 225
spoilage bacteria, 209
staircase (hurdle) preservation, 278
standard atmosphere, 29
standard linear solid viscoelastic model, 58
star screens, 410
states of systems, 24
static compression damage, 355
statistical quality control (SQC), 328
steady state processes, 27
steady state systems, 24
steam distillation, 245
steam quality, 42
steam tables see liquid/vapor tables, 40
steel, 131

can corrosion, 133
can steel composition, 131
cans, 131
corrosion accelerators, 135
compostition of can steels, 131
general production, 101
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grades, 131
package production methods, 131
resource outlook, 102
thermal conductivity, 62
three piece cans, 132
two piece cans, 133
welding and soldering, 132

Stefan-Boltzmann constant, 60
sterilization, 208
stevia extract, 384
“stuff” balances, 17
Stirling cycle refrigeration, 79
stockholder equity, 11
Stokes equation, 241
storage levels of materials and components,

309
strain, 43, see also solid mechanics
stress, 43

ultimate, 45
concentration and failure in brittle materials,

46
stress-strain diagram, 44

comparison of brittle and ductile materials,
46

stretch-blow molding, 163
structure-function claims, 386
suction

dewatering pulp in papermaking, 112
low pressure side of refrigeration

compressors, 73
Suction Blow glassmaking machinery (Owens

Libby), 120
subsurface printing, 194
sulfate process, 110
sulfite process, 110
Super Glue R© see glues and adhesives,

cyanoacrylate (CA), 180
supercritical fluid & supercritical fluid

extraction (SFE), 247
superheated

vapors or gasses, 38
water in “puffing” processes, 41
flash boiling in microwave heating, 191

supply chain management, 317
inventory reduction, 320
value chain analysis, 319

surface chemistry in adhesion and printing,
175

surface chemistry in filtration, 240
surface energy, 176
surface printing, 195
Surface Transportation Board (STB), 388
surface treatments, plastic containers, 164
surface treatments, glass containers, 123
susceptor, 191
susceptors, microwave, 72, 191*
sustainability, 427

externalities, 429
packaging sustainability, 429
source reduction, 427

SVK/Sankey kegs see kegs, beer and syrup,
140

syndiotactic, 150, 151*
synthetic adhesives, 179
synthetic papers, 166
system states, 24

continuous flow and batch systems, 24
steady state, 24
transient state, 24
unsteady state, 24

system types, 23
adiabatic, 23
diathermic, 23
closed, 23
isolated, 23
open, 23

tack, 177
tacticity, 149
tapes, 182

backing type, 183
gummed, 183
pressure sensitive, 182

temperature, 21
and thermal energy, 34
units, 34

temperature abuse, 226*, 286, 292
temperature indicators and loggers, 226
teratogens, 130, 280*
TEU see Twenty Foot Equivalent Unit (TEU),

350
Therimage R©, 202
thermal conductivity, 60

table of thermal conductivities, 62
thermal death time (TDT)(F), 211
thermal energy, 31
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thermal energy and temperature, 34
enthalpy, 36
latent heat, 36
sensible heat, 36

thermal printing, 202
thermal process calculations, 213

Ball’s method, 215
commercial sterilization, 213
formula method, 215
hot fill processes, 217
product degradation, 217
Weibull frequency distribution models, 213

thermal process times, 208
heat transfer characteristics, 210
microbe type, age, and number, 209
microbial destruction, thermal death time, D,

and z values, 211
product type, 209

thermal processing, 207
blanching, 208
cooking, 207
pasteurization, 208
process time calculation, 208
sterilization, 208

thermocouple, 213
thermodynamics, 26

laws, 27
thermoforming, 165
thermometers in relative humidity

measurement, 82
thermophilic bacteria, 210
thermolabile components in food products, 217
third law of thermodynamics, 27
three piece cans, 132
Threshold of Regulation, 387
time, basic unit, 21
time delay buffer, 304
tin, 102

production, 102
resource outlook, 102

token, security, 399
“ton” of refrigeration, 76
Toyota, 311, 323*
transient state system, 24
transient, pressure in water hammer failure, 128
turbulent flow, 51
trademarks, 391
transfer printing, 201
transient state systems, 24

transportation energy efficiency, 343
transportation, distribution and product

damage, 343
air, 344
distribution and warehousing, 345
distribution packaging, 349
mixed mode, 345
package design and testing, 371
packaging design for the dynamic

environment, 369
rail, 344
response of packages to shipping and

handling, 355
transportation energy efficiency, 343
truck, 344
water, 344

tray, belt and tunnel drying, 231
trichloroanisole (TCA), 293
trifluormonofluoroethane, 186
trommel screens, 410
truck transportation, 344
tubes, metal and composite, 141
tubes, rigid, 170
tubular heat exchangers, 65
tubular film production see blown film, 161
tunnel, carpal, 337
turbulent flow, 51

Nusselt number estimation, 64
Reynolds number, 52

Twenty Foot Equivalent Unit (TEU), 350
Tylenol R© poisoning incident, 398
types of materials, 49

anelastic, 50
elastic, 49
elastoviscous, 49
rate dependent, 50
viscoelastic, 49
viscous, 49

Tyvek R©, 115, 166*

UHT processing, 215*, 290
ULD see Unit Load Devices, 350
ultimate stress, 44, 45*
ultra high temperature (UHT) processing,

217*, 254
ultrasonic processing of foods, 223
ultrasonic welding, plastic, 183
Uniform Freight Classification (UFC), 393
uniform product code, 12, 204*
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universal gas constant see ideal gas constant,
42

Unit Load Devices (ULD), 350
United States Department of Agriculture

(USDA), 383
United States Food and Drug Administration

(FDA), 383
United States Patent and Trademark Office

(USPTO), 391
United States Post Office (USPS), 391
units, 20, see also abbreviations and units

archival, 21
derived, 21
fundamental, 21
types of units, 21

unsteady state systems, 24
in Fickian diffusion

upc (uniform product code), 12, 204*
utilization, packaging function, 13

vacuum, 30
validation of thermal processes, 213
validation, security, 395*, 400
value chain analysis, 320
van’t Hoff factor, 248
vapor-compression refrigeration see

refrigeration
vapor pressure, 37

aerosols, 185
aerosols, table, 188
cavitation, 55
material state, 38
refrigerant, 73
separation, 244
vaporization and condensation, 41

vaporization and condensation, 41
other liquid-vapor systems, 42
quality of steam, 41

variables, use in calculations, 18
vector, bioterrorism, 398
velocity

change, damage boundary determination,
372

damped systems, 360
gas-liquid mixes in foams, 250
gradient in fluid flow, 51
in viscoelastic systems, 59
particle, Stokes equation, 241

velocity profile in developed flow, 52

vibration see dynamic considerations in
packaging, 255

viscoelastic materials, 49
viscosity, 55

bulk and wall, in Nusselt number
calculations, 64

effect in water hammer failure, 128
glass, 123
increase in starch adhesive retrogradation,

178
interstitial liquid dynamic viscosity, 250
kinematic, 81

viscous damping, 360
viscous materials, 49
volts, 33
volume

control, 23
free, 268
ideal gas, 42
reduction, in recycling materials, 411
saturated steam, table, 89
specific, dry air, 83

volumetric airflow rate, 86
vortex coolers, 78

waste, energy generation, 424
waste processing see disposal and landfills
water

phase diagram in foods, 274
water activity and water mobility, 271
water activity and spoilage mechanisms,

272
water hammer effect, 128
water mobility, 273

water vapor permeation, 268
moisture-related degradation reactions, 271
predictive models of moisture sorption,

271
water vapor transmission rate (WVTR), 268

of plastic films, table, 293
Watt, James, 36
WECO Process Control Rules, 334
Weibull frequency distribution models, 213
welding and soldering, 132
wet bulb temperature, 83
wetting, 176
wood and fiber, 97

paper production, 98
resource outlook, 98
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wood crates and boxes, 354
work

definition, 30
thermodynamic sign conventions, 31

workplace injuries see ergonomics
workplace injuries, cost estimation,

341
WVTR, 268

of plastic films, 293

yield point, 45
yogurt see dairy products, preservation and

shelf life, 289

Zeigler-Natta catalysts, 148
zero-order reactions, 256
z-value, 211
z and D values for bacteria and food

components, 218


