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PREFACE

THIS book provides comprehensive coverage of the modern poultry process-
ing industry for people currently working in the field and students or new-
comers wishing to learn about this rapidly developing industry. The book cov-
ers all areas of modern further processing, starting with catching and hauling
poultry, the operation of a primary processing plant, inspection, grading, meat
processing (including chapters on equipment, formulations, preservation, and
breaded products), poultry meat microbiology, sanitation, HACCP (including
a detailed description of new guidelines for raw, cooked and breaded prod-
ucts), reviews of poultry meat color (including a trouble shooting guide), fla-
vor, sensory, functional properties and by-products. In addition, there is a
chapter on basic avian anatomy and muscle biology, to assist the reader in un-
derstanding the fundamental aspects of meat quality and processing.

The goal of this book is to provide a thorough review of the world poul-
try industry today. Coverage includes the major poultry meat producing
species, chicken and turkey, and also duck, geese, pigeon and ratite meat.
There are numerous cross-references and a list of additional reading at the end
of each chapter. New trends, such as machine vision for automated grading,
are discussed in order to help the reader understand the basis for past and fu-
ture development.

It is hoped that this book will provide a valuable resource for personnel
working in the dynamic area of further processing, including management,
quality control, and sanitation personnel, food technologists, meat specialists,
ingredient and equipment suppliers, as well as students and others new to the
field.

1 would like to thank a number of individuals who assisted me during the
process of writing the book. First, to my friend and colleague, Howard Swat-
land, for his continuous support and encouragement to write the book. I would
also like to thank the people who reviewed parts of the book and provided
valuable comments: Larry Binning, Wayne Brightwell, Valerie Davidson, lan
Duncan, Chris Findlay, Carolyn Hamilton, Ed Halford, Chris Haworth, Theo
Hoen, Walter Knecht, Mohan Raj, Robert Rust, John Summers, Uwe Thode,
Bethany Uttaro, and Diane Wood.
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Xii PREFACE

I would like to make special mention of Kim Rawson whose continuous
help in entering data, illustrations, revisions, and editing has contributed so
much to the production of the book. I would like to thank Alex Galvez for
providing the front cover artwork, Ori and Gal Barbut for illustration work
and the editors at the Technomic Publishing Company for their support and
guidance.

Overall, the development of the poultry processing area has been a team
effort involving many talented individuals. It would be impossible to mention
them all here, but one of them is my former advisor at the University of Wis-
consin, the late Arthur J. Maurer, whose enthusiasm and guidance were in-
valuable to the development of my career.

If you have any comments/suggestions, I would appreciate hearing trom
you. You can contact me at my home page—http://surf.to/poultry.

CHAPTER 1

Poultry Meat Processing and
Product Technology

INTRODUCTION

POULTRY meat is consumed all around the world and, over the last few
decades, has increased in popularity in many countries. Among the reasons
for this increased consumption are the relatively low costs of production, the
rapid growth rate of poultry, the high nutritional value of the meat and the in-
troduction of many new further processed products. Overall, the poultry in-
dustry has changed dramatically over the past 50 years. In the early 1900s,
most poultry in the western world was produced in small flocks mainly
to supply eggs to support small farm units, and the eggs and live birds’ by-
product of the egg enterprise were sold live in local markets. Today, the poultry
industry is highly integrated and managed by a number of large corporations.
Computers are used to formulate diets (e.g., least cost feed formulations),
forecast market trends, control meat processing equipment, and lately, also to
operate machine vision used for automatic inspection and grading. The Inter-
net and E-commerce are starting to play a major role in marketing. For ex-
ample, in the summer of 2000, some of the major North American meat
processors created on-line business-to-business marketing for poultry meat.
In the early 1900s, the same chicken breed was used for both meat and egg
production, with little or no selection. Over the years, the poultry industry has
grown and specialized in meat production and egg production breeds, as will
be discussed later in this chapter. In addition, farmers have started to special-
ize in certain aspects of raising poultry and, today, it is common to find op-
erations specializing in only one phase of the growing stage (e.g., breeding,
hatching or meat production). Modern growing operations are usually fairly
large and house a few hundred thousand to a few million birds at one loca-
tion. Such operations require precise management control and must run effi-
ciently in order to be profitable. Vertical integration of poultry operations has
been another major change in the structure of the poultry industry. Such an
integration usually starts with the hatchery, moves through to the growing op-
eration, which includes the feed mill, and moves to the processing plant. This
helps to streamline the operation and makes production more cost effective

1




acetic acid, 349, 470472

acetylcholine, 51, 364

actin, 37, 40, 4246, 251, 254, 261,
277, 278, 284, 293, 494

actomyosin, 57, 277, 278, 280

adenosine triphosphate (ATP), 41,
59, 203, 261, 335, 337, 338

airsacculitis, 133, 134

air chilling, see chilling

alginate, 265

allergic reaction(s), 309, 404, 410,
417, 418, 421425

Allo-Kramer shear, 480, 484, 485

aluminum, 192, 198, 406

amino acid(s), 176, 218, 219, 324,
357, 458, 459, 495496

animal welfare, see welfare

antibiotics, 183, 205, 319, 321, 326,
330, 340

. residue, 403, 406, 413, 417, 419,
421

antimicrobial treatments, see
washing

antioxidants, 167, 192, 201, 203,
207, 262, 456, 523

argon (stunning), 56, 84, 86,
114-117, 121-125

see also stunning

aroma, 204, 458-460, 473, 479

ascites, 395

ascorbate, 203, 256, 257, 265

atmosphere (modified), see
packaging

bacon (turkey), see poultry products

bacterial contamination, see cross
coentamination
bacteriocin, 205
breast, 62, 66, 69, 78, 84, 113
histology, 78, 79
leg, 62, 69, 78
barn, 61, 65, 66, 68
battering, 175-176, 237, 253,
295-301, 312-314, 413416,
418420, 473
biological oxygen demand (BOD),
515, 526, 530, 532, 533
bioluminescence, 335, 337-338
bird washer, see washing
bleeding
blood loss, 56, 87, 126, 171
inspection, 148, 342, 381, 386
methods, 85-86, 90, 110,
113-114, 125-126
See also carotid, jugular, stunning
blood
by products, 516
See also hemoglobin, hemorrhage
bologna, see poultry products
bone
broken, 112, 115, 141, 144, 146,
149, 407, 447
by products, 515, 520, 521, 524
darkening, 192, 453
marrow, 53, 167, 453
skeleton, 55
structure, 53, 54
breading, 237, 253, 301-307,
312-314, 413416, 418-420,
473
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538 INDEX

breast muscle
blisters, 447
color, 445, 446, 449, 451
cuts, 157, 159, 165
pH, 117
See also muscle, poultry products
broiler(s), see chicken, composition,
poultry products
bruising, 133, 139-150, 447
back, 78, 84
wing, 62, 69, 78, 113
See also hemorrhage
butylated hydroxyanisole (BHA),
201, 207, 262
butylated hydroxytoluene (BHT),
201, 207, 262
by products, 515-526
fat, 171, 524
fertilizer, 524
See also feather meal, rendering

cage(s), see crate
calcium, 46, 53-54, 58, 167, 168,
175, 498, 507
caloric value, see nutritional value
Campylobacter spp.
characteristics, 361-362
incidents, 316, 339, 358, 359
processing (during), 346, 386,
391
products (in), 402, 415
Canadian Food Inspection Agency
(CFIA), 155, 156, 384-386,
391, 393, 399402, 407, 412,
414, 415, 420, 426
canning, 182, 194-198, 208, 215,
268, 365
capillary force, 502, 504
capon, 151, 153
carbon dioxide (CO;,)
live bird, 55, 74
cooling, 169
packaging, 216-218, 328-329,
384, 389, 390
stunning, 56, 84, 85, 114-117,
121-125
See also stunning (gas)

cardiac arrest, 112, 121, 126
carotenoids, 433, 434, 439
carotid artery, 86, 90, 125
carrageenan, 251, 264, 270, 401,
494
cartilage, 52, 54
casings, 218, 251-253, 263-267
catching (poultry), 61-69, 341,
447
cost 70
manual, 62-65, 69-70
mechanical, 65-70
category scaling, 474, 485
cellophane, 247
chemical oxygen demand, 527
chewiness (texture), 480, 489, 490,
491
chicken
classification, 5, 150-153
structure, 32
See also muscle, poultry products
chilling
air, 103, 349-355, 461, 515
equipment, 103-106
HACCP model, 381, 385,
388-390, 397, 398, 409
moisture pickup, 104, 105
spray, 103
water, 103, 345-346, 349-356,
461, 473, 516
water overflow, 105
chlorine, 347, 349-350, 351, 353,
356, 360, 372, 384, 385, 390,
397, 398, 533
cholesterol, 24, 176
chopping, 227-228, 236, 257, 271,
273, 282-284
bowl chopper, 227-228, 252, 273,
282
emulsion mill, 227-229, 252,
282, 506
citric acid, 262, 371, 372
classes, see poultry
cleaning compounds, 368-372
Clostridium botulinum
characteristics, 51, 209, 215, 256,
325, 328, 334, 362, 364

products (in), 203, 204, 206, 252,
318, 329, 339, 359, 402
Clostridium perfringens
characteristics, 325, 362, 365
processing (during), 352, 359,
386, 391
products (in), 218, 402, 403, 409,
415
coated products, see breading
Cobalt-60, 207, 211
coccidiosis, 439
cohesiveness, 277, 481, 482, 490-492
cold shortening, 59, 60, 106, 184
coliform(s), 334, 337, 347, 349,
352, 355, 374, 402, 420
collagen, 40, 41, 52-53, 267, 269,
279, 504, 505
color, 167, 436, 446
coloring agents, 297
defects, 446458
fading, 228, 267
See also dark firm dry, greening,
pale soft exudative, pinking,
vellowing
comminuted products, see
emulsion(s)
competitive exclusion, 339-341, 360
composition (meat), 173-178
composting, 534
computer (use), 1, 106, 164, 241,
286, 494, 506
See also machine vision
condemnation, 95, 133, 136
conformation, 137-147
connective tissue, 49, 51-55, 106,
133, 233-235, 238, 492, 504,
508, 509
consumer acceptability, see sensory
cooking, 172-178, 413, 444
equipment, 238, 239
loss, 255, 257, 259
yield(s), 177
corticosterone, 70
crate(s)
air flow, 64, 75
fixed, 62-65, 78, 381, 386
floor design, 64, 75, 115

INDEX

loose, 62-63, 83, 381, 386
modular, 6465, 71, 75, 83
creatin kinase, 57, 59
creatin phosphate, 57, 59
crispiness, 294, 296, 305, 308, 310,
311
cropping, 101, 381, 388
cross contamination, 220, 315, 329,
339, 341, 346-348, 360-364,
370, 388, 389, 391, 396, 402,
407, 410
curing
accelerator, 256
methods, 230
See also injection, salt
cut(s), see poultry
cutting equipment, 158-171, 223
See also deboning
cytochrome c, 40, 434, 455

D-value, see microbiology
dark, firm and dry tissue (DFD), 57,
494
dead on arrival (DOA), 70
deboning, 414, 418, 423
early, 60, 479, 480, 482, 484
equipment, 158-171
See also mechanical deboned
meat
decontamination, see preservation
(radiation), washing
deep muscle myopathy, 219, 453
defeathering, see picking
detergent(s), 336, 341, 371, 372, 509
dicing equipment, 241-243
difference/discriminate tests,
469473
downgrading, 62, 78, 86, 125
drying, 324, 326, 328
duo—trio test, 472
duck, 5, 34, 129, 139-147, 149,
173, 347, 384, 429, 453
classification, 152, 154
composition, 173, 178

E-commerce, 1
elastin, 53




540 INpEX

electrical stimulation, 59, 60,
106-107, 476
electroencephalogram (EEG),
118-125
See also stunning
electromagnetic spectrum, 200, 210,
211, 430 '
electron accelerator, 207, 210, 212
emu, 16, 474, 475
emulsified products, 251, 254,
261-264
See also emulsion, poultry
products
emulsion(s), 227-236, 296, 307,
401-404, 409, 506, 509-511
emulsion stability, 286, 287, 510
endomysium, 37, 38, 40
enzyme(s), 47, 58, 167, 169, 203,
205, 208, 214, 217, 250, 256,
326, 447, 461, 498
epidermis, 47-50, 307, 346, 351,
439
epileptic seizure, 110, 119,121
epimysium, 37, 38, 40
erythorbate, 203, 256, 265, 271,
401, 455
Escherichia coli
characteristics, 209, 214, 319,
356, 366-367
incidents, 210, 216, 252, 316, 359
processing (during), 349, 386,
391, 397, 398
products (in), 374, 402, 415
evisceration
bacteria, 345, 347-348, 360, 370
equipment, 95-99
inspection, 136-137, 385, 387,
391-396, 461
line speed, 114, 135-136
See also inspection (post mortem)

fat/fatty acid(s), 167, 174—178
covering, 138-147

- intermuscular, 53
subcutaneous, 16, 53, 173, 174, 506
tissue, 53

fat holding capacity, 467, 506-511

feather
by products, 171, 516, 517,
520
distribution, 91-93
meal, 517, 520
ornamental, 91, 429
pin, 91, 137-147
removal, see picking
structure, 49-50, 519
fecal contamination, 64, 341, 349,
366, 387, 388, 396
See also cross contamination
feed
efficiency, 8, 10
withdrawal, 70, 341, 348,
385-387, 391, 393
fermentation, 182, 186, 203, 206,
220, 226, 252, 261, 263, 265,
319, 326, 328
filament(s)
thick, see myosin
thin, see actin
film permeability, see packaging
fish oil, 462
flaking equipment, 226, 401
flavor, 261, 458-463
enhancers, 259
smoking, 265, 266
See also salt, spices
fluoride, 169
food infection, 359-366
food poisoning, 359, 362, 364, 365,
368
Food Safety Inspection Services
(FSIS), 135, 136, 223, 353
forming equipment, 237, 253, 308
frankfurter(s), see poultry products
freezing, 184192, 310-311, 351,
358, 363, 380, 453
burn, 191-193, 446, 453
cryogenic, 169, 189-191, 292,
311,413
defects, 141, 144, 147, 417
dry, 201, 453
individual quick (IQF), 190, 237,
275, 311, 413-416, 419
mechanical, 292, 311

products, 22, 23, 169, 482, 494,
503
fritter, 292
frying, 22, 175, 176, 195, 238, 253,
262, 265, 296, 303, 304,
309-310, 314, 419, 458, 473,
508, 509

gas chromatograph, 262, 459

gas stunning, see stunning

geese, 5, 129, 139-147, 149, 173

classification, 152, 154

gelatin, 53, 237, 250, 284, 486, 504

gelation, 169, 171, 250, 264,
277-284, 483, 486, 492494,
502

giblets, 100, 153, 158, 388, 396,
520

gizzard, 96, 99, 158, 171, 388

glucono delta lactone (GDL), 265

glycogen, 56, 57

glycolysis, 56, 117

Good Manufacturing Procedures
(GMP), 383

grading, 137-150, 381, 389, 390,
451

greening, 219, 447, 453, 457

grinding, 224-226, 402, 418

growing (poultry), see barn, feed,
stocking

guinea fowl, 5, 129, 152, 154

gum(s), 250, 251, 264, 295, 296,
306, 314, 413, 467, 522

Halal, 85, 118
See also religious laws
halothane, 450
ham (turkey), see poultry products
hardness (texture), 480482,
490492
Hazard Analysis Critical Control
Point (HACCP), 2, 338, 342,
379
breaded product model, 413-426
cooked product model, 401412
poultry slaughter model, 384—400
principles, 380-383

INDEX 541

hauling, see transpottation
heat stress, 71-77
heme components, 167, 169,
433-437, 440, 445, 455
hemoglobin, 40, 436, 448, 453, 455
hemorrhage(s), 56, 112, 115, 447,
448
back, 113
breast, 113, 115, 117, 118, 125
inspection, 132, 134, 135
leg/thigh, 113, 115, 117, 118
wing, 86, 113, 126
hepatitis, 321, 366-367
home meal replacements (HMR), 23
homeostasis, 55, 56
hydrocolloids, see gum(s)
hyperthermia, 74
See also heat stress

immobilization, 56
See also stunning
impedance, 336, 337
individual quick freezing (IQF), see
freezing
infrared (IR), 194, 199, 200, 238
injection (brine), 230-233, 251, 257,
401, 402, 405, 408, 495, 500
inside/outside washer, see washing
inspection, 1, 129-137, 348
enhanced line speed, 114, 136
postmortem, 99-100, 129, 381,
388, 391
shields, 130
streamlined system, 114, 136
stunning, 118
iodine, 372
iridescence, 457, 458
iron, 168, 173, 175, 480, 523
irradiation, see preservation
isoelectric point, 496497

juiciness, 475-478, 481, 485
jugular vein, 86, 90, 118, 125

kidney, 49, 56, 132, 134
Kolbassa, see poultry products
Kosher, 85, 110, 112, 118, 342
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Kosher (continued)
See also religious laws
Kramer shear press, see Allo
Kramer

labeling, 24, 211, 257, 523
Label Rouge, 25, 26, 462, 463
lactate, 251, 329
lactic acid, 56, 57, 326, 330,
349-350, 363, 384, 385, 395,
397, 472, 496
bacteria, 203, 217-219, 328
languages (terminology), 29
latent heat, 187, 189
least cost formulation, 1, 283, 286,
287, 506, 510
leavening agents, 296, 299-301,
306, 314
leukosis, 131
light, 430433
fluorescent, 430, 441443, 456
incandescent, 441, 442, 456
inspection (requirements), 136
metal halide, 441, 442, 444
reflection, 57
See also infrared, ultraviolet
line scales (sensory), 475, 479
line speed, see evisceration
linking (sausage), 235-237
lipid(s), see fat, oxidation
Listeria monocytogenes
characteristics, 209, 361-363
incidents, 316, 359
processing (during), 386, 388,
391
products (in), 218, 402, 403, 406,
415
live haul, see transportation
liver, 49, 56, 96, 99, 131, 132, 134,
153, 171, 445, 446, 480
loading (poultry), 61, 62, 65, 75,
341
lung(s), 101, 131
lysosyme, 326

machine vision (imaging), 1, 81,
106, 163

macrophage(s), 78
magnitude estimation (sensory), 478
Maillard reaction, 261, 262, 265, 297,
306, 309, 445, 459, 460-463
malonaldehyde, 262, 263
Marek’s disease, 131
marination, 204, 251, 253, 274-275,
307, 326, 495
marketing, 18-28, 47, 81, 129, 158,
172, 249, 290, 309, 379, 437,
452
massaging, 233-235, 293, 315, 351,
401, 405, 414, 418, 419, 423
meat products, see poultry products
mechanical deboned meat (MDM),
164-171, 191, 253, 254, 262,
272, 289, 515
melanin, 48, 438, 439
mesophilic bacteria, 327, 337, 356,
357, 358, 365, 366
metal detector, 245-248, 401, 406,
411, 413, 419, 424, 426
metmyoglobin, 167, 265, 437, 438,
444, 445
microbiology
criteria/standard, 348
D-value, 183, 209, 214, 215, 323
effect of pH, 325-326
enumeration methods, 330-339
extrinsic factors, 326-330
Gram reaction, 318-319, 324,
328, 340, 356, 357, 359
growth curve, 322-323
hurdle concept, 329330
intrinsic factors, 323--326
morphology, 317-318, 334-335
quality, 95, 169, 327
Z-value, 323
See also cross contamination,
spoilage
Microscopy
electron, 278, 284, 285, 307, 486,
488, 502, 509, 510
light, 50, 59, 334, 335, 502, 509
microwave oven, 195, 200, 238,
239, 310, 427, 463, 4764717,
533

milk proteins, see non-fat dry milk
mixing, 228-230
modified atmospheric, see
packaging
moisture-binding, see water holding
mold, 206-207, 318-319, 324, 328
inhibitor, 263
mono sodium glutamate (MSG), 259
muscle
cardiac, 38-39
contraction, 4146
musculature, 36, 159
proteins, 39—41
red fiber, 4647, 440
rigor, 57
skeletal, 36-38
smooth, 38-39
structure, 31-34
white fiber, 4647, 440
myofibril, 37, 58, 167
myofibrillar proteins, see protein(s)
See also actin, myosin
myoglobin, 40, 47, 167, 192, 219,
256, 265, 329, 436, 438, 440,
448, 454, 455
myopathy, see deep muscle
myosin, 37, 4046, 251, 254, 261,
277-279, 280, 284, 293, 494

neck cutting, 110, 114, 120, 126
nervous system, 45, 51, 364, 366
net test, 500-502, 507-509
netting (sausage), 269
new enhanced line speed, 114,
135-136
nisin, 205
nitrate, 203-204, 230, 256
nitrite, 203-204, 206, 218, 251-257,
265, 329, 364, 392, 401-404,
408, 437, 438, 447, 454
nitrogen
cooling, 169, 189, 191
stunning, 114-117, 121-125
nitrosamine, 203-204, 219, 265
nitrosohemochrome, 203, 256, 437,
438
non-fat dry milk, 263, 264, 455, 507

INDEX 543

non-meat ingredients, 251-268

nuclear magnetic resonance (NMR),
498, 503

nugget(s), 21, 164, 190, 218, 249,
253, 289, 290, 294, 308, 364

nutritional value, 1, 23, 24, 129,
173, 310

nylon, 247, 267

odor, see aroma
offal, 515, 516, 520, 521
oil (vegetable), 414, 417, 421
oil gland, 32-34, 94
omega-3 fatty acids, 178
optical sensors, 498, 503-506, 515
ostrich, 4, 5, 129, 171, 172, 517
ovens, see cooking, microwave
oxidation, 167, 173, 186, 191, 201,
207, 214, 218, 236, 256, 258,
261-267, 447, 453, 456-459,
461, 523
oxidation reduction potential, 325,
455, 456
oxygen
blood, 54, 55
stunning (during), 114-117,
121-125
See also packaging, oxymyoglobin
oxymyoglobin, 169, 329, 437, 438,
456

packaging, 192, 201, 328-329, 355,
370, 437, 453, 473
equipment, 196, 241-247
films, 244-247
HACCP models (in), 381, 384,
390, 393, 401413, 418, 423
modified atmosphere, 183, 184,
191, 214, 216-220, 328, 330,
364, 384, 392, 403, 453
paired-comparison test, 472473
pale, soft and exudative (PSE), 57,
433, 438, 448, 450, 457, 494,
503
panting, 74, 75
par fry, 190, 291, 306-310, 406, 413
See also frying
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pathogen reduction
see Hazard Analysis Critical
Control Point
perimysium, 37, 38, 40
pesticide (residues), 389, 391, 403,
406, 413, 414, 417, 421,
423
pet food
industry, 515
markets, 521-522
products, 522-523
pH
definition, 497
See also isoelectric point, post
mortem
pheasant, 153, 173
phenol, 206, 265, 445
phosphate(s), 171, 204, 205, 215,
251, 254, 259, 260, 280,
349-350, 353, 371, 384, 385,
390, 392, 401, 455, 458, 463,
486, 487, 497, 510
picking (feathers)
appearance, 138-147
equipment, 113, 517
microorganisms, 344-347
stunning, 113
pigeon, 4, 5, 35, 129, 152, 154,
173
pinking (meat), 257, 434, 447, 454,
455
polyethylene, 198, 267, 355
polypropylen, 247 y
post mortem, 51, 55-60, 325, 338
pH decline, 106, 117, 476, 480,
482, 484, 485, 496, 497
inspection, 387, 391
See also rigor mortis
poultry
classes, 150-154
color (meat), 445457
composition, 173-178
consumption, 8§-18
cut(s), 152-158, 165
production, 2—-11
poultry products
bacon (turkey), 204, 257, 446

bologna, 167, 218, 228, 237, 241,
249, 252, 259, 272-273, 282,
327, 329, 330, 506

breakfast sausage, 249

Chili con-carne, 276

Cordon Blue, 312

drumsticks (marinated), 275

Fajita, 275

frankfurter(s), 128, 164, 215, 218,
228, 237, 241, 249, 252, 254,
257, 272-273, 282, 364, 436,
456, 478, 494, 506

ham (turkey), 251, 257, 267,
273-274, 392, 401412, 437,
438, 445, 446

jellied roll, 276

jerkey, 201

Kolbassa, 272

nuggets, see nuggets

pastrami, 270-271

patties, 480

roast, 257, 268-270, 448, 451

roll, 242, 251, 276, 436, 454-456

salami, 263, 328, 506

sausage (turkey), 271, 329

sticks (turkey), 274

summer sausage, 252

wings (marinated), 274-275

pre-dust, 292-295, 414, 416, 419
preservation

chemicals, 202-207

chilling, 181-192

drying, 181, 201-202

freezing, 184-192

heat, 193-201

modified atmosphere, 183,
216-220

radiation, 2, 183, 207-216, 258,
318, 323, 533

salt, 202

processing

equipment, 233-248

further, 249-287, 289-314

primary, 81-107, 381400

re-processing, 349-350, 385, 388

product development, 22-23, 468
protein(s)

denaturation, 57, 176, 235, 238,
296, 453

myofibrillar, 40, 43, 169, 233,
271, 280, 283, 284, 455, 486,
498, 504

salt soluble, 227, 228, 233, 251,
254, 280-284, 287, 298, 486,
492, 498, 502, 510

sarcoplasmic, 39, 40, 279

See also actin, gelation, myosin,
non-fat dry milk, soy, whey

Pseudomonas spp.

characteristics, 207, 209, 213,
217, 318, 319, 324, 326, 328,
334, 337

live birds, 339-340

processing (during), 346, 351, 355

products (in), 218, 219, 356-358
psychrotrophic bacteria, 218, 326,
327, 333, 337, 342, 356-358

quail, 4, 5, 153, 173, 476, 477
quality control/assurance, 220,
338, 341, 393400, 407411,
420-425, 467, 468, 484,
486
Quantitative analysis, 479
quaternary ammonium compound,
372

radiation, see preservation
rancidity, see oxidation
relative humidity, 56, 71-77, 184,
238, 328
religious laws, 12, 13, 110, 342
See also Halal, Kosher
rendering, 509, 517, 521, 524,
526
repetitive motion injury, 163
restructured products, 250, 265
retort, 196-198
rework, 410
thea, 4, 5, 129, 171, 172
rheology, 277
See also rigidity monitoring
rigidity monitoring, 277, 279, 280,
483, 493, 494
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rigor mortis, 31, 57-60, 95, 117,
494, 498
See also post mortem
Rock Cornish, 150, 151, 153
ryanodine, 448, 450

Salmonella
characteristics, 207, 209, 319,
325, 334, 336, 360-361
eradication, 210, 316
incidents, 316, 358, 359
live birds, 339-341
processing (during), 345, 346,
349, 352, 353, 386, 391, 398
products (in), 213-215, 218, 374,
403, 415, 416
salt, 202, 215, 251-256, 259, 262,
279, 284, 285, 324, 329, 365,
404, 455, 463, 478, 486, 487,
495, 497, 498, 502, 505, 507,
509
salting out, 255, 259, 498
See also marination
sanitation, 220, 341, 365, 368,
386-390, 410, 416-419
saran, 247
sarcomere, 37, 39, 58, 60, 167
sarcoplasmic proteins, see proteins
sarcoplasmic reticulum, 58, 58, 74
sausage, see poultry products
scalding
bacteria, 342-347, 351, 356, 360
equipment, 86-88, 90, 308,:439,
517
inspection, 133, 381, 385, 386,
390, 399
time/temperature, 114
selective media, 333, 334, 337
sensory
analysis, 458, 459, 468-469
discrimination tests, 469—473
profiling tests, 478—483
scaling tests, 473—478
septicemia, 132, 359
shackle line, 63-65, 83, 90, 94, 101
shear stress, 492, 493
shear test, see texture
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shelf life, 184, 202, 213, 215-217,
253, 258, 326-329, 356, 358,
370, 384, 392, 410, 437
singeing, 93
skeleton, 47, 55
skin
color, 442446
discoloration, 137-150
structure, 47-50, 307
tear(s)/exposed flesh, 137-150
See also bruising

slaughter
equipment, 85
HACCP model, 384400
method, 85-86, 109-110
See also bleeding, religious laws

slicing equipment, 241-242, 401,
403, 409

sliding-filament theory, 43-46

slime, 218, 219, 318, 327, 357

smoking, 196, 206, 252, 253, 262,
265, 270, 445

equipment, 239-241, 266, 372
compounds, 265

sodium bicarbonate, 171, 296, 297

sodium chloride, 171, 188, 202,
254-256

See also salt

sodium lactate, see lactate

solids (wastewater), see wastewater

sorbic acid/sorbate, 183, 204, 206,
263

soy protein(s), 251, 253, 264, 269,
272, 273, 282, 296, 309, 413

spices, 206, 215, 218, 258, 271,
297, 306, 309, 413, 415418,
421, 422

spleen, 131, 132

spoilage, 181, 182, 213, 214, 218,
318, 319, 324-329, 356, 357,
368, 373

spore(s), 183, 194, 196, 203, 209,
215, 256, 318, 327, 329,

365

stainless steel, 246

standard plate count (method)
331-332, 335

Staphylococcus aureus
characteristics, 207, 209, 213,
327, 362, 365
live birds, 359
processing (during), 347, 352
products (in), 218, 374, 402, 403,
415
starch, 264, 271, 282, 296-300, 324,
413, 415, 417, 423, 494
stocking density
growing, 25, 462
See also transportation
streamlined inspection, see inspection
stuffing, 235-237, 401, 403, 405
stunning
effect on EEG, 118-125
electrical, 56, 85, 110-115,
119-121, 343, 448, 475, 476
equipment (stunner), 85, 110-112
gas, 56, 84-86, 114-117,
121-125, 447
mechanical, 115, 117-118
no stunning, 118
sugar, see Maillard, non—-meat
ingredients
surimi, 169, 171, 250
suspended solids, see wastewater
swab method, 335-336, 338
synovitis, 132

taste, see flavor
tempura batter, 297, 308, 314
tenderizing, 53, 232-233, 414,
416418
tenderness, 473, 474, 475, 477, 478,
481, 485
terminology (languages), 29
texture
analysis, 277, 473, 476, 483, 486,
498
compression, 277, 481, 483, 489,
490
penetration, 483—489
profile analysis, 482, 483, 489492
shear, 277, 473, 480, 483485
tension, 483, 490, 492
torsion, 483, 492

See also rigidity, shear stress
thawing, 192-193, 199, 482
thaw rigor, 59
thermal conductivity, 194, 196
thermopbhilic bacteria, 327, 534
thiobarbituric acid (TBA), 263
transportation, 61, 64, 70-79, 341,

447

stocking density, 65, 71, 75-76

thermal stress, 70-77

time on truck, 25, 76, 77

truck design, 65, 75-78, 315

ventilation, 71=77, 454

See also crate
triangle test (sensory), 469—472
tropomyosin, 40, 42-43
troponin, 40, 4243
trouble shooting

breading, 312-314

color, 447458
tuberculosis, 131
tumbling, 233-235, 251, 269-275,

293, 298, 448

See also massaging
tumor(s), 132—-133
turkey

classifications, 5, 151, 153

grading, 139-147

parts, 153, 163

structure, 33

See also composition, cutting,

poultry products
two-out-of-five test (sensory), 473

ultraviolet (UV) light, 200, 210,
267, 318, 456, 533

umami (flavor), 458

United States Department of
Agriculture (USDA), 6, 12, 13,
15, 19, 26-28, 130, 136, 137,
139, 142, 145, 177, 383, 384,
392, 427

unloading (poultry), 64, 65, 8385,
115, 341

vacuum packaging, 242, 244, 271,
330, 364, 453
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See also packaging
ventricular fibrillation, 110, 120,
121, 126
virus, 208, 209, 320, 321, 325, 366,
368
viscera, 96-99, 521
viscosity, 98, 254, 296-299, 310,
312, 314, 468, 492, 510
cup, 297, 298
vitamin(s), 173, 175, 177, 324, 459,
522, 523
vitamin E, 167, 456, 462
volatile compounds, see flavor

warmed—over flavor (WOF), 480,
491
Warner-Bratzler shear, 480, 484, 485
washing
inside/outside bird, 94, 101-103,
347-350, 381, 385, 389, 394,
396400
waste disposal, 515, 527, 528, 534
wastewater
analytical measurements, 526-528
treatment, 528-533
See also biological oxygen
demand
water activity, 201-202, 252, 319,
324, 328, 329, 365, 382, 392,
502
water bath stunner, see stunning
water chilling, see chilling
water holding capacity (WHC), 57,
117, 150, 176, 230, 254, 255,
259, 261, 263, 396, 448, 450,
467, 494-506, 511
water jet cutting, 163, 165
water pickup, see chilling
water vapor (permeability), 247
wax dipping, 91, 347
See also picking
weighing station, 106
welfare
during catching, 2, 61, 62, 68—70,
76,77, 79
during stunning, 85, 109, 113,
115, 117, 125
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welfare (continued) yeast, 206, 207, 217, 319-320, 324,
during transportation, 62, 77 325, 328, 339, 340
wheat flour, 293, 296, 299, 413, yellowing, 220, 457
415, 417, 423 yield
whey protein(s), 251, 272, 273, breaded products, 292, 311, 312
282 cooking, 177-178
deboning, 168, 170-172, 233
xanthan gum, 264, 296 processing, 233
xanthophyll, 432, 438, 439,
440 Z-line, 37, 43, 58




