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ACE inhibition, 299

fraction peptide concentration required 
for, 304

protein concentration and ACE 
inhibitory activity in sardine 
byproduct homogenate, 303, 
303-304

in sardine byproduct hydrolysates, 307
acetaldehyde, 210
acid processes

acid solution method used to produce 
surimi, 150

acid stabilization process used in the 
Montlake process, 221-234

on pink salmon heads, 207-219
used in gelatin preparation, 30-31

acid concentrations affecting gelatin 
quality, 32

activated charcoal to remove impurities 
from marine gelatin and collagen, 
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activated earth adsorption process, 262
ADEC. See Alaska Department of 

Environmental Conservation
adsorption technology, 6
activated earth adsorption process, 262
AEA. See Alaska Energy Authority
aeration and composting, 180
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Program at University of Alaska 
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seafood byproducts, 23-24
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208, 265, 266
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pollock, 282
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182, 208, 225, 266

Alaska Energy Authority (AEA), 20-21
Alaska Fisheries Development Foundation 

(AFDF), 1, 5-7, 9-25
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Alaska pollock. See walleye pollock
Alaska Sea Grant College Program, 1, 6, 23
“Alaska Thunder Dirt” composting trial, 

181
aldehydes, 261-262
Aleutian Islands

as source of majority of groundfish 
harvesting, 107

use of salmon excluder panels in 
pollock catching, 7

amines
biogenic amines, 162, 164, 168-169

biogenic amines in heads and 
viscera of pink salmon 
stored at 6°C and 15°C, 
170

formation of, 172
in head and viscera of pink salmon, 

169
stability of in stored pink salmon 

heads, 174
volatile amine analysis, 162-163
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amino acids, 304
after drying stickwater to make fish 

meal, 138, 140, 142, 142, 143
in catfish roe, 67, 68-69, 70
in comparison of hydrolysate meal and 

traditional meals, 270, 274-
275, 275

composition of collagen, 290
decarboxylation of free amino acids, 

172
in dried salmon heads, 59, 61, 62
in gelatins, 33-34, 283, 284
lack of tryptophan in collagen and 

gelatin, 35
in surimi wash water, 153

in solids recovered from, 154
ammonia, 162-163, 165, 168
analog seafoods, 149
anchovies, 225

percentage of omega-3 in commercial 
fish oils, 19

angiotensin II–converting enzyme (ACE), 
299

fraction peptide concentration required 
for ACE activity inhibition, 
304

protein concentration and ACE 
inhibitory activity in sardine 
byproduct homogenate, 303, 
303-304

in sardine byproduct hydrolysates, 307
animal feeds. See feed and feed 

supplements
Antarctic krill, 150
antihypertensive activities and sardine 

byproduct hydrolysates, 296, 
303-304

antimicrobial activities. See also bacteria; 
microbial safety

of bioactive peptides, 296
inhibition halos generated by different 

microorganisms, 306
of sardine byproducts, 306

antimicrobial activity assay of 
sardine byproducts, 300-
301

antioxidant activity, 304, 306
antioxidant activity assay, 299-300
antioxidant activity of different 

fractions of hydrolysates of 
sardine byproducts, 305

and peptides, 306
antlers, reindeer

antler products, 75
and bone meal supplements, 78-79, 83, 

83-84

aquaculture, commercial, 1. See also fish 
harvests

arginine, 153, 304
arrowtooth flounder, 266

arrowtooth flounder soluble protein 
powders, 70

composition of livers from fish 
harvested in Alaska, 111

and gels
mechanical properties of high 

pressure processing 
treated, 193

mechanism of gel formation by 
high pressure processing 
treatment, 195

proteolytic enzyme content, 193
as source of fish protein meals, 57

ARS. See Agricultural Research Service of 
U.S. Department of Agriculture

ash content
amount of available from seafood 

processing byproducts, 267
in analysis comparing hydrolysate 

meals to traditional meals, 
269, 271, 271-272

high protein–low ash meal, 221
in Montlake process

of fish meal obtained through, 224
proximate composition and amino 

acid analysis of gelatin 
fraction, 231

in stabilized blended meal, 229
in whole deboned pink salmon 

meal, 226
in salmon heads

dried salmon heads, 61
pink salmon undergoing 

acidification, 211, 215, 
216

stored pink salmon, 165, 166
in stickwater, 142

after drying, 138
aspartic acid, 69
Association for Organics Recycling, 178
Association of Danish Fish Processing 

Industries and Exporters, 57
astaxanthin, 5
Atheresthes stomias. See arrowtooth 

flounder
atherosclerosis, 242
Atka mackerel

byproduct components in fish harvests 
in Alaska, 108

estimated 2008 byproducts from Alaska 
fish processing, 108-109

fish harvest in Alaska, 107
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autolysis, 230
autolytic activity for peptide 

production, 297-298
effect of pH on autolytic activity of 

Monterey sardine byproduct 
homogenate, 302, 302-303

effect of temperature and incubation 
time on autolytic activity 
of sardine byproduct 
homogenate, 301

Avena-Bustillos, Roberto de Jesus, 281-294

B
bacteria. See also lactic acid bacteria (LAB); 

microbial safety
bacterial loads and waste solids, 117, 

118, 119
gram-negative bacteria, 191
preventing bacterial attacks, 33

antimicrobial activities in sardine 
byproducts, 300-301, 306

European Commission regulations 
on, 236

in salmon heads and viscera, 172
using high pressure processing, 

190, 191
using Montlake process, 225
using pressure-assisted thermal 

processing, 200
stabilizing fish byproducts to reduce, 6

barley
as feed for reindeer, 74, 76
as a possible source for carbohydrate 

fermentation, 218
recovering nitrogen released, 87
use of to study impact of fish 

coproducts as crop nutrients, 
87-103

above-ground biomass yields, 96
barley nitrogen uptake from fish 

coproducts, 98
barley uptake of calcium, 

magnesium, zinc, and 
copper, 100, 101

Barnett, Harold, 221-234
barrier properties of gelatin films, 281-294

cold-water fish skin gelatins, 289
Bechtel, Peter J., 41-53, 55-66, 67-72,  

73-86,  87-103, 105-113, 121-131, 
133-145, 161-175, 241-257, 265-
280, 281-294

Bering Sea, 56
Americanization of groundfish fisheries 

in, 1, 106, 266
as source of majority of groundfish 

harvesting, 107

Bering Sea (continued)
use of salmon excluder panels in 

pollock catching, 7
Bimbo, Anthony P., 9-25
biofuels

alternative sources in Southeast Asia, 
22

fish oil as, 20-21
price of diesel compared to feed 

grade menhaden fish oil, 
21

biogenic amines. See amines
biomass yields in experiments measuring 

fish coproducts as crop nutrients, 
94, 96, 97

BioOregon, 269
biopolymer films, 290
bleaching as part of conventional refining 

of fish oils, 259, 261-262
bluefish, impact of high pressure 

processing on, 196
bone meal. See fish bone meal
bones, fish. See fish bones
Boran, Gokkhan, 27-40
bovine spongiform encephalopathy (BSE), 

27, 28, 29, 282
Bower, Cynthia K., 177-187, 207-219
Bristol Bay, Alaska, 14, 16
Brochothrix thermosphacta, 300, 306
brome grass (Bromus inermis Leyss), 88-89, 

101
as feed for reindeer, 74, 76

Brookfield digital rheometer, 285
Browning, James, 5-7
BSE. See bovine spongiform encephalopathy
Bucki, Carrie, 73-86
bycatch

use of salmon excluder panels in 
pollock catching, 7

utilization of, 20, 150
byproducts, marine

advantages and disadvantages of Alaska 
seafood byproducts, 23-24

catfish roe as a protein powder 
supplement, 67-72

chondroitin sulfate, 41-53
and composting, 177-187
as a crop nutrient, 87-103
disposal of fish byproducts

costs of discharging wastes vs. 
developing coproducts, 
11-14

options for processing seafood 
waste into coproducts, 14, 
17, 17
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byproducts, marine (continued)
enhancing utilization of, 105-113
estimated 2008 byproducts from Alaska 

fish processing, 108-109
as a feed source

modified silage process stabilizing 
pink salmon for use as, 
207-219

for reindeer, 73-86
fish oils

chemical composition and oxidative 
stability of salmon oils, 
241-257

effects of extraction and purification 
processes, 259-263

gelatin, 27, 27-40, 281-294
hydrolysates

bioactivities in sardines, 295-309
composition of hydrolysate meals, 

265-280
made from Scottish salmon, 235-

239
improving waste solids recovery, 105-

119
Montlake process, 221-234
potential products and markets for, 

9-25
salmon

dried salmon heads, 55-66
hydrolysates made from Scottish 

salmon, 235-239
stabilizing pink salmon through 

modified silage processes, 
207-219

storage effects on pink salmon 
byproducts, 161-175

stickwater
used to produce dried meals, 133-

145
using membrane filtration 

technology, 121-131
surimi wash water, 147-160
utilization

increasing through use of pressure 
processing, 189-206

increasing utilization and 
decreasing waste stream, 
5-7

C
cadmium in analysis comparing 

hydrolysate meals to traditional 
meals, 270, 274

calcium
in analysis comparing hydrolysate 

meals to traditional meals, 
270, 274

uptake in study of impact of fish 
coproducts as crop nutrients, 
100, 101

carbohydrates
fermentable carbohydrates and 

preservation of pink salmon 
heads, 207-219

compositional analysis, 215
soluble levels of, 208

carbon
carbon concentration in meals used for 

crop nutrients, 88
and composting, 180
ratio of carbon to nitrogen as measure 

of nitrogen mineralization, 88
carp, 150

impact of high pressure processing on, 
196

cartilage, 232. See also chondroitin sulfate
analysis of dry salmon snout cartilage, 

232
catfish

catfish roe as source of functional 
proteins, 67-72

extraction of gelatin from catfish skins, 
31

extraction of oil from catfish, 260-261
functional proteins from catfish roe, 

67-72
spray-dried soluble catfish roe (SCR)

functional properties of, 69-70
nutritional properties of, 68-69

caustic soda, 261
cephalopods, 192
ceramic membranes, 126, 130

analytical composition for feed, 
concentrate, and permeate, 
129

examples of flux curves for ceramic 
membranes, 129

cetoleic acid, 247
channel catfish, 306

functional proteins from catfish roe, 
67-72

chemical oxygen demand of stickwater, 122
China, growth in commercial aquaculture 

in, 1-2
Chiou, Bor-Sen, 281-294
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chitosan-alginate treatment of surimi wash 
water, 147, 150-157

effect of chitosan source on surimi 
wash water protein 
adsorption, 153

effect of time and chitosan-alginate 
concentrations, 151, 151-152

evaluation of a 15% dietary protein 
substitution by SWW proteins, 
155

Pacific whiting surimi wash water 
treated with chitosan and 
alginate, 152

cholesterol, 247, 270
chondroitin sulfate (CS), 5

assessing purity of, 43
in dry salmon cartilage using Montlake 

process, 232
extraction process for, 41-53
graph of chondroitin sulfate 

concentration vs. absorbance, 
48

methods used to obtain samples of 
from fish byproducts, 45-46

obtained through Montlake process, 
224, 232

results of chondroitin sulfate study by 
Silliker Labs by fish type, 47

structures of disaccharides forming, 
42, 44

chum salmon, 44-45, 243
amino acid profiles in dried salmon 

heads, 62
chondroitin sulfate found in, 42, 47, 

48, 49, 50
dried salmon heads

characterization of dried head 
meals, dried at different 
temperatures, 58-64

fatty acid analysis, 63, 64
mineral analysis, 63
protein content, 60
proximate analysis, 61

effect of concentrations of formic acid 
on liquid yield and solids 
recovered, 230

use of in Montlake process, 223-233
chymotrypsin, 300
clams, 191
clarity of gelatin, 284
Clean Water Act of 1972, 1, 106, 266
COD. See chemical oxygen demand of 

stickwater
cod. See Pacific cod

cod liver oil, 17, 59, 64, 271, 299
coho salmon. See silver salmon
“cold-pressed,” importance of in organic 

food processing, 60
cold-water fish, 29

collagens from, 287
fish processing byproducts from, 56
gelatins from, 31, 34, 35, 37, 282, 283, 

290
imino acid levels in, 34

collagen, 27, 274
amino acid composition of, 290
and chondroitin sulfate, 43-44
comparison of cold-water and warm-

water fish, 287
conversion of into gelatin, 30
extraction process, 29-31

optimization of, 31-32
properties of marine collagen, 32-35
molecular composition of, 33-34
removing impurities in marine collagen, 

32
sources of, 27-29
in stickwater, 134, 138
uses of, 35-37

The Compost Association. See Association 
for Organics Recycling

composting, 17-18. See also crop nutrients; 
fertilizers

advantages and disadvantages of fish 
composting, 179

challenge of arctic composting, 177
using Alaska fish byproducts as 

compost, 177-187
Composting Association of Ireland Teo 

(Cré), 178
Composting Council of Canada, 178
consistency index of spray-dried soluble 

catfish roe protein powder, 67, 69
contaminants found in Alaska commercial 

salmon oils
environmental contaminants, 241, 244, 

250, 251, 254
pollutants, 115, 251, 254

Cook Inlet, 14, 16
coproducts, 91. See also crop nutrients; 

feed and feed supplements; fish 
bone meal; fish gelatin; fish meal; 
fish oil; fish protein hydrolysate; 
stickwater

from cold-water fish, 56
costs of discharging wastes vs. 

developing coproducts, 11-14
enhancing utilization of, 105-113
estimated 2008 byproducts from Alaska 

fish processing, 108-109
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coproducts (continued)
options for processing seafood waste 

into, 14, 17, 17-18, 118
potential value of for major Alaska 

communities, 13
Cornell Waste Management Institute, 178
crabs, 192
Crapo, Charles A., 241-257
Crassostrea gigas. See Pacific oysters
crawfish, recovery of protein from, 151
crop nutrients. See also composting; 

fertilizers
recovery of from applied fish 

coproducts, 87-103
use of fish bones for compost and 

fertilizer, 17-18
cysteine, 284

D
D (vitamin) in Alaska commercial salmon 

oils, 241, 244, 249, 249-250
DAG. See diacylglycerides.
deboning of fish, 192, 227, 230, 277

deboning mixed salmon waste stream, 
230

liquid yields and composition 
of liquids and solids in 
Montlake process, 231

degumming as part of conventional refining 
of fish oils, 259, 261

DeLaca, Theodore C., 207-219
Delta Junction, Alaska as site of 

experiments measuring fish 
coproducts as crop nutrients, 
87-103

demineralization in collagen extraction, 30
Demir, Necla, 55-66
deodorizing as part of conventional 

refining of fish oils, 259, 261, 262
dermatan sulfate, 42
DHA. See docosahexaenoic acid
diacylglycerides, diacylglycerols, 244, 245, 

247, 275
dichloromethane, 211
diesel fuel, 21

Alaska diesel retail sales, 22
price compared to feed grade 

menhaden fish oil, 21
use of fish compost to decontaminate 

diesel oil, 179
dietary supplements. See also nutrition and 

nutritional values
antler products as mineral 

supplements, 75
catfish roe as a protein powder 

supplement, 70

dietary supplements (continued)
containing chondroitin sulfate, 41, 43
fish bone meal as supplement for 

reindeer, 78-79, 82-84
mollusks as a source for calcium 

supplements, 14
digestion solution, use of to obtain samples 

of chondroitin sulfate from fish 
byproducts, 45

diglycerides, 276
dimethylamine (DMA), 163-164, 168, 172

levels of in pink salmon stored at two 
different temperatures, 167

dimethylmethylene blue assay (DMMB), 
41, 44

use of to obtain samples of chondroitin 
sulfate from fish byproducts, 
45, 47, 49, 50-51

chondroitin sulfate concentrations 
vs. absorbance, 48

results of study, 48
dioxins, 254
1,2-dipalmitoyl-sn-glycerol (1,2 DAG), 270, 

275
1,3 dipalmitoyl-sn-glycerol (1,3 DAG), 270
disaccharide sequences, 43

forming chondroitin sulfate, 44
found in glycosaminoglycans, 42

discharges
costs of discharging wastes vs. 

developing coproducts, 11-14
potential economic losses in discharged 

waste, 11-12, 12
disposal of fish byproducts

costs of discharging wastes vs. 
developing coproducts, 11-14

options for processing seafood waste 
into coproducts, 14, 17, 17

DL-a-monopalmitoylglycerol, 270
DMA. See dimethylamine
DMMB. See dimethylmethylene blue assay
docosahexaenoic acid (DHA), 57, 200, 254, 

277
in Alaska commercial salmon oils, 247
importance of in human nutrition, 242

dog salmon. See chum salmon
Dosidicus gigas. See squid
Dutch Harbor, Alaska, 107

E
E (vitamin) in Alaska commercial salmon 

oils, 241, 244, 249, 249-250
E. coli, 300, 306
Earthbank Resource Systems Fish Compost, 

181
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economic aspects of fish processing, 3, 6, 
27, 29, 190, 277

economic potentials
of bone gelatins, 36
of chondroitin sulfate, 42
of fish oils and fish meals, 58, 64, 

110, 239
of hydrolysates, 235, 239
of reindeer feed mixtures, 74, 84
of use of surimi wash water, 147, 

148, 157
high costs for Alaska

of equipment and energy, 58
of short seasons, 112, 208
of transportation, 24, 112, 180

potential economic losses in discharged 
waste, 5, 11-12, 12

EIA. See Energy Information Administration 
of U.S. Department of Energy

eicosapentaenoic acid, 57, 63, 196, 200, 
254, 277

in Alaska commercial salmon oils, 242, 
247

elongation of cold-water fish gelatin skins, 
291, 291

emulsion stability of spray-dried soluble 
catfish roe protein powder, 67, 
68, 69-70

endogenous protease, 30, 267
Energy Information Administration of U.S. 

Department of Energy, 21
Enterococcus faecium, 300, 306
environmental contaminants found in 

Alaska commercial salmon oils, 
241, 244, 250, 251, 254. See 
also pollutants found in Alaska 
commercial salmon oils

enzymatic hydrolysis, 259, 260-261, 265-
280

study of use to handle seafood 
processing wastes for smaller 
and seasonal fish processors, 
266-278

EPA. See eicosapentaenoic acid; U.S. 
Environmental Protection Agency

Escherichia coli. See E. coli
esterases, 196
ethylenediaminetetraacetic acid, 270
Euphausia superba, 150
Europe, 23, 149

bovine spongiform encephalopathy 
(BSE) in, 28, 75

historic prices of crude fish oil and fish 
meal delivered into Europe, 14

use of phosphoric acid on fish oils in, 
261

European Commission, 236-237
European Compost Network, 178
Experiment Station Chemical Laboratory 

(ESCL) at University of Missouri-
Columbia, 224

exports
of dried salmon heads, 56, 58
of fish oil and fish meal, 12
of mature roe, 112

F
factory trawlers, 1
Fairbanks, Alaska, as site of experiments 

measuring fish coproducts as crop 
nutrients

above-ground biomass yields of barley, 
96

barley nitrogen uptake from fish 
coproducts, 98

barley uptake of calcium, magnesium, 
zinc, and copper, 100, 101

characteristics of soil, 91
nitrogen recovery in plants during 

and after fish coproduct 
application, 99

nitrogen release from fish coproducts, 
93

FAME. See fatty acid methyl esters
FAO. See Food and Agriculture Organization 

of United Nations
fat adsorption values of spray-dried soluble 

catfish roe protein powder, 67, 
68, 69

fat content
of catfish roe protein powder, 68
in Montlake process
of fish meal obtained, 224
proximate composition and amino acid 

analysis of gelatin fraction, 
231

in stabilized blended meal, 229
in whole deboned pink salmon meal, 

226
fat-soluble vitamin content of Alaska 

commercial salmon oils, 241, 244, 
249, 249-250

fatty acids, 196. 
in Alaska commercial salmon oils, 241

profiles of bulk and encapsulated 
salmon oil samples, 246, 
247, 249

summary of results, 248
fatty acid methyl esters (FAME), 244, 

270-271
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fatty acids (continued)
analysis of dried salmon heads, 59, 

63, 64
in oysters, 191-192
and rancidity in Alaska commercial 

salmon oils, 245, 250, 254
sensitivity to lipid oxidation, 196
susceptible to oxidation, 172

FBM. See fish bone meal
feed and feed supplements, 222, 235

Alaska fish byproducts as feed 
ingredient for reindeer, 73-86

feed conversion efficiency of 
reindeer feed, 80, 80-82

feeding study of moi, 225
histamine as a major safety concern in 

feeds, 172
nutritional values found in recovered 

surimi wash water solids, 
153-154

recovered proteins used in, 148
stickwater as a feed supplement, 142-

143
having growth properties in, 134

value of adding fish hydrolysates to 
animal diets, 238

fermentable carbohydrates, 207, 208-209
fertilizers, 23. See also composting; crop 

nutrients
fish products used as, 1, 9, 10, 17-18, 

101, 106, 182, 267
nitrogen fertilizers, 88, 89, 209
recovered proteins used in, 148
urea fertilizers, 101

FFA. See free fatty acids
filtration

membrane filtration in stickwater 
processing, 121-131

ultrafiltration
antioxidant activity assay of 

ultrafiltration of sardine 
byproducts, 299-300

and antioxidant activity of different 
fractions of hydrolysates 
of sardine byproducts, 
305

to fractionate hydrolysates, 298-299
to remove impurities from marine 

gelatin and collagen, 32
finfish harvest, 107
Finstad, Greg, 73-86
Fish and Chips Composting, Inc., 181
fish bone meal, 87, 106, 272. See also fish 

meal
crop nutrient recovery and fish 

coproducts, 87-103

fish bone meal (continued)
as supplement for reindeer, 78-79, 

82-84
fish bones, 30

amount of available from seafood 
processing byproducts, 267

use of for compost and fertilizer, 17-18, 
90, 97

use of to absorb heavy metals, 18
in water and waste purification, 17, 18

fish gelatin, 27-40
comparisons of marine gelatins and 

mammalian, 282-283
extraction process, 29-32

optimization of, 31-32
gelatin film casting, 285
obtained through Montlake process, 

221, 224, 232
proximate composition and amino 

acid analysis of gelatin 
fraction, 231

properties of marine gelatin, 32-35
acidity levels of, 284, 288
amino acids in cold-water fish skin 

gelatins, 288
gel set point, 285, 288
gel strength, 34, 288
mechanical properties of cold-water 

fish skins, 291
melting point, 34-35, 36
molecular composition of, 33-34
physical and chemical properties of 

pollock and salmon skin 
gelatin, 281-294

physical properties of cold-water 
fish gelatins, 288

tensile strength of marine gelatins, 
286, 291

viscoelastic properties of, 283, 284, 
285

viscosity, 35, 36
removing impurities in marine gelatin, 

32
sources of, 27-29
thermo-reversible gels, 34
uses of, 35-37
world gelatin market, 29

fish harvests
commercial aquaculture, 1
pollock, 282
salmon, 282

average salmon landings by region, 
16

salmon season by statistical region, 
16
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sardines, 296
statistics on Alaska fish production, 88, 

105, 107, 107, 110, 133-134, 
208, 265, 266

statistics on fish and shellfish landings, 
14, 15, 17

fish liver oils, 23
fish meal, 24, 87, 106, 115. See also fish 

bone meal
alternative processing methods, 21-23
capital costs for fish meal plants, 21
composition of meals from byproduct 

parts of Alaska pollock, 111
creating an efficient method for 

producing dried meals from 
stickwater, 133-145

crop nutrient recovery and fish 
coproducts, 87-103

dried salmon heads from five salmon 
species, 55-66

genesis of fish meal operations in 
Alaska, 106

high protein–low ash meal, 221
historic prices of crude fish meal 

delivered into Europe, 14
hydrolysate meals

composition of, 265-280
from Scottish salmon, 235-239

markets for, 10
as most common method of preserving 

byproducts, 208
potential economic losses in discharged 

waste, 11-12, 12
potential value of for major Alaska 

communities, 13
price of, 6
processing of

drum-dryer method, 138, 139, 141-
142, 142, 143

forced-air method, 136, 137, 140
freeze-drying, 138, 139, 140, 141, 

142
microwave method, 137, 137-138, 

140-141
stages of fish meal production, 135
using membrane filtration 

technology, 121-131
using Montlake process, 223-233
vacuum dry method, 136, 136, 140, 

141
production of in Alaska, 75
proximate composition amino acid 

analysis
of stabilized blended meal made 

with Montlake process, 
229

fish meal (continued)
of whole deboned pink salmon 

meal made with Montlake 
process, 226

sources of fish protein meals, 57
statistics on quantities produced 

worldwide, 106
use of as reindeer feed, 73-86
use of modified silage to stabilize for 

processing, 6
whole fish meal, 122, 134

fish mince
mechanical properties of high pressure 

processing treated gels of 
minced arrowtooth flounder, 
193

microbial inactivation by different 
pressure treatments of 
smoked salmon mince, 199

use of high pressure processing, 192-
193

use of in study of enzymatic hydrolysis 
process to handle processing 
wastes for smaller and 
seasonal fish processors, 269

fish oil, 24, 106, 221
alternative processing methods, 21-23
as a biofuel, 20-21

price of diesel compared to feed 
grade menhaden fish oil, 
21

chemical composition and oxidative 
stability of salmon oils, 241-
257

comparison of extraction methods, 
260-261

extracted from viscera more stable 
against oxidation than oil from 
muscle, 173

extraction and purification processes 
for, 259-263

genesis of fish oil operations in Alaska, 
106

high ratio of DHA to EPA in salmon oils, 
242

historic prices of crude fish oil 
delivered into Europe, 14

markets for, 10
and omega-3 fatty acids, 18-20, 237

percentage of in commercial fish 
oils, 19

potential economic losses in discharged 
waste, 11-12, 12

potential value of for major Alaska 
communities, 13
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fish oil (continued)
price of, 6
quality standards for human grade fish 

oils, 242
use of adsorption to produce salmon 

oil, 6
use of modified silage to stabilize for 

processing, 6
value of, 237-238

fish processing plants, 106, 162, 222
compact silage processing plants, 22
enhancing utilization of fish 

byproducts, 105-113
estimated material flow for salmon 

cannery waste using Montlake 
process, 228

factory trawlers, 107
improving waste solids recovery, 115-

119
seasonal nature of, 21-22, 56, 107, 110, 

208, 265, 267, 268, 277-278
shoreside processing plants, 1, 107
surimi processing plants, 150
use of protease enzyme treatment by, 

140
fish protein hydrolysate, 87

crop nutrient recovery and fish 
coproducts, 87-103

Fishery Industrial Technology Center, 23, 
163

“Fishy Peat” organic potting soil trial, 181
flatfish

composition of hydrolysate meals made 
from, 265-280

estimated 2008 byproducts from Alaska 
fish processing, 108-109

fish harvest in Alaska, 107
byproduct components, 108
harvesting seasons, 267

as source of meals used for crop 
nutrients, 89

statistics on harvesting of, 266
Food and Agriculture Organization of 

United Nations, 20
forced-air method of drying stickwater to 

make fish meal, 136, 137, 140
formic acid, 208

used in hydrolysis process, 236
used in the Montlake process, 223, 224, 

225
effect of concentrations on liquid 

yield and solids recovered, 
230

free fatty acids (FFA), 275, 276, 277
in Alaska commercial salmon oils, 243, 

244, 247, 254

free fatty acids (FFA) (continued)
as percent oleic acid, 245, 250
and rancidity, 245, 250
values found in salmon oil samples, 

252
as an impurity in fish oil, 259, 260, 261

removal through neutralization, 262
palmitic acid, 270

freeze-drying of stickwater, 138, 139, 140, 
142

amino acids, 142
proximate analysis of pollock 

stickwater, 141
freshwater use in surimi production, 150

G
gadoleic acid, 247
Gadus macrocephalus. See Pacific cod
GAGs. See glycosaminoglycans
gelatin. See also fish gelatin

comparisons of marine gelatins and 
mammalian, 282-283

world gelatin market, 29
Gelatin Manufacturers Institute of America, 

38
General Discharge Permit of Alaska 

Department of Environmental 
Conservation, 11, 208, 266

globulins, 148
glucosamine, 41
glutamic acid, 68
glycine (Gly), 33, 274, 283
glycosaminoglycans, 41, 42-43

disaccharide found in 
glycosaminoglycans, 42

gonads
composition of gonad meals made from 

pollock and salmon, 112
proteins in, 112

gram-negative bacteria, 191
groundfish byproducts

processing plants, 106
study of chondroitin sulfate in, 50

Gulf of Alaska
Americanization of groundfish fisheries 

in, 106
seasonal processing plants, 56, 107, 

265, 267

H
hake, impact of high pressure processing 

on, 196
halal dietary rules, 28, 29, 37, 41, 282
halibut

byproduct components in fish harvests 
in Alaska, 109
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halibut (continued)
composition of livers from fish 

harvested in Alaska, 111
estimated 2008 byproducts from Alaska 

fish processing, 108-109
fish harvest in Alaska, 107
liver oils, 23

hemoglobin, 196
heparan sulfate, 42, 42
heparin, 42
herring, 106

amino acids in solids recovered from 
surimi wash water, 154

byproduct components in fish harvests 
in Alaska, 109

estimated 2008 byproducts from Alaska 
fish processing, 108-109

fish harvest in Alaska, 107
herring gonad protein powder, 69
percentage of omega-3 in commercial 

fish oils, 19
protein content in herring meal, 153
as source of fish protein meals, 57

Hietala, Katie A., 207-219
high pressure processing (HPP), 189-200. 

See also pressure-assisted thermal 
processing

high-temperature steam distillation, 261
Himelbloom, Brian, 177-187, 241-257
histamine, 161, 172
histidine, 153, 172
hoki

liver oil, 20
percentage of omega-3 in commercial 

fish oils, 19
homofermentative bacteria strains, 210
homogenate production using Monterey 

sardine byproducts, 297-298
chemical composition of, 301
effect of pH on autolytic activity of 

Monterey sardine byproduct 
homogenate, 302

effect of temperature and incubation 
time on autolytic activity 
of sardine byproduct 
homogenate, 301

Hoover Aquatic Farms, 181
Hordeum vulgare L. See barley
HPP. See high pressure processing
humidity of gelatin film, 285
humpy salmon. See pink salmon
hyaluronic acid, 42
hydrocolloid films, 283
hydrolysates, 36

acidity levels of hydrolysate during 
hydrolysis process, 236-237

hydrolysates (continued)
dried hydrolysates, 268
hydrolysate meals

made from pollock, salmon, and 
flatfish, composition of, 
265-280

made from Scottish salmon, 235-
239

porcine myofibrillar protein 
hydrolysates, 306

protein hydrolysates, 162, 236
and sardine bioactivities, 295-309
ultrafiltration of, 298-299
value of, 238

hydrolysis process of processing fish 
byproducts, 236, 238, 267-268

enzymatic hydrolysis
compared to wet-reduction 

method of processing fish 
byproducts, 271, 277-278

study of use to handle seafood 
processing wastes for 
smaller and seasonal fish 
processors, 266-278

producing low molecular weigh 
polypeptides, 296

used for processing sardines, 295
hydroperoxides, 196
hydrophilic films, 289-290
hydrophobic amino acid, 304
hydroxyproline (Hyp), 33, 36, 61, 283, 287, 

290

I
Ictalurus punctatus. See channel catfish
imino acids, 34, 35
impurities

in chondroitin sulfate, 43
removing from marine gelatin and 

collagen, 32
Institute of Arctic Biology, Nutritional 

Laboratory at University of Alaska 
Fairbanks, 76

International Conference of Fish By-
Products, 1, 178

International Seafood Byproduct 
Conference, Second, 1-2, 5-6

iron in analysis comparing hydrolysate 
meals to traditional meals, 270, 
274

Ismond, Alan, 115-119

J
jack mackerel, percentage of omega-3 in 

commercial fish oils, 19
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Jaczynski, Jacek, 147-160
Johnson, Ron, 221-234

K
keratan sulfate, 42, 42
ketones, 262
King, Joan M., 67-72
king salmon, 45, 243

amino acid profiles in dried salmon 
heads, 62

characterization of dried head 
meals, dried at different 
temperatures, 58-64

chondroitin sulfate found in, 48, 49, 50
fatty acid analysis of dried salmon 

heads, 63, 64
mineral analysis of dried salmon heads, 

63
proximate analysis of dried salmon 

heads, 61
Kodiak, Alaska

average salmon landings by region, 16
designated as a seafood processing 

center in 1974, 1, 266
as a statistical region, 14

Kodiak Fishmeal Company, 6, 75-76, 135
kosher dietary rules, 23, 28, 29, 37, 41, 282

L
L-a-phosphatidylcholine, 270
lactic acid bacteria (LAB), 207, 208, 209, 

210, 211-218
Lactobacillus casei, 210
Lactobacillus curvatus, 210
Lactococcus lactis, 210
Land and Sea Compost, 181
Lapis, Trina J., 241-257
Large Animal Research Station, University 

of Alaska Fairbanks, 76
lead in analysis comparing hydrolysate 

meals to traditional meals, 270, 
274

leucine, 68
Lighthouse Premium Fish Compost, 181
lipases, 196
lipid content

after drying stickwater to make fish 
meal, 138

in Alaska commercial salmon oils, 241, 
244

lipid classes present, 245, 245, 247
amount of available from seafood 

processing byproducts, 267

lipid content (continued)
hydrolysates

in analysis comparing hydrolysate 
meals to traditional meals, 
269, 270-271, 271, 271-
272, 275, 276, 277

lipid extraction of fractionated 
hydrolysates, 298-299

in pollock livers, 272
in salmon heads

dried salmon heads, 58-59, 60-61, 
61

pink salmon undergoing 
acidification, 211, 215, 
216

stored pink salmon, 162, 163, 165, 
166, 172

of sardine byproduct homogenate, 301
lipid extraction from sardine 

byproduct homogenate, 
303-304

in surimi production, 150
lipid oxidation, 58, 172-173, 174, 195, 304

and Alaska commercial salmon oils, 
242, 243

fatty acids sensitivity to, 196
impact of adsorption process on, 6, 262
impact of high pressure processing on, 

195, 196, 201
increased as a result of neutralization 

process, 262
peroxide values reflecting abundance 

of, 250
and 2-thiobarbituric acid values, 254

lipolytic enzymes, 196
lipoprotein cytotoxicity, 242
liquid waste conveying systems, 117-118
Listeria innocua, 199, 300, 306, 306
Listeria monocytogenes, 191
liver oils, 17, 20, 23-24, 59, 64, 271, 299
livers, 105, 110

composition of livers from fish 
harvested in Alaska, 111, 
111-112

lipids in pollock livers, 272
liver enlargement, 242

lobsters, 192
Lugo-Sánchez, M. E., 295-309
lumber byproducts used in fish 

composting, 179
lyophilization of stickwater, 138, 140, 141, 

142
lysine, 61, 69, 153, 275, 304
lysophospholipases, 196
lysozyme, 300

322 Index



M
mackerel

impact of high pressure processing on, 
196

percentage of omega-3 in commercial 
fish oils, 19

“mad cow disease.” See bovine spongiform 
encephalopathy (BSE)

MAG. See DL-a-monopalmitoylglycerol
magnesium

in analysis comparing hydrolysate 
meals to traditional meals, 
270, 274

uptake in study of impact of fish 
coproducts as crop nutrients, 
100, 101

Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA), 
1, 7, 106

Maine Compost School, 178
malondialdehyde, 164, 173, 196
mammalian gelatins compared to marine 

gelatins, 282-283
manganese in analysis comparing 

hydrolysate meals to traditional 
meals, 270, 274

Marine Stewardship Council, 23
McHugh, Tara H., 281-294
Meeker’s Magic Mix All Natural Fish 

Compost, 181
membrane filtration for stickwater 

processing, 121-131
menhaden

amino acids in solids recovered from 
surimi wash water, 154

average price of feed grade menhaden 
fish oil, 21

percentage of omega-3 in commercial 
fish oils, 19

protein content in menhaden meal, 153
Merluccius productus. See Pacific whiting
methionine, 61, 153, 275
methyl hydroxybenzoate, 33
methylene chloride, 163
microbial safety, 190, 192, 225. See also 

bacteria
antimicrobial activities

of bioactive peptides, 296
inhibition halos generated by 

different microorganisms, 
306

of sardine byproducts, 300-301, 306
antimicrobial activity assay, 300-301
limited shelf-life of seafood, 191

microbial safety (continued)
microbial inactivation by different 

pressure treatments of 
smoked salmon mince, 199

preventing Salmonella, 236
reduction of risks through high 

pressure processing, 193
and use of pressure-assisted thermal 

processing, 200
Micrococcus luteus, 199
microwave method of drying stickwater 

to make fish meal, 137, 137-138, 
140-141

mineral analysis
in comparison of hydrolysate meal and 

traditional meals, 270, 273, 
274

of dried salmon heads, 59, 61, 63, 63
of whitefish (pollock) bone meal, 83

Minnesota Valley Testing Laboratories, Inc., 
244

moderate-temperature pressure-assisted 
thermal processing, 190

modified silage process, 6, 17, 151. See 
also silage

used by Northwest Fisheries Science 
Center, 222-223

use of to stabilize pink salmon 
byproducts, 207-219

Modori phenomenon, 155
moi, 225
moisture content

and composting, 180
in fish meals

comparison of hydrolysate meals 
to traditional meals, 269, 
271, 271-272

using Montlake process, 224
in salmon heads

dried salmon heads, 60, 61, 61
pink salmon undergoing 

acidification, 211, 215, 
216

stored pink salmon, 165, 166
of sardine byproduct homogenate, 301
in solid waste recovery systems, 119
in stickwater, 142-143

monoacylglycerols, 244, 245, 247, 275, 
276

monounsaturated fatty acid, 19, 247, 
248, 276. See also fatty acids; 
unsaturated fatty acid

Monterey sardines, bioactivities found in, 
295-309

Montlake Laboratory in Seattle, 222
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Montlake process for utilizing salmon 
processing waste, 221-234

estimated material flow for salmon 
cannery waste, 228

proximate composition amino acid 
analysis of stabilized blended 
meal, 229

proximate composition amino acid 
analysis whole deboned pink 
salmon meal, 226

MSC. See Marine Stewardship Council
MUFA. See monounsaturated fatty acid
mussels, recovery of protein from, 151
myoalbumins, 148
myofibrillar proteins, 148, 150, 192, 193-

194
aggregation caused by high pressure 

processing treatment, 194
proteolysis causing breakdown of, 194

myoglobin, 196, 201
myosin, 148, 155, 193
myristic acid, 63

N
National Marine Fisheries Service (NMFS) 

of U.S. National Oceanic and 
Atmospheric Administration, 6

neutralizing as part of conventional 
refining of fish oils, 259, 261, 262

New Mexico State University, 18
nickel in analysis comparing hydrolysate 

meals to traditional meals, 270, 
274

Nicklason, Peter, 6, 221-234
Nile perch. See perch
nitrogen

and composting, 180
content in salmon heads

dried salmon heads, 58-59
pink salmon undergoing 

acidification, 211
stored pink salmon, 163

nitrogen and plant growth, 87, 97, 101
barley nitrogen uptake from fish 

coproducts, 98, 101
nitrogen concentration in meals 

used for crop nutrients, 
89, 92, 93, 94

nitrogen recovery by plants, 88-89, 
99

ratio of carbon to nitrogen, 88
nitrogen solubility of spray-dried 

soluble catfish roe protein 
powder, 67, 69

total volatile base nitrogen, 162, 163, 
165, 168, 172

volatile base nitrogen compounds 
stored at two 
temperatures, 167

volatile base nitrogen 
concentrations in head and 
viscera, 168

trichloroacetic acid–soluble nitrogen 
measurements in hydrolysate 
meals, 164, 269-270, 272

NMFS. See National Marine Fisheries Service 
of U.S. National Oceanic and 
Atmospheric Administration

NOAA. See U.S. National Oceanic and 
Atmospheric Administration

Northwest Fisheries Science Center 
(NWFSC) of National Oceanic and 
Atmospheric Administration, 6, 
222, 225

Norway pout, percentage of omega-3 in 
commercial fish oils, 19

nutrition and nutritional values
dietary supplements

antler products as mineral 
supplements, 75

catfish roe as a protein powder 
supplement, 68, 70

containing chondroitin sulfate, 41, 
43

fish bone meal as supplement for 
reindeer, 78-79, 82-84

mollusks as a source for calcium 
supplements, 14

importance of omega-3 fatty acids, 242, 
259

lipid oxidation causing loss of, 196
of recovered surimi wash water 

proteins, 153-154
of reindeer feed mixtures, 77, 82

Nutritional Laboratory, Institute of Arctic 
Biology at University of Alaska 
Fairbanks, 76

O
octopus (Octopus vulgaris), impact of high 

pressure processing on, 192, 196
oils. See fish oil; liver oils
oleic acid, 245, 247, 250
Oliveira, Alexandra C. M., 41-53, 55-66, 

133-145, 241-257, 265-280
Olsen, Carl W., 281-294
Oly Mountain Fish Compost, 181
omega-3 fatty acids, 18-20, 189, 200, 235, 

249, 277
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omega-3 fatty acids (continued)
in Alaska commercial salmon oils, 241, 

247, 254
in fish livers, 111
importance of in human nutrition, 242, 

259
percentage of in commercial fish oils, 

19
salmon as excellent source of, 58

omega-6 fatty acid, 238, 242, 277
Oncorhynchus gorbuscha. See pink salmon
Oncorhynchus keta. See chum salmon
Oncorhynchus kisutch. See silver salmon
Oncorhynchus nerka. See red salmon
Oncorhynchus spp. See salmon
Oncorhynchus tshawytscha. See king 

salmon
Oregon State University, 150
organic crop production. See also 

composting; crop nutrients
crop nutrient recovery and fish 

coproducts, 87-103
use of fish bones for compost and 

fertilizer, 17-18
Ortíz-Delgado, I.G., 295-309
oxidative stability of Alaska commercial 

salmon oils, 241-257, 261
oxygen

needed for composting, 180
oxygen permeability of gelatin films, 

281-282, 283, 286, 289, 290

P
Pacific cod, 56, 266

byproduct components in fish harvests 
in Alaska, 108

cod skin gelatin extraction, 31-32
estimated 2008 byproducts from Alaska 

fish processing, 108-109
fish harvest in Alaska, 107
harvesting seasons, 267
impact of high pressure processing on, 

196
liver oils, 23
as source of meals used for crop 

nutrients, 89
Pacific ocean perch. See perch
Pacific oysters, 191-192
Pacific whiting, 149

adding proteins recovered through 
surimi wash water to pollock 
surimi, 155

amino acids in solids recovered from 
surimi wash water, 154

palatability of fish meal reindeer feed, 73, 
75-76, 79-80

palmitic acid, 247, 270
Pancheco-Aguilar, R., 295-309
p-anisidine values (p-AV) of Alaska 

commercial salmon oils, 241, 242, 
243, 245, 253, 254

Pantoja, A., 87-103
papain, 45, 268
p-AV. See p-anisidine values
PCBs, 236-237, 254. See also environmental 

contaminants found in Alaska 
commercial salmon oils

Pedersen, Leo D., 121-131
Pediococcus pentosaceus, 210
pepsin, 300
peptides, 134, 238, 266, 302, 306

bioactive peptides produced from 
sardine byproducts, 295-309

fraction peptide concentration required 
for ACE activity inhibition, 
304, 304

polypeptides, 27, 296
protein concentration and ACE 

inhibitory activity in sardine 
byproduct homogenate, 303

perch
byproduct components in fish harvests 

in Alaska, 108
Nile perch, 34
Pacific ocean perch, harvest of in 

Alaska, 107
permeability

oxygen permeability of gelatin films, 
281-282, 283, 286, 289, 290

water vapor permeability of gelatin 
films, 285-286, 289, 289-290

peroxide values (PV)
of Alaska commercial salmon oils, 241, 

245, 252, 254
reflecting abundance of lipid 

oxidation, 250
in fish oil after enzymatic hydrolysis 

procedure, 261
peroxide values (PV) of unpurified 

salmon changes as function of 
time and temperature, 262

peroxy radicals, 196
persistent organic pollutants (POP), 236, 

254. See also pollutants found in 
Alaska commercial salmon oils

phenylalanine, 153, 304
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phospholipases, 196
phospholipids, 196, 244, 245, 245, 247, 

261, 275, 276, 277
phosphoric acid, 87-103, 208, 261
phosphorus in analysis comparing 

hydrolysate meals to traditional 
meals, 270, 274

pilchard. See also sardines (Sardinops sagax 
caerulea)

pink salmon, 44, 243, 272
chondroitin sulfate found in, 47, 48, 

49, 50
dried salmon heads dried at different 

temperatures, 58-64
Montlake process for utilizing salmon 

processing waste, 223-233
physical and chemical properties of 

pollock and salmon skin 
gelatin, 281-294

stabilizing through modified silage 
processes, 207-219

storage effects on pink salmon 
byproducts, 161-175

used in study of enzymatic hydrolysis 
process to handle processing 
wastes for smaller and 
seasonal fish processors, 269

plaice, impact of high pressure processing 
on, 196

Plante, Sébastien, 133-145, 265-280
pollock, 44

byproducts
estimated 2008 byproducts from 

Alaska fish processing, 
108-109

percentage of byproduct recoveries, 
110

chondroitin sulfate found in, 41, 47
composition

of gonad meals made from, 112
of hydrolysate meals made from, 

265-280
of livers from, 111, 111-112

fish bone meal as supplement for 
reindeer, 78-79, 82-84

fish harvests in Alaska, 107, 282
byproduct components from, 108
harvesting seasons, 267
use of salmon excluder panels in 

pollock catching, 7
impact of high pressure processing on, 

196
liver oils from, 23
as Marine Stewardship Council certified, 

23

pollock (continued)
omega-3 in commercial fish oils, 

percentage of, 19
pollock skin gelatin films, physical 

and chemical properties of, 
281-294

potential value of fish meal and fish oil 
for major Alaska communities, 
13

protein powders
pollock frame soluble protein powder, 

69
pollock viscera protein powder, 69
proteins contained in, 88
requirements for processing waste, 56
as source of meals used for crop 

nutrients, 89
stickwater, creating dried meal from, 

133-145
used in surimi production, 149

pollutants found in Alaska commercial 
salmon oils, 115, 251, 254. See 
also environmental contaminants 
found in Alaska commercial 
salmon oils

persistent organic pollutants (POP), 
236, 254

Polydactylus sexfilis. See moi
polymeric membranes, 125, 130, 290

examples of flux curves for two 
polymeric membranes, 128

polypeptides, 27, 296, 302
polysaccharides, 42-43
polyunsaturated fatty acids (PUFA), 57, 

63, 172, 196, 242, 247, 248, 249, 
276. See also fatty acids

ratio of PUFA to saturated fatty acids in 
fish meals, 277

Ponce-Alquicira, E., 295-309
POP. See persistent organic pollutants
Popp, Tobias, 241-257
porcine myofibrillar protein hydrolysates, 

306
potassium in analysis comparing 

hydrolysate meals to traditional 
meals, 270, 274

potatoes as source of fermentable 
carbohydrates, 207-219

preservation of pink salmon through 
modified silage processes, 207-
219

press liquor, 134
pressure-assisted thermal processing, 190, 

200-201
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pressure processing technologies. See 
also high pressure processing; 
pressure-assisted thermal 
processing

chemical and quality changes when 
using pressure processing 
technologies, 189-206

Prince William Sound, 14, 16
processing procedures. comparison of 

methods of extraction of fish oil, 
260-261

steps in conventional processing of fish 
oils, 259, 261-262

Productos Pesqueros de Guaymas S.A., 297
proline (Pro), 33, 35-36, 283, 287, 290, 304
propyl hydroxybenzoate, 33
proteases, 300-301
proteinase K, 300
protein content

amount of available from seafood 
processing byproducts, 267

in analysis comparing hydrolysate 
meals to traditional meals, 
269, 271, 271-272

of fish meal obtained through Montlake 
process, 224

of gelatin, 35-36
in Montlake process

proximate composition and amino 
acid analysis of gelatin 
fraction, 231

in stabilized blended meal, 229
in whole deboned pink salmon 

meal, 226
in salmon heads

dried salmon heads, 60-61, 61
pink salmon undergoing 

acidification, 211, 215, 
216

stored pink salmon, 163, 165, 166
of sardine byproduct homogenate, 301
in surimi production, 150, 153

proteins, 70
catfish roe as a protein powder 

supplement, 67-72
contained in pollock, 88
effect of high pressure processing 

treatments, 193-194
in feed for reindeer, 77

low rumen-degradable protein, 81
need for, 73, 74

in fish gonads, 112
in fish livers, 111
high protein–low ash meal, 221
porcine myofibrillar protein 

hydrolysates, 306

proteins (continued)
pressure coagulation of, 192
protein concentration and ACE 

inhibitory activity in sardine 
byproduct homogenate, 303

protein films. See gelatin
protein functionality of fish proteins, 

57
protein hydrolysates, 162, 236
protein hydrolysis, 296
protein stabilizing agents and gel 

formation by high pressure 
processing, 195

recovered protein uses, 148
in stickwater, 134, 138, 142
and surimi wash water (SWW), 147-160
water solubility of, 148

proteoglycans, 42
proteolysis, 194
proteolytic enzymes, 192, 193, 238, 268, 

296
endogenous proteolytic temperature 

of Monterey sardine viscera 
extract, 302

Pu, Jianing, 67-72
PUFA. See polyunsaturated fatty acids
purification process and effect on quality of 

fish oil, 259-263
PV. See peroxide values
pyrrolidine residues, 33

R
Ramírez, Rosario, 189-206
Ramírez-Suarez, J.C., 295-309
rancidity found in Alaska commercial 

salmon oils, 245, 250, 254
Rangifer tarandus tarandus. See reindeer
red salmon, 44, 243, 250, 254

amino acid profiles in dried salmon 
heads, 62

difference between red and pink salmon 
hydrolysates, 272

dried salmon head meals, dried at 
different temperatures, 58-64

food recovery rate during processing, 
266

used in study of enzymatic hydrolysis 
process to handle processing 
wastes for smaller and 
seasonal fish processors, 269

refining fish oil
steps in conventional processing, 

259, 261-262
use of adsorption technology, 6, 

262
Regenstein, Joe M., 27-40
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reindeer, Alaska fish products as feed for, 
73-86

economic value of, 74-75
meat quality study, 76-78
palatability study, 75-76

rendering of fish into coproducts
of catfish byproducts, 68
elements of rendering operation, 116-

118
impacts of, 118-119
as source for fish meals, 89, 115, 116
as source of fish oils, 247, 259, 260
and waste material disposal, 11, 115, 

116
wet rendering

of fish meals, 223-224, 230, 233. 
See also Montlake process

of fish oils, 260
Rodrigo-Garcia, Joaquín, 147-160
roe

catfish roe as source of functional 
proteins, 67-72

commercial markets for, 68, 112
Rooney, A.P., 210
Roslin Institute, 237
Rossyew Ltd., 235-239
Rust, Michael, 221-234

S
safety in seafood processing, 190. See also 

microbial safety
European Commission regulations, 236

salinity, impact of on fish processing plant 
waste recovery, 119

salmon, 133, 134. See also chum salmon; 
king salmon; pink salmon; red 
salmon; Scottish salmon; silver 
salmon

amounts of endogenous protease found 
in, 267

certification of, 23, 28. See also halal 
dietary rules; kosher dietary 
rules; Marine Stewardship 
Council

chondroitin sulfate, extraction and 
determination of, 41-53

cold smoked salmon, 194
composition

of gonad meals made from, 112
of hydrolysate meals made from, 

265-280
of livers from fish harvested in 

Alaska, 111
deboning of, 227

salmon (continued)
dried salmon heads, chemical 

composition and oxidative 
stability of, 55-66

fish harvest in Alaska, 107, 282
byproduct components from, 108
estimated yields for bone in and 

skin on canned salmon, 
227, 227

impact of high pressure processing on, 
196

increasing utilization and decreasing 
waste stream, 5-7

microbial inactivation by different 
pressure treatments of 
smoked salmon mince, 199

Montlake process for utilizing salmon 
processing waste, 221-234

analysis of dry salmon snout 
cartilage, 232

estimated material flow for salmon 
cannery waste using 
Montlake process, 228

and omega-3 fatty acids, 18-20
percentage of omega-3 in commercial 

fish oils, 19
percentage of byproduct recoveries, 

110
reindeer fed salmon meal, 73

daily dry intake, 79
feed conversion efficiency of, 80
meat quality study, 76-78, 80-82, 81
nutritional values of, 77
palatability study, 75-76, 79

salmon oils, chemical composition and 
oxidative stability of, 241-257

environmental contaminants found, 
252

free fatty acid values found in 
salmon oil samples, 252

information and codes for salmon 
oil samples, 243

lipid classes present, 245
p-anisidine values found, 253
peroxide values found, 252
profiles of bulk and encapsulated 

salmon oil samples, 246
summary of results of fatty acid 

profiles, 248
2-thiobarbituric acid values found 

in Alaska commercial 
salmon oils, 253
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salmon skin gelatin films, physical and 
chemical properties of, 281-294

amino acids in cold-water fish skin 
gelatins, 288

mechanical properties of cold-water 
fish skins, 291

physical properties of cold-water 
fish gelatins, 288

seasonal nature of harvest of, 208
skinless/boneless salmon (SB), 222, 

227, 267
smoked salmon, 194

comparison of smoked salmon and 
raw salmon undergoing 
acidification, 211, 212, 
213, 214, 215, 216, 217, 
254

microbial inactivation by different 
pressure treatments of 
smoked salmon mince, 
199

smoked pink salmon heads, 209-
210, 211, 254

as source of meals used for crop 
nutrients, 89

statistics on harvesting of, 266
Alaska salmon landings by region, 

16
yearly harvests, 162, 242

sand eels, percentage of omega-3 in 
commercial fish oils, 19

sarcoplasmic proteins, 148
sardines (Sardinops sagax caerulea), 

bioactivities found in, 295-309
Sathivel, Subramaniam, 6, 67-72, 259-263
School of Natural Resources and 

Agricultural Sciences, Palmer 
Research Center, University of 
Alaska Fairbanks, 59, 270

Scotland
development of compact silage 

processing plants in, 22-23
hydrolysates from Scottish salmon, 

235-239
Sea Soil, Foenix Forest Technology, Inc., 

181
SEAGRO, Shigawake Organics Ltd., 181
seaweed polymers, 36
sharks and chondroitin sulfate, 43-44, 49, 

50
sheephead, impact of high pressure 

processing on, 196
shrimp

amino acid requirements, 142
recovery of protein from, 151

shrimp (continued)
shrimp-like Antarctic krill, 150
use of pressure coagulation of proteins 

to recover more meat, 192
silage

modified silage, 6
used by Northwest Fisheries Science 

Center, 222-223
use of to stabilize pink salmon 

byproducts, 207-219
as nutrient source for crops, 88

Scottish compact silage processing 
plants, 22-23

Silliker JR Laboratories, 45
results of chondroitin sulfate study, 

47, 47
silver in analysis comparing hydrolysate 

meals to traditional meals, 270, 
274

silver salmon, 243
amino acid requirements, 142, 143
dried salmon heads, dried at different 

temperatures, 58-64
amino acids, 62
fatty acid analysis, 63, 64
mineral analysis, 63
proximate analysis, 61

skates and chondroitin sulfate, 43-44, 50
skinless/boneless salmon (SB), 222, 227, 

267
Smiley, Scott, 41-53, 55-66, 121-131, 133-

145, 241-257, 265-280
smoked salmon, 194. See also salmon

comparison of smoked salmon and 
raw salmon undergoing 
acidification, 211, 213, 216, 
254

bacterial enumeration during 
acidification process for 
pink salmon heads, 214

compositional analysis of, 215
lactic acid production, 217
lipid content, 215, 216
moisture content, 215, 216
pH changes in pink salmon heads 

undergoing acidification, 
212

microbial inactivation by different 
pressure treatments of 
smoked salmon mince, 199

smoked pink salmon heads, 209-210, 
211

2-thiobarbituric acid values, 254
sockeye salmon. See red salmon
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electrophoresis (SDS-PAGE), 32, 
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meals to traditional meals, 270, 
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soil, nutrients for
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measuring fish coproducts as 
crop nutrients, 91

fish products used as, 1, 9, 10, 17-18, 
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coproducts, 87-103
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fertilizer, 17-18. See also 
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recovered proteins used in, 148
urea fertilizers, 101
use of compact silage to obtain, 
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degradation of, 115
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wastes recovered, 118-119
recovered from surimi wash water, 147
solid waste conveyance systems, 115, 

116-117
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nitrogen solubility of spray-dried 
soluble catfish roe protein 
powder, 67, 69

protein solubility, 162
of spray-dried soluble catfish roe 

protein powder, 69
water solubility of muscle proteins, 148
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recovered from surimi wash 
water, 153, 154
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75-76
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feed conversion efficiency of, 80
meat quality study, 76-78, 80-82, 81
nutritional values of, 77
palatability study, 75-76, 79

Sparrow, S., 87-103
spectrophotometric assay, 41-42, 44
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spray-dried soluble catfish roe (SCR), 67. 
See also catfish

functional properties of, 69-70
nutritional properties of, 68-69

spring salmon. See chinook salmon
squid, 149
squid ink crude extract, 303-304
SSW. See surimi wash water
stabilization

acid stabilization process used in the 
Montlake process, 221, 223

of pink salmon byproducts through 
modified silage process, 207-
219

Staphylococcus aureus, 300, 306
sterols, 244, 245, 247, 276
stickwater, 45, 106, 118, 119

chemical oxygen demand of stickwater, 
122

loss of gelatin into the stickwater 
stream, 230

methods for drying stickwater, 133-145
drum-dryer method, 138, 139, 141-

142, 142, 143
forced-air method, 136, 137, 140
freeze-drying, 138, 139, 140, 141, 

142
microwave method, 137, 137-138, 

140-141
vacuum dry method, 136, 136, 140, 
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filtration, 121-131
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membranes, 129
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polymeric membranes, 
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steps in membrane filtration 
process, 123, 124, 127, 
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Stine, Jesse J., 41-53
Stitzel, Peter, 6, 221-234
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strontium in analysis comparing 

hydrolysate meals to traditional 
meals, 270, 274

sulfuric acid, 208
supernatant

sardines, 298
from stabilized fish, 230

stored for different amounts of time 
and temperature, 228

surimi production
fish species used for, 149-150
freshwater use in, 150
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supernatant (continued)
low yield of, 147
surimi paste, 156, 157
world consumption, 149

surimi wash water (SWW), recovery and 
utilization of proteins, 147-160

amino acids in, 153, 154
chitosan-alginate treatment of

effect of chitosan source on surimi 
wash water protein 
adsorption, 153

effect of time and chitosan-alginate 
concentrations on protein 
adsorption, 151, 151-152

Pacific whiting surimi wash water 
treated with chitosan and 
alginate, 152

evaluation of a 15% dietary protein 
substitution by SWW proteins, 
155

proteins
effect of added levels of SWW 

complex protein on 
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loss of proteins in, 150
protein precipitation at the 

isoelectric point used to 
produce surimi, 149-150

protein sources used to improve 
surimi gels, 154-155, 157

sustainability, 5-7, 162
economic sustainability of surimi 

industry, 147, 148, 157
regulating resource sustainability, 20

SWW. See surimi wash water
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TAG. See triacylglycerols, triacylglycerides
TBARS. See thiobarbituric acid reactive 

substances
TCA. See trichloroacetic acid-soluble 

nitrogen measurements in 
hydrolysate meals

temperature
control of temperature during collagen 

and gelatin extraction, 30-31, 
32, 34

effect of incubation temperature on 
reaction time for sardine 
byproduct homogenate, 302

effect of temperature and incubation 
time on autolytic activity 
of sardine byproduct 
homogenate, 301

effect on Alaska composting, 180

temperature (continued)
effect on proximate analysis of dried 

salmon heads, 55
evaluating effects of low temperature 

drying of Pacific salmon, 55-66
function of storage time and 

temperature on pink salmon 
heads, 161-175

importance of in processed organic 
foods, 60

melting point of marine gelatin, 34-35
peroxide values (PV) of unpurified 

salmon changes as function of 
time and temperature, 262

supernatant from stabilized fish stored 
for different amounts of time 
and temperature, 228, 230

tensile strength of marine gelatins, 283, 
284, 286, 288, 291, 291

texture of fish after high pressure 
processing, 194-195

Theragra chalcogramma. See walleye 
pollock

thermo-reversible gels, 34
thiobarbituric acid, 161

2-thiobarbituric acid values found in 
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oils, 241, 243, 245, 253, 254

thiobarbituric acid reactive substances, 
162, 164, 169, 172-173, 304
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temperatures, 173

TMA. See trimethylamine
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total volatile base nitrogen, 162, 163, 165, 
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stability of in stored pink salmon 
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volatile base nitrogen compounds 

stored at two temperatures, 
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volatile base nitrogen concentrations in 
head and viscera, 168

“Totem Soil” composting trial, 181
triacylglycerols, triacylglycerides (TAG), 

241, 244, 245, 245, 247
trichloroacetic acid–soluble nitrogen 

measurements in hydrolysate 
meals (TCA), 269-270, 272

tricine SDS-PAGE, 298, 300-301
triglycerides, 259, 260, 262, 275, 276, 277
trimethylamine (TMA), 162-163, 167, 168, 
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trinitrotoluene (TNT), 18
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tripolyphosphates (TTP), 194
trout, impact of high pressure processing 

on, 196
Trp. See tryptophan
trypsin, 300
tryptophan (Trp), 35
tuna, percentage of omega-3 in commercial 

fish oils in, 19
turbot, impact of high pressure processing 

on, 196
TVB-N. See total volatile base nitrogen
tyrosine, 304
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antioxidant activity assay of 
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fractions of hydrolysates of 
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U.S. Food and Drug Administration (FDA), 
189, 200
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stickwater, 141
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Vibrio parahaemolyticus, 191
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viscosity

of marine gelatin, 31, 33, 35, 36, 283, 
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of spray-dried soluble catfish roe 
protein powder, 67, 69

of stickwater, 121, 123, 126, 130, 153
viscoelastic properties of gelatin, 283, 

284, 285
vitamin content of Alaska commercial 

salmon oils, 241, 244, 249, 249-
250

W
walleye pollock, 133, 134

pollock skin gelatin films, physical 
and chemical properties of, 
281-294

statistics on harvesting of, 266
2-thiobarbituric acid values for, 254
use of in surimi, 266
used in study of enzymatic hydrolysis 

process to handle processing 
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seasonal fish processors, 269

vitamin A concentrations in, 250
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warm-water fish, 29
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warm-water fish (continued)
gelatins from, 34, 35, 36, 37, 282, 287
imino acid levels in, 34

Warren Analytical Laboratories, Inc., 244
waste from fish processing. See also 

byproducts, marine; coproducts
amount of waste after filleting, 29
costs of discharging wastes vs. 

developing coproducts, 11-14, 
14, 17, 17-18, 118

deboning mixed salmon waste stream, 
227

enhancing utilization of fish 
byproducts, 105-113

heads as a major component of, 55
improving waste solids recovery, 115-

119
potential economic losses in discharged 

waste, 5, 11-12, 12
requirements for processing pollock 

waste, 56
study of enzymatic hydrolysis process 

to handle processing wastes 
for smaller and seasonal fish 
processors, 269

use of Montlake process to handle 
salmon waste estimated 
material flow for salmon 
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process, 228

use of to obtain gelatin, 27
waste material disposal after rendering, 

11, 115, 116
wastewater, 116, 117-118, 121

from mines, purification of using fish 
bones, 17, 18

wastewater solids recovery system, 118
water evaporation of spray-dried soluble 

catfish roe protein powder, 69
water vapor permeability of gelatin films, 

285-286, 289, 289-290
wet-reduction method of processing fish 

byproducts, 235-236, 265, 266-
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compared to hydrolysate method, 271, 
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wet-reduction method of processing fish 
byproducts (continued)

leaving stickwater behind, 134
and stickwater processing by 

membrane filtration, 121-131
used in the Montlake process, 221-234

whitefish. See also pollock
amino acid profiles, 270
chondroitin sulfate found in, 44, 47, 51
whitefish meal in reindeer feed, 73-74

bone meal performance study, 78-
79, 82-84

daily dry intake, 79
feed conversion efficiency of, 80
meat quality study, 76-78, 80-82, 81
nutritional values of, 77
palatability study, 75-76, 79
proximate and mineral analysis 

of, 83
whiting. See Pacific whiting
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meal
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coproducts as crop nutrients, 
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