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a
absorbance 7, 38, 226, 248
absorption coefficients 42
absorption spectroscopy 28 f, 199
absorption–scatter separation 41 ff
acceptance sampling plans 8
acceptors 237
accuracy 34, 57, 94
acetone 206
acetoxymethyl ester (AM) 239
ACF see autocorrelation function
achromatic lens 273
activation assay 247 see also assay,

immunoassay
active hormonal substances 143
active imaging 182–187
active pharmaceutical ingredient (API) 41,

45, 50 ff, 77, 80
adenosine di/triphosphate (ADP/ATP) 226
affinity constants 157
agglomeration 52
agglutination tests 131
aggregation 248, 263, 267, 284 ff
agricultural applications 52, 129–140
Alert test 132
allergens 141 f
ALPHA see amplified luminescence

homogeneous assay
AM see acetoxymethyl ester
ammonium sulfate 279 f
amorphous precipitates 263
amplified luminescent proximity

homogeneous assay (ALPHA) 227,
232, 235

anabolic androgens 143
analgesics 143
analyte–reagent interaction 144
angular resolved spectroscopy 61
animal epidemics detection 129 f

anisotropy 268, 285
ANN see artificial neural network
annular beam 273
antibiotics 143, 152, 159
antibodies 132, 227
antigen–antibody interaction 151
anti-inflammatory cortico-steroids 143
anti-Stokes frequencies 196
anti-Stokes Raman spectroscopy 204
APEX transmission calculator 186 ff
API see active pharmaceutical ingredient
applications 71–88
– agricultural 129–140
– on-site analysis 158 ff
– pharmaceutical 19, 50 f, 59, 71–88
– process analytical technology 49 ff
aqueous systems 27
artificial neural network (ANN) 103
AsLS see asymmetric least squares
Aspergillus flavus 96
aspirin (ASS) 45
assays
– binding 230, 154 ff, 160
– biochemical 242
– bioluminescence 226
– biotinylated analyte 233
– cell-based resonance energy transfer 237
– cell-free 227, 231
– chemiluminescence 226
– on-site analysis 152 ff
– pharmaceutics screening 222
– proximity 235 ff
– reporter gene 238 ff
asymmetric least squares (AsLS) 76
at-line sampling 22
atmospheric windows 186, 190
ATP see adenosine triphosphate
ATR see attenuated total reflection
atrazine 158 f
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attenuated total reflection (ATR)
spectroscopy 61, 72 f, 91

attractive protein interactions 264
authenticity 89, 96
autocorrelation function (ACF) 267 f, 282
automated analysis 51
automated batch processes 261, 274
automated diffusion experiments 260
automated microscopy 243 f
automated sample preparation 257
avian flu virus H5N1 136
AWACSS system 159

b
Bacillus thuringensis 154
background CCD signal 30
background limited photometry (BLIP) 189
background scattering 40
backscatter imaging 177
backscattered-CARS 197
bacteria 129, 142 ff
bacteria rapid detection using optical scattering

technology (BARDOT) 146
bandwidth 30, 39, 182
BARDOT see bacteria rapid detection using

optical scattering technology
basic principle
– failure modes and effects analysis 26
– opaque systems 41
– smart manufacturing 25
batch protein crystallization 258
beam-shaping optical system 272
benefit ratio 5
b-blockers 143
b-galactosidase fragments 236 ff
b-lactamase 238
bilamellar lipid layers 111
binarization 77
binding energy 177
binding inhibition assay 154 ff
biochemical assays 242
biocides 143
biological activity 249, 151
biological properties/targets 222 f
bioluminescence 147, 222, 226
bioluminescence resonance energy transfer

(BRET) 237
biomarkers 226 ff
biomolecular/polymer layer 146
bioprocess technology 57
Bioseeq Vet 134
biosensors 142 ff
biotechnology 19
biotin–streptavidin interaction 234

biotinylated analyte assays 233
birefringence 257, 269, 284
black box models (PAT) 12
blending process 77
BLIP see background limited photometry
body scanner 175–194
bolometers 190
Boltzmann constant 266
Bragg reflection 154
Bremsstrahlung 202
BRET see bioluminescence resonance energy

transfer
bricks and mortar model 116
broadband light source 75
Brownian motion 266 f
Brucella melitensis 154
BSA sample size distribution 284
bulk water spectroscopy 37

c
caffeine 50
calcium 226 ff, 238
Calcium Green-1 240
calibration 30 ff, 240
cAMP see cyclic adenosine monophosphate
capture antibody 155
carbonyl stretch 53
carcasses contamination 94
carotenoid distribution 121
cathodes 177
causality 21
cavity ring down spectroscopy (CRDS) 206
CBER see Center for Biologics Evaluation and

Research
CCD see charge coupled device
CDER see Center for Drug Evaluation and

Research
cell labeling 227
cell-based resonance energy transfer

assays 237
cell-free assays 227, 231
CellProfiler 246
cellular structures 111 ff
Center for Biologics Evaluation and Research

(CBER) 15
Center for Drug Evaluation and Research

(CDER) 15
centrifugation 230
Cepheid SmartCyclers 134
cGMP see cyclic guanosine monophosphate
channel modulators 240
charge coupled device (CCD) 30, 63, 177, 229
cheese 92, 98, 102
chelating agents 143
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chemical compositions 5, 92
chemical compounds libraries 222
chemical contamination 141 ff, 158 f
chemical imaging 20, 46, 55, 60, 71–88
chemical properties 6, 84
chemical reaction engineering 19
chemiluminescence 147, 200, 226
chemometrics 32, 90
chemosensors 196, 142, 145
CHMP see Committee for Medicinal Products

for Human Use
chromatographic methods 11, 29
chromophores 72, 226, 237
classical least squares (CLS) 76
classification techniques 77 f, 94
clothing transparencies 186
CLS see classical least squares
cluster size 80
coatings 81
coherent anti-Stokes Raman scattering

(CARS) 120, 196, 207
cohesiveness 92
color 55, 228
Committee for Medicinal Products for Human

Use (CHMP) 15
competition analytes/ assays 232 f, 242
components concentration 84
compound interferences 248
compound libraries 222
Compton scattering 176
concentration requirements 143
concentration–elution methods 142
confocal dark-field optics 282 ff
confocal detection system 244, 272, 276
CONPASS body scanner 179
contamination 40
contamination
– food processing 90, 94
– on-site analysis 141 ff, 151, 158 f
content screening 219–279
CONTIN 267
contrast medium 112
control strategies 14 ff
cooling 30
corn kernels 96
corneocytes 112
cortico-steroids 143
cosmetics 111–126
costs 10–20, 57
counterfeit identification 81
cpFP see circular permuted FP
CPP see critical process parameter or factor
CQAs see critical quality attributes
CRDS see cavity ring down spectroscopy

CREB CRE see binding protein
critical process parameter (CPP) 20, 25
critical quality attributes (CQAs) 13, 26
crops 129 f
cross-flow microfiltration 142
cryogenic incoherent detectors 189
cryptates 234
crystallization, proteins 257–280
cyanides bands 53
cyclic adenosine monophosphate,

(cAMP) 235, 238
cyclic nucleotide-gated cation channels

(CNGs) 239

d
DA see discriminant analysis
dark current 30
dark spectra 31
dark-field illumination 272, 276
data analysis 30 f
– chemical imaging 75
– HTS 246, 249
– protein crystallization 274
decomposition products 200
deconvolute complex reaction 11, 44
defect detection 40, 90
degradation 52
DELFIA see dissociation-enhanced lanthanide

fluorescent immunoassay
denoising techniques 75
density 52
dereplication 222
dermatology 111–126
design of experiment (DoE) 8, 11, 16, 25 ff
design space concept 16 ff
detection angle 42
detection antibody 155
detection limit 29
detergents 248
diagnosis under field conditions 130
dialysis 230
diffraction 30, 177, 269, 285
diffuse optical imaging (DOI) 58
diffuse reflectance 39 ff, 44
diffusion 145, 266
diffusion oil 258
dimethylsiloxane (DMS) 258
direct test format assay 154
DiscoveRx 236
discriminant analysis (DA) 76, 90
disinfectant 121
dissociation-enhanced lanthanide fluorescent

immunoassay (DELFIA) 234
DLS see dynamic laser light scattering
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DMS see dimethylsiloxane
DNA detection 149, 161
DNA-encoded libraries 225
DNA microarray 142
DoE see design of experiment
DOI see diffuse optical imaging
domain size 80, 83
donors 237
dopants 5
drug quality 71
drug release systems 80
drug screening 224
druggable targets 223
drug–target interactions 258
dynamic laser light scattering (DLS)
– optimization 288
– protein crystallization 266, 281 f
– rational screening 257
– small volumes 271

e
E. coli / coliforms 142, 154, 161
EDC see endocrine disrupting chemicals
EFA see evolving factor analysis
effect-based analytics/quantification

160–163
EFPIA see European Federation of

Pharmaceutical Industries and Associations
EFTA see European Free Trade Association
EHF see extremely high frequency
electrical resistance tomography (ERT) 58
electrochemical monitoring

methods 144
electromagnetic visualization 175 f
ELISA see enzyme linked immunoabsorbent

assay
ellipsometry 152
EMA/EMEA see European Medicines Agency
emission spectrum 236
EMSC see extended multiplicative scatter

correction
endocrine disrupting chemicals (EDC) 152,

157 f
end-product properties 57
Enigma FL 134
enrichment 142
environmental compatibility 21, 57, 141
enzyme activity 227
enzyme complementation 232
enzyme linked immunoabsorbent assay

(ELISA) 131
– agricultural applications 136
– HTS 234
– on-site analysis 142, 154 ff

– pathogens detection 162
enzymes 224, 248
enzyme-tagged antibody 132
EPA see US Environmental Protection Agency
epidermis 111 ff
epitopes 156, 160
epoxy-based monoliths 142
eqo system 183
equilibrium concentrations 200
ER see endoplasmic reticulum
errors 33, 247
ERT see electrical resistance tomography
ERa-LBD based assays 160
Escherichia coli / coliforms 142, 154, 161
estrogens 143
EU Commission directives 141
European Federation of Pharmaceutical

Industries and Associations (EFPIA) 15
European Free Trade Association (EFTA) 16
European Medicine Agency (EMA/EMEA)

9, 15
European Water Framework Directive

(WFD) 158, 161
evanescent field techniques 148, 152
evanescent wave spectroscopy (EWS) 73
evaporation 261
evolving factor analysis (EFA) 76
EWS see evanescent wave spectroscopy
exploration techniques 76
explosives detection 195–218
extended multiplicative scatter correction

(EMSC) 76
extremely high frequency (EHF) 180

f
FACS see fluorescence-activated cell-sorting
failure mode and effect analysis

(FMEA) 26
fatty acid content 91
FCS see fluorescence correlation spectroscopy
FDA see Food and Drug Administration
feed-back/forward control loops 36
femtosecond coherent control 207
femtosecond infrared lasers 187
fermentation processes 19
FIA see flow injection analysis
FIDA see fluorescence intensity distribution

analysis
filtration 142, 230
fine grid method 80
fixed-size windows (FSW) 76
flame retardants 143
FLIM see fluorescence life time imaging
flow behavior 5
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flow cytometry 229, 242
flow injection analysis (FIA) systems 155
flow through format 132
FLT see fluorescence lifetime technology
Fluo-3/4 240
fluorescence (Förster) resonance energy

transfer (FRET) 145, 227–242
fluorescence assays 226
fluorescence correlation spectroscopy

(FCS) 237
fluorescence intensity distribution analysis

(FIDA) 222, 237
fluorescence life time imaging (FLIM) 120,

150
fluorescence polarization 222, 231
fluorescence spectroscopy 29, 89–99
fluorescence techniques 61, 112 ff, 150, 155,

236 ff
fluorescence-activated cell-sorting

(FACS) 146
fluorescent cell barcoding 242
fluorescent indicators 241
fluorophores 227, 240
fluoroquinolones 152
FMCW see frequency modulated continuous

wave technique
FMD see foot-and-mouth disease
FMEA see failure mode and effect analysis
follicular penetration, cosmetics 118, 123
Food and Drug Administration (FDA) 4, 9,

15, 25, 71
food processing 19, 52, 89–110, 141
foot-and-mouth disease (FMD) 129, 137
formograph cutting times 102
Fourier transform infrared (FTIR)

spectroscopy 29, 73, 90, 205
Fourier transform Raman spectroscopy 94
FP see fluorescent protein
fragment-based libraries 225
fragments 200
frequency modulated continuous wave

technique (FMCW) 182
frequency multipliers 181
Fresnel equations 40
FRET see fluorescence resonance energy

transfer
fruit quality 92, 101
FSW see fixed-size windows
FTIR see Fourier transform infrared
fullwidth-half-maximum (FWHM) 181
functional properties 5, 89
fungal pathogens 129
Fusarium verticillioides 96
FWHM seefullwidth- half-maximum

g
gamma rays 176
gas chromatography 195, 198
gases sampling 24
gasoline additives 143
gene knock down / silencing 224
genetically-encoded marker proteins

228, 237
genomic DNA 161
geographic food origin 90
ghost line / image 30
glucose isomerase 271, 279
glycolysis 92
GMP see good manufacturing policy
Golgi apparatus 227
good manufacturing policy / practice

(GMP) 9, 18
G-protein-coupled receptors (GPCRs)

224, 239
granulation processes 77
grating couplers 149, 151
gray box models 12
grayscale image 270
guided wave coupler 149
Gunn oscillators 181

h
h/s-drop path 259
hair follicles 118
hanging-drop methods 260
haptic behavior 5
hardness 5, 92
hazardous substances 143
HCS see high-content screening
Health Canada 16
heterogeneous particle mixtures 266
heterogeneous phase detection 145
high performance liquid chromatography

(HPLC) 71
high-content screening (HCS) 222 ff
high-quality crystals 267
high-quality end-product 20
high-throughput chemical imaging 81
high-throughput screening (HTS) 219–289
histograms 78
hit identification / clustering 249
holistic process management 57
honey adulteration 99
hormonal substances 143
hot spots 52
HPLC see high performance liquid

chromatography
HTS see high-throughput screening
hydrodynamic radius 266
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hydrogen peroxide 228
hydrogen-bond donors 225
hyper Raman spectroscopy 153
hyperspectral imaging (HSI) 47, 74,

89 f, 95

i
ibuprofen 50, 79
ICA see independent component analysis
ICH see International Conference on

Harmonization
IFPMA see International Federation of

Pharmaceutical Manufacturers and
Associations

illumination 42, 85
imaging techniques 77
– assays 243
– food applications 54, 90
– HTS 245
– pharmaceutical applications 51
– polymers applications 56
immobilization 151
immobilized metal affinity nanoparticles

(IMAP) 233
immunoassays 159 ff
immunological based-techniques 131
immunomagnetic separation (IMS) 142
implementation 82 ff
IMS see immunomagnetic separation
IMS see ion mobility spectrometry
in situ probing 22
in vitro/vivo techniques 111
in vivo two-photon microscopy 119
incubation 155 ff, 160, 238
independent component analysis (ICA) 76
indicators 241
indicatrix 269
industrial applications see applications
industrial process analytics 3–70
infinity corrected microscope 274
infrared spectroscopy 89, 180
infrared thermal imagers 137, 189
ingesta contaminants 94
ingredients cluster 80
inhibition assay 247
in-line measurements 58
in-line sampling 22
in-process sensors 57
instrumentation 229 ff, 276
intensities 85
interaction processes 145, 176 ff
intercellular penetration 118
interfaces 57, 146
interference pattern 248, 267

International Conference onHarmonization of
Technical Requirements for Registration of
Pharmaceuticals for Human Use 13

International Federation of Pharmaceutical
Manufacturers and Associations
(IFPMA) 15

intracellular calcium 238
intrinsic water 37
ion channel activity 241 f
ion concentration 227
ion mobility spectrometry (IMS) 195
IonWorks 241
ISO certifications 9
iterative crystallization

optimization 285 ff

j
Japan Pharmaceutical Manufacturers

Association (JPMA) 15

k
Kano model 6
KillerRed 229
kinase activity 235 ff
knowledge-based production 12, 17, 21
Kubelka Munk function 40, 43
Ka band 180, 182

l
L3 Communication Provision ATD

portal 182
label-free detection 143, 149 f, 154 f
label-free optical techniques 226
label-free transduction 162
labeling
– HTS 233, 244
– on-site analysis 144 ff, 148 ff, 160
– pharmaceutics screening 226 ff
lab-on-a-chip (LOC) 135
laboratory data 36
lactic acid bacteria 102
Lactobacillus fermentum 104
Lactococcus sp. 92
lag time 24
LAMP see loop-mediated isothermal

amplification
LANCE assays 234
landmines 195
lanthanide-labeled analytes 232
Laplace transformations 267
laser absorption spectroscopy 199
laser beam radiation 85
laser excitation for light detection and ranging

(LIDAR) 196, 199
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laser induced breakdown spectroscopy
(LIBS) 196, 201 ff

laser induced fluorescence (LIF) 136,
196, 200

laser irradiation magnetic bead system
(LIMBS) 135

laser light scattering see light scattering
laser photolysis (LP) 196
laser scanning cytometers (LSC) 244
laser scanning microscopy 58, 112 ff
lateral flow device/assays 132 ff
layers 45, 146
LDA see linear discriminant analysis
legionella pneumophila 142, 148
LFD see lateral flow device
LIBS see laser-induced breakdown spectroscopy
LIDAR see, laser excitation for light detection

and ranging
LIF see laser induced fluorescence
life cycle 6
life sciences 18 ff
ligands 145
light scattering 41, 91
– dynamic 281 f
– on-site analysis 145
– protein crystallization 262, 275
– rational screening 257
light source intensity 85
LIMBS see laser irradiation magnetic bead

system
limits of detection (LOD) 142, 152, 181 f
line scans 47
linear discriminant analysis (LDA) 76
linear regression equation 91
linearity 30, 43
lipid layers 111 ff
Lipinski�s rule of five 225
lipolysis 92
lipophilicity 225
liquid-handling system 263
liquid–liquid extraction 142
liquids sampling 24
livestock diseases 129, 135
living cells 19
loading plot 33
loadings matrix 33
LOC see lab-on-a-chip
LOD see limits of detection
long-time stability 57
loop-mediated isothermal amplification

(LAMP) 135
LOPAC1280 225
low photon energy methods 175
low-energy photons imaging 186 ff

LP see laser photolysis
LSC see laser scanning cytometry
luciferases 226 ff, 238, 248
D-luciferin 226
luminescence 147, 236, 239
Luminex 242
lysozyme 267 f, 276 f, 281 ff

m
Mach-Zehnder chips 149, 151
macromolecules 258
magnetic resonance imaging (MRI) 58
mammalian cell lines 161
manufacturing 10–21, 27, 59
mapping 46
marker proteins 228
market situation 4
mass spectroscopy 71, 195
mass-sensitive monitoring methods 144
material parameters 57
mathematical methods 90
matrix tablets 80
MCR see multivariate curve resolution
measurement technologies 26
measurement–product functionality

relationship 6
meat authenticity 100, 104
median absolute deviation (MAD) 249
medical applications 58, 177
membranes 142
metabolites 143
metal detectors 175
metal surfaces 40
MHLW see Ministry of Health, Labor and

Welfare
MIA see multivariate image analysis
micro total analysis systems (mTAS) 135
microarrays 154, 225
microbial contamination 94
microchannels 61
microcystins 152
microdomain segmentation 77
microfluidic techniques 154, 230
microorganisms 19, 111, 129
microplates 263
microreactor control 61 f
microring resonator based sensors 209
microscopy-based screening 244
microtiter plate 273
microwave resonance (MWR) 38
microwave technology 175, 180 f
mid-infrared (MIR) spectroscopy 28, 72 f
– explosives detection 196
– food processing 89, 103
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– moisture measurements 37
milk 98, 102
millimeter wave electronic techniques 180
Millivision Portal 350 185
mine detection 203
miniaturization 142, 222, 226
Ministry of Health, Labor and Welfare

(MHLW) 15
MIR see multivariate image regression
mirrors 149, 151
mitochondria 227
mix and run assays 230
mixing properties 5
MMIC see monolithic microwave integrated

circuit
moisture content 37, 50, 56
molecular mass 225
molecular weight 264
monitoring 141 ff
monocrystals 286
monolithic microwave integrated circuit

(MMIC) 182, 187
morphological scattering 61
morphology 5, 43
MRI see magnetic resonance imaging
MSC see multiplicative signal correction
multicellular organisms 19
multimodal spatially resolved

spectroscopy 60
multiphoton measurements 119, 197
multiple scattering systems 41
multiplexing 231, 245
multiplicative signal correction (MSC) 32, 76
multipoint spectroscopy 46, 59
multivariate data analysis 11, 21, 25, 30 f, 75
multivariate image analysis (MIA) 48, 76
multivariate image regression (MIR) 31, 48
multiwell plate 229
MWR see microwave resonance
mycotoxin zearalenone (ZON) 158
mycotoxins 151

n
NASBA see nucleic acid sequence-based

amplification
National Institute of Health Sciences

(NIHS) 16
near-infrared (NIR) spectroscopy 28, 72 f
– chemical imaging 79
– explosives detection 196
– food processing 53, 89
– moisture measurements 37
– pharmaceutical applications 50
– polymers applications 55

– process control 102
– time-resolved 59
NIHS see National Institute of Health Sciences
nitro-aromatics 199
nitro-containing explosives 203
nitrogen–oxygen atoms sum 225
NMR see nuclear magnetic resonance
noise 33, 75, 180
nondestructive techniques 73, 82, 99
non-invasive testing 22
nuclear magnetic resonance (NMR) 222
nuclear receptors 160
nucleation 263, 285, 288
nucleic acid sequence-based amplification

(NASBA) 134 f, 161
nucleic acids 224
nucleus, HTS 227

o
OCS see optical chemical sensors
OCT see optical coherent tomography
Office International des Epizooties (OIE) 130
off-line quality control 8
off-line sampling 22
OIE see Office International des Epizooties
oil / blends 93, 97
oil phase 262
Olson–Price meltability 92
on-line sampling 22
on-line spectrometer system 62
on-line statistical process control 35
on-site analysis 127–173
OPA see orthogonal projection approach
opaque systems 41
open channel electrophoresis 136
open microscopy environment (OME) 2465
operation temperatures 190
optical assays 222
optical bands 175 ff
optical chemical sensors (OCS) 144
optical coherent tomography (OCT) 58
optical methods
– applications 111–126
– explosives detection 195 ff
– food processing 90
– molecular spectroscopy 27, 60
– on-site analysis 142 ff
– rational screening 257–279
optical pathlength 226
optical penetration depth 45 ff
optical properties 119
optical retardation 270
optical sensors 104
Oregon Green 488 BAPTA 340
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organic fluorophores 241
organoleptic quality 92
orientation image 285
oriented strand boards (OSB) 48
orthogonal projection approach 76
osmotic virial coefficient 265
oxygen–nitrogen sum 225

p
paracetamol 50
paradigm change by QbD 14
paraffin oil 258, 262
parametric oscillator 75
partial least squares (PLS) 12, 31, 48, 76
partial least squares regression (PLSR)

90–103
particle domain statistics 77
particle size distribution (PSD) 55,

78, 84
particles 42
PAS see photoacoustic spectroscopy
PASA system 159
passive imaging 184, 189
PAT see process analytical technology
patch clamp measurements 241
pathlength 28, 42, 73
pathogens identification 20
– agricultural applications 129–140
– on-site analysis 141–146, 161 f
PCA see principal component analysis
PCR see polymerase chain reaction
PCR see principal component regression
PDMA see Pharmaceuticals and Medical

Devices Agency
PDO see protected designation of origin
penetration depth 38, 45
penetration kinetics 111 ff, 116
peptides 224 f
performance profile 5
peroxidase activities 248
pest 129
pesticides 151–162
PETN photofragmentation 201
PGI see protected geographical indication
pharmaceutical applications 19, 50–59,

71–88
Pharmaceutical Development, Manufacturing

and Quality Assurance 10
Pharmaceutical Research and Manufacturers

of America (PhRMA) 15
pharmaceuticals 3
– on-site analysis 143, 158 f
– process analytics 39
– screening 221–256

Pharmaceuticals and Medical Devices Agency
(PDMA) 16

phases 42, 260 ff, 270
phenicols 152
phenol-typing 54
phosphatase 248
phospholipid content 91
photoacoustic spectroscopy (PAS) 198, 204 ff
photo-bleaching effect 123
photoelectric effect 176 ff
photofragmentation 200
photo-induced damage 244
photomixers 187
photomultiplier 273
photon emission 226
photon energy bands 175
photon sources 180, 187
photonic fibers 154
photonic ring resonator sensors 209
photons
– diffusion 59
– number 226
– opaque systems 41 f
photosensitive films 177
photostability 151
PhRMA see Pharmaceutical Research and

Manufacturers of America
physical properties 6
– chemical imaging 84
– wave electronic techniques 180, 186 f
– X-ray technology 176
physicochemical properties 11, 222
Phytophthora 129, 132
pigments 115
pixel resolution 30, 47
Planck�s equation 180
plant pathogen detection 129–140
plasma membrane 227, 241
plate geometries 262
PLR see principle component regression
PLS see partial least squares
PLSR see partial least squares regression
PMSC see stepwise multiplicative scatter

correction
Pocket Diagnostic 132
point-of-care tests (POCT) 131
Poisson-distributed fluctuations 189
polarization 42, 231
polarization light microscopy 257
polarized Raman spectroscopy 153
pollutants 111, 141, 144, 162
polycrystalline precipitates 264 f
polydispersity 267
polymerase chain reaction (PCR) 142, 161
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polymers real time characterization 49, 55
polymorphism 79
polystyrene microsphere size standards 78
portability 142
postnucleation phase 268
potentiometric indicators 242
poultry carcass 95
powders 79
PQLI see product quality life-cycle

implementation
precipitates 263, 269, 280, 284
precision 34
prenucleation phase analysis 264
preprocessing 75
principal component analysis (PCA) 31 ff,

48, 76
– explosives detection 202
– food processing 90
principal component regression (PCR) 12,

33, 134 ff
probing 22
process analytical technology (PAT) 3–10,

20, 71
– food processing 89
– pharmaceutical process monitoring 78, 82
– technology roadmap 2015þ 56
process control 1–127
– chemical imaging 82
– food processing 102
– multimodal spatially resolved

spectroscopy 60
– optical methods 111–126
– PAT 11
– pharmaceutical applications 71
– QbT/QbD 14
process optimization 20
process validation 25 ff
product specification 4–14
production 10, 72
protease activity 237
protected designation of origin (PDO) 97
protected geographical indication (PGI) 97
protein / -kinases 224
protein complementation assays (PCA) 236 ff
protein crystallization 257–279
protein–protein interaction 228, 235, 264
proteins visualization 228
protein-water-oil systems 93
proteolysis 92
ProVision portal 182
proximity assay 235 ff
PS see polystyrene
PSD see particle size distribution
psoriasis 120

psychiatric drugs 143
pulse shaping 208
pulse tube cooler (PTC) 190
push-broom imaging 47, 59–63

q
QbD see quality by design
QCL see quantum cascade lasers
QEPAS see quartz-enhanced photoacoustic

spectroscopy
QinetiQ SPO 20 184
QLS see quasielastic light scattering
QPatch 241
quality assurance 1–127
quality by design (QbD) 3–14
quality by testing (QbT) 13
quality control 6 ff, 78
– food processing 89–110
– HTS 246
– optical methods 111–126
quality monitoring 6
quantitative polarization microscopy 257,

268, 274, 284–288
quantum cascade lasers (QCL) 187, 201
quantum dots 226
quantum effects 150
quartz-enhanced photoacoustic spectroscopy

(QEPAS) 198, 204–208
quasielastic light scattering (QLS) 266
Quattro platform 241
quenching 145, 248
Quorum sensing 162

r
RADAR techniques 175
radiative transfer equation (RTE) 43
radioactive tracers 230
RALs see resorcyclic acid lactones
Raman absorption 29
Raman chemical imaging 78
Raman scattering 196, 226
Raman spectroscopy 73
– cosmetics 121
– explosives detection 196, 202 ff
– food applications 53, 89, 93
– multimodal 61
– on-site analysis 148, 153
– pharmaceutical applications 51, 226
– polymers applications 56
random errors 247
rational approaches 222, 240
rational screening 257–279
raw material control 50
Rayleigh ratio 265
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reaction monitoring 50
reaction temperatures 135
reaction time 22
reaction tomography 61 f
readouts 229
reagent–pollutant interaction 144
real-time measurement 136, 147
receptors 145, 160, 224
recognition element 157
recombinant protein 19
rectification 181
recycled materials 57
redox cycling compounds 248
reference scattering compound 265
reference spectra 31
reflectance 22, 119, 148 see also diffuse

reflectance
reflection photometry 104
reflections 180, 273
reflectometric interference spectroscopy

(RIfS) 152
refractive index 42
– on-site analysis 148, 151 ff
– protein crystallization 265
– ring resonator 209
regression analysis 31, 33 f, 77 f
reliability 34
remission measurements 119 ff
REMPI see resonance enhanced multiphoton

ionization
renewable resources 57
Renilla luciferases 226
repeatability 34, 91
replacement assay 154 ff, 159
reporter gene assay 238 ff
representativeness 84
reproducibilily 13, 20, 34
reservoir phase 262
resolution techniques 29 f, 77 f
– automated microscopy 243 f
– body scanner 177
– multipoint spectroscopy 47
– passive imaging 184
– submillimeter wave techniques 189
resonance energy transfer 236
resonance enhanced multiphoton ionization

(REMPI) 200
resonance Raman spectroscopy 123
resonance wavelength 212
resonant mirrors 149, 151
resonators 39
resorcyclic acid lactones (RALs) 158
retardation 270
RIANA system 159

riboflavin 103
RIfS see reflectometric interference

spectroscopy
risk analysis 11, 21
RMSEP see root mean square error of

prediction
RNA interference (RNAi) libraries 226
road map for process understanding 22
root cause analysis 80
root mean square error of prediction

(RMSEP) 92
rotating polarizer 269, 274
roughness 85
RTE see radiative transfer equation

s
S/N ratio see signal-to-noise ratio
safety 10, 21, 89, 94
Salmonella 142, 148
salt concentrations 265
sample spectra 31
sample-to-answer system 136
sampling 22, 82, 141
sandwich assay 154 ff
Savitzky–Golay approach 76
SBC see science-based calibration
scattering 7, 40
– compound interferences 248
– explosives detection 202
– lysozyme 278
– multimodal spectroscopy 61
see also Raman spectroscopy
Schottky diodes 182, 187
science-based calibration (SBC) 31
scintillator detectors 178
scores matrix 33
screening 221–279
sea-urchins 285
security applications 173–218
SECV see standard error of cross validation
selective spectra 73
selectivity 27 f, 31, 156
self-adhesive transparent films 261
self-adjusting production processes 10
self-diagnosis 10
self-fluorescent poly-aromatic

hydrocarbons 144
semiconductor X-ray detector 176
sensitivity 27 f, 57, 91
sensor systems 5, 11, 57
sensory quality 90
SEP see standard error of prediction
SERS see surface enhanced Raman

spectroscopy
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signal activity 249, 271
signal-to-background ratio 276
signal-to-noise ratio 29, 73, 151, 247
silicon ring resonator chip 211
siliconized glass lids 260
simple-to-use interactive self-modeling

mixture analysis (SIMPLISMA) 76
single crystals 288
single mode fiber-coupled diode laser 272
single-photon counting detector 273
siRNA screens 224, 243
sitting-drop methods 260
size distribution 282 ff
skin 111, 120, 181
SLS see static laser light scattering
smart manufacturing 25
Smartcheck 177
SNV see standard normal variate
soft sensors 11
solid dosage forms 80
solids / -sampling 24, 39 ff
soluble solids content (SSC) 92
solvent parameters 280
sorghum fermentation 103
spatial resolution 29
– chemical imaging 83
– multipoint spectroscopy 47
– readouts 229
– submillimeter wave techniques 186, 189
SPC see statistical process control
spectra normalization 32
spectral data pretreatments 31 ff
spectral fingerprint 7
spectral imaging 46
spectral patterns 75
spectral range 29 f, 39, 176
spectrometer qualification 29
spectroscopic analysis 71–88
– explosives detection 199 ff
– pharmaceutical applications 50
spectroscopic probes 22
spectroscopic sensors 11
Spectrum Collection 225
specular reflectance 39 ff
spontaneous Raman spectroscopy 196
SPR see surface plasmon resonance
spray formulations 789
springiness 92
SRS see stimulated Raman scattering
SSC see soluble solids content
standard error of cross validation (SECV)

96, 103
standard error of prediction (SEP) 97
standard normal variate (SNV) 32, 76

standard plate readers 229
Staphylococcus 96, 131
staring imaging 47
static laser light scattering (SLS) 257–276
statistical experimental design 11
statistical methods 90
statistical process control (SPC) 8
stepwise multiplicative scatter correction

(PMSC) 32
steric hindrance 157
stimulated Raman scattering (SRS) 196
Stokes frequencies 196
Stokes shift 150
Stokes–Einstein equation 266
stratum corneum 111 ff, 121
stratum granulosum 114
stray light 29
strength 5
subcellular structures 227
submillimeter wave photonic techniques

186 ff
substance libraries 224 ff
substances to be monitored 143
substrates 42
subsurface scattering 84
success rate 266
sulfonamides 152
support vector machines (SVM) 12, 101
surface distribution 77
surface enhanced Raman spectroscopy

(SERS) 144, 153, 204
surface plasmon resonance (SPR)
– biosensors 160
– on-site analysis 144, 149 ff
– pharmaceutics screening 226
surfaces 39 ff, 83
surfactants 143, 151
SVM see support vector machines
swellable matrix tablets 80
swine influenza virus 136
syneresis 102 f
synthetic fluorophores 227
system integration 274
systematic errors 247

t
tablets, absorption spectra 7, 59, 80
targets 223 ff
TATP see triacetone triperoxide
TDLS see tunable diode laser spectroscopy
Technical Requirements for Registration of

Pharmaceuticals for Human Use 13
technology roadmap 2015þ 56
terahertz photonic techniques 186 ff
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terahertz spectroscopy 59, 208 f
TERASEC system demonstrator 189
TERS see tip-enhanced Raman

spectroscopy
test format assays 154
testing 22
testing libraries 223
TEWL see transepidermal water loss
texture 77, 91 f
TFT see thin film transistors
theophyllin 7, 46
thermal monitoring methods 144
thermal radiation 187
thermal resolution 189
thin film transistors (TFT) 177
Thruvision TS4 186
time-resolved fluorescence detection 227
time-resolved fluorescence resonance energy

transfer (TR-FRET) 232, 237
time-resolved NIR-spectroscopy 59
tip-enhanced Raman (TERS)

spectroscopy 153
TIR see transient infrared spectroscopy
TIRF see total internal fluorescence

reflectance
TNT see trinitrotoluene
toluene 265, 277
tomographic imaging 58
topically applied actives 111–126
total acidity 92
total internal fluorescence reflectance

(TIRF) 150, 157, 160 f
total quality management (TQM) 21
toxins screening 143, 158 f, 228
TQM see total quality management
trace analysis 29 f, 195
traditional specialty guaranteed (TSG)

schemes 97
transduction element 145, 154
transepidermal water loss (TEWL) 113
transient infrared (TIR) spectroscopy 96
transmission 22, 176 f, 257, 270
transmittance image 44, 285
transparency 186
TR-FRET see time-resolved FRET
triacetone triperoxide (TATP) 199, 205 f
trinitrotoluene (TNT) 195, 204, 209 f
Tritirachium album proteinase K 280
Triton X-100 248
tryptophan 103
TSG see traditional specialty guaranteed
tunable diode laser spectroscopy

(TDLS) 200
two-photon microscopy 119

u
ultraviolet-/ visible (UV/Vis) spectroscopy 28,

50–55, 72 f
US Environmental Protection Agency

(EPA) 141
UV excitation 112

v
value-oriented functionality 5
vapor diffusion methods 262
varactor/varistor-mode frequency

multipliers 181
variability managing 35
vegetative index 53
vibrational spectroscopy 72 f,

154, 196
vibrational transitions 28
virial coefficients 277, 280
virial expansion 264
viscosity 266
visible (vis) spectroscopy 72 f
vis–NIR spectrometer 93
volume concentration 42

w
W band 180
watchdog function 9
water 37
– NIR spectroscopy 53
– on-site analysis 143
– pathogens detection 161 f
– protein crystallization 258, 262
– skin Raman microscopy 122
waveguide based set-ups 149
waveguide fiber 273
wavelength ranges 27, 42, 72 f
– body scanner 175
– chemical imaging 75
– compound interferences 248
– indicators 239
– multimodal spectroscopy 47, 60
– MWR 38
– protein crystallization 265
– stability 30
– wave techniques 186
weighted least squares (WLS) 76
wheat grains 40
whiskbroom imaging 47
white box models 12
white noise 31
WHO see World Health Organization
wine varieties 101
withdrawal sampling 22
WLS see weighted least squares
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World Health Organization (WHO) 16
wound healing 115

x
X-ray contrasts 143
X-ray crystallography 222
X-ray diffraction analysis 257 ff
X-ray technology 175 ff

y
yogurt fermentation 103
Young interferometers 149

z
Zimm plot 265, 277 ff
ZON see mycotoxin zearalenone
Z-score 249

304j Index


