


OTE/SPH OTE/SPH

JWBK126-ind JWBK126-Kerry March 3, 2008 14:20 Char Count= 0

328 Index

CO2s residual effect 94
cold chain management 67, 69–73

current approach (FIFO) 67
development and application of SMAS

system 67, 69
colour change readings taken and read

62, 72
demonstrating SMAS approach 70–3
design of field test 71
evaluated using Monte Carlo simulation

approach 67, 69
microbiological analyses at six different

stages 72, 72
results, reduced spoiled products at time of

consumption 72–3, 73
SMAS decision-making routine 69, 69

further improvement, chill chain
management system coded SLDS 67

TTI approach (LSFO) 67
TTI labels can be used to manage shelf life 67

commodity packaging, need for wow’ factor
234

CompelAroma r� technology 215
compliance of active and intelligent packaging

317–20
basic rules for migration testing 317–18

consumer benefits, need to be paramount in
smart packaging 234

consumer communication, improved 271–5
consumer convenience and functionality, new

forms 270–1
convenience

improvement for on-the-go food and drink
consumption 238

innovative designs for one-handed meal
containers 238

self-heating coffee cans 15–16, 239
self-heating packaging for soup 238

improvement of in product use 234–8
paint containers 235, 236

new functionality, self-heating and
self-cooling packaging 238–42

future outlook 241–2
conveyor speed, effect on package effect test

three-way interactions, chips, in plastic tubs
or MSWFC 191

two-way interactions, chips, in plastic tubs or
MSWFC 190

conveyor speed, effect on package shape effect
test

three-way interactions, metal bottles, metal
cans, metal tins 192–3

two-way interactions, metal bottles, metal
cans, metal tins 191–2

conveyor speed, effect on product effects tests
three-way interactions 189–90
two-way interactions, ketchup and motor oil

189
conveyors 187

procedure for testing RFID-tagged loads
188–9

products used for evaluation 188
significant impact of conveyor speed on

tags read 189
‘sweet spot’ for individual cases

determined 188
variables for testing 188

Cool BowlTM 15
cosmetic foundation delivery,

ionisation-enhanced 268
SK-II Air Touch Foundation 268, 268

Crest Dual Action Whitening Toothpaste 265,
266, 267

Cryovac r� , Dri-Loc r� absorbent pads 38, 38
OS films 23, 36, 36

Cypak electronic compliance packaging
275

dairy products 21, 26–8
other smart technologies for 28

cheese, antibacterial films using
bacteriocins 28

oxygen scavenging films for yoghurt 28
reducing lactose and cholesterol content 27

enzymatically active packaging 27
DefenseTM Vitamin & Mineral Supplement 218,

219
desiccants 13, 14, 29, 147, 271
detuning, of transponder antennae 173
Dialpack, dual dispensing in variable

proportions 267–8, 267
dielectric absorption 178

Debye relaxation 178
dielectric relaxation 178

dielectric permittivity 177–8, 178
dielectric properties 179–80, 180
domestic aerosol sprays 253–5

electrical conductivity issues 254–5
actuator orifice design 255, 255
maintaining conductivity 255
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main components of 254, 254
passively charged 253–4
spray characteristics 254

Dupont
development of Bynel IX101, copolymer

removing aldehyde 28
Odour and Taste Control (OTC)

technology 15

EasycanTM, for paint 235, 236
eCAPTM 274, 274
ElectReleaseTM 243
electrostatic spraying 248–50, 260–1

advantages and disadvantages 245
benefits 250, 250
charge-to-mass ratio, domestic aerosol

products 249–50
and Coulomb’s law 248, 249
target surfaces 248–9

image charge force 248–9, 249
Enterobacter liquefaciens 119
enzymatic test strips, for ATP degradation

products 119
enzymatically active packaging 27, 62
enzyme release packaging 221–2

covalent attachment of compound
to packaging film, advantages
222

incorporation of enzymes to facilitate
in-package processing 221–2

products exposed to may improve during
storage 222

eO r� 66, 68, 157, 157
adhesive label TTI 48–9
based on time-temperature dependent pH

change 63, 63
Escheria coli 44, 100, 121

outbreak highlighted need for better
traceability 163

Escheria sp. 134
ET PackTM 11
ethanol 46, 112, 115
ethanol emitters 3, 10–11

ethanol emitting sachets 11
increasing encapsulation efficiency 24
inhibition of mould growth 23–4
used as an antimicrobial agent 10–11
used to extend mould-free shelf life 11

ethanol releasers, absorbed onto silica
gel 311

EthicapTM 11, 103
ethylene scavengers 3, 9–10, 10, 15, 307

activated carbon-based scavengers 9
activated earth-type minerals, fresh produce

packaging 10, 25
package for fruit 25
potassium permanganate-based scavengers

9, 25
for use in horticultural situations 9

EU Directives
89/107/EC, requirements for labelling of

food additives 317
2003/89/EC, labelling, presentation,

advertising of foodstuffs 317
Framework Regulation 1935/2004 306
requirements of 306

2004, ‘ACTIPAK’ 306, 318
EU regulations, need to accept deviating

dedicated migration conditions 319
European Food Safety Authority (EFSA)

310
authorisation procedure and guidelines

312–15
information likely in an application 312,

314–15
application for absorbing materials 314
application for releasing materials 314
intelligent materials may need

demonstration of information reliability
314–15

opinions based on risk assessment 311
authorisation procedure 313

predecessor established guidelines for food
contact materials 312

Evert-Fresh 25
EVOH (ethylene vinyl alcohol) copolymers 7,

24

fast moving consumer goods (FMCG), smart
packaging for xvi

Fiji BlendTM sun protection 268
fish and seafood 21, 28–9

drip of tissue fluid a problem 28
extremely perishable 28
humidity absorbers 29
other smart technologies for fish products 29

antimicrobial films 29
oxygen scavenging films 29

subject to malodorous decomposition 28
removing malodorous compounds 28–9



OTE/SPH OTE/SPH

JWBK126-ind JWBK126-Kerry March 3, 2008 14:20 Char Count= 0

330 Index

fish and seafood products, smart packaging
technologies 75–98

demand for fresh chilled or frozen prepacked
products 75

diversification into ‘under utilised species’ 75
importance of food traceability 75–6
mechanisms of fish spoilage 77–9
modified atmosphere packaging (MAP) 94–5
on-pack quality indicators 80
overview: TTI vs. FQI 92–4, 93
parameters of fish quality 76–7

additional microbiological and chemical
methods 76–7

quality of fish irregular 76
sensory assessment, according to Quality

Index Method (QIM) 76
prone to spoilage 76
time—temperature integrators 80–6
‘use by date’ potentially represents a health

and safety risk 78
use of RFID tags 76

fish spoilage mechanisms 77–9
change monitoring, low cost

devices/non-invasive methods 79
effect of temperature can be non-linear 84–6
EU TVB-N limits for spoilage 92, 92
fish and shellfish, highly perishable goods 78
freshness refers to growth of spoilage

microorganisms 78
microbial analysis methods 78–9
microbiological guidelines, some shellfish 78
odour most common index of fish freshness

78
post-mortem changes in fish meat (muscle)

77, 77
safety refers to risk of hazardous pathogen

outbreaks 77–8
some spoilage metabolites used as quality

indices (TVB-N) 79
specific spoilage organisms and spoilage

compounds 78, 79
flavour release packaging 213–16, 217

canned milk coffee with widget 213
incorporation of aromas into polymer

materials 213–14, 214
flavour/odour absorbers 3, 17, 54

aldehyde or aroma scavengers 28–9
debittering of pasteurised orange juice 14–15
interaction of packaging with 14–15
remove amine and aldehyde taints 15

some legitimate applications 14
use controversial 14

flow electrification for charge separation 250,
251–2, 254

flow factors important for charge levels
attained 252

liquids accumulate charge as they flow 251
electrical double layer of a solid—liquid

interface 251, 251
limited charge accumulated when flowing

in a pipe 251–2
food applications, for oxygen scavenging

adhesive labels 5
food contact materials (FCM) 311
food industry, requirements to improve product

quality and safety xvi
food, packaged, obligatory information

206–7
food packaging

active 1–18
active and intelligent packaging 307–8,

318–20
early commercial packaging innovations 19
see also smart packaging

food quality indicators (FQIs) 86–92, 93
investigation of automated sensory

techniques 86
in seafood, promising avenues of research

86–7
challenges exist 89
dyes with low pKa value not suitable 90
dyes usually belong to sulfonphthalein

family 88, 90
options regarding sensor formulation and

preparation 89–92
possibility of using pH indicator dyes 81,

87, 88, 89
results of sensor formulations, potential

candidate dyes 90–2, 91, 92
sensor from Adaptive Sensor Group 87,

88, 89
sensors responding to changes in

packaging headspace 86–7, 87
TTIs do not provide indications of actual

quality 86
food safety, importance of 305
Food Sentinel SystemTM 50–1, 52

use of thermochromic ink 49–50
food waste, decreased by smart packaging

perhaps 305
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Framework Regulation (EC) No 1935/2004,
food contact materials 309–10,
320

declaration of compliance 311
availability of documentation 311–12

definitions, active and intelligent packaging
309

excludes all natural materials 309–10
European Food Safety Authority 310
food additives and ingredients only to be

released to food 310
food contact materials 309

labelling if not yet in contact with food
316, 316

set general requirements for 317
introduction of special measures allowed 310
specific requirements, active and intelligent

packaging 310
Fresh LockTM 8
fresh produce, other smart technologies for 26

antimicrobial films 26
humidity absorbers 26

Fresh-Check r� TTI 49, 66, 68, 81, 81, 82, 82,
86

based on solid state polymerization reaction
62–3, 63, 157, 157, 158

TJ2 indicator 83–4, 84
use in France by Monoprix 158, 159

Fresh-R-PaxTM 13, 38
Fresh-Tag technology 87

FreshCan r� 217–18
Wedge technology 217–18

FreshilizerTM 8
Freshmix cap 220

Freshness Check r� 48, 68
freshness indicators for food packaging 45–7,

111–27, 160–1
based on biochemical changes during storage

45–6
biogenic amines 46, 116–18
carbon dioxide 46, 118–20
essential to avoid false negatives 112
ethanol 46
hydrogen sulfide, product of meat and poultry

spoilage 47
indicate directly quality of products 111
indicator metabolites for meat products 46
indicator systems should comply with

legislation 111

other quality indicators for microbial
spoilage/contamination 121–2

provide direct quality information 45
volatile nitrogen compounds 115–16

freshness indicators for quality indicating
metabolites 112–15

indicator concepts available for detection
113–14

metabolites related to glucose fermentation
112, 115

ethanol 112, 115
organic acids 115

Freshness Monitor r� 49
FreshPax r� 36, 37
FreshpaxTM 9
freshQTM 113, 116, 116

FreshTag r� 113, 115
colourimetric indicator labels 46

frictional charging 252–3
three stages of triboelectric charging 252,

252
triboelectrical series 253, 253

fruits and vegetables 21, 24–6
control of gas concentration 25–6

CO
r�

2 emitter pads 26
development of antimicrobial films 26
development of scavenging films 26
easy-to-eat and prepared 148
highly perishable 24, 154–5
international shipping of 148
minimally processed

and fresh, use of RFID 162–4
interesting application of TTIs 157, 158
perishable, need MAP packaging 154–5

packaging requirements 153–5
benefits of MAP packaging 154, 154
importance of gas concentrations 154, 154
importance of handling conditions 153
temperature used to retard deterioration

153
slowing the ripening rate 24, 25
smart packaging technologies 151–66, 152

breathable materials 158–60
gas and volatile indicators 160–1
RFID systems 162–4
time—temperature indicators 155–8

specific challenges of RFID 164
values of activation energy (Ea) occurring in

156, 156
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functionality, new forms of 277–8
concept colour compact 278, 278
concept fragrance system 278, 279
contemporary perfume bottles 278

Fusion cap, two-piece resealable cap 220

gas indicators 152
gas release packaging 212–13

addition of nitrogen before sealing 212
future developments 213
‘widgets’ 212, 212

general safety, of food and articles 315–16
directives on food contact materials 316
fit for use 315
product safety 315–16

appropriate labelling essential 316
support/carrier of components to comply

with existing rules 316
glass, in packaging 171

additives and radiolucency 171

health, drivers and packaging needs 263–4, 266
authenticity, use of RFID tags for 264
delivery systems that aid compliance 264
patient compliance and product delivery

263–4
visual not text-based instructions/

explanations 264
health in the home 278–9

availability of home diagnostic tools 278
concepts 264
smart medical packaging 264

heat releaser 308
Helping Hand 275
HotCanTM 16
Humidipak, two-way moisture management

technology 138
storage tests of aw of beef jerky 139, 140,

141–2
humidity absorbers see moisture absorbers
‘Hydrogen Sulphide Indicator Label’ 120, 121
hygrometers 146

ICTM 16
indicators 44–52

freshness indicators 45–7
integrity indicators 44–5

developed to test package integrity 44–5
research focused on visual oxygen

indicators 45

time—temperature indicators (TTIs) 47–52,
152, 155–8, 308

see also time—temperature integrators
induction charging for charge separation 256–7,

258
electrode design critical 257, 258
induction charging of a liquid aerosol 249,

256, 256
for industrial applications 256
need for better spray technology 257
passive systems, charged by

triboelectrification 256–7, 257
Intelligent LabelsTM 201, 203, 209
intelligent packaging 308

demonstration of compliance of 317–20
active and intelligent packaging 318–20
basic rules for migration testing 317–18

senses and informs 2
Intellimer r� polymers 16
Intellipac r� 16
interferences, disruption of RF transmissions

173
iontophoresis, and smart skin patches 269–70,

269
It’s FreshTM 114, 121, 122

Klebsiella sp. 134

labelling 316–17
for active packaging 312, 316
a complex issue 316
‘DO NOT EAT’ labelling 311, 312
of food contact materials 316, 316
modified atmosphere gases

gases that may be added are listed 317
regulated as food additives 317

‘use by’ dates 317
see also thermochromic labelling

Lactobacillus reuteri (ReuteriTM) 221
lactose intolerance 222
LactoTab performance drink, Emmi 219,

220
laser surface authentication 281

applications and advantages of 300,
302–3

advantages for document protection and
brand security 300, 302

areas of application 302–3
diffuse laser scattering 282–5

low-cost portable laser probe 282, 284
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typical scans from white office paper 285,
286–7

view and match, twice scanned paper 285,
287, 288

naturally occurring randomness 281–2
intrinsically read-only 282
requirements if used for identification/

protection 282, 283
practicalities of use 296–300

2-D barcodes, ‘without database mode’
297–8

association between scan and metadata 296
database size and uniqueness 296–7
mispositioning 300, 301–2
one-to-one matching 296, 297–8
processing and matching field scans 298,

300
registration 296
rescanning for authentication or tracing

298, 299
use of rotary encoder 296

statistics of 285, 288–95
acceptance threshold and authenticity 290
conversion to sequence of binary bits 285,

288
digital cross-correlation (bit match ratio or

BMR) 288–9
false positive probability 290
Hamming plot 289–90, 289, 291, 292,

295
native match 290
one-to-many searches 292–3, 293, 294
one-to-one matching, advantages 291–2
uniqueness 291, 293–4

leakage indicators 160–1
legislative issues relating to smart packaging

305–23
LidoSite r� 269
Life Top StrawTM, probiotic straw 220–1
Lifelines TJ2 TTI 85, 85
Listeria 44, 100, 121
Listeria monocytogenes 77

growth inhibited by nisin costing on
packaging film 102

LuquasorbTM 13

3M Monitor r� 51, 64
Maillard browning reaction 129, 136–7
MAP see modified atmosphere packaging

(MAP)

Marks & Spencer Ltd. 13, 53, 197–210
clothing, use of RFID tags 201–10

enables accuracy in the stocking system
202–3, 204, 205

faster than barcode scanning 205, 208
mobile scanning unit and hand-held

scanner 204, 206–7
special Intelligent LabelsTM 201, 203
trialled in 2003 204, 205
unique number encoded into chip during

manufacture 205, 208
unique numbers held in secure RFID

database 208, 209
use at individual item level 201, 202

foods, use of RFID tags 198–201
benefits of tagging 201, 202
plastic returnable trays with waterproof

labels 199, 199
read by mobile RFID readers at depot

199–200, 201
tags ‘written to’ at factory 199, 200
trays washed and reused 199, 200

use of oxygen scavenging adhesive labels 5
materials classification 173–5

dielectric constant 174, 174, 178
interference with low-power, short-range

RFID systems 174
permittivity 173–4, 178

meat
cured, cooked packaged meat products 34

discoloration overcome using oxygen
scavengers 34

fresh red meat
chemical forms of myoglobin 34
low oxygen levels preferable 34
oxygen scavengers extend colour shelf-life

of beef 34
properties consumers judge by 34
sulfurous odour of products, storage time and

temperature 119, 120
vacuum-packed, growth of H2S 119

meat jerky 135
see also beef jerky

meat and poultry products, smart packaging of
33–59

antimicrobial packaging 38–9
carbon dioxide scavengers and emitters 37
control of oxygen levels in food packs critical

34
indicators 44–52
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packaging (Continued)
consumer views on 234
containment 168
improving openability in 242–3

design-for-all philosophy 242
‘wrap rage’ 242

for managing cosmetic product application
and shelf life 272–3, 273

electronic packaging and smart labels
272–3

needs to become smarter xv
for protection 168
purpose of 99
reusable for other functions 244–5
self-cooling, for face cream 270–1, 271
traditional vs. innovative 151
utility of 168
see also smart packaging

packaging films, antimicrobial and antioxidant
11–13

antimicrobial films
commercial use controversial 12
synthetic silver zeolite 12

major potential food applications 12
use of antioxidant films stimulated

12–13
interest in vitamin E as replacement for

BHT and BHA 12–13
packaging materials, specific 169–72
paper, used in packaging 170

functional coatings 170
lets RF waves pass through 172
pigmented coatings 170

PeakfreshTM 25
Peaksorb r� 29, 38
permittivity 173–4

dielectric 177–8, 178
pH indicator dyes 81, 87, 88, 89

for detecting amines 115–16
for detecting CO2 118

pharmaceutical industry
compliance packaging for 273–5

use of electronic smart packaging devices
273–5

three-component polymers as packaging
materials 275

Photobacterium phosphoreum 78, 79
piezochromic polymeric materials 276
PitchitTM film 13–14, 29
Plastics Directive 317, 320

plastics, role of in packaging 171–2
radiolucency 171
used to create combination material

laminates 171
preservative packaging, role in meat products

33
preservative releasers 3, 11–13, 17
PresstoTM 16
pro-biotic release packaging 220–1

Orchard Maid drinkable yoghurt 220–1
probiotic straws 220–1

containing Lactobacillus reuteri 221,
221

product delivery and dispensing, innovative
265–70

dual dispensing packaging — fixed ratio
265–7, 267

mixing at point of use 265, 266
dual dispensing packaging — variable ratio

267–8, 267
ionic charge-enhanced skin patch delivery

269–70
using iontophoresis 269–70, 269

programmable delivery of aerosol air
freshener 268–9

product delivery, improved 277, 277
product protection, improved 275–6
product/packaging communication, improved

276–7
2–D barcodes 276, 276

Pseudomonas spp. 78, 89, 117, 119
PureSealTM 5

radiolucency 171
see also translucency

Rayleigh criterion 282–4
specular scattering 283

diffuse scatting 284
reflection, of RF waves 173
RemindCap r� closures 274
ReuteriTM 221
RF interference issues 180–6

detrimental effects of metal and water 181
other factors that can cause interference

181–2
testing of products with metal in content or

packaging 181–6
case location in pallet stack 184, 185, 186
product contents 182–3
tag orientation 183–4
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wave interference 180–1
constructive 180–1, 181
destructive 181, 181

RFID principles affecting reads 175–80
allocation of radio frequencies 175
electromagnetic properties 177–80

dielectric absorption 178
dielectric permittivity 177–8, 178
dielectric properties 179–80
water activity 179
water forms 179

material combinations 180
near field and far field 175–6, 175

communication in both fields at UHF 176
near field split into reactive and radiating

regions 176
system mainly based on mutual inductance

coupling 175, 176, 177
read range and power assumption 176–7

two ways to increase read range 177
RFID (radio frequency identification) 52–3,

108
active and passive tags 53
costs decreasing 53
in fresh and minimally processed fruits and

vegetables 162–4
and the fresh produce sector 164
influence of packaging system characteristics

on 180–93
effect of conveyor speed on the product

effect test 189–93
influences on readability 186–7
procedure for testing RFID-tagged case

loads on conveyors 188–9
RF interference issues 180–6

influence of product and packaging materials
on 172–80

classification of materials 173–5
how materials impact RFID 172–3

many inherent benefits 163–4
for meat and poultry industry

implementation as intelligent packing
strategy hypothetical 53

offers potential benefits 52
traceability 53, 162, 163
use by Marks & Spencer 53, 197–210

RFID read locations 186–7
dock doors 186–7
fork trucks 187
shrink-wrap stations 187

RFID readers 163
for reading TTI systems 50

RFID reads, product composition and materials
167–8

RFID systems, backup for 193
RFID tags 95, 152, 274

advantages over barcoding 52–3
conveyor speed can potentially have a drastic

effect on 193–4
effects of static discharge not widely known

182
effects of variables on functionality 182
fixed to assets to transmit information 52
monitoring temperature of fish from Alaska

80
passive 197, 198
potential problem 164
readability

affected by tag orientation and package
content 182, 183–4, 183

and case location in pallet stacks 184, 185,
186

influenced by conveyor speed, location,
packet materials, shape 186–7

‘smart tags’ 163
water and tag readability 183

RFID-enabled packaging xv
ripeSense r�

developed specially for pears 161, 162
ripeness indicator 160–1, 308

Rojek closures 243

Salmonella sp. 44, 100, 122, 134
Samso-Checker r� 45
scalping

of aldehyde 28–9
in beverage products 223

SCC polymers 159–60
scented inks 213
ScentSational Technologies, putting back top

notes/aromas 214–15, 214
ScentSational r�

CompelAroma r� technology 215
for ready-to-eat meals 14

ScripTalk Talking Prescription Label 274
SeiwaTM 103
self-heating and self-cooling packaging 15–16,

238–42
self-cooling technologies 240–1

endothermic reactions (weak) 240
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self-heating and self-cooling (Continued)
heat pump technology, for the larger scale

240–1
self-cooling beverage cans 241–2, 241

self-heating technologies 239–40
direct steam heating 240
future outlook 241
niche markets for emergency services and

the outdoor sector 240
self-heating coffees 239
for soup 238
using exothermic chemical reactions

239
sensors, meat and poultry products 39–44

biosensors 43–4
most not yet capable of commercial

realisation yet 44
fluorescence-based oxygen sensors 41–3

importance of indicator dye-encapsulating
medium combination 42

materials, strict sensitivity and working
performance requirements 41–2

most promising system for measuring
headspace gases 41

other necessary features 42
publications give useful data on

effectiveness 42, 43
gas sensors 41

approaches to optochemical sensing 41
optical oxygen sensing 41

headspace profiles of oxygen and carbon
dioxide change over time 39

Sentinel SystemTM 114
Shewanella putrefaciens 78, 79
Shigella sp. 134
SipahhTM 215–16
smart branding 226–7

AriZona Beverage Co., at forefront of
high-tech packaging 226–7

Cognifex Ltd., fresh light on branding 226
Plungerhead, wine named for its packaging

227
smart closures

dial-a-dose smart caps and closures 342
for dispensing from squeezy containers 236,

237
Sheridan’s Perfect Pour 236, 237
use self-sealing valves 237–8

smart labels 152
Smart Lid SystemsTM 226

smart packaging
active substances incorporated within

packaging wall 19–20
precautions and considerations 20

aerosol and household cleaning sprays
245–61

case study, charged domestic insecticide
aerosols 249, 258–9

conventional vs. electrostatically charged
air fresheners 259–60, 260

realised benefits 258–60
an all-embracing term 2, 306
consumer benefits and convenience aspects

234–45
extend scope of buyer experience 234, 235
a natural progression for many consumer

products 234
costs and legislation a problem 153
developments for on-the-go health

monitoring 279
different groupings 307, 307–8
electronic, needs to become cost effective

276–7
examples 151–2
health, beauty and personal care sectors

263–79
current examples 265–75
latest developments and future

opportunities 275–9
legislation relevant to 309–17

authorisation procedure and EFSA
guidelines 312–15

Framework Regulation (EC) No
1935/2004, food contact materials
309–10

general safety 315–16
labelling 316–17
specific regulation on active and intelligent

materials and articles 310–12
of meat and poultry products 33–59

potential future applications 54
openers designed for elderly or infirm 242–3
opportunities in other market sectors xvi
for pharmaceuticals 273–5, 274
reusable 244–5, 244

tear-offs, a future valuable 245
smart medical packaging 264
systems summarised 21
technologies for beverage products 211–32
use of fragrances as marketing tools 211
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used with aerosol and household cleaning
sprays 245–61

see also active and intelligent packaging
smart packaging xv 1
smart polymer packaging systems

agricultural raw materials used to fabricate
biodegradable films 30

use in extending shelf life of foods 29–30
SNIFTM 278, 279
SqueezeopenTM 243
Staphylococcus aureus methicillin resistant

(MRSA) 100
Staphylococcus sp. 134
Steam to GoTM 16
sulfuric products 119–20, 212

hydrogen sulfide (H2S) 119
hydrogen sulfide-myoglobin reaction, as

freshness indicator 119–20
utilisation of silver layer in RFID tag sensors

120
sulphite scavenger 223, 308

tamper evidence technologies, need for 275–6
tamper-proof packaging 229

aluminium and plastic closures 229
‘self-bruising’ closures 229, 276

temperature compensating films 3, 16
commercial fresh produce applications 16

temperature control packaging 3, 15–16, 17
increasing thermal mass of food package 15
innovative insulating materials 15
self-cooling cans 16
self-heating cans and containers 15–16, 54
self-heating and self-cooling technologies

15–16
using an exothermic reaction 15–16

TempSens r� 163
TempTime r� 50
Thermarite r� 29, 38
ThermariteTM 13
thermochromic inks 49–50, 51–2, 152
thermochromic labelling 223–6, 241

heat and reveal temperature-responsive labels
226

to indicate proper drinking temperature 224,
225, 226

for wine and beers 224, 225
ThinsulateTM 15
time—temperature indicators (TTIs) 47–52,

152, 155–8, 308

BSI specification 52
defined, partial or full history indicators 47,

155
diffusion-based TTIs 48
enzymatic TTIs 48–9
factors affecting reliability 157
mechanisms on which TTIs are based 155–6

abuse indicators 155–6
crystal indicators 155

polymer-based TTIs 49–52, 155
product deterioration measured by Q 154,

156
use in meat and poultry products 47, 52
use of thermochromic inks 49–50, 51–2, 152
used in France by Monoprix 157–8, 159
validation studies for usefulness to food

products 50–1
as yet adoption limited 52
see also time—temperature integrators

time—temperature integrators 62–7, 80–6
behaviour explained through the Arrhenius

equation 83
activation energies 83, 84
and the Skinner—Larkin relationship

85–6, 85
effective application of the suitable TTI 64–5
for fish and seafood packed products 80–6

only recently considered reliable enough
80–1

shellfish especially sensitive 82–3
inexpensive, active smart labels 62
principle of operation 62
zero (or pseudo-zero) kinetics applied to

seafood 83–4, 84
see also time—temperature indicators (TTIs)

Timestrip r� 50, 273, 273
for temperature monitoring at home 158

tobacco market, commercial use of moisture
management systems 143–4

Toppan SheetTM 13, 29, 38
TouchSprayTM 277, 277
Toxin GuardTM 44, 114, 122
TR3 Solutions, reads data from RFID tags

162–3
TRACEO r� 49
translucency 172–3
Trax-IT Fructus 162
TT SensorTM TTI 64, 66, 68, 81–2, 82, 82, 83

based on a diffusion—reaction concept 64,
64, 157, 157
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340 Index

TTI-based monitoring and management
systems, application of 65–7

applying a TTI-based product quality
monitoring scheme 65–6

cost per TTI unit 67
quality function and response functions 65,

66
response signal determines ease of

reading 66
TTI properties 68
TTI stability before application 66–7
tuning of rested TTIs 66

tyramine 117
cadaverine and putrescine 118
formation rate affected by storage

temperature 117–18, 117
TyvekTM 13

UnistrawTM system, milk-flavouring straws
215, 216

VerifraisTM packaging, extends shelf-life of
fresh meat and fish 8, 37

Vibrio sp. 78, 134

VIRSAB r� TTI 48, 51
visual oxygen indicators

designed for MAP foods 45
use of redox dyes 45

Vitalon r� 45
vitamin C 23
vitamin E, a food-grade odour remover

23
Vitsab C2-10 TTI 85, 85
Vitsab M2-10 TTI 85, 86

volatile nitrogen compounds 115–16
pH-sensitive dyes for detecting amines

115–16, 116
simple optical sensor for amine vapours 116
trimethylamine 115
volatile amines (TVB-N) 115

WarmMarkTM 157
water activity 179
water forms

bound water 179
capillary water 179
free water 179

widget technology 212–13
wood, as a packaging material 169–70

softwood or hardwood 169
water content 170
wood packages 170

X TractTM, web-based performance and
management service 163

zeolite heat pump technology 240–1
zeolites 12, 101–2
Zeomic 102
ZerO r� Oxygen Scavenging Materials 5, 36

cheese and processed meats, headspace
oxygen limits storage life 7–8

development of polymers with ‘glass-like’
barrier properties 8

extends shelf life of alcoholic beverages 7
as oxygen scavenging films for yoghurt 28

ZerO
r�

2 laminate removes oxygen from
beverages 7


