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AC Agar, 607
Accreditation, 10
Acetate differential agar, 607
Acetic acid, 521, 523, 524
Acetic acid dichloran yeast extract agar (ADYS), 607
Acetic acid-producing bacteria, 205
Acetobacter, 518, 569
Acid foods
culture tests, 595-597
processing, 583-584
spoilage, 585, 599
Acidified MRS agar, 203
Acidified products
culture tests, 595-597
processing, 583-584
sausage, 468-469
spoilage, 585, 599
vegetables, 521-529
Acidity
measurement, 654 (See also pH measurements)
titratable, 527, 656
Acidophilic molds, 211
Acid phosphatase, 636
Acid-producing microorganisms
butyric, 205, 523, 527
dairy products, 490-493
equipment, materials, and reagents, 202-203
explanation, 201
general considerations, 201
identification and characterization, 205-206
limitations, 202
procedures for enumeration, 203-205
soft drinks, 571
' Aciduric flat sour sporeformers
background, 239
classification, 239
equipment, materials, and reagents, 241
| interpretation, 243
maintenance of cultures, 243
occurrence, 239-240
precautions and limitations of procedures, 243
procedures, 241-243
sampling, 240
temperature and pH requirements, 240241
Aconitase, 636
Acridine orange stain, 39, 40, 646
Adenylate kinase, 636
Adjustable potentiometers, 652-653
Adsorption-elution-precipitation method, 453
Aerobic plate count (APC)
alternative methods, 65-67
equipment, materials, and reagents, 63-64
explanation, 63
general considerations, 63
impedance, conductance, and capacitance, 106, 107
microbiological specifications, 63
precautions and limitations, 64
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standard procedures, 64-65
Aeromonas
characteristics, 283, 296
characterization and speciation in genus, 286287
ecology, 283
epidemiology, 283-284
equipment, materials, and reagents, 287
handling of samples, 287
interpretations, 288
isolation media, 285-286
procedures, 287-288
Aeromonas caviae, 285
Aeromonas hydrophila, 283-285, 287, 288, 499
Aeromonas salmonicida, 283
Aeromonas shigelloides, 296
Aeromonas sobria, 284, 285
Aeromonas veronii, 285
Aerosol sampling
commercial sources, 31
comparison studies, 33-34
explanation, 30
filters, 32-33
measurement guidelines, 34
Aflatoxigenic molds, 211
Aflatoxins, 439, 441, 561
AGAR-2%, 607
Agar media, 303-304, 602
Agar media minikits, 97
Agar medium for differential enumeration of lactic
streptococci, 607
Agarose buffer, 636
Agarose gels, 150, 416
Agar plates, 48-49, 304
Agricultural Research Service (USDA), 363
Air cleanliness standards, 34
Air-sampling methods
centrifugal samplers, 32
comparison studies, 33-34
electrostatic precipitation, 33
explanation, 30-31
filtration, 32-33
impaction, 31-32
impingement, 33
sedimentation, 31
AKI Medium, 607-608
Alanine dehydrogenase, 636
Alaria, 435436
Alcaligenes, 484
Alcohol dehydrogenase, 636
Aldolase, 636
Alfalfa sprouts, 264-265
ALI broth/agar, 608
Alicyclobacillus, 239, 240, 242, 243, 566
Alicyclobacillus acidocaldarius, 239
Alicyclobacillus acidoterrestris, 239-241, 243
Alicyclobacillus cycloheptanicus, 239
Alimentary toxic aleukia (ATA), 442
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Alkaline peptone water, 636
Alkaline phosphatase, 636
Alpha-naphthol solution, 636
Alternaria, 439, 516, 566
American Public Health Association (APHA), 2
Ammonium acetate buffer, 637
Amoebae, 431-432
Anaerobes
butyric, 585
nonproteolytic, 229-230
proteolytic, 229
putrefactive, 229
thermophilic, 585
Anaerobic colony counts, 61-62
Anaerobic egg yolk agar, 608
Anaerobic glucose fermentation, 315
Anaerobiosis, 6, 47
Anamorph, 220
Andersen’s Pork Pea Agar, 608
Angiostrongylus, 434-435
Animal facilities, 5
Anisakis, 434
Antibiotics, 47
Antibodies, 39
Antibody-based methods
enzyme immunoassay, 90
immunoaffinity chromatography, 91
immunofluorescence, 89-90
immunoimmobilization, 90
immunomagnetic separation, 91
immunoprecipitate detection, 90-91
latex agglutination, 90
overview, 89
Antimicrobial discs, 305
AOAC International, 2, 10, 357, 363, 596
AOAC Official Methods of Analysis, 77, 78, 357
AOAC-RI Performance Tested Methods, 376
A-1 Medium, 607
API, 97-98
API 50 CH biochemical test system, 205
Appearance, 590
APT agar, 204
APT agar /broth, 608
Arcobacter
distribution and epidemiology, 291
general considerations, 292
identification tests, 293-294
introduction, 290-301
media and reagents, 292
procedures, 292-293
species identification, 291-292
Arcobacter butzleri, 290-294
Arcobacter cryaerophilus, 290, 291, 293, 294
Arcobacter nitrofigilis, 291
Arcobacter skirrowii, 290, 291, 294
Arginine glucose slants (AGS), 608
Artesian water, 573
Arthrobacter, 484, 488
Ascorbic acid, 528
Aseptic sampling, 589-590
Aspergillus, 439, 443, 444, 488, 535, 555, 562, 569
Aspergillus flavus, 439, 443-444, 535
Aspergillus flavus and parasiticus agar (AFPA), 608
Aspergillus glaucus, 535
Aspergillus nidulans, 535
Aspergillus niger, 443, 535
Aspergillus nomius, 443
Aspergillus parasiticus, 443-444, 535
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Assay buffer, 637

Association of Official Analytical Chemists International (AOAC). Se

AOAC International
ATB, 98
ATP bioluminescence, 99, 117-118
Autoclaves, 5-6, 606
Automatic pipettors, 606
Automation, 157-158

Bacillus, 223-226, 245, 249, 484, 488, 515, 516, 533, 555, 562
Bacillus acidocaldarius, 241
Bacillus acidoterrestris, 239, 241
Bacillus anthracis, 314
Bacillus cereus, 223
characteristics, 312-313
confectionery products, 555, 556
controls, 313
data interpretation, 315
equipment and supplies, 312
introduction, 311
precautions and limitations, 313
procedure, 313-315
reagents and media, 312-313
salad dressing, 542
spices, 535
taxonomic position, 312
treatment of sample, 312
Bacillus coagulans, 223, 239-243, 245
Bacillus licheniformis, 224, 557
Bacillus macerans, 224, 226
Bacillus mesenterocis, 541
Bacillus petasites, 542
Bacillus polymyxa, 224, 226
Bacillus stearothermophilus, 6, 223, 241, 243, 245, 488, 534
Bacillus subtilis, 224, 226, 541, 555, 556
Bacillus thermoacidurans, 239
Bacillus thuringiensis, 314
Bacillus vulgatus, 542
Bacterial endospores, 38
Bacterial pectate lyases, 195
Bacterial pectin lyases, 195
Bacterial viruses. See Bacteriophages
Bacteriological Analytical Manual (BAM), 334, 361, 363, 367
Bacteriolysins, 118
Bacteriophage-based detection methods
metabolic inhibition assays, 119-121
miscellaneous phage probe applications, 121-122
phage-based ATP bioluminescence, 117-118
phage-based fluorescence, 118-119
phage-based reported genes, 113-117
Bacteriophages
history, 111-112
microbiological applications, 112-113, 122
replication, 112
Bactometer method, 205
Bactometer Microbial Monitoring System, 105
BacTrac, 106
Baird-Parker Agar, 609
Baked goods, 551. See also Cereal / cereal products
Bakery products, 224. See also Cereal /cereal products
Balance, 5, 14, 606
Balantidium coli, 432
Base wash, 637
Basic fuchsin stain, 646
BBL crystal, 98
Beef, 437
Beef Extract V, 609
Beer, 204, 655




Beer agar, 204
Bergey'’s Manual of Systematic Bacteriology, 357-358
Beta distribution, 280
Beta vulgaris, 545
Beverages. See Bottled water; Fruit beverages; Soft drinks
Bile esculin agar, 609
Bile salts, 602
BIND, 376
Binomial distribution, 280
Biochemical and enzymatic methods
agar media minikits, 97
catalase and cytochrome oxidase, 163
chromogenic media, 99
commercial miniaturized diagnostic kits, 96-97
dehydrated media minikits, 97-99
miniaturized microbiological methods, 96
overview, 96
quantitative enzymatic methods, 99-100
Salmonella, 362, 371, 384
Vibrio, 415
Bioluminescence
ATP, 99, 571
luc-based, 115-116
lux-based, 113-115
phage-based ATP, 117-118
Bismuth sulfite (BS) agar, 609
Blenders, 14
Blocking buffer, 637
Blood, 602
Blood agar, 609
Blood agar base, 609
Blood hemolysis reactions, 4748
Botrytis, 516, 566
Bottled water
data interpretation, 575
equipment, media, and reagents, 574
introduction, 573-574
microorganisms, 574
recommended methods, 574-575
Botulinum toxins. See also Clostridium botulinum
canned foods, 323
in clinical specimens, 321-322
identification in foods, 320-321
precautions, 319
Botulism
clinical diagnosis, 318
explanation, 317
mice, 323
prevention, 318
produce, 516
BOX element, 144
Brain heart infusion (BHI) agar/broth, 610
Brettanomyces, 569, 570
Brettanomyces bruxellensis, 555
Brettanomyces naardenensis, 569
Brettanomyces selective media (BSM), 610
Brilliant green bile agar/broth, 610
Brilliant green dye solution, 637
Brilliant green lactose bile broth, 610
Brilliant green sulfa agar, 610
Brix scale, 656657
Bromcresol green agar, 610
Bromcresol green solution, 637
Bromcresol purple carbohydrate broth base with carbohydrates, 610
Bromcresol purple dye solution, 637
Brucella broth, 610
Brucella-FBP agar/broth, 610
Butter, 486487
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Butterfield’s phosphate buffered dilution water, 637
Butyric acid anaerobes, 585

Butyric acid-producing bacteria, 205, 523, 527
Byssochlamys, 219-220, 565

Byssochlamys fulva, 220, 226

Byssochlamys nivea, 220

Cacao products, 655. See also Cereal/cereal products
Calcium, 527
Calibrated loop method, 66
Calibration, 653-654
Calibration curve method, 109
Calomel electrode, 654
CAMP test, 351
Camp test agar, 611
Campy-Bap (Blaser’s agar), 610
Campy-cefex agar, 610-611
Campy line agar, 611
Campylobacter
distribution and epidemiology, 302
general considerations, 302
identification tests, 304-307
interpretation, 307
introduction, 301
meat, 469
media and reagents, 302-303
pathology, 301-302
procedures, 303-304
shellfish, 507
Campylobacter charcoal differential agar (CCDA)-Preston blood-free
medium, 610
Campylobacter cinaedi, 302
Campylobacter coli, 301, 305, 306, 464
Campylobacter cryaerophila, 290-294. See also Arcobacter
Campylobacter fennelliae, 302
Campylobacter fetus, 306
Campylobacter hyointestinalis, 302
Campylobacteriosis, 247
Campylobacter jejuni, 291, 301-307, 464, 476, 507
Campylobacter lari, 301, 305-306
Campylobacter perfringens, 464
Campylobacter pylori, 302
Campylobacter upsaliensis, 302
Candida, 565, 566, 569
Candy. See Confectionery products
Canned foods
botulinum toxin, 319, 323
cause of spoilage tests, 583-596
commercial sterility tests, 578-582
flat sour spores, 240
fruit beverages, 566
meat, 467-468
mesophilic aerobic sporeformers, 224
mesophilic anaerobes, 233
pH ranges, 600
Capacitance
commercial systems, 105-106
explanation, 105
general considerations and precautions, 106-107
result interpretation, 109-110
typical applications, 107-109
Carbohydrate fermentation broth, 611
Carbohydrates, 602
Carbol fuchsin, 646
Carbon dioxide, 528
Cary-Blair transport medium, 611
Casein, 368
Casman and Bennett Method, 398400
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Catalase gel staining reagents, 637
Catalase test, 100, 163, 294, 305, 637
Cefoperazone vancomycin amphotericin B blood agar (CVA), 611-612
Cefsulodin-irgasan-novobiocin (CIN) agar, 612
Cell culture-based assays, 450, 455456
Cell growth medium, 612
Cellobiose-colistin agar (CC), 612
Cellular fatty acid analysis
apparatus, 130
explanation, 127, 130
general instructions, 130-131
library comparison, 131-132
limitations, 131
reagents, 130
similarity index, 132
Cell viability, 39-40
Centers for Disease Control and Prevention (CDC), 357, 363
Centrifugal samplers, 32
Cereal/cereal products
baked goods, 551
breakfast cereal and snack food, 551
cereal grains, 549, 551
doughs, 551
dry mixes, 552
flour, 551
introduction, 549
methods, 552-553
microbiological profile, 550
pasta, 552
soy protein products, 255, 368, 551-552
Cheeses, 488489, 656. See also Dairy products
Chicken. See also Meat; Poultry
Chloride, 527
Chocolate confectionery products, 554-555. See also Confectionery
products -
Chopped liver broth, 612
Christensen’s citrate agar, 612
Christensen’s urea agar, 612
Christie-Atkins-Munch-Peterson (CAMP) test, 351
Chromogenic media, 99
Citrobacter, 361
Clams, 510. See also Molluscan shellfish
Clarification, 454
Claviceps, 439
Clean Rooms and Work Station Requirements, Controlled Environ-
ment Standard, 34
Clostridia, 464
Clostridium, 229-231, 234, 235, 249, 516, 523, 562. See also Mesophilic
anaerobic sporeformers
Clostridium baratii, 318
Clostridium botulinum, 224, 516
canned foods, 583
fermented products, 524
identifying botulinum toxin in clinical specimens, 321-322
identifying botulinum toxin in foods, 320-321
interpreting data, 322-323
introduction, 317-318
precautions and limitations of methods, 319
procedure for identifying viable, 319-320
salad dressing, 542
special equipment and supplies, 318-319
treatment of specimens, 318
type E, 499
Clostridium butyricum, 318
Clostridium nigrificans, 253
Clostridium perfringens
cell numbers, 325
confectionery products, 555
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data interpretation, 329
detection, 326
enumeration, 326
equipment and supplies, 326
food poisoning and enterotoxin formation, 325
introduction, 325
meat, 469
precautions and limitations of methods, 327
procedure, 327-329
recommended controls, 327
salad dressing, 542
sampling, 326
selective differential media, 325-326
special reagents and media, 326
spices, 535
Clostridium tertium, 523
Clostridium thermosaccharolyticum, 249
Clostridium tyrobutyricum, 489
Coagulase plasma containing EDTA, 637
Coagulase test, 391-392
Coccidia, 432
Coconut, 369
Codex Alimentarius Commission, 268, 363, 573, 574
Codex Schematic Framework for Risk Analysis, 269
Colbeck’s egg yolk broth, 612
ColiComplete method, 77
Coliforms
bottled water, 574, 575
eggs and egg products, 476
explanation, 70
fecal, 68-71, 76-79
fruit beverages, 566
meat and poultry, 463
methods for enumeration, 74-76, 79
overview, 68
quality indicators, 79-80
soft drinks, 571
Colletotrichum, 566
Colony counts
computation, 55-57, 61
mesophilic anaerobes, 231-232
Colony-picking technique, 48
Colorimetry, 120
Columbia blood agar base, 612
CO, measurement, 100
Commercial processing, 170
Compression method, 436
Concentration, 454
Conductance
commercial systems, 105-106
explanation, 105
general considerations, 106-107
result interpretation, 109-110
Salmonella, 365, 367, 375-376
typical applications, 107-109
Confectionery products
chocolate, 554-555
data interpretation, 558
introduction, 554
microbial control procedures, 555-556
pathogens, 555
recommended methods, 556
Salmonella, 368
spoilage, 555
sugar, 554
water activity, 554
Confirmatory tests, 313-314
Congo red brain heart infusion agarose (CRBHO), 612
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Containers
leakage, 585
rinse solution method, 27
shipment sample, 13-14
spoilage examination, 586-591
Contamination
air, 219
food, 448
removal, 454-455
sampling procedures, 19-20
Cooked meat medium (CMM), 612
Cooked meat medium with starch and glucose, 612-613
Corn syrup, 656
Corynebacterium, 343, 484
Counting chambers, 40
Crab. See Seafood
Crassostrea gigas, 509
Cream, 241-242
Crown Cork and Seal Company, Inc., 596
Crustaceans. See Seafood
Cryptosporidium, 433
Cryptosporidium parvum, 566
Crystal violet stain, 646
Culture media. See Media
Culture tests
acid or acidified foods, 595-597
low-acid foods, 592-595
Cyclospora, 433
Cyclospora cayetanensis, 257, 516
Cytochrome oxidase, 163
Cytochrome oxidase reagent, 637
Czapek dox iprodione dichloran (CZID), 613
Czapek yeast autolysate (CYA) agar, 613

Dairy products
acid-producing bacteria, 490493
butter, 486487
cheeses, 488489
concentrated milk, 487488
dried milk, 241-242, 254-255, 367-368, 486, 656
examination methods, 34
fermented, 488—490
frozen, 253-255, 487
introduction, 483
pasteurized milk, 484-486
proteolytic microorganisms, 183-185
raw milk, 483484
spoilage lactic acid producers, 204-205

Decarboxylase basal medium with arginine, lysine, or ornithine, 613

Deep agar tube count method, 234
Dehydrated media, 601-602
Dehydrated media minikits, 97-99
Deli meat. See Meat
Demineralized water, 573
| Denaturing solution, 637
| Denhardt’s solution, 637
' Deoxynivalenol, 441
Department of Agriculture (USDA), 357, 431, 483, 561
Desulfotomaculum nigrificans, 253, 254
Detergent residue, 605
Dew point instruments, 651
Dextrose agar/broth, 613
Dextrose tryptase agar, 235
Dextrose tryptase agar/broth, 613
Dey-Engley neutralizing medium, 613
DG18 agar, 210
Diarrheal syndrome, 315
Dichloran chloramphenicol peptone agar (DCPA), 613

Dichloran 18% Glycerol Agar (DG18), 613

Dichloran Rose Bengal Chloramphenicol (DRBC), 613
Dichloran Rose Bengal Yeast Extract Sucrose Agar (DRYES), 613
Differential broth for lactic streptococci, 614

Differential clostridial agar (DCA), 614

Differential isolation methods, 47

Differential staining, 38
Diffusely adherent Escherichia coli (DAEC), 332, 338
Digestion method, 436
Diluents, 14
Dilution bottles, 606
Dilutions, 53-54
Diphyllobothrium, 435
Diplodia, 566
Direct epifluorescent filter technique (DEFT)
to detect fungi, 211-212
explanation, 37, 4142
Direct incubation method, 219
Direct plating, 303
Direct staining, 38
Direct viable count (DVC) assay, 40
Distributions, 280-281
DNA, 145-147
DNA fingerprinting, 264, 294
DNA hybridization
explanation, 93-94
Salmonella, 365, 367, 375
DNA polymerase, 150
DNA probes
lactic acid bacteria, 205
Salmonella, 376
Shigella, 383
Vibrio, 415
DNase Test Agar, 614
Dose-response assessment, 271-272
Double layer method, 178
Doyle and Roman Enrichment Medium, 614
DRBC agar, 210
Dried films, 41
Dried milk, 241-242, 254-255, 367-368, 486, 656
Dried yeast, 368
Drop plate method, 6667
Dry rehydratable film method, 65-66
Dulbecco’s Phosphate-Buffered Saline, 637-638

Eagle’s Minimal Essential Medium (MEME), 614
Earle’s Balanced Salts (ES) Solution, 614
EC broth, 615
ECOR1 Buffer, 638
Eggs/egg products
data interpretation, 478-479
flora changes in spoilage, 474475
general considerations, 474
introduction, 473-474
normal flora, 474
pathogens, 475-476
recommended methods, 476-478
Salmonella, 367, 368, 475-476
sanitation, 476
Egg yolk emulsion 50%, 615
Egg yolk-free tryptose-sulfite cycloserine, 615
Egg yolk reaction, 47
Eh, 603
EHEC Enrichment Broth (EEB), 615
EHEC serotype, 333, 335-336
Electrical impedance, 119
Electric hygrometers, 650-652
Electrodes, 654, 655
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Electrophoresis gels, 94, 197
Electrostatic precipitation, 33
ELISA (enzyme-linked immunosorbent assay), 90, 335, 638
Ellinghausen McCullough Johnson Harris Polysorbate 80 (EMJH-P80),
615
Elution-Precipitation Method, 453
Emetic syndrome, 315
Emulsification, 180
Emulsions, 655
End-point testing, 451
Enrichment broth (M52), 615
Enrichment methods
Campylobacter, 303, 304
Enterobacteriaceae, 74
explanation, 45
laboratory environment, 50
Listeria monocytogenes, 348-349
selective, 46-49
Shigella, 382
Entamoeba histolytica, 431-432
Enteroaggregative Escherichia coli (EAEC), 332, 333, 338
Enterobacter, 516, 562, 566
Enterobacter aerogenes, 71, 535
Enterobacter cloacae, 515
Enterobacteriaceae
definitions, 70-71
detection methods, 74, 362
equipment, materials, and reagents, 73
fermented and acidified products, 526
introduction, 68-70, 331
precautions, 71-73
quality indicators, 79-80
sample preparation, 73-74
separated from Vibrionaceae, 68-70
Enterobacterial repetitive intergenic consensus (ERIC) elements, 144
Enterobius vermicularis, 429
Enterococci
confirmation, 85-36
enumeration, 85
equipment, materials, and reagents, 84
general considerations, 83-84
overview, 83
precautions, 84-85
produce, 518
Enterococcus, 484, 488
Enterohemorrhagic Escherichia coli (EHEC), 332, 338
Enteroinvasive Escherichia coli (EIEC), 332, 333, 338
Enteropathogenic Escherichia coli (EPEC), 332, 333, 337-338
Enterotoxigenic Escherichia coli (ETEC), 331-333, 337
Enterotoxins
Aeromonas, 284-285
Clostridium perfringens, 325-329
Escherichia coli, 331-333, 337
Staphylococcus, 387-388, 392—400
Enterotube II, 97
Enumeration methods
anaerobic or other atmospheres, 61-62
dilution, 53-54
membrane filtration, 61
most probable, 58-61
overview, 53
plating, 54-58
Environmental monitoring, 5
Environmental Protection Agency (EPA)
chloride in water, 522
laboratory personnel, 3
water regulations, 431
Environmental sampling, 25-26
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Enzymatic methods. See Biochemical and enzymatic meth
Enzyme activity, 39
Enzyme immunoassay (EIA)
description, 90
Salmonella, 366-367, 374-375
Vibrio, 415
Eosin methylene blue (EMB) Agar, 615
Epidemic curve, 263
Equilibration, 653
Equipment
preventive maintenance, 6
reliability, 5-6
rinse solution method, 27
samples, 1-2, 26
types, 605-607
Erysipelothrix, 343
Erythrosin stain, 646
Escherichia, 566
Escherichia coli
bottled water, 574
differentiation from Shigella, 384
diffusely adherent, 332
enteroaggregative, 332
enterohemorrhagic, 332
enteroinvasive, 332
enteropathogenic, 332, 333
enterotoxigenic, 331-332
explanation, 71
fermented and acidified products, 524
fruit beverages, 566
gums, 536, 537
hemolytic-uremic syndrome, 257
introduction, 71, 331
isolation of pathogenic, 332-335
meat, 464
methods for enumeration, 76-79
nut meats, 562
overview, 68-70
pathogenicity, 336-338
precautions, 71-73
produce, 516, 518
quality indicators, 79-80
rapid methods, 335-336
risk model, 276
salad dressing, 542
seafood, 499, 511-513
serotyping, 331, 336
spices, 535
virotyping, 331
Escherichia coli broth, 615
“Esculinase” test, 85
Esterase (EST), 638
Ethidium bromide stain, 646
Eugon Agar, 615
Eustrongylides, 434
Exponential distribution, 280
Exposure assessment, 270-271
Extraction solution, 638

40% glucose agar, 623
4-methylumbelliferyl-B-D-glucuronic acid (MUG), 641
Facilities, 4-5
Fat blooms, 555
Fatty acids, 555
Fecal coliforms

definition, 70-71, 80

enumeration methods, 76-79

minimal number, 71




overview, 68
Feces
enterotoxin, 327, 329
identifying botulinum in, 322
Fermentation medium, 615
Fermented products
dairy, 488-490
sausages, 468469
seafood, 502
vegetables, 521-529
fGTC agar, 85
Filter sterilization, 604
Filtration methods, 32-33
Fish. See Seafood
Fish extract medium, 615
Fish protein concentrate (FPC), 502
Flat sour spoilage, 584-585
Flavobacterium, 484
Flour, 655. See also Cereal / cereal products
Fluid thioglycollate medium, 615
Fluorescein diacetate (FDA), 39-40
Tuorescence, 38, 118-119
Fluorescent antibody technique
methods, 39, 40
Salmonella, 365, 366, 373
Fluorescent dyes, 211-212
Food and Drug Administration (FDA)

Bacteriological Analytical Manual, 334, 361, 363, 367

bottled water, 573-575
dairy products, 483-485
inspection programs, 431
laboratory methods, 2, 127
nut meats, 562

' Foodborne illness

analysis, 263-264

Clostridium perfringens, 325
consideration of samples, 258
equipment, materials, and solutions, 258, 261-262
etiologic agents, 447-448
fruit and vegetables, 516
fruit beverages, 566
incidence, 448-449
introduction, 257
investigation, 154, 258
investigative procedures, 262-263
laboratory test guide, 259-261
molecular subtyping techniques, 264-265
purpose of investigation, 257
risk assessment, 267-281
seasonality, 448

loodborne parasites

Alaria, 435436
Angiostrongylus, 434-435
Anisakis, 434

beef, 437
Diphyllobothrium, 435
Eustrongylides, 434

goat meat and lamb, 437
introduction, 429-431
Nanophyetus, 435
Paragonimus, 435

pork, 436-437

ioodborne viruses

animal products, 449

cell culture-based virus assays, 455-456
detection, 449-452

equipment, materials, and reagents, 452
etiologic agents, 447448

food contamination, 448

fruits and vegetables, 449

identification, 456457

incidence, 449-450

processed foods, 449

result interpretation, 457

sample processing procedures, 452455

seasonality, 448

shellfish, 449

virus reservoirs and persistence, 448
Food dressings, 656
Food Laboratory Accreditation Work Group, 50
Food Processors Institute (FPI), 596
Food Safety Inspection Service (FSIS)

meat inspection, 431, 464

Microbiology Laboratory Guidebook, 334-335
Food safety risk assessment. See Risk assessment
Formalinized physiological saline solution, 638
FPA (fluorescent pectolytic agar) medium, 615-616
Fraser secondary enrichment broth, 616
Frozen bulk materials, 21
Frozen foods

dairy, 253255, 487

dough, 551

fruit, 518

fruit beverages, 567

seafood, 497-499

vegetables, 517-518
Fructose solution, 638
Fruit

Alicyclobacillus isolation, 242

ﬂm m wsnofell. W18

erpretation, 518
foodborne viruses, 449
fresh, 515-516
introduction, 515

processed, 516-518
recommended methods, 518

Fruit beverages. See also Soft drinks
Alicyclobacillus isolation, 242
data interpretation, 567
introduction, 565
normal microflora, 565-566
pathogens, 566
recommended methods, 566-567
spoilage, 566

FSIS Microbiology Laboratory Guidebook (MLG), 334-335

Fumarase (FUM), 638

Fumonisins, 441

Fungal pectate lyases, 195

Fungal polygalacturonase, 195

Fungal toxins, 439

Fungi
fluorescent dyes and stains to detect, 211-212
heat-resistant, 219
toxigenic, 439444

Fusarium, 211, 439, 443, 444, 562, 566

Fusarium crookwellense, 443

Fusarium culmorum, 443

Fusarium graminearum, 443

Fusarium moniliforme, 442443

Fusarium proliferatum, 443

Fusarium subglutinans, 443

Gamma distribution, 281
Gas analysis, 588-589
GC-MS analysis, 243
Gelatin, 369

Gelatin agar, 183-184, 616
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Gel electrophoresis, 94, 196
Gel loading dye, 646
Gel loading solution, 638
Gel phosphate buffer, 638
General Services Administration, 596
Genius dig buffers, 638-639
Genotypic methods
advantages and disadvantages, 128-129
explanation, 127
Vibrio parahaemolyticus, 413
Geotrichum, 541
Geotrichum candidum, 4041, 518, 565
Giardia, 432
Giolitti and Cantoni Broth, 616
Glassware
cleaning, 605
quality assurance, 7
Gluconobacter, 518, 569
Glucose dehydrogenase (GDH), 639
Glucose-6-phosphate dehydrogenase (G6P), 639
Glucose utilization, 305
Glutamate dehydrogenase, 639
Glutamic-oxalacetic transaminase (GOT), 639
Glyceraldehyde-phosphate dehydrogenase, 639
Glycine tolerance, 305
GN-Broth, 616
Goat meat, 437. See also Meat
Grains. See Cereal/cereal products
Gram-negative (GN) Broth, 616
Gram stains, 38, 646—647
Green fluorescent protein (GFP), 117
Ground water, 573
Guaiacol, 242-243
Guar gum, 369
Guillain-Barré syndrome, 247, 301
Gums
data interpretation, 537-538
general considerations, 533-534
introduction, 533
methods, 537
normal flora, 534
post-harvest changes, 535
procedures, 536
Gum Tragacanth-Arabic, 616
Gymnothecia, 221

Haemophilus influenza, 343
Halophilic agar broth, 616
Halophilic microorganisms
equipment, materials, and reagents, 187, 189
explanation, 187
extremely halophilic bacteria, 190
moderately halophilic bacteria, 189-190
slightly halophilic bacteria, 189
Halotolerant microorganisms, 190
Ham’s F-10 medium, 616-617
Hank’s Phosphate-Buffered Saline, 639
Hansenula, 569
Hardshell clams, 510. See also Seafood
Hazard Analysis Critical Control Point (HACCP) procedures, 1, 25-26,
276,431, 537, 555
Hazard characterization, 271-272
Hazard identification, 270
H buffer, 639
HC (hemorrhagic colitis) agar, 617
Heart infusion agar/broth, 617
Heat resistance
measurements, 167-172
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preparation and handling of cultures, 169-170
Heat-resistant molds
direct incubation method, 219 '
equipment, materials, and reagents, 217 “
explanation, 217
general considerations, 217 .
interpretation, 219 e
petri dish method, 218
precautions, 219
taxonomy, 219-221
tolerance, 218
Hektoen enteric agar, 617
Hemolytic activity, 314 i
Hemolytic-uremic syndrome, 247
Hemorrhagic colitis agar (HC), 333-334
Hensenula, 541 "
Hepatitis A, 448, 450, 507 i
Hexokinase (HEX), 639 4
HGME. See Hydrophobic grid membrane filter (HGME),
HHD agar, 204
HHD medium, 617 M
Hide powder azure (HPA) assay, 184, 185
High-performance liquid chromatography (HPLC), 12
High temperature short time (HTST) pasteurization,
Hippurate hydrolysis, 305
HL Agar, 617
Hoag-Erickson medium, 617
Homogenates, 22, 54
Homogenization, 157
Horseradish peroxidase (HRP), 639
Hot-air sterilization, 6, 604, 606
Hot dogs, 264. See also Meat
Housekeeping, 5
Howard mold count, 40
H,S indicators, 47
H,S production, 305
Humidity, 4
Hunt broth, 617-618
HYA agar, 618
Hybridization, 93-94
Hybridization solution, 639-640
Hybridization wash buffer, 640
Hydrochloric acid, 640
Hydrogen tests, 589
Hydrophobic grid membrane filter (HGMF)
counting and dilution strategies for quantitativs
disadvantages, 101
equipment, 101
explanation, 66, 76, 100
general procedure for quantitative analysis, 101-102
MUG method, 78
Salmonella, 103, 365, 366, 373 1
sample preparation for quantitative analysis, 101
Vibrio, 412
Hygrometers
electric, 650-651
precautions, 653
temperature requirement, 651-652

Ice cream, 656

Ice nucleation, 116-117

IDEXX SimPlate Coliforms/E. coli test, 78-79
Immersed sealed-tube method, 171-172 8
Immobilised-phage capture assay, 121
Immunoaffinity chromatography, 91 wiE
Immunodiffusion, 365, 366, 373-374 B

Immunofluorescence, 89-90
Immunoimmobilization, 90




Immunomagnetic separation, 91, 108
Immunoprecipitate detection, 90-91
Impaction methods, 31-32
Impedance
commercial systems, 105-106
explanation, 105
general considerations and precautions, 106-107
psychrotrophs, 162-163
result interpretation, 109-110
typical applications, 107-109
Impingement methods, 33
IMVIC tests, 72
Incubation temperature
impudance assay, 106
lipases, 178, 179
psychrotrophs, 162
Incubators, 6
Indole oxidant-accelerated reagent, 640
Indophenol oxidase (IPO), 640
Infant botulism, 317
Inositol Brilliant Green Bile Salts (IBB) Agar, 618
Inositol Gelatin Deeps, 618
International Association of Microbiological Societies (ICMSF), 363
International Commission of Microbiological Specifications for Foods
(ICMSE), 2, 537
International Organization for Standardization (ISO), 364, 533
Iron milk medium, 618
Isocitrate dehydrogenase (IDH), 640
Isoelectric focusing gels, 197
Isolation method, 4649
Isospora, 432

Johnson Murano Agar, 618-619
Johnson Murano Semi-Solid Enrichment Broth, 618

K Agar, 619

Kanagawa test, 412

Kaper’s Medium, 619
Keshan disease, 443
Ketoconazol Agar, 622623
KF streptococcal agar, 83-85
KG agar, 313

Kim-Goepfert Agar, 619
Kinyoun stain, 647
Klebsiella, 516, 566

Kligler Iron Agar, 619

KM Agar, 619

Koser’s Citrate Medium, 619
KOT medium, 204

Kovac’s Reagent, 640

Labeling supplies, 13-14
Lab-Lemco Meat Extract Powder, 619
Laboratory quality assurance
accreditation, 10
equipment and instrumentation, 5-6
facilities, 4-5
general laboratory operations, 2-3
introduction, 1
laboratory glassware and plasticware, 7
management role, 1-2
media and reagents, 7-9
personnel, 3
record keeping, 9-10
Lactate dehydrogenase (LDH), 640
Lactic acid bacteria
beneficial, 204-205
fermented and acidified products, 521, 526

fruit beverages, 565
RiboPrint system, 206
spoilage, 203-204
Lactic acid medium, 619
Lactic agar, 619
Lactic streak agar, 619-620
Lactic streptococci, 491, 607
Lactobacillus, 223, 484, 488, 489, 541, 565, 566, 569
Lactobacillus brevis, 522
Lactobacillus casei, 543
Lactobacillus delbrueckii
Lactobacillus fructivorans, 28, 542, 543
Lactobacillus Heteroferm Screen Broth, 620
Lactobacillus plantarum, 522, 543
Lactobacillus selection agar, 620
Lactococci, 491492
Lactococcus lactis subsp. cremoris, 486
Lactococcus lactis subsp. lactis, 486
Lactose broth, 620
Lactose gelatin medium, 620
Lamb, 437. See also Meat
Laminar flow hoods, 6
Latex agglutination, 90, 391
Lauryl sulfate broth, 620
Lauryl tryptose broth, 620
LB Agar, 620
LBS Oxgall Agar, 620
Leakage, container, 585
Lee’s Agar, 620
L-EMB
E. coli confirmation, 76-77
general limitations, 71-72
LES Endo Agar, 620
Leucine aminopeptidase (LAP), 640
Leucine dehydrogenase (LED), 640
Leuconostoc, 486, 562, 565
Leuconostoc mesenteroides, 522
Levine Eosine Methylene Blue Agar, 620
Lighting, 4
Limulus amebocyte lysate (LAL) assay, 99, 163
Line samples, 21
Lipases
confectionery products, 555
detection, 177
explanation, 175, 176
production, 176
stability, 176-177
Lipid globule stain, 648
Lipolytic microorganisms
enumeration procedures, 178-179
enzymatic lipid hydrolysis, 175-176
fat substrates, 178
food types, 176
lipase detection, 177
lipase production, 176
lipase stability, 176-177
media, 178
precautions, 179-180
reagents, 177-178
Liquefaction, 453
Liquid line samples, 21
Liquid material, 20
Liquid-phase hybridization, 93-94
Listeria
cheese, 489
description and taxonomy, 343-344
detection and confirmation, 345-346
ecology, 344
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fruit beverages, 566
isolation, 45
serology, 352
spices, 535
Listeria Enrichment Broth, 621
Listeria monocytogenes
data interpretation, 353
description and taxonomy of genus, 343-344
disease syndrome, 344
eggs and egg products, 476
enrichment and direct plating methods, 348-350
environmental stress, 345
epidemiology, 344-345
fermented and acidified products, 524
food contamination, 345
fruit beverages, 566
identification from isolation agars, 350-351
isolation, 25, 46-48, 50, 346
meat, 264, 464, 469
media, reagents, and equipment, 346-347
pathogenicity, 353
precautions and limitations of methods, 347-348
produce, 518
rapid detection methods, 351-352
seafood, 499, 507-508, 511, 512
serology, 352
spices, 534
subtyping, 352-353
treatment of sample, 346
Listeria Repair Broth, 621
Listeriosis, 344-345, 566
Litmus Milk, 621
Litmus milk assay, 184, 185
Liver Broth, 621
Liver Broth for Mesophilic Anaerobic Sporeformers, 621
Liver Broth Plus Salt, 621
Liver Veal Agar, 621
Liver Veal Egg Yolk Agar, 621
Lobster. See Seafood
Lognormal distribution, 281
Low-acid foods
canned, 583, 584-585, 592-595
culture tests, 592-595
mesophilic aerobic sporeformers, 224
spoilage causes, 598
Low contamination levels, 19-20
Low temperature long time (LTLT) pasteurization, 170-171
LPM Agar, 621
LPM Agar Plus Esculin and Ferric Iron, 621
luc-based bioluminescence, 115-116
Lugol’s Iodine Solution, 640
Luria Broth, 622
lux-based bioluminescence, 113-115
Lysine Artginine Iron Agar (LAIA), 622
Lysine Decarboxylase Broth, 622
Lysine Iron Agar, 622
Lysozyme Broth, 622
Lysozyme resistance, 315
Lytic phages, 118

MacConkey Agar, 622

MacConkey Glucose Agar, 622
MacFarland Standards, 640
Macrococcus, 488

M 16 Agar, 622

M 17 Agar, 622

Malachite green, 648

Malate dehydrogenase (MDH), 640-641
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Malic enzyme (ME), 641
Malonate Broth, 622
Malonate Broth Modified, 622
Malt Acetic Acid Agar, 622
Malt Extract Agar, 622
Malt Extract Yeast Extract, 623
Malt Extract Yeast Extract Chloramphenicol, 622
Malt Extract Yeast Extract 50% Glucose Agar, 623
Malthus-V, 106
Mannitol-1-phosphate dehydrogenase (MIP), 641
Mannitol Yolk Polymyxin Agar, 623
Mannose phosphate isomerase (MPI), 641
Marinated oil products, 655
M-Broth, 622
MD Medium, 623
Meat
foodborne viruses, 449
introduction, 463
Listeria monocytogenes, 264
parasites, 429, 431, 436437
pathogens, 469
raw, 464466
ready-to-eat, 466—469
recommended methods, 469
Salmonella, 369
Meat extracts, 602
Media
adjusting reaction, 603
alphabetical listing, 607-636
cleaning glassware, 605
components, 602
dehydrated, 601-602
detergent residues, 605
enrichment, 288
errors in preparation, 7
isolation, 285-286
performance and sterility testing, 9
preparation, 602-603
productivity and selectivity testing, 8
quality assurance, 49-50
quality control, 604-605
receipt, 8
redox potential, 603
sterilization and storage, 603—-604
storage, 8
types, 601
water for microbiological applications, 605
Media minikits, 97-99
Membrane filter microscope factor (MFMF), 42
Membrane filtration
analysis of microbial content, 65
basic principles, 61
hydrophobic grid membrane filter, 100-103
osmophilic microorganisms, 191
rinse solutions, 27
soft drinks, 570
Membrane washing solution, 641
M-Endo Medium, 623
Menthyl red indicator for MR test, 641
Mesophilic aerobic sporeformers
classification, 223
equipment, materials, and media, 225
error sources, 224
interpretation, 226
modifications, 226
nature and characteristics, 223
procedures, 225-226
significance in food, 223-224




sources and growth requirements, 223
spoilage, 224
Mesophilic anaerobic sporeformers
equipment, materials, and media, 232
food spoilage, 230-231
general considerations, 231-232
introduction, 229
nonproteolytic anaerobes, 229-230
precautions, 232
procedures, 232-235
proteolytic anaerobes, 229
result interpretation, 235
Metabolic inhibition assays, 119-121
Methylation solution, 641
Methylene blue, 648
MF Endo Broth, 623
M-Green Yeast and Mold Medium, 623
M-HPC Agar, 623
Microaerobic requirements, 304
Microbacterium, 484
Microbicide, 13
Microbiological monitoring
aerosol sampling and measurement guidelines, 34
air-sampling strategies, 30-34
environmental sampling strategies, 25-26
overview, 25
rinse solution method, 27
surface contract methods, 27-30
Micrococcus, 484, 498, 562
Micrococcus varians, 392
MicrolD, 98, 363
Microscope factor (MF), 41
Microscopic methods
canned food, 590-591
fluorescence microscopy, 3840
general procedures, 37
overview, 37
quantitation, 4042
Milk. See also Dairy products
acid-producing bacteria, 490-493
concentrated, 487-488
dried, 241-242, 254-250, 367-368, 486, 656
pasteurized, 484486
proteolytic microorganisms, 183-185
raw, 483484
titratable acidity measurement, 656
Minerals Modified Glutamate Agar, 623
Mineral water, 573
Miniaturized diagnostic kits, 96-97
Miniaturized microbiological methods, 96-97
Minimal Essential Medium with Earle’s Salts, 623
Minimal Essential Medium with Hank’s Salts, 623-624
Minitek, 98
Mixers, 14
Modified Campylobacter Blood-Free Selective Agar, 624
Modified Cellobiose-Polymyxin-Colistin Agar, 624
Modified Duncan Strong Medium, 624
Modified EC Broth, 624
Modified Fecal Coliform Agar, 624
Modified Lactic Agar for Yogurt Bacteria, 625
Modified McBride Agar, 625
Modified MRS agar, 203-204
Modified NBB medium, 204, 625
Modified Nickels and Leesment Agar, 625
Modified Oxford Agar, 625
Modified PA 3679 Agar, 625
Modified Rappaport Broth, 625-626
Modified SA Agar, 626
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Modified Sodium Lactate Agar, 626
Modified Sporulation Medium, 624
Modified Tripticase Soy Broth, 626
Modified V-P Broth, 626
Molds. See also specific molds
confectionery products, 555-558, 562
detection and identification, 211-212, 440
equipment, materials, and reagents, 210
explanation, 209, 439
fruit beverages, 565-566
general considerations, 209-210
heat-resistant, 217-221
interpretation, 211
mycotoxins, 439441
nut meats, 562, 563
precautions, 210
procedures, 210-211
produce, 516
sausages, 468
soft drinks, 569, 570
spices, 535
Molecular biological techniques, 450-452
Molecular typing
advantages and disadvantages, 128-129
cellular fatty acid analysis, 127, 130-132
multilocus enzyme electrophoresis, 132-135
overview, 127
pulsed field gel electrophoresis, 154-156
rapid PCR-based methods, 140-151
restriction fragment length polymorphism fingerprinting, 138-140
ribotyping, 136-138
subtyping techniques, 264-265
Molluscan shellfish. See also Seafood
data interpretation, 511-512
examination, 508-509
international microbiological standards, 512-513
introduction, 507-508
microbiological procedures, 511
rapid methods, 512
sample preparation, 509-511
Monte Carlo analysis, 274-275
Moraxella, 498
Moseley Keeping Quality test, 485
Most probable number (MPN) techniques
Bacillus cereus, 313
basic principles, 58
coliforms, 75
“completed,” 76
EC broth, 76
limitations, 71
LST-MUG, 77
mesophilic anaerobes, 231, 234
procedures, 58-59
table use, 59-61
Motility enrichment, 47
Motility-nitrate medium, 626
Motility test medium, 626
Motility test medium with TTC, 626
Motility tests, 314
MP-5 Medium, 626
MP-7 Medium, 626-627
MRS agar/broth, 627
MRS agar with APT agar overlay, 203
MRS broth-MPN procedure, 204
MRS-S agar, 204
MR-VP broth, 627
MS agar, 627
Mucor, 555, 563
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Mucor species, 211
Multilocus enzyme electrophoresis (MEE)
buffer systems, 641-642
enzymes and foodborne pathogens studies, 134
explanation, 132-133
method used, 133, 135
Multiple replicate sampling, 171-172
Multiple sampling attribute plans, 17
Mussels. See Molluscan shellfish
Mycotoxicosis
confectionery products, 555
explanation, 441-443
Mycotoxins
explanation, 439440
molds, 443444
nut meats, 562
test kits, 442, 443
MYP agar, 313, 315

NaCl tolerance, 305
Nanophyetus, 435
NASA Standards for Clean Rooms and Work Stations for the
Microbially Controlled Environment, 34
National Bureau of Standards (NBS), 5
National Food Processors Association (NFPA), 546, 596
National Food Safety Initiative, 264
National Marine Fisheries Service (NMFS), 429
National Oceanographic and Atmospheric Administration (NOAA),
429,431
National Shellfish Sanitation Program (NSSP), 508, 511
NBT/BCIP color reagent, 642
Neosartorya, 220
Neosartorya fischeri, 220, 565
Nessler’s reagent, 642
Neutralizing Buffer, 627
Nitrate Broth, 627
Nitrate reduction, 305, 315
Nitrate reduction medium, 627
Nitrate reduction reagent, 642
Nonfat dry milk
bacillus coagulans isolation, 241-242
reconstituted, 627
Salmonella, 367-368
sulfide spoilage, 254-255
titratable acidity measurement, 656
Nonproteolytic anaerobes, 229-230
Normal distribution, 281
North Aniline oil-methylene blue stain, 648
Norwalk illness, 448, 450
Novobiocin solution, 642
Nucleic acid-based methods
hybridization, 93-94
overview, 93
polymerase chain reaction, 94-95
Nucleoside phosphorylase (NSP), 642
Nut meats
general considerations, 561-562
introduction, 561
laboratory tests, 562-563
microflora, 562
molds and mycotoxins, 562
pathogens, 562
Nutrient agar, 627
Nutrient agar with manganese, 627
Nutrient broth, 627
Nutrient overlay agar, 627
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Ochratoxin A, 441
Odor, 590
Oligonucleotide probes, 39
0157 monoclonal antibody solution, 642
Osmophilic microorganisms
equipment, materials, and reagents, 191
explanation, 187
general considerations, 190-191
interpretation, 191-192
procedures, 191
Oxford medium, 627-628
Oxidase reagent, 642 i
Oxidase test, 305 i
Oxidation-fermentation medium for campylobacter, 628
Oxidation-fermentation test medium, 628
Oxoid Salmonella latex test, 376
Oxoid Salmonella rapid test, 376
Oxytetracycline glucose yeast extract agar, 628
Opysters, 509. See also Molluscan shellfish
Ozone, 574

Packing, modified-atmosphere, 502-503
Palcam selective agar, 628
Paragonimus, 435
Parasites

foodborne, 429-431, 434-437

list of, 430431

staining eggs, 39

waterborne, 429-434
Park and Sanders Enrichment Broth, 628
Pasta products, 552
Pasteurization

dairy products, 484-486

eggs and egg products, 474

pickle products, 529
Pathogenicity

Escherichia coli, 336-337

Listeria monocytogenes, 353

Vibrio, 412413
Patulin, 566
PCA supplemented with chloramphenicol, 210
PCR. See Polymerase chain reaction (PCR)
PCR buffer without MgCl,, 642
PCR machines, 150
PCR-RFLP, 144
PCR-Ribotyping, 144-145
PCR-SSCP, 144
Pectate lyase, 195, 197
Pectinesterase, 197
Pectin gel method, 66, 76
Pectin lyase, 195
Pectinolytic microorganisms, 194-198
Pectolytic microorganisms, 194-198
Pediococcus cerevisiae, 522
Pe-2 medium, 628-629
Penicillium, 211, 439, 443, 444, 488, 516, 535, 555, 562, 566, 569
Penicillium aurantiogriseum, 444
Penicillium expansum, 443, 518
Penicillium verrusosum, 443, 444
Penicillium viridicatum, 443, 444
Peptidase (PEP), 643
Peptone, 602
Peptone broth, 629
Peptone sorbitol bile broth, 628
Peptone/Tween 80 Diluent (PT), 643
Peptone Tween Salt Diluent (PTS), 643
Peptone water diluent, 643
Peptone yeast extract glucose starch agar, 629




Personnel
equipment maintenance, 6
evaluation, 3
management, 3
safety, 4-5
Petri dish containers, 606
Petri dishes, 218, 219, 606
Petrifilm coliform count plate, 75-76
Petrifilm E. coli count plate, 78
Petrifilm high-sensitivity coliform count plate, 76
Petrifilm methods
aerobic count, 29-30
Enterobacteriaceae, 74
lactic acid bacteria, 205
plate, 65-66, 74-76, 78, 157-158
Petrifilm series 2000 rapid coliform count plate, 76
Phage-based applications, 120-121
Phage-based fluorescence, 118-119
Phage-based reported genes, 113-117
Phage-linked immunosorbent assays (PHALISA), 121-122
Phage nucleic acid, 118-119
Phage probes. See also Bacteriophages
bacterial viruses, 111-113
bacteriophage-based detection methods, 113-122
Phenol red carbohydrate broth, 629
Phenol red dextrose broth, 629
Phenol red sorbitol-mug agar, 629
Phenotypic typing, 127, 128
Phenyl alanine deaminase agar, 629
pH indicators, 47
pH measurements
accuracy, 5
canned food, 591, 600
electrodes, 654
paper, 655-656
precautions and limitations, 654655
samples, 21, 23, 654-655
standardization, 654
pH meter, 606, 654
Phomopsis, 566
Phosphate buffer, 643
Phosphate buffered saline, 643
Phosphoglucomutase (PGM), 643
Phosphoglucose isomerase (PGI), 643
Physiological saline solution 0.85%, 643
Phytone yeast extract (PYE) agar, 629
Phytophthora, 516
PI Agar, 629
Pichia, 541, 569
Pickles. See also Acidified products; Fermented products
fish, 502
vegetable, 523-524, 529
Pipette containers, 606
Pipettes, 606
Plasticware, 7
Plate amplification assays, 122
Plate count agar, 629
Plate count agar with antibiotic, 629
Plating swab rinse solutions, 28
Plating techniques
basic principles of, 54
labor-saving, 157-158
mesophilic anaerobes, 231, 234
precautions and limitations of, 54
procedures for, 54-58
selective, 360-362
Shigella, 382-383
with VRBG agar, 74
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Plesiomonas shigelloides
ecology, 296297
equipment, materials, and solutions, 297
introduction, 296
isolation and identification, 297
procedure, 297-298
seafood, 499
PMP broth, 629
Poisson distribution, 280
Polygalacturonase, 195, 196
Polymerase chain reaction (PCR). See also Rapid PCR-based methods
cholera toxin gene, 410411
explanation, 93
foodborne illness, 258, 265, 450, 457
procedures, 94-95
Shigella, 383-384
Vibrio vulnificus, 416
Polypectate gel medium, 629-630
Polysaccharide precipitant, 643
Pork, 436-437. See also Meat
Pork plasma-fibrinogen overlay agar, 630
Potassium hydroxide solution, 643
Potato dextrose agar, 630
Poultry. See also Meat
introduction, 463
pathogens, 469
raw, 464466
ready-to-eat, 466469
recommended methods, 469
Pour plate method
explanation, 54-57
procedures, 65
psychrotrophs, 162
Preenrichment
considerations, 46
explanation, 45-46
Salmonella, 360, 367-369
Pre-hybridization/hybridization buffer, 643-644
Preservative-resistant yeast, 211, 570
Preservative resistant yeast medium, 630
Probes, 39
Processed food
foodborne viruses, 449
fruit and vegetables, 516-518
insufficient processing, 584
Process inactivation, 451
Processing equipment systems, 27
Produce. See Fruit; Vegetables
Propionibacteria, 493
Protein A peroxidase conjugate, 644
Proteinase K solution, 644
Proteolytic anaerobes, 229
Proteolytic microorganisms
equipment, materials, and reagents, 184
explanation, 183
gelatin agar, 183-184
hide power azure assay, 184, 185
interpretation, 185
litmus milk assay, 184, 185
precautions, 185
skim milk agar, 183, 184
soft agar gelatin overlay method, 184-185
standard methods caseinate agar method, 184
thin-layer enzyme assay, 184, 185
trinitrobenzenesulfonic acid method, 184, 185
Proteose extract agar, 630
Proteus, 361
Protozoan cysts, 39
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Providencia, 361
Pseudomonas, 484, 497, 498, 515, 516, 562
Psychrotrophic microorganisms
enumerate methods, 160-162
enumeration precautions, 162-164
enumeration procedures, 162
equipment, media, materials, and reagents, 162
food spoilage, 159-160, 463
growth, 159
overview, 159-160
rapid detection, 162-163
sample preparation, 162
Psychrotrophic plate counts, 108
Psychrophiles
explanation, 159
food spoilage, 159
growth, 159
Pulsed field gel electrophoresis (PFGE)
E. coli, 154-156
foodborne outbreak investigation, 154, 258, 264
introduction, 154
protocol choice, 154
PulseNet, 264
Purified water, 573
Purple carbohydrate broth, 630
Putrefactive anaerobes, 229
Pyrazinamidase agar, 630
PYR test, 85

Quality assurance. See Laboratory quality assurance
Quality control, 604-605

Quantitative enzymatic methods, 99-100
Questionnaires, 258, 261

R2A agar, 631
RABIT for Windows, 105-106
Random amplified polymorphic DNA (RAPD), 140-141
Rapid confirmatory tests, 314
Rapid detection methods
Listeria monocytogenes, 351-352
psychrotrophs, 162-163
Salmonella, 362-363, 366-367, 372-373
RapID One System, 98-99
Rapid PCR-based methods
BOX, 144
controls, 145
explanation, 140
genomic DNA preparation, 145-147
notes, 149-151
PCR-RFLP, 144
PCR-Ribotyping, 144-145
PCR-SSCP, 144

preparation, amplification, detection, and analysis of PCR, 147-149

random amplified polymorphic DNA, 140-141
REP and ERIC, 141, 144
whole cell preparations and crude lysates, 147
Rappaport-Vassiliadis medium, 630-631
Raw milk, 483484
Reagents
alphabetical listing, 636-646
errors in preparation, 7
performance and sterility testing, 9
productivity /selectivity testing, 8-9
receipt, 8
samples, 1-2
storage, 8
Record keeping, 9-10
Redigel ColiChrome method, 78

Redox potential (Eh), 603
Refrigerators, 6, 606
Reiser, Conaway, and Bergdoll Method, 397-398
Reiter’s Syndrome, 301-302
Repetitive extragenic palindromic (REP) elements, 141
Restriction fragment length polymorphism fingerprinting (RFLP),
138-140
Reveal Bio-Plate, 78-79
Reversed passive latex agglutination (RPLA) method, 325
Rhizoid growth, 314
Rhizopus, 555, 563
Rhodotorula, 565, 569
RiboPrint system, 206
Ribotyping
automated, 137-138
data processing, 137
DNA digestion and electrophoresis, 137
electrophoretic transfer, denaturation, and UV
cross-linking, 137
explanation, 136
hybridization and detection, 135
lysis of bacteria and DNA extraction, 137
reagent preparation, 136
Rinse solution method, 27
Risk assessment
applications, 276
approaches, 268-270
background, 267
exposure assessment, 270-271
function, 267-268
hazard characterization and dose-response assessment, 271-272
hazard identification, 270
mathematical approaches, 272-274, 280, 281
Monte Carlo analysis, 274-275
preliminary considerations, 270
risk characterization, 272
summary, 276277
terminology, 268
uncertainty and variability, 275-276
Risk characterization, 272
RMW broth/agar, 631
RODAC plate method, 6, 29
Rogosa SL broth/agar, 631
Rope spores, 224-226
Ropy bread spoilage, 224
RYU flagella stain, 648

6-phosphogluconate dehydrogenase (6PG), 643
SA Agar, 631
Sabouraud dextrose agar, 631
Saccharomyces, 541, 542, 565
Saccharomyces bailii, 28, 542
Saccharomyces globiformis, 542
Saccharum officinarum, 545
Salad dressings
data interpretation, 543-544
equipment, materials, and solutions, 542-543
flora change in spoilage, 541-542
general considerations, 541
human disease microorganisms, 542
introduction, 541
microbial indicators of poor sanitation, 542
normal flora, 541
recommended methods, 543
Saline solution, 644
Salmonella
AOAC-RI performance tested methods, 376
association, agency, and international methods, 363-364
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biochemical and serological reactions, 358
biochemical media, 362
cheese, 489
confectionery products, 555, 556
dairy products, 486
data interpretation, 372
dry food processing, 26
eggs and egg products, 475479
equipment and supplies, 364-365
fermented and acidified products, 524, 526
gums, 537
hydrophobic grid membrane filter (HGME), 103, 365, 366, 373
high-performance liquid chromatography, 121
identification, 362, 370-372
introduction, 357
isolation, 4547, 50, 357-358, 369-370
meat, 464, 469
nut meats, 561, 562
other methods, 376
precautions and limitations of methods, 365-367
preenrichment, 360, 367-369
produce, 518
rapid cultural methods, 362-363
rapid screening tests, 372-375
risk assessment, 276
salad dressing, 542
sampling, 358-360, 364, 365
selective enrichment, 360
selective plating media, 360-362
shellfish, 499, 511, 512
spices, 535, 536
Salmonella abettatube, 50
Salmonella anatum, 562
Salmonella enteritidis, 475-476
Salmonella senftenberg, 562
Salmonella Shigella agar, 631
Salmonella typhi, 507, 566
Salmonella typhimurium, 46-47, 534, 562, 566
Salmonellosis, 357
Samples
criteria for acceptance, 2
equipment, materials, and reagents, 13-14, 27
general considerations, 13
handling, 2
measurement, 653
precautions, 14
preparation, 655
Sampling plans
definitions, 14-16
explanation, 14, 16
multiple attribute, 17
summary, 20
three-class attribute, 17-18
variables, 19, 20
Sampling procedures
aseptic, 589-590
bulk liquid materials, 20
bulk solids or semisolids, 20
Campylobacter, 303-304
environmental, 25-26
finished products, 20
frozen bulk materials, 21
homogenates preparation, 22
line samples, 21
low contamination levels, 19-20
pH determinations, 23
single, 1617
storage and shipment, 21-22
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surfaces, equipment and physical plant, 26
swab contact methods, 28
water activity testing, 21, 23
Sanitary and Phytosanitary Agreement (World Trade Organization),
276
Sanitary survey, 451
Saponification solution, 644
Saturated salts, 652
Sausages, 468469
Seafood. See also Molluscan shellfish
breaded and prepared, 500-501
contamination, 448
cooked crustaceans, 499-500
fermented, 502
fresh and frozen, 497-499
halophilic bacteria, 189
introduction, 497
methods, 503
minced flesh, surimi, and seafood analogs, 501-502
modified-atmosphere packaging and storage, 502-503
modified MacConkey procedure, 76
Norwalk illness, 448
parasites, 434435
result interpretation, 503
Vibrio, 405407, 411, 415
viruses, 449, 452, 454
Sea water agar, 631
Sedimentation methods, 31
Selective enrichment
Campylobacter, 304
introduction, 4649
Salmonella, 360
Selectivity testing, 49-50
Selenite cystine broth, 631
Semisolid agar microslide method, 393-397
Semisolid Brucella-FBP Medium, 631
Semisolid Brucella Medium, 631
Semisolid materials, 20
Sensor contamination, 653—654
Serological tests
Enterococcus, 85-86
Listeria, 352
Salmonella, 358, 362, 370-371
Shigella, 383, 384
Vibrio, 412
SE wash solution, 644
SFP agar with egg yolk, 631
Shelf-life, 108
Shellfish. See Molluscan shellfish; Seafood
Shigella
differentiation from E. coli, 384
in foods, 381-382
introduction, 381
precautions, 384-385
procedures, 382-384
produce, 518
seafood, 499
Shigella broth, 631
Shigella dysenteriae, 296, 381
Shigella flexneri, 296, 542
Shigella sonnei, 296
Shipment, samples, 21-22
Shrimp. See Seafood
Sieve samplers, 32
Simmons citrate agar, 631
SimPlate, 67, 158
Single layer plating method, 178
Single sampling attribute plans, 16-17
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Skim milk agar, 183, 184, 631

Slit samplers, 32

Snow Mountain virus, 450

Sodium carbonate, 644

Sodium chloride, 644

Sodium hydroxide, 644

Sodium lactate agar, 631

Soft agar gelatin overlay, 184-185, 631

Soft drinks. See also Fruit beverages
data interpretation, 571
introduction, 569
microbiology, 569-570
recommended methods, 570-571
sanitation, 570

Solid line samples, 21

Solid materials, 20

Solid-phase hybridization, 93

Sorbitol-MacConkey agar, 333, 631

Soy protein products
factors affecting bioload, 551-552
Salmonella, 368
sulfide spoilage, 255

Sparkling bottled water, 573

Special purpose samples, 21

Special structural stains, 38-39

Spicer-Edwards EN Complex Antibody Solution, 644

Spices
data interpretation, 537-538
general considerations, 534
introduction, 533
methods, 537
normal flora, 534-535
post-harvest changes, 535-536
procedures, 536-537
Salmonella, 368

Spiral plate method, 66

Spoilage
canned foods, 583-600
lactic acid bacteria, 203-205
mesophilic aerobic sporeformers, 224
mesophilic anaerobic sporeformers, 230-231
psychrotrophic microorganisms, 159-160
thermophilic, 584-585

Sponge contact method, 28-29

Sporeformers
aciduric flat sour, 239-243
canned foods, 584, 585
frozen dairy products, 253-255
mesophilic aerobic, 223-226
mesophilic anaerobic, 229-235
sulfide spoilage, 253-255
thermophilic anaerobic, 249-251
thermophilic flat sour, 246248

Spores, rope, 224-226

Spore stain, 648

Sporolactobacillus, 223

Sporolactobacillus inulinus, 223

Sporovibrio, 253

Spread plate method
explanation, 57-58, 65
psychrotrophs, 162

Spring water, 573

Sprouts (vegetable), 516

SS Agar, 631

SSC/SDS, 644

SS-Deoxycholate agar, 632

Stabilizer solution, 644

ST agar, 632
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Stains 0
to detect fungi, 211-212 o1
differential, 38 -
direct, 38 ‘
gram, 38 o
special structural, 38-39
types, 646648

Standard curve, 652 s

Standard methods agar, 632

Standard methods caseinate agar, 184, 632

Standard Methods for the Examination of Dairy Products (SI

5,8,34

Standard Procedures for the Microbiological Examination of Sp

Hardware, 34 [

Standard reference samplers, 34

Standard saline citrate (SSC) solution, 644

Staphylococcal enterotoxins
examination, 393-397
in foods, 397—400
general considerations, 392-393
introduction, 387-388

Staphylococcus
dairy products, 486, 487, 489
salad dressing, 542

Staphylococcus aureus
confectionery products, 555
equipment, reagents, and media, 390
introduction, 387-388
isolation, 388-389
meat, 464, 469
precautions and limitations of methods, 389-390
procedures, 390-392
salad dressing, 542
seafood, 499
spices, 534

Staphylococcus epidermidis, 292, 387

Staphylococcus hyicus, 389

Staphylococcus intermedius, 387, 389

Starches
data interpretation, 547
general considerations, 545-546
introduction, 545
normal and indicator flora, 546
pathogens, 547
recommended methods, 547
spoilage organisms, 546-547

Steam sterilization, 604

Sterile water, 573

Sterility testing
glassware and plasticware, 7
media and reagents, 9, 49
results, 109-110
ultra-high temperature products, 109

Sterilization
filter, 604
hot-air, 6, 604
procedure, 603-604
steam, 604

Storage, 21-22, 603-604

Storage areas, 4

Storage buffer, 644

Storage materials, 38-39

Streaking technique, 48

Streptococcus, 484, 488, 562

Streptococcus faecalis, 518, 522, 534

Streptococcus thermophilus, 489, 492

Streptococcus viridans, 542

Sublethal injury, 107




Subtyping
Campylobacter, 306
Listeria monocytogenes, 352-353
molecular, 264-265

Sugar blooms, 555

Sugar confectionery products, 554. See also Confectionery products

Sulfide spoilage sporeformers
equipment, materials, and reagents, 254
general considerations, 253-254
interpretation, 255
introduction, 253
procedure, 254-255

Sulfite agar, 632

Sulfobacillus, 566

Surface contact methods, 27-28

Surface plate method
explanation, 57-58, 65
Staphylococcus aureus, 391

Surface rinse technique, 303

Surimi, 501

Suspect products testing, 451-452

Swab contact method, 27-28

Swab sample technique, 303

Sweeteners
data interpretation, 547
general considerations, 545-546
introduction, 545
normal and indicator flora, 546
pathogens, 547
recommended methods, 547
spoilage organisms, 546-547

Synthetic sea water, 632

Taenia saginata, 437

Taenia solium, 437

Tag DNA polymerase, 150

Talaromyces, 220221

Tartaric acid solution, 644

TBE buffer, 644

TE buffer, 644-645

TECRA Unique Salmonella Screening Test, 376
Teleomorph, 220

Tellurite-Cefixime Sorbitol MacConkey Agar (TC-SMAC), 333-334, 632

Temperature, laboratory, 4
Temperature abuse, 108-109
Temperature control, 49
Tergitol 7 agar, 632
Tergitol anionic 7, 645
Tetrathionate broth, 632
Thermal processing, 556
Thermoacidurans Agar, 632
Thermodurics, 167-172
Thermometers
accuracy, 5,13
use, 606-607
Thermophilic anaerobe, 585
Thermophilic anaerobic sporeformers
equipment, materials, and solutions, 249
general considerations, 249
interpretation, 251
introduction, 249
precautions, 250
procedures, 250-251
Thermophilic flat sour sporeformers
equipment, materials, and reagents, 246
general considerations, 245-246
introduction, 247
precautions, 246

procedure, 246247
result interpretation, 247-248
Thermophilic spoilage, 584-585
Thin-layer enzyme assay, 184, 185
Thin-layer enzyme assay plate, 632
Thioglycollate agar, 632
Thiosulfate citrate bile salts sucrose agar, 632
Three-class attribute plans, 17-18
Threonine dehydrogenase (THD), 645
Titratable acidity, 527, 656
TMAO, 305
T N, agar/broth, 632
Toluidine blue agar, 632
Toluidine blue DNA agar, 632-633
Tomatoes, 239-241, 243
Tomato liver broth, 633
Torula, 488
Torulopsis, 565, 566, 569
Torulopsis etchellsii, 555
Toxicity testing, 7
Toxigenic fungi
equipment, materials, and reagents, 444
explanation, 439
fruit beverages, 566
media and procedures, 444
precautions, 444
Toxin neutralization tests, 321
Toxoplasma, 436
Toxoplasma gondii, 431, 436
Triangular distribution, 281
Trichinella spiralis, 431, 436
Trichothecenes, 441
Trichuris trichiura, 429
Tricothecium, 555
Trimethylamine N-oxide medium, 633
Trinitrobenzenesulfonic acid (TNBS) method, 184, 185
Triphenyltetrazolium chloride (TTC), 645
Triple sugar iron agar, 633
Tris buffered saline (TBS), 645
Tris buffer 1.0 M, 645
Tris EDTA, 645
Triton X-100, 645
Trypsin stock solution, 645
Trypticase peptone agar, 235, 633
Trypticase peptone glucose yeast extract broth, 633
Trypticase soy agar/broth, 633
Trypticase soy agar plus 3% NACL, 633
Trypticase soy agar-yeast extract, 633
Trypticase soy broth-yeast extract, 633
Trypticase soy polymyxin broth, 633
Trypticase-soy-sheep blood agar, 633634
Trypticase-soy-tryptose broth, 634
Tryptic soy agar/broth, 634
Tryptic soy agar-magnesium sulfate-NACL, 634
Tryptic soy-fast green agar, 634
Tryptone bile agar, 634
Tryptone broth, 634
Tryptone glucose extract agar, 634
Tryptone glucose yeast agar, 634
Tryptone glucose yeast extract acetic acid agar, 634
Tryptone-glucose-yeast extract agar, 634
Tryptone phosphate broth, 634
Tryptophan broth, 634
Tryptose agar, 634
Tryptose cycloserine dextrose, 235
Tryptose cycloserine dextrose agar, 634
Tryptose-sulfite cycloserine agar, 634635
TSAYE plate, 350, 351
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TSI cultures, 370

TTNE buffer, 645

Tubed media, 48-49
Turbidimetry, 119-120
Turkey X Disease, 439
Tyrosine decomposition, 315

Ultra-high temperature products, 109
Uniform distribution, 281

Universal beer agar, 204, 634-635
Urea broth, 634-635

UVM broth, 634-635

Vacuum measurement, 588-589
Variables sample plans, 19
Vaspar, 645
Veal infusion agar and broth, 634-635
Vegetables
data interpretation, 518
fermented and acidified, 521-529
foodborne viruses, 449
fresh, 515-516
introduction, 515
processed, 516-518
recommended methods, 518
Ventilation, 4
Verticillium, 555
Vibrio, 296
distribution and sources of contamination, 406
equipment, materials, and reagents, 408-409
general considerations, 407—408
interpretation, 416
introduction, 405-406
isolation methods, 406407
precautions, 409
procedures, 409416
shellfish, 507, 511
Vibrio alginolyticus, 405, 406, 507
Vibrio cholerae, 405-407, 409-411, 416, 498, 507, 512
Vibrio damsela, 507
Vibrio fluvialis, 405, 406, 507
Vibrio furnissii, 405, 406
Vibrio hollisae, 405, 406, 507
Vibrio metschnikovii, 405, 406
Vibrio mimicus, 405, 416, 507
Vibrionaceae, 283, 286, 297. See also Aeromonas
Vibrio parahaemolyticus, 405-407, 411-415, 497, 498, 507, 512
Vibrio parahaemolyticus sucrose agar, 635
Vibriostatic agent O/129, 645
Vibrio vulnificus, 405407, 415-416, 498, 507
Vibrio vulnificus agar, 635
Violet red bile agar, 635
Violet red bile agar-glucose, 635
Violet red bile agar-mug, 635
Viruses. See also Bacteriophages
foodborne, 447-457
molecular subtyping techniques, 265
PCR to detect, 95
Voges-Proskauer Test Reagents, 645
VP tests, 315
Vracko-Sherris Indole Reagent, 645-646
VRBA /MUG method, 77-78
VRBG, 74, 75

Wagatsuma agar, 635
Wang's transport/storage medium, 635-636
Wash solutions, 646

Water
artesian, 573
bottled, 573-576
laboratory-grade, 4
microbiological applications, 605
sample preparation, 655

Water activity
calibration, 652-653
confectionery products, 555
equipment, 650652
measurement, 649-650
precautions and limitations, 653-654
samples, 21, 23
selective media, 47

Water baths, 6, 607

Waterborne parasites
amoebae, 431432
Balantidium coli, 432
Cryptosporidium, 433
Cyclospora, 433
Giardia, 432
introduction, 429-431
Isospora, 432

Well water, 573

Wine, 655, 656

World Health Organization, 364

World Trade Organization (WTO), 276

Xanthomonas, 562
Xerophilic fungi, 211
Xylose-lysine-desoxycholate agar (XLD), 636

Yeast extract agar, 235, 636
Yeast extracts, 602
Yeasts
confectionery products, 555-558
detection and identification, 211-212
equipment, materials, and reagents, 210
explanation, 209
fermented and acidified products, 522, 525-526
fruit beverages, 565, 566
general considerations, 209-210
interpretation, 211
nut meats, 563
osmophilic, 187, 190
precautions, 210
procedures, 210-211
salad dressings, 542
sausages, 468
soft drinks, 569, 570
sweeteners, 546
Yersinia
analysis in foods, 422426
identification tests, 426
introduction, 421-422
Yersinia agar, 636
Yersinia enterocolitica, 421-425, 476, 499
Yersinia pseudotuberculosis, 422, 426
Yogurt, 489-490, 492

Zearalenone, 441

Ziehl-Neelsen’s Carbol Fuchsin Stain, 648
Zygosaccharomyces, 541, 543, 569, 570
Zygosaccharomyces bailii, 569
Zygosaccharomyces rouxii, 555

Zymomonas, 518
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