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drinking water, 27
effluent composition, 27
extraneous matter, 601
fishery products, 25, 30
Good manufacturing practice (GMP)  

regulations, 41, 601
Harmonized Tariff Schedules of the U.S., 28
imported goods, 28
labeling

alcoholic beverages, 25
dairy products, 28–29
ingredient, 36
milk, 28–29
nutrition

caloric content, 38
compliance, 38–41
Daily Value (DV), 37
databases, 36
format, 36–37
health claims, 41, 42
methods of analysis, 39–40
nutrient content claims, 41
Nutrition Labeling and Education Act 

 (NLEA), 36
protein quality, 38
rounding rules, 37–38
sample collection, 38–39
serving size, 37
total carbohydrate, 38

meat and poultry, 21, 24
milk

Grade A, 28–29
manufacturing grade, 29

Pasteurized Milk Ordinance (PMO), 29
pesticide residues, 26–27, 30 (see also Pesticide 

residues)
shellfish, 29–30

standards
fill, 19
grades, 21, 24
identity, 19, 22
quality, 19

Gratings, monochromator, 97
Gravimetric analysis, 288

fiber determination, 288
Grinding

applications, 71
equipment, 71
particle size determination, 71–73
samples for fat analysis, 303
samples for moisture analysis, 260–261

Gums, 346–347

H
Handbooks

National Institute of Standards and Technology 
(NIST) handbook, 9, 11, 12, 47, 66, 101, 144, 
209, 581

Pesticide Analytical Manual (PAM), 26, 579, 593
Hazard Analysis Critical Control Point (HACCP), 20, 23, 

25, 278
HCL. See Hollow cathode lamp (HCL)
Headspace methods

direct headspace sampling, 230
dynamic headspace sampling, 230, 232

Health claims, 41, 42
Heat capacity, 260, 530–533, 536, 538–541, 543
Heavy metals, 30, 131, 146, 288, 373, 374, 575
Hemicellulose, 336, 344, 350
Henderson-Hasselbalch equation, 397, 398, 403
Heterocyclic amines, 575, 590
Hexanal, 232, 410, 420, 426, 427
HIC. See Hydrophobic interaction chromatography 

(HIC)
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High-performance liquid chromatography (HPLC)
applications

acrylamide, 177, 221
amino acids, 209, 214, 219–221, 223, 225,  

229, 338, 443
antioxidants, 178, 221
aspartame, 222
bisphenol A (BPA), 575, 590
caffeine, 52, 53, 166, 177, 178, 222
carbohydrates, 209, 221–223, 335, 338, 342, 343, 

356, 357, 590
drug residues, 576
dyes, 224–225, 402–403
flavor compounds, 222
folates, 218, 366
inorganic ions, 223
lectins, 225
lipids, 209, 214, 219, 222, 409, 422, 423
melamine, 177, 178, 221, 590
4-methylbenzophenone (4MBP), 575, 590
molecular weight estimation, 178, 219, 224
mycotoxin residues, 190, 221, 576, 583, 584
organic acids, 214, 219, 223, 338
pesticide residues, 192, 214, 580
phenolic compounds, 209, 218, 460, 467
pigments, 222
proteins, 169, 177, 178, 220, 335, 434, 590
sugars, 9, 214, 223–225, 335, 342, 343, 348, 356, 

403, 584
sulfites, 221, 223, 591, 592
surfactants, 221, 223
vitamins, 193, 196, 214, 218, 221, 222, 225, 229, 363, 

366, 367, 369, 370, 422
column hardware

analytical, 216
guard column, 216, 225
precolumns, 216, 220, 221

column packing materials
carbohydrate analysis, 342
polymeric

macroporous, 217, 225
microporous, 217, 225

silica-based
bonded phases, 217, 221, 225
pellicular packing, 217, 225
porous silica, 217, 225

coupled techniques, 220
data stations, 220, 225
derivatization

postcolumn, 220, 581, 584
precolumn, 220, 221

detectors
amperometric, 219, 592
chemiluminescent nitrogen (CLND), 219
conductivity, 223, 241–242, 244–245, 319,  

321, 441, 592
diode array, 175, 207
electrochemical, 218, 219, 342–343, 460
fluorescence, 219, 222, 345, 367, 442, 479, 584
light scattering, 219, 343, 422
mass, 171, 172, 177, 178, 192, 208, 214, 218, 220, 

225, 241, 245, 343, 420, 460
pulsed amperometric (PAD), 223, 224, 342
radioactive, 219
refractive index (RI), 219, 225
ultraviolet-visible (UV-Vis) absorption

diode-array, 175, 218, 581
fixed wavelength, 218
variable wavelength, 218

gradient elution, 214–215, 223
hyphenated techniques mass spectrometry, 166–169, 

172, 174–178, 180, 220, 363, 366, 367, 576, 581, 
582, 584, 586, 590, 591, 593, 624

injector
autosamplers, 250
fixed-volume loop, 215
valve injectors, 215

with mass spectrometry (MS), 192, 214, 218, 221, 335, 
366, 423, 443, 576, 593

postcolumn derivatization, 220, 442, 581, 584
precolumn derivatization, 220, 221, 443, 584
pump, 214, 215
separation modes

affinity, 220, 221
ion exchange, 203, 220, 221

ion chromatography, 199, 219, 223
normal phase, 195, 221
reversed phase, 586
size exclusion, 195, 201, 220

software packages, 220
ultra HPLC, 176, 216, 218, 365

Hollow cathode lamp (HCL), 125, 134–135,  
147, 148, 383

HPLC. See High-performance liquid chromatography 
(HPLC)

Hydrocolloids, 336, 338, 346–350, 354, 356, 357
Hydrogenation, oils, 415, 424
Hydrolysis

of lipids, 302, 303, 305, 306, 317, 340, 346, 347, 351, 
412, 418, 423, 425

methods of starch determination, 345–346, 481–482
of pectins, 349
of proteins to amino acids, 317, 338, 442, 443

Hydrolytic rancidity, 417, 418, 426, 427
Hydrometry, 269–271, 380. See also Moisture, physical 

methods
Hydrophobic interaction chromatography (HIC),  

189, 196–197, 222, 432, 434, 435
Hyphenated techniques, 144–145, 166, 174–175, 219–220, 

245, 366, 460–461, 576

I
Imaging

chemical, 558, 563–566
hyperspectral (HIS), 118, 609, 625
microscopy techniques, 562, 565
soft x-ray (SXI), 625

Immunoaffinity purification, 499–501
Immunoassays

applications
allergens, 488, 494, 500, 588, 589, 593
bacterial toxins, 500
drug residues, 500, 576
extraneous matter, 609
fish species, 500
genetically modified organisms (GMO), 587, 593
mycotoxin residues, 576, 583, 584
pathogens, 500
pesticide residues, 580, 593

definitions, 488–489
dot blots, 492, 497, 501
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Immunoassays (cont.)
enzyme

competitive
bound antibody format, 496
bound hapten format, 496

direct, 457, 493–495, 497, 498, 501, 576
indirect, 493–495, 498, 501
noncompetitive, 477, 478, 494, 496, 500–501
sandwich, 494–496

immunoaffinity purification, 499, 501
lateral flow strip test, 498–499
radioimmunoassay (RIA), 491, 583
solid-phase, 491–499
theory, 490–491
Western blot, 492, 496, 497, 501, 588

Impact-acoustic emission, extraneous matter,  
608–609, 611

Inductively coupled plasma (ICP)
atomic emission spectroscopy (AES) (see Atomic 

emission spectroscopy, inductively coupled 
plasma)

mass spectroscopy, 144–147
optical emission spectrometry, 138

Infrared spectroscopy
applications

carbohydrates, 114, 272, 317
extraneous matter, 609, 610
fat, 114, 119, 272, 312, 324, 326, 424
mid-infrared, 322
moisture, 119, 272
mycotoxins, 122
near-infrared, 96, 322, 375, 609–611
protein, 114, 118, 272, 317, 319, 322, 326
Raman, 109, 120–122
sugar, 119, 272, 312
trans fatty acids, 424
wheat hardness, 119

mid-infrared
absorption bands, 322
applications, 272, 322
dispersive, 111
fourier transform, 335, 356, 409, 424, 530,  

558, 563, 584
instrumentation, 322
sample handling, 112, 322

near-infrared
absorption bands, 322
applications, 322, 609
calibration, 322
chemometrics, 118
instrumentation, 96, 113, 114, 118, 119, 272, 312, 

319, 322, 326, 375
online measurement, 119–120
principles, 116, 312, 317, 319, 322, 326, 424
qualitative analysis, 119
quantitative methods, 118–119

principles
frequency of vibration, 109–111
infrared radiation, 109–111, 326
molecular vibrations, 109

sample handling, 112, 322
In-line analysis, 309
Insoluble fiber. See Fiber, insoluble
Internal standards, 169, 208–211, 220, 306, 307, 311, 344, 

348, 356, 367, 420, 423, 425, 443, 577, 589
International Organization for Standardization  

(ISO), 11, 73

International standards and policies
Codex Alimentarius Commission, 31, 32
International Organization for Standardization (ISO), 

11, 73
others, 31

Iodine value, oils, 412, 413, 415, 426
Ion chromatography, 27, 199, 219, 223, 373, 576, 592, 624
Ion-exchange chromatography

anion exchangers, 197, 198, 223, 342, 343, 434
applications, 198, 199, 223, 434, 435
cation exchangers, 198, 223, 434, 435, 442
HPLC, 223, 342
principles, 197–199

Ion selective electrodes
activity, 378–379, 383
applications, 378–380
calibration curves, 379
electrodes, 27, 373, 374, 378–380, 383, 592
end point of titration, 373, 379, 383
principle, 373, 378–379, 383
standard addition, 378–379

ISO certification, 11
Isoelectric focusing, 433, 439–441
Isoelectric point, 198, 210, 323, 432, 433, 438, 440, 441
Isoelectric precipitation, 433, 434

J
Joint FAO/WHO Expert Committee on Food Additives 

(JECFA), 31, 582

K
Karl Fischer titration, 267–269, 273, 277. See also 

Moisture
Kjeldahl method, proteins, 318–323, 325, 326, 443, 447

L
Labeling. See Government, regulations
Laboratory information management system (LIMS), 8
Lactometers, 270
Lane-Eynon method, 342
Lateral flow strips, 498–499, 576, 586
Ligand, affinity chromatography, 199–201, 435
Light. See Spectroscopy
Lignin, 115, 289, 334, 350, 352, 457, 505, 625
Limit dextrin, 483, 484
Limit of detection, 50–51, 586, 591
Limit of quantitation (LOQ), 51
Linear regression, 52–54, 118, 367, 473
Lineweaver-Burk

formula, 472
plot, 473, 477, 478

Lipids
analyses of lipid fractions

cholesterol content, 409, 422, 425
gas chromatography, 409, 423
thin-layer chromatography, 423, 425–426

antioxidants, 73–74, 90, 232, 264, 274, 303, 409, 410, 
412, 413, 415, 418–422, 426, 457, 461, 467, 627

characterization, methods
acid value, 411
cloud point, 414
cold test, 414
color, Lovibond, 410, 414, 415
consistency, 417
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fat substitutes, 192
fatty acid composition, 422–424
fire point, 414
flash point, 414
free fatty acids, 416
hexanal, 410, 420
iodine value, 415, 418, 422
melting point, 413, 414
polar conponents, 417, 418
refractive index, 219, 413, 422
sample preparation, 288–289, 303, 413, 419
saponification number, 415
smoke point, 414
solid fat content, 417, 426
solid fat index, 417
trans isomer fatty acids, 411, 422–424

choice of methods, 12
cholesterol, 10, 229, 236, 409, 411, 422, 425
classification

compound, 301, 409–411
derived, 301, 409
monounsaturated, 409, 422
polyunsaturated, 409, 422, 423
saturated, 409–411, 417
simple, 301

color, Lovibond, 414, 415
comparison of methods, 309
consistency, 417
content in foods, 411
in dairy products, 302, 311–313, 411
definitions, 301
dilatometry, 417
extraction, 302–305, 412, 419, 420, 467
fat substitutes, 192
in flour, 306
fractionation, 303
gas chromatography analysis, 306, 311
high-performance liquid chromatography analysis, 

213–225
importance of analysis, 302
monounsaturated fat, 40, 41, 306, 409, 422, 423
nuclear magnetic resonance analysis, 151–162,  

309, 409
oxidation

evaluating present status
aldehydes, 418
anisidine value, 410, 418
conjugated dienes, 410, 418
fluorescence microscopy, 418–419
peroxide value, 410, 418
sample preparation, 419
thiobarbituric acid test, 410, 418, 420
totox value, 419
volatile organic compounds, 418–420

evaluating stability
effect of phenolic compounds, 457
oil stability index, 410, 422, 424
oven storage test, 410, 421
oxygen bomb, 410, 422

sample protection, 73–74
in pet food, 383, 392
polar components, 410, 417–418
polyunsaturated fatty acids, 409, 411, 423
rancidity

hydrolytic, 417, 418
oxidative, 418, 419

saturated fat, 409, 422

solid fat content, 161, 309, 410, 417
solid fat index, 410, 417
solvent extraction, 302–310
total content, methods

instrumental methods
accelerated solvent extraction, 309
infrared, 308
NMR, 309
supercritical fluid extraction, 309
x-ray absorption, 309

nonsolvent wet extraction
Babcock, 307–308
Gerber, 308

solvent extraction
accelerated, 309
acid hydrolysis, 305–306
alkaline hydrolysis, 305
chloroform-methanol, 306
gas chromatography, 306
Goldfish, 303–304
Mojonnier, 305
sample preparation, 303
solid-phase, 412
solvent selection, 303
Soxhlet, 304

trans isomer fatty acids, 411, 422–424
Lipoxygenase, assay, 461, 471, 483
Liquid-liquid chromatography, 193–196. See also 

Column chromoatography
Lovibond method, 414, 415
Lowry method, proteins, 90, 323–325
Lysine, availability, 319, 322, 444, 447

M
Magnetic resonance. See Nuclear magnetic resonance
MALDI. See Matrix associated laser desorption 

ionization (MALDI)
Malic acid, assay, 482
Mass analyzers, 167, 168, 170–173, 581, 582
Mass spectrometry (MS)

applications, 177–180, 354–356, 366,  
460–461, 581–582, 584, 586

gas chromatography-MS, 174–175, 246
high resolution MS, 176–177
inductively coupled plasma, 144–147, 170
instrumentation, 166–172
interface, 166, 167, 174, 175, 177
interpretation of mass spectra, 172–174
ionization, 137, 138, 168–170, 172–177
liquid chromatography-MS, 166, 168, 169, 175–177, 

220, 366
mass analyzers, 170–172
matrix effects, 170
sample introduction, 167–168
tandem MS, 175–176

Matrix associated laser desorption ionization (MALDI), 
166, 167, 169–170, 179

Matrix, food, 4, 11, 12, 14, 63, 131, 160, 229, 346, 374, 471, 
518, 575, 576, 579, 587, 588, 627

Measures of central tendency. See Data evaluation
Melamine, 122, 177, 178, 221, 326, 575, 589, 590
Melting point of lipids, 413–414, 532
Mesh size, 71, 239, 602, 604
Methods of analysis. See Assay methods, general; 

Standard methods
4-Methylbenzophenone, 575
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4-Methylimidazole, 590
Michaelis constant, 473
Michaelis-Menten equation, 473, 474
Microbiological assays

drug residues, 585
vitamins, 362–365

Microfiltration, 433, 436, 437
Micro Kjeldahl, proteins, 318–321
Microscopy

applications
emulsions, 567
extraneous matter, 603–610
fat functional properties, 567
lipid oxidation analysis, 418–419

atomic force, 562–563, 568
confocal laser scanning, 565–566
confocal Raman, 565, 567, 568
electron, 560–561
fluorescence, 418, 419, 464, 559, 568, 609
Fourier transform infrared, 564, 624
histology, 559–560
light, 558–560, 564, 565, 567, 568, 607, 609, 623, 624
scanning electron, 558, 560–563, 568, 607, 609, 623, 

629, 630
Microstructure

case studies, 567–568
chemical imaging, 563–566
microscopy, 558–563
tomography, 567
x-ray computed tomography, 567
x-ray diffraction, 566–567
x-ray microtomography, 307–308

Microwave-assisted methods
ashing, 292–293
moisture analysis, 265–266

Mid-infrared spectroscopy (Mid-IR), 109, 111–116, 
118–120, 123–125, 272, 308, 312, 322, 564, 584. 
See also Infrared spectroscopy

Minerals. See also Ash
content in foods, 38, 288, 290, 373–376, 378
determination

atomic absorption spectroscopy, 131–137, 
143–144, 373, 374

atomic emission spectroscopy, 137–144, 373
colorimetric methods, 378
comparison of methods, 380–381
dry ashing, 289–291
EDTA complexometric titration, 376
inductively coupled plasma-MS, 144–147
inductively coupled plasma-optical emissision 

spectroscopy, 138–142, 373
interferences, 375–376
ion selective electrodes, 378–380
mass spectrometry-inductively coupled plasma, 

144–147
microwave ashing, 292–293
precipitation titration Mohr titration, 377
precipitation titration Volhard titration, 377
sample preparation, 375
water hardness, 376
wet ashing, 291–292

importance in diet, 373
Mixograph, 450
Modulated temperature DSC (MDSC®), 530, 539, 540
Moisture

basis for reporting results, 259

comparison of methods
intended purpose, 273, 277
nature of sample, 273
principles, 273–276

content of foods, 261
distillation methods, 266–267
drying methods

calculations, 264
decomposition, 262–263
ovens

forced draft, 264
infrared, 266
microwave, 265–266
rapid moisture analyzer technology, 266
thermogravimetric analyzer, 266
vacuum, 254–265

pans
handling, 263
types, 263

removal of moisture, 262
surface crust formation, 263–264
temperature control, 263

ice melting, 261, 264
importance of assay, 259
Karl Fischer titration method

applications, 269
endpoints, 268
reactions, 267
reagents, 268
sources of error, 269

physical methods
dielectric, 269
freezing point, 273
hydrometry
hydrometer

alcoholometer, 270
Baumé, 270
Brix, 270
lactometer, 270
Twaddell, 270

pycnometer, 270–271
infrared, 272
microwave absorption, 272–273
refractometry
refractive index, 271
refractometer, 271

sample collection, 260–261
sorption isotherms, 281–283
total solids, 25, 65, 259, 264, 265, 272

Mojonnier method, fat analysis, 305, 309, 310
Molarity, 91, 105, 377, 382, 391, 392, 505
Molecular energy levels, 84, 85, 87
Molecular exclusion. See Size-exclusion 

chromatography
3-Monochloropropane 1,2-diol (3-MCPD), 575, 590
Monochromator, 81, 95–97, 99–101, 111, 117, 118, 121, 

124, 125, 133–135, 137, 138, 218
Monosaccharides, 334–336, 341–344, 347, 348, 356, 471, 

532. See also Carbohydrates, methods of 
analysis

MS. See Mass spectrometry (MS)
Multidimensional GC. See Gas chromatography
Mycotoxin residues

methods of analysis
capillary electrophoresis, 576, 584
gas chromatography, 576, 584

Index



645

high-performance liquid chromatography,  
576, 584

immunoassays, 576, 583–584
thin-layer chromatography, 576, 583

occurrence, 582
sampling, 582–583

N
Nanofiltration, 433, 436, 437
National Institute of Standards and Technology (NIST), 

9, 11, 12, 47, 66, 101, 144, 209, 581
Near-infrared spectroscopy. See Infrared spectroscopy, 

near-infrared
Nernst equation, 378, 383, 394, 395, 403
Nessler colorimetric method, proteins, 319, 320, 322–326
Neutralization reactions, 391–392
Newtonian fluids, 516, 517, 523
Niacin, 7, 22, 38, 362, 365, 366, 369
Ninhydrin method, proteins, 220, 422, 611
Nitrites, 240, 326, 505, 576, 591–593
Nitrosamines, 229, 244, 245, 591, 592
Non-Newtonian fluids, 516, 517
Nonprotein-N compounds

amino acids, 317, 319, 320, 326
separation from protein, 317, 319, 320, 325,  

326, 327, 477
Normality, 321, 328, 329, 391, 392, 396, 399–401,  

415, 416, 419
Normal-phase chromatography, 189, 196, 221, 343
Nuclear magnetic resonance (NMR)

applications
fats, 158
ingredients, 152, 159
liquids, 158
magnetic resonance imaging, 159–160
relaxometry, 152, 160
solids, 152, 158
water, 158

instrument, 152–154, 157, 158, 161
principles, 152–157

Nutrient content claims, 36, 37, 41, 42, 310, 373
Nutrient content databases, 36
Nutritional value of proteins. See Protein, nutritional 

quality
Nutrition labeling. See Government, regulations, 

labeling

O
Oils. See Lipids
Oil stability index, 410, 422
Oligosaccharides. See Carbohydrates
On-line analyses, 276
Optical emission spectroscopy, 137, 138, 142, 374
Organic acids, 100, 170, 199, 214, 219, 223, 224, 338, 396, 

397, 401, 418, 457
Ovens. See Moisture, drying methods
Oxidation, lipid, 73, 90, 232, 264, 274, 303, 409, 410, 412, 

413, 415, 418–422, 457, 461, 467, 627
Oxygen bomb, 410, 422
Oxygen demand

biochemical oxygen demand (BOD), 504–506
chemical oxygen demand (COD), 27, 504–506
comparison of methods, 505–506
sampling and handling, 506

P
Packaging material volatiles

residues, 249, 590–591
volatiles, 249

PAGE. See Polyacrylamide gel electrophoresis (PAGE)
Paper chromatography, 188–190, 335
Particle size analysis, 71, 603
Partition chromatography. See Chromatography 

principles
Pathogens, 122, 179, 180, 278, 483, 499, 500
PCR. See Polymerase chain reaction (PCR)
PDCAAS. See Protein digestibility-corrected amino acid 

score (PDCAAS)
Pectin. See Carbohydrates
PER. See Protein efficiency ratio (PER)
Perchlorate, 575, 591
Peroxidase, assay, 482
Peroxide value, 30, 120, 410, 418–422, 426
Pesticide residues

methods of analysis
chromatographic separation and analysis

gas chromatography, 580
high-performance liquid chromatography, 581
thin-layer chromatography, 580

extraction, 577–579
immunoassays, 576, 580
mass spectrometry detection, 581–582
multi-residue methods, 579
screening methods, 580
single-residue methods, 579

regulations
other raw agricultural commodities, 22, 579
shellfish, 29–30
tolerance levels, 26–27, 579

safety, 579
types, 579–580

pH
acid-base equilibria, 392–393
activity coefficient, 394
meter

calibration, 396
electrodes, 395–396
operation, 396

principles, 394–395
Phenolics, methods of analysis

antioxidant capacity assays
hydrogen atom transfer, 462–465
single electron transfer, 465–466

chromatographic methods
GC, 460–461
HPLC, 460

colorimetric assays, 459–460
oxidation of lipids, 466–467

Phenol-sulfuric acid method, 90, 340–341
Photomultiplier tube (PMT), 97, 98, 134, 138, 140, 141, 219
Phototube, 97, 98
Phthalaldehyde method, proteins, 220, 442
Physical methods

color, 546–554
rheology, 513–527
thermal analysis, 530–543

Pigments
carotenoids, 193, 222
chlorophylls, 193, 222
synthetic food dyes, 222

Planck’s constant, 82, 109
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PMT. See Photomultiplier tube (PMT)
Polarimetry, 354, 479
Polyacrylamide gel electrophoresis (PAGE), 437–439, 

441, 496, 497, 501
Polymerase chain reaction (PCR), 479, 576, 586,  

587, 589, 593
Polysaccharides, 198, 199, 201, 202, 217, 224, 225, 334, 

336, 338, 341–351, 356, 418, 435, 458, 563, 567. 
See also Carbohydrates, methods of analysis

Polyunsaturated fatty acids, 409, 411, 423
Potentiometer, 268, 281, 394, 395
Potentiometry, 394. See also Ion-selective  

electrodes; pH
Precipitation titration, mineral determination

Mohr, 377
Volhard, 377–378

Precision, analyses, 10, 46–50, 69
Protein. See Proteins
Protein digestibility-corrected amino acid score 

(PDCAAS), 38, 444–446, 450
Protein efficiency ratio (PER), 38, 327, 444–446, 450
Protein, functional properties

dough formation
Farinograph®, 450
mixograph, 450
RapidViscoAnalyser (RVA), 450

emulsification
applications, 449
emulsion, 447
emulsion stability, 448

foaming
applications, 449
foam stability, 448–449
foam volume, 448

gelation, 449
solubility, 447

applications, 449
Protein needs, 317, 443, 444
Protein, nutritional quality

amino acid composition, 443
amino acid score, 444
digestibility

corrected amino acid score, 445–446
pH-shift, 446–447
true, 445

essential amino acid index (EAAI), 446
estimates of protein needs, 445–446
lysine, availability, 447
protein digestibility-corrected amino acid score, 

445–446
protein efficiency ratio, 38, 446
regulations, 38

Proteins
amino acid analysis, 442–443
amino acids in, 450
classification, 317
content in foods, 317
importance of analysis, 317
methods of analysis

comparison of, 326
copper ion-based methods

bicinchoninic acid, 324–325
biuret, 323–324
Lowry, 324

dye binding
anionic dye, 322–323
Bradford method, 323

infrared, 322
ninhydrin, 442
nitrogen combustion

Dumas (N combustion), 321–322
Kjeldahl, 318–321

non-protein nitrogen, 325–326
o-phthalaldehyde, 442
selection of, 317
ultraviolet absorption methods, 325

quality (see Protein, nutritional quality)
separation (see Protein separation)

Protein, separation
differential solubility characteristics

denaturation, 264
isoelectric precipitation, 263–264
salting out, 263
solvent fractionation, 264

electrophoresis
capillary electrophoresis, 440–442
isoelectric focusing, 439–440
polyacrylamide gel electrophoresis, 437–439

liquid chromatography
affinity, 435
hydrophobic interaction, 435
ion-exchange, 434–435
reversed-phase, 444
size exclusion, 437

size
applications, 437
dialysis, 436
membrane processes

microfilitration, 436
nanofiltration, 436
reverse osmosis, 436
ultrafiltration, 436–437

size-exclusion chromatography, 437
Proximate analysis, 11, 40, 288, 294, 295
Pycnometers, 269–271, 273, 277

Q
Quality assurance, 5, 6, 159, 162, 334, 338, 356, 381, 417, 

426, 530, 618–620
Quality control (QC), 4, 5, 7, 9, 19, 24, 51, 160, 162, 168, 

179, 188, 190, 223, 267, 269, 273, 274, 277, 283, 
292, 295, 302, 308, 310, 317, 319, 322, 326, 327, 
362, 366, 383, 441, 446, 522, 546, 591, 606, 
619–621, 627

Q-value, 56, 57

R
Radioimmunoassay (RIA), 491, 583
Raman spectroscopy

instrumentation, 109, 111, 113, 117, 119–123, 624
principles, 120–121
surface-enhanced Raman scattering, 112

Rancidity
hydrolytic, 417, 418
oxidative, 418, 426

Rapid Visco Analyser (RVA), 450, 484, 624
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Redox reactions, 373
Reducing sugars, 320, 335, 337, 339, 341–342, 447, 459, 481
Reference samples, 10, 90, 99, 623
Refractive index

carbohydrate analysis, 354
fat characterization, 413
total solids analysis, 271

Refractometers
Abbe, 271
refractive index, 271, 354, 413

Relative error, 50, 95
Relaxometry. See Nuclear magnetic resonance
Reliability of analysis. See Data evaluation
Rennet, assay, 484
Replication of analyses, 46, 57
Reporting results. See Data evaluation
Representative samples, 8, 63, 67, 68, 74, 92, 288, 375, 540
Residues. See Contaminants
Resistant starch (RS), 337, 338, 346, 350, 353
Reversed-phase chromatography, 189, 196, 204,  

218, 220, 581
Reverse osmosis (RO), 433, 436, 437
Rheology

basic assumptions, 513
Brookfield viscometer, 521
empirical methods, 513
fluid models

Bingham plastic, 518
Herschel-Bulkley, 517
Newtonian, 517–518
Power law, 518

fluid rheograms, 516–517
fundamentals

fluids
Newtonian, 516
non-Newtonian, 516
rheograms, 516–517

solids
elastic modulus, 515
shear modulus, 515
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