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Foreword

Food Science and Technology are relatively new subjects. Most food
research laboratories in the world were established after the 1914-18
war, and only recently has it become possible to study food science in
British Universities. The Torry Research Station in Aberdeen was set
up by the Department of Scientific and Industrial Research in 1929
and was one of the first institutions in the world concerned entirely
with the problems of fish handling, processing, distribution and
storage. The staff of the Station have always been available to give
advice, so far as current knowledge would allow, to firms in the
industry, and the annual course at Torry for people engaged in
handling and processing fish, both in this country and abroad, has
been widely patronized since it was first begun ten years ago.

The need for a convenient and readable handbook, written especially
for people employed in the British fish industry, has been apparent for
a very long time, and it is therefore with great pleasure that I see this
work completed.

It has in many instances proved difficult to decide how much
attention to give to a specific point, but an attempt has been made to
give greater attention to those theoretical and practical points of most
importance to workers in the industry. Furthermore, to quote the
author of a practical manual in another field, it is believed ‘. . . that
it is more important to be nearly right and understandable than to be
academically accurate and incomprehensible’.

Many workers at the Torry Research Station and Humber Labora-
tory have contributed to this book. It was felt, however, that the
authorship should remain anonymous, especially since the editors, in
the interests of uniformity of style, have rewritten large sections of the
text.

If this book helps those engaged in the many day-to-day operations
of the fish industry to do their jobs better, and so makes a contribution
towards the increasingly rapid technical development that is now
occurring, all those who have helped in its production will be well
satisfied.

TORRY RESEARCH STATION G.A.REAY
ABERDEEN
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About this book

‘Begin at the beginning,’ the King said, gravely,
and go on till you come to the end, then stop.’
LEWIS CARROLL

ALTHOUGH a number of books on scientific aspects of fish handling
and processing have been written by scientists, these have in the main
been written for other scientists and technologists. Few attempts, and
certainly none in Britain, have been made to write a work specially
for those with wide practical knowledge of fish handling and processing
but with little or no scientific training. Such an attempt has been made
here. The products and processes used in other countries have not
been discussed and even so far as the British industry is concerned, the
coverage is not exhaustive. Attention has rather been concentrated on
the major processes about which staff at Torry have gained first-hand
knowledge through their own researches. Further work may modify
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Fish handling and processing

some of the ideas discussed here, but it is believed that this constitutes
a reasonably accurate and authoritative account of current knowledge.

Scientists, when they write for each other, use terms that are largely
incomprehensible to the layman and sometimes, indeed, to other
scientists working in different fields. So far as is possible, scientific
terms have been avoided here. But they have not been avoided
entirely. The scientist, when he attempts to write non-technical
English, immediately becomes aware of the paralysing effect of other
scientists looking over his shoulder. It is easy to poke fun at technical
phrases, but in certain fields they are indispensable whilst in others
they are difficult to do without. Deprived of them altogether, the
scientific writer finds his sentences bursting forth into such a profusion
of qualifying clauses and parenthetical asides that he begins to despair
of his task altogether. Clearly, some compromise is necessary.

Here, two different approaches have been tried. A conscious effort
has been made not to write for other scientists and technologists. The
hypnotizing effect of the thought that every word on the printed page
may damage a scientific reputation has, it is hoped, been avoided by
the anonymity of the authorship of each chapter. Where it has seemed
to suit the purpose and where slight inaccuracy has seemed of little
moment, straightforward non-technical explanation has been given.
But such a course could not always be adopted and in consequence
chapters 12 to 16 deal with some basic scientific principles involved in
fish technology. It is hoped that, by this means, the man who wishes
to look up a particular point can obtain the information he requires
whilst anyone reading the book as a whole will not be infuriated by
constant repetition of the same basic facts.

The editors have felt that the text should, so far as is possible, be
easily read without numerous references to other parts of the book or
to other work. In consequence no cross-references have been given in
the text; instead, a very full index has been provided, which will, it is
hoped, prove sufficient for people using the book. No references to
original papers have been given, primarily because this book is for
people who are handling and processing fish and not for other scientists,
but also partly because the relevant literature is so considerable that
if it were to be covered adequately, it would greatly increase the
length and cost of the book.

Specialized terms have generally been printed in italics when first
introduced, and where necessary have been defined. Rigid scientific
definitions of terms have been given only when this has seemed
essential. Where abbreviations have been used, these conform as far
as practicable to British Standard 1991: Part 1: 1954.

All temperatures have been given in degrees Fahrenheit. The
Fahrenheit scale is used universally throughout the British fish industry;
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Aberdeen
white fishing from, page 39
fish by road from, 62
vacuum drying of fish at, 124
Aberdeen cut finnans, g1, 93
Absolute pressure, definition of, 340
Absolute zero, 320
Accelerated freeze drying (AFD), 125
Acid, fatty. See Fatty acid
Acid preservation of offal
See Silage
Actin, 312
Actomyosin, 312
AF container, description of, 179
After dryer, for fish meal, 243
Air blast freezers
design and operation of, 155-157
defrosting of, 156
trays for, 157
temperature measurement in, 171
Air blast thawers
design of, 187-189
batch types, 187
continuous types, 188
Air curtains for cold stores, 175
Air dryers for fish meal, 243-244
Air drying of fish, 134
for fish meal, 243-244
Air flow measurement, 369-372
Air locks for cold stores, 175
Air thawing of frozen fish, 184-185,
187-189
Albumins in fish flesh, 312
Albuminoids
in fish meal, 252
in fish flesh, 312
Alcohol thermometer, See Thermometers
Alginate jellies for coating frozen fish, 148
Aluminium
on trawler decks, 21
in fishrooms, 28, 34
for fish boxes, 36, 57
in rail vans, 59
Amino acids
definition and examples of, 302, 303
essential and non-essential, 312, 313
free, 315
in fish, 352

Anmines in fish spoilage, 315, 352
Ammonia
from skates, etc., 13, 300, 314, 347, 352
in fish spoilage, 280, 354
Anchovy, labelling of canned, 221
Anemometers, 369
Angler fish, structure of, 277, 278
Animal feeding stuffs, fish meal for, 224
Antioxidants
in salted fish, 113
for frozen fish, 152-153
for fish meal, 248250
Appearance of fish during spoilage, 347349
Arbroath smokies, 71, 98, 99
Assmann psychrometer, 374
Atoms in chemistry, 297, 298
Auction
of white fish, 39
of herring, 45
Autolysis
low temperature prevention of, 143
description of, 300, 301
See¢ also enzymes, spoilage
Autumn spawning herring, 293

Bacteria
and wet fish spoilage, 9, 47, 259, 346, 347.
351-353
cleaning to remove, 66-69, 262
destruction by woodsmoke, 71
on salt fish, 105, 106, 114
pink, 116
effect of freezing on, 143, 146, 266
effect of cold storage, 149
effect of heat on, 196, 206, 208
in fish oils, 236
food-poisoning, 64, 267
Balances
and weighing, 358
spring, 359
beam, 359
Barrel for pickled herring, 111, 112
Barrel bones in herring, 88
Baskets
trawler, 11, 21, 22
landing, 40
Batten, stowing above the, 34
Beam balances, 359
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Beheading. See Heading Browning of fish flesh, 315, 316
Bergylt. See Redfish Bruising of fish
Bib, 286 at sea, 10, 12, 18
Bilgy fish, 8 during unloading, 41
Billingsgate, 65 Buckling, 71, 75
Blast chilling, 61 smoking time, 86
Blast freezers. See Air blast freezers smoking method, 97, 99
Bleeding fish on board, 11 keeping time, 263
Bloaters Bulkheads, insulation of, 29
salting of, 83 Bulking
smoking time, 86 white fish, 6, 7, 12
smoking method, 8g~go herring, 45
keeping time, 263 Bulk shelfing, definition, 7
flavour, 278
Block fillet Calorie, 338
definition, g5 Calcium in curing salt, 105
keeping time of smoked, 263 Canning, chapter g
Blood pickle in herring curing, 112 raw material for, 196, 197
Blowflies, 270 nobbing, 197
Bobbers, 40 washing and descaling, 198
Boiling point of water, 321 brining, 199
Bones in fish, 276, 277 packing, 200
composition of, 308 types of can, 200, 201
Bony fishes, 289 exhausting, 202-204
Bourdon gauge, 366 can closing, 204, 205
Boxes heat processing, 206—208
for use at sea, 7, 20, 36 cooling cans, 208-210
port market, 41 labelling and boxing, 210, 211, 221
icing for inland transport, 51-56, 60-62, spoilage, 211-213
335 sauces for, 213, 214
size of, 56 herring, 215-217
cleaning of, 57, 68, 272 kippers, 217
upending of, 58 pilchards, 217, 218
light alloy, 36, 41, 62 sprats, sild, 218, 219
plastic, 36 mackerel, 219
Boxing at sea roes, 219
white fish, 7, 8, 10-13, 16, 36 pet foods, 220
herring, 20, 45, 196 other products, 220
Bream, 285. See also Redfish legal aspects, 221
Brine, making up, 84, 368-369 Carbohydrates in fish, 280, 309
Brineometer, 85, 200, 367 Carbon dioxide
Brine freezing, 162, 163 gas formed in fishroom, 40
Brining liquid chilling, 61
for smoking, 85 liquid freezing, 181
finnans, 94, 95 solid, for cooling wet fish, 60, 337, 338
kippers, 88 cooling smoked fish, 61, 83, 264
for canning, 199, 200 keeping frozen fish, 181, 266
canned kippers, 217 Cartilaginous fishes
canned herring, 215, 216 definition, 277
canned sprats, 218, 219 ) urea in, 280, 281
Brisling spoilage of, 347
for canning, 196, 215, 218 Catalysts, 301, 302
labelling of, 221 Catfish, 277
British Standards Ceilings in shops, 269
for abbreviations, 2 Centigrade scale, 321
for cleaning, 68 Centrifuging fish oils, 234, 235
for zero cabinets, 266 Chemical changes during spoilage, 351
British thermal unit (Btu), definition, 323 Chemical equations, 300
Broguing, 204 Chemical formulae, 299
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Chemical reactions, 300
Chemical tests for freshness, 353-356
TMA, 354
TVB, 355
ammonia, 355
VRS, 355
tetrazolium, 355
hypoxanthine, 356
Chilling fish
at sea, chapter 2
on land, chapters 3 & 11
theory of, chapter 14
Chill stores, misuse of, 260
Chitin in fish meal, 252
Chitterlings, 282
Chlorination of cooling water, 209
Chlorine for cleaning, 6g
Chopper for fish offal, 227
Chute for washer, 21, 23
Classification of fish, 284-287
Cleaning
fishy surfaces, 66-69, 272
kilns, 76
fishrooms, 19
Cleanliness. See Hygiene
Clinching cans, 205
Closed-fronted shops, 258
Closing cans, 203-205
Clostridium botulinum, 206—208
Clupea harengus. See Herring
Club can, 200
Coalfish, 286
stowage of, 13
Cod
weight loss in stowage, 10
value of gutting, 20
filleting of, 49
water content, 81
dry salted, 103, 104
pink on, 115
dried, salted, 121, 122
dried, 124, 131, 136
freezing, 144
cold storage life, 150
smoking time, 86
smoking method, 94
keeping time of smoked, 263
structure of, 274, 275, 279-282
classification, 286, 289
natural history, 291, 292
components of, 308
spoilage of, 351-354
Cod fillets, smoked, 86, 94—95
Cod roe, smoked, 86, g7
Cold smoking
methods, chapter 4
definition, 71
r.h, for, 80
keeping time of products, 263

Cold storage, chapter 7
life of products, 149~153
design and operation, 171-1%8
denaturation in, 151
fat changes, 152
freezer burn, 153, 171, 172
Jacketed, 173
insulation for, 172-177
air locks and curtains for, 175
temperature control, 177, 178
Composition of fish, 308-318
Compost heat effect, 11
Compounds, definition, 297
Condemnation of fish, 44
Condensed fish solubles, 236
Conduction of heat, 326, 327, 333
Conduction thawing, 183-188
Connective tissue, 308
Constant rate drying, 126, 128, 131
Containers. See Boxes
Continuous thawers, 188
Convection of heat, 326, 327, 333
Conversion of temperature, 322
Cooked fish products, hygiene, 267
Cooking fish meal, 230, 231
Cooling. See Chilling
Corrosion
in fishrooms, 28, 33, 35
from chemical cleaners, 67
of cans, 212
in fish meal plant, 237, 239
Crab, canning, 213, 220, 221
waste for meal, 252
Cran, definition, 40
Crayfish canning, 220
Critical range in freezing, 141
Crushing, weight loss due to, 10
See also Bruising
Crustacea canning, 220
Curd in canning, 220
Curing. Se¢ Salt curing, Smoking
Cyclostomes, 288

Death stiffening, 348, 351
Deck awnings, 17
Deck design and equipment, 21-23
Deckhead cooling coils, 17, 30-32
Defrosting

air blast freezers, 156, 157

plate freezers, 160, 162

cold stores, 174

fishroom grids, 31

Dehydration, in cold stores, 153, 171, 172

See¢ also Drying
Demersal fish, definition, 290
Denaturation of protein, 151, 165, 312
Density, 339
Descaling fish for canning, 198
Detergents, 19, 66, 272
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Dielectric thawing, 192-194
Dingley cans, 200, 202, 219
labelling, 210
Direct dryers for fishmeal, 243
Discharge of fishing vessels, 18
Discoloration in spoilage, 281, 348-350
Disinfectants, 66, 272
Distant-reading thermorneters, 366
in fishrooms, 32
Dogfish
stowage of, 13
for fish meal, 252
structure of, 277
urea in, 281, 300, 314
spoilage of, 347, 355
Dorsal fin, 274, 275
Dorsal ribs, 276, 277
Double-bottomed tanks, heat leak through,
24, 30
Double naping, 11
Drains in shops, 268; 269
Dried, salted cod, 122, 123
Drifters
handling on, 19, 20
landing from, 45
Drip from thawed fish, 151
Droppers, 72
Dryer grinders for fish meal, 244, 246
Dryers
fish meal, 239-244
indirect, 239-242
direct, 243-244
odours from, 251
vacuum contact, 125
for salt fish, 123
Dry ice
for cooling wet fish, 60, 337, 338
on smoked fish, 61, 83, 264
on frozen fish, 181, 266
Dry salting
definition, 103
cod, 106, 107
spoilage of product, 114
Drying, chapter 6
accelerated freeze (AFD), 125
fish meal, 239244
in cold stores, 153, 171, 172
in kilns, 72, 81
salt fish, 106-109, 118
smoked fish, chapter 4
theory, chapters 6 & 14
vacuum contact, 124
Dun on salt fish, 105, 117, 118
Dunnage in cold stores, 174
Dyes for smoking, 83, 88, 94, 95, 97, 101

Eels
smoked, 71, 100
smoking time, 86

Elasmobranchs, 289
Electrical resistance thawing, 189-191
Electrical resistance thermometers, 362
Electrons in chemistry, 296
Electrostatic precipitation of smoke, 77
Elements in chemistry, 296, 297
Enzymes

in bloaters, 89

effect of cold on, 143

effect of heat on, 196, 206

in fish guts, 278, 280

chemistry of, o1, 302, 312

in spoilage, 347
Evaporative cooling, 127
Evolution of fish, 283, 284
Exhausting cans, 202—204
Extractives, 313

in spoilage, 353

Fahrenheit scale, 321
Falling rate drying, 126, 130-133
Farlins, 110, 111
Fats
chemistry of 304-306
in fish, 280, 308-311
Fatty acid, definitior, 304
Fatty fish
drying of, 131
treatment for freezing, 145
in cold storage, 151, 152. See also Herring,
Qils, etc.
Feedy herring, 145, 278
Fertilizers, fish meal for, 224
Filleting, 49
at sea, 145
equipment, cleaning of, 6g
herring for canning, 217
Fillets
chilling of, 49-51, 330, 331
weight loss in transit, 58
Finnans
boxes for, 56
smoking of, 71, 75, 87, 90-94
not dyed, 83
smoking time, 86
keeping time, 263
Fins of fish, 274, 275
Fish
biology of, chapter 12
chemistry of, chapter 13
spoilage of, chapter 15
handling of, at sea, chapter 2
distribution of, chapter 3
smoking of, chapter 4
salting of, chapter 5
drying of, chapter 6
freezing and cold storage of, chapter 7
thawing of, chapter 8
canning of, chapter g
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Fish cont.
retailing of, chapter 11
Fish boxes. Se¢ Boxes, Boxing
Fish composition, 308-318
Fish display in shops, 260, 261
Fish fats. See Fats, Fatty fish, Oils, etc.
Fish flour, 253, 254
Fish glue, 227
Fish handling
at sea, chapter 2
on land, chapter 3
in the shop, chapter 11
Fish inspection, 44
Fish livers, 280
Fish markets, 38—46
hygiene on, 68
Fish meal, chapter 10
raw material for, 224-229
cooking, 230-232
pressing, 232-234
oil separation, 234-236
stickwater, 236-238
drying of, 239-247
grinding and bagging of, 247
storage of, 248
odour removal, 250, 251
composition of, 251-253
as fish flour, 253
Fish oils, chapter 10
separation of, 234236
Fish pumps, discharge by, 41
Fishroom
design of, 23-37
linings for, 2428
insulation of, 24-30
stowage in, 12-19
cleaning of, 19, 33
refrigeration of, 13, 16, 3033
ventilation of, 40
temperature in, g, 16, 23, 31, 32
thermometers in, 31, 32
Fish silage, 255, 256
Fish spoilage, chapter 15
Fish temperature
in fishroom, g, 16, 32
on landing, 42
on markets, 42, 43, 45
during distribution, 48-63
in the shop, 258-267
Fish transport
fresh, 58-63
frozen, 179-181
Fish vans, rail, 58-61
Flake ice, 9, 1%
Flakes, for drying fish, 122
Flame dryers, 244
Flat fish
processing of, 47
thawing of, 193

Flat sours in canning, 211
Flavour, and spoilage, 347-353
of frozen fish, 144
of smoked fish, 8o
of salt fish, 105
Fleetwood, landings at, 39
Flies in shops, 269271
Flippers in canning, 211
Floors in shops, 268
Flow measurement, 369-372
Flowmeters, 369-372
Fluidizer smoke producer, 78
Food poisoning
hygiene to prevent, 67, 268
from smoked fish, 64
from salt fish, 116
effect of temperature on product, 153
from cooked products, 267
Foots press, 235
Formaldehyde as offal preservative, 230
Formic acid for silage, 255
Formulae, chemical, 299
Fossil fish, 283
Freeze drying, 125
Freezer burn, 153, 171, 172, 174, 266
Freezers
design of, 154-163
air blast, 155-159
plate, 159-162
immersion, 162~163
operation of, 163-171
overloading of, 166-167
performance of, 163168
trays for, 157-158
temperature in, 168-170
instruments for, 170
Freezing, chapter 7
at sea, 144, 145, 161, 162
white fish, 144, 145
fatty fish, 145
plant and methods, 154-163
in brine, 162-163
theory, 140-143
pre-treatment and post-treatment,
146-149
temperature measurement, 168-170
Fresh run salmon, 310
Freshness tests for fish, 347356
Frost
in cold stores, 174
heave, 176
Frozen fish
production and storage, chapter 7
for canning, 197
for smoking, 82, 83
raw material for, 143-145
storage life of, 150
storage changes in, 149-153, 171-174
packaging of, 149

383



Index

Frozen fish cont.
vacuum packing of, 153
glazing of, 147, 148
temperature measurement of, 177, 178
transport of, 179-181
in shops, 266
Full herring, 293
Full meal, 256

Gadus species, 286
Gaffelbitter, 113
Gall bladder, 279
Galvanic action, in fishrooms, 28
Gaspé cure, 108110, 113-118
Gate agitator, 241
Gauges, pressure, 340, 365
Genus, 286
Gibbing, 110, 111
Gill cover, 275, 276
Gills, 281
during spoilage, 348-350
Gipping, 110, 111
Glasgow pales
smoking time, 86
smoking method, 94
keeping time, 263
Glazing frozen fish, 147, 148, 153, 172
Gloss on thawed fish, 151
on smoked fish, 94, 144
Golden cutlets
smoking time, 86
smoking method, 95
keeping time, 263
Granton stowage practice, 41
Greasers, 91
Green cure, 107
Grimsby, market practice, 39, 40, 42-44
Grinding fish meal, 247
Gutting
at sea, 5, 6, 11
on shore, 46, 47
for canning, 197
Gutting pounds, 11, 21
Guts of fish, 280
disposal of, 11

Hacker for fish offal, 227
Haddock
gutting of, 6
weight loss in stowage, 10
filleting of, 49
smoking time of products, 86
cold smoked products from, g1-95
smokies from, 99
drying of, 131
freezing of, 144
cold storage life of, 150
keeping time of smoked, 263
classification of, 286, 289

Haddock cont.
spoilage of, 351-355
Hag fish, 288
Hake, 277
freezing of, 144
Half loss period in drying, 133
Halibut
imported frozen, 39
laid on market, 43
freezing of, 158
fat in, 280
absence of swim-bladder in, 281
classification of, 289
Halophiles, 114, 116
Hammer mill, 247
Hanging before smoking, 85, 86
Hard cure, 106-108
Hard roe of cod, 282
Hard swells in canning, 211
Hard water ice, 17
Hatches
into fishrooms, 16
manhole type, 23, 24
opening of, before landing, 40
for cold store, 175
Heading fish
at sea, II, 145
by machine, 49
for salting, 108, 109
for canning, 197, 218, 219
Heart of fish, 279
Heat, chapter 14
what it is, 320
Heat flow, 320338
in fishroom, 24, 28-30
in rail vans, 60
in cold stores, 172-175
in freezers, 160, 163
in refrigerated vehicles, 179, 180
Heat leak. Sez Heat flow
Heat processing of cans, 206, 207
Heavy cure, 106-108
Hennings meter, 356
Herring
stowage at sea, 7, 8, 19, 20
measures for, 40
landing of, 44~46
landed ungutted, 47
smoked products from, 71
raw material for smoking, 82
smoking time for products, 86
methods of cold smoking, 87-go
hot smoking, 97, 99
salting of, 103, 104
pickle curing, r10-115
Klondyking, 118-119
drying, 124, 131132
freezing, 145-146
cold storage, 150-15¢2, 266
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Herring cont.
air thawing, 186
dielectric thawing, 192-193
canning, 196, 198, 200, 201, 215, 216, 221
for fish meal, 225, 228, 248, 249
oil, 233, 234, 248
keeping time of smoked products, 263
bones in, 277
classification, 28g
natural history, 292—294
fat content, 310
spoilage, 347
Herring Industry Board, 111
Herring meal, 248, 249
Hooks, damage by, 18, 40
Horizontal plate freezers, 159-161
Horizontal retorts, 208
Hot smoking
definition of, 71
use of traditional kiln for, 72
smoking times for, 86
products made by, g7-100
keeping time of products, 263
Houseflies, 270
Hull
landing white fish at, 39, 40
market practice at, 42—44
herring delivered to, 46, 62
Humber laboratory, 377
Humber ports. See Hull, Grimsby
Humidity
in smoking kilns, 74
and drying, 127, 133
in air thawers, 187
See also Relative humidity, Drying, etc.
Hydrogenation of oils, 306
Hydrometers, 367
Hygiene
in markets and factories, 66-69
in canning, 208, 212
in shops, 262, 267, 268, 272
Hygrometers, 373
Hypoxanthine test, 356

Ice

its use at sea, chapter 2

use on land, chapter 3

and cooling theory, chapter 14

crystal formation in freezing, 141
Icing practice

at sea, 13, 14, 16, 20

during distribution, 52-55, 324-338
Imported fish, 39, 46, 55
Indirect dryers, 239, 240
Inland markets, handling at, 65
Inorganic chemistry, 298
Insecticides in shops, 271
Instruments, chapter 16
Insulated containers, 179

Insulation
in fishrooms, 19, 23~29
of inland transport, 60-63, 179~181
in cold stores, 172-180
theory, 334-337
materials, 27, 175, 176, 328
Interleaving frozen fish, 149
Intestines, 279
Intramuscular bones, 277

Jacketed cold stores, 173, 174
Jacketed fishrooms, 17, 26

Kidney blood, g1
Kidneys, 279281
Kielersprotten, 86, 100
Kilocalorie, 338
Kipper fillets
smoking time of, 86
manufacture of, 87-8g
keeping time of, 263
Kippers
herring for, 45, 83
boxes for, 56
Torry kiln for, 75
quality of, 82
smoking time for, 86
manufacture of, 87-8g
cold storage of, 150, 151, 153
freezing of, 165, 167
thawing of, 193
canning of, 200, 217
keeping time of, 263, 265
Kits, 40
temperature of fish in, 42, 49
Klondyking, 118-11g

Labelling canned fish, 210, 221
Lacquer for cans, 212, 213
Lamprey, 289
Landing

of white fish, 38-44

of herring, 44~46

fish for canning, 197
Last, as a measure, 40
Latent heat, 130, 324, 325
Lateral line, 275, 276
Lean fish. See White fish
Lemon sole, keeping time before freezing, 144
Light cure, 108~110
Lights

in fishrooms, 16, 37

in shops, 267
Ling, dry salted, 103
Linings of fishrooms, 24-28
Liquid air and nitrogen for refrigerated

transport, 181

Liquid fish products, 255, 256
Livers of fish, 279-281
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Lobster
canning of, 213, 220, 221
waste for meal, 252
London cut finnans, g1, 92
Long hundred measure, 40
Lowestoft, landings at, 39, 43
Lumpers, 40
Lutefisk, 122

Mackerel

landed ungutted, 6, 19, 47

measures for, 40

pickle cured, 110

freezing of, 145

cold storage of, 151

canning of, 219

biology of, 278, 289

fat content of, 310

rancidity in, 347
Magnesium in curing salt, 105
Manhole hatches on trawlers, 16, 23
Market containers, 40, 42, 43
Market practice

at ports, 39—49

inland, 65
Matje cure for herring, 113-115
Maund, as measure, 40
Maze, as measure, 40
Mechanical briners, 85
Mechanical dryers, 123. See also Dryers
Mechanical handling at port, 41
Mechanical kiln, 71, 74-77
Mechanical refrigeration

in fishrooms, 30-33

for freezing, 154-163

in cold stores, 171175
Melting, definition, 308
Melt water in fishrooms, 9
Mercury thermometer, 361
Metal in fishrooms, 28
Microwave thawing, 193
Milford Haven, landings at, 39
Mills for fish meal, 247
Milt, in herring, 197
Minerals in fish, 316
Mixing of catch at unloading, 15, 16
Mixture, definition of, 297
Moisture content

of smoked fish, 81, 86

of salt fish, 108

of dried fish, chapter 6

of fish meal, 251, 252
Moisture meters, 373-375
Molecules, 298
Monk fish. See Angler fish
Moulds

on smoked fish, 86, 87, 265

on salt fish, 105, 117, 118

on fish oils, 236

Multiple effect evaporators, 237, 238
Mush, 74
Myosin, 312

Naming of fish, 2g4-290

Nitrogen content of fish meal, 252, 253
Nitrogenous bases, 314, 315

Nobbing of herring, 197, 215-217
Non-returnable boxes, 56, 57

North Shields, landings at, 39

Norway haddock. See Redfish
Norwegian herring, 46, 152

Ocean perch. See Redfish
Odour

of spoiling fish, 348-350

suppression in fish meal plants, 250, 251
Offal

for fish meal, 224227

liquid ensilage of, 255

bins in shops for, 269
Oil

from waste fish, 230236

for canning, 201, 202, 219

See also Fats, Fatty fish, Rancidity, etc.
Open-fronted shops, 258, 268
Operculum, 276
Optical denisty of smoke, 78-80, 376
Organic chemistry, 298
Organoleptic assessment of quality, 347-350
Orifice meters, 371
Ovaries, 278, 279, 282
Oxidation

of meal and oil, 248

of frozen fish, 147, 152, 153
Oysters, smoked, 102

Packaging
for wet and smoked fish, 63, 64, 262
for frozen fish, 149, 153, 159
Packing
in cans, 200, 202, 216, 218
smoked fish after cooling, 86
Pad, as measure, 40
Pale cure, smoking time for, 86
manufacture, 94
keeping time, 263
Pancreas, 278
Pectoral fin, 274, 275
Peg mill, 247
Pelagic fish, definition, 290
Pelvic fin, 274, 275
Peptides, 315
Peritoneum, g1, 309
Personal hygicne, 267, 268
Pests in shops, 269-271
Pet food
fish for, 224
canned, 220
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pH, of stickwater, 237
of silage, 255
Phenols in wood smoke, 8o
Phylum, 287
Physical tests for freshness, 356
Physics, chapter 14
Pickle curing, 103, 104, 110-114
Pilchards
measures for, 40
landed ungutted, 47
for canning, 196, 197, 201
canning of, 215, 217219
labelling of, 221
as offal, 225
spoilage of, 347
Pin bones, 276, 277
Pink on salt fish, 105, 115-117
Pisces, 289
Pitot tubes, 370
Pituitary, 291
Plaice
keeping time before freezing, 144
cold storage life, 150
no swim bladder, 281
classification, 289
Plankton, 2g90-293
Plastic boxes. Sez Boxes
Plastics
in fishrooms, 28
for packaging, 63, 153
Plate freezers, 159162
Pneumatic dryers, 243-245, 248, 251
Polishers for fish oils, 236
Pollack, 286
Polyphosphates
for wet fish, 64
for frozen fish, 146
Poor cod, 286
Pounds, in fishrooms, 7
on deck, 21
Pound boards, 13, 18, 33-35
Prawns
in canning, 221
waste for fish meal, 252
Pre-packing wet fish, 63, 262
Preservatives for offal, 229, 230
Press cake, 232, 233, 236-2309, 242-244, 247
Pressfisk, 125
Pressing fish meal, 230, 232, 234
Press liquor, 234-236
Pressure, definition, 339, 340
Pressure cooling of cans, 208-210
Pressure gauges, 365, 366
Proteing
chemistry of, 302-304
in fish flesh, 280, 308-315
in fish meal, 252-254
produce gloss on smoked fish, 85, 94
denatured in cold storage, 151

Protons, 296
Psychrometers, 373
Public Health Inspectors, 43, 44, 222
Purée for canning, 213, 214
Putty fish, in salting, 105
Pyloric caeca, 278, 279
left in pickle cured fish, 110, 115

Quality control
at port, 44
of smoked fish, 76, 82
Quick freezing
definition, 142
methods and equipment for, chapter 7

Radiation of heat, 326, 327
Rail transport
of wet fish, 58-61
of frozen fish, 17g-181
Rancidity
in fatty fish, 46, 82, 347
in cold storage, 147, 152, 153, 266
of meal and oil, 248
Rays. See Skates
Recovering spents, 293
Redfish
not gutted at sea, 6, 46
biology of, 282, 285
spoilage of, 347
Red herring, 71, 72
smoking time for, 86
Refrigerant temperature during freezing,
147, 165, 166, 170
Refrigerated display cabinets, 265
Refrigerated grids, in fishrooms, 14, 17, 26,
30-33
Relative humidity
theory of, 340-345
measurements of, 373-375
during smoking, 8o, 81, 217
during drying, 123, 126, 130, 136, 137
in fish meal dryers, 241
Resistance thermometers, 362, 363
for frozen fish measurement, 168, 178
Retail display, 260, 261
Retailing, chapter 11
Retorts for canning, 205, 208
Ribs, 276, 277
Rigor mortis, 12, 348, 351
Road transport
of wet fish, 61-63, 88
of frozen fish, 179-181
Rock salt, 105
Rodding sprats for smoking, 218, 219
Roe, 277, 282
canning of, 197, 219
smoked, 97
Rosefish. See Redfish
Rotameter, 372
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Rough fish stowage, 13
Rousing, 110
Runaway heating, 192

Salinometer. See Brineometer
Salmon
frozen, 39, 145, 151, 152, 158, 266
smoked, 86, g6, 263
canned, 220
fat content of, 310
Salt
types of, 105, 113
effect on bacteria, 102, 114, 116
for making brine, 85
percentage in smoked fish, 71, 88, 101, 104
on dried fish, 123
in canned fish, 199
Salt curing of fish, chapter 5
Salting for smoking, 71, 83, 96
Sanitation, 66-69, 272
Sardine
labelling canned, 221
for fish meal, 225
Saturated compound, definition, 304
Sauces for canned fish, 201, 202, 213-217
Scale formation in fish meal plant, 239, 243
Scales for weighing, 358-360
Score sheets for taste panels, 349, 350
Scrap in meal manufacture, 246-248
Screw press, 232, 233, 235
Scrubbers for meal plants, 250251
Seaming cans, 203-205, 216, 218
Sea stick, 112
Sebastes. See Redfish
Seelachs, preparation of, 100, 101
Selachii, 289
Self-digestion. See Autolysis
Semi-shelfing, 7
Sensory methods of quality assessment,
347-351
Shallow bulking, 7
Sharks, 277, 280
urea in, 314
Sharp freezing, 142, 154
Shelfing fish at sea, 7-10, 16, 30-33
Shop design, 258, 268, 269
Shrimp, canning of, 213, 220, 221
Silage from fish, 255, 256
Sild, for canning, 200, 201, 215, 218, 221
Silver cure, 86
Skates and rays
stowage of, 13
in fish meal, 252
biology of, 277
urea in, 281, 300
spoilage of, 355
Skinning, 49, 69
Slow freezing, damage due to, 141
Slush well, 13, 17, 24, 29

Smoke
optical density of, 78-80, 376
chemistry of, 77-81
Smoke dips, 78
Smoke-meters, 376
Smoked cod, 86, 94, 263
Smoked cod roe, 86, g7
Smoked eels, 86, 100
Smoked fish
manufacture of, chapter 4
transport of, 62
storage and distribution of, 262265
freezing of, 146, 165
cold storage life of, 150
moulds on, 86, 87, 265
Smoked haddock, 86, 94, 263
Smoked oysters, 101
Smoked salmon, 64, 86, 96, 263
Smoked sprats, 86, 100
for canning, 219
Smoked trout, 86, g9, 263
Smokies, 86, 99, 263
Smoking of fish, chapter 4
purpose of, 70, 71
use of kilns, 71-77
theory of, 71-81
products, 82—101
Sodium nitrite as offal preservative, 230
Soft roe, 282
Soft swells, in canning, 211
Solar salt, 105, 113, 118
Soldier. See Redfish
Solubility, 306, 307
Solution, 306, 308
Sorbic acid to prevent dun, 118
Spawning herring, 293, 294
Speats for smoking, go
Species of fish, 286
Specific gravity, 339, 367
Specific heat
definition, 323
of ice, 325
Specific names for fish, 286
Spent fish, 293
poor quality for freezing, 144
Spiral intestine, 278
Spirochaetal jaundice, 68
Splitting fish
for smoking, 83
for salting, 106, 107, 109
Spoilage of fish, chapter 13
in ice, 5, 8, 10
in cans, 211-213
when smoked, 262-265
when salted, 114
when frozen, 14g-153
action of enzymes, 301
Sprats
landed ungutted, 47
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Sprats cont.
hot smoked, 71, 75, 86, 100
cold storage of, 145, 152
canning of, 196, 198, 200-202, 215, 218,
221
Spring balances, 359
Springers, in canning, 211
Staging in fishroom, 31
boards for, 34
Stanchions in fishroom, 28, 33
Sterilizers
for cleaning, 66, 272
for fish meal, 241, 243
Stickwater, 231, 234, 236, 237
evaporators for, 237
Stinkers, 8
Stockfish, 121
Stomach of fish, 279
Stone, measure of weight, 40
Storage life
of frozen fish, 150
of smoked fish, 263
Storage of herring for meal, 228, 229
Storage temperature for frozen fish, 147, 150
Stowage above the batten, 34
Stowage in ice
of white fish, 5-19
of herring, 19, 20
Stowage plan, 15~17
Stowage rates for iced fish, 13
Stripping the kiln, 72
Struvite in canned fish, 200
Sugars in fish flesh, 315
Superchilling, g9
Swelling in cans, 203
Swill, as measure, 40
Swim bladder, 278, 279, 281

Tail fin, 274, 275
Tar in kilns, 76
Temperature
definition, 320
scales, 321
conversion, 322
gradient, 326, 328
measuring instruments, 360-366
in fishrooms, g, 32
of fish during distribution, 42, 46, 48, 49
of fish in shops, 258-261
of smoking fish, 71, 86
of freezing fish, 141, 142
of frozen fish in store, 150, 154, 174
of frozen fish in transit, 179-181
of frozen fish in shops, 265-266
measurement in frozen fish, 165, 168-170,
177178
of thawing, 184
of canning, 206, 207
of smoked fish in shops, 263, 264

Testes, 278, 282
Tetrazolium test, 355
Texture of fish, 347-350
Thawing, chapter 8
in air and water, 184-18g
in water, 186-187
in air, 187-18g
electrical resistance, 189-191
dielectric, 192-193
microwave, 193
hybrid methods, 194
Thermal arrest time, 164
Thermal conductivity
definition, 328
of materials, 329
of air, 332
of water, 337
Thermocouples, 363-365
in frozen fish, 168-170
Thermometers, 360—365
wet-and-dry bulb, 373
distant-reading, in fishrooms, 32
and freezing process, 168-170
in cold stores, 178
in shops, 261, 266
Thermophiles, 206
Thermostats
in fishrooms, 31, 32
in cold stores, 177
in shops, 260, 261
Tidbits, 113
Timers, 360
TMA test for freshness, 354-356
Tomato sauce in canning, 216, 219
Top-icing on market, 43
Torry kiln, 74—77
drying in, 130, 134, 135, 138
thawing in, 188
preparing fish for canning in, 217, 219
convection in, 326
checking air flow in, 368, 369
Torry Research Station, 143, 147, 150, 377
Total volatile bases (TVB), 355
Traditional kiln, 71, 72, 75
Transport
of wet fish, 58-63
of frozen fish, 179-181
insulation, 333, 335
Trawlers, handling and stowage in,
chapter 2
Trays for freezers, 157, 158
Trimethylamine (TMA) in fish, 44, 315,
352-356
Trimethylamine oxide, 212, 252, 280, 314,
352
Trout, smoked, 71, 86, 99, 263
Trunks on market, 41, 42
Tuna, canned, 220
TVB test, 355

389



Index

Unloading fishing vessels, 16, 18, 39—46
Unsaturated compounds, 304, 305
Urea, 300, 301

in fish, 252, 280, 281, 314, 352

Vacuum, 340
in canning, 203
Vacuum contact drying (VCD), 124, 125
Vacuum packing, 63, 153, 162
Vapour barriers, 176
Vapour pressure, 126, 340-345
Velometers, 370
Vent, 275
Ventral fin, 274, 275
Ventral ribs, 277
Vertical plate freezers, 159-162
Vertical retorts, 208
Vitamins, 317
Volatile reducing substances (VRS), 355
Volatiles, 313

Wain, as measure, 40
Walls in shops, 269
Warp, as measure, 40
Wash, as measure, 40
Washing fish

at sea, 10

during processing, 69

for canning, 198, 216, 218
Washing machines

at sea, 10, I, 21-23

in canneries, 198, 199
Water thawing, 184, 186
Water vapour pressure, 340-345
Weighing, 358, 359

on market, 41
Weight loss during stowage, 10

Weights and Measures, 338
for fish, 40
Weil’s disease, 68
Wet-and-dry bulb hygrometer, 344, 373
Wet bulb depression
in drying, 127-129, 136
Wet fish
handling at sea, chapter 2
handling on land, chapter 3
retailing, chapter 11
spoilage, chapter 15
Wet stack, 106108, 114
Whelks, measure for, 40
White fish
handling and stowage of, 5-18
smoking fillets of, 94, 95
freezing of, 144-145
cold storage of, 150
thawing of, 192, 193
manufacture of meal from, chapter 10
offal from, 223—227
Whiting
landed ungutted, 6, 19
smoking of, 95
classification of, 286
Whole meal, 236
Wholesale markets
at ports, 3846
inland, 65
Wood in fishrooms, 27, 28
Wood smoke, 77-78
Wrapping
wet fish, 63, 64
frozen fish, 162, 167, 172

Yarmouth, red herring from, 71

Zero cabinets, in shops, 264-266









