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PREFACE

The FAO Meeting on Herring Technology, of which this book is a
report, arrived at several definite conclusions which can furnish a useful
guide for future technological research. Some of these are quoted at the
end of the relevant chapters. ,

In addition, the meeting led to the initiation of a committee which
would ensure continued cooperation in research related to fish handling
and processing. It is gratifying that the work of such a committee is well
under way while this report is being printed; it is likely that, as an
outcome of the meeting, a permanent committee for this purpose will be
set up. ' '

The papers and discussions at the meeting contained a wealth of tech-
nical information which the participants found highly useful. This mate-
rial could be brought into even greater use if it were made available in
orinted form. The Norwegian Government, through its Director of
Fisheries, Mr. Klaus Sunnand, therefore generously offered to print the
full report of the meeting in the publication series of the Directorate of
Fisheries. For this, FAQO is greatly indebted to the Norwegian Govern-
ment, which had already born the expenses of the meeting itself.

The material has been arranged according to subject so that the book
can he used as a handbook. Thereby, each author’s contribution is some-
times split into several sections, and may have lost some of its continuity.
It was felt, however, that the advantage of a striot subject arrangement
of the material would outweigh this disadvantage. Authors have very
kindly agreed to this arrangement.

As a point of interest, it might be mentioned that the proceedings of
the meeting were recorded acousticaly on plastic belts. The summaries of
the' discussions from the meeting were prepared from those records.
Thereby, the summaries could be quite complete. The method proved,
however, to be quite time-consuming as far as the final preparation of
the report is concerned. '

It is regretted that considerable delay has been experienced in the
issuance of this report. This is due to several factors: the international
crisis in the fall of 1950 created in Washington, D. C.,, U. S. A, a serious
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shortage of playback equipment for the recordings, making it impossible
to complete editing of the discussion summaries before February 1951,
when FAQO’s work was disrupted by the move of the Organization from
its temporary headquarters in Washington, D. C,, U. S. A., to Rome,
taly. Later, the work was again delayed by prolonged illness of one of
the editors.

A great many acknowledgements are in order. Thanks go, first of all,
to the Former Norwegian Minister of Fisheries, the Hon. Reidar Carlsen,
and his staff in the Norwegian Department of Fisheries. Sincere thanks
also go to everyone who assisted in the arrangement of the meeting itself,
most of all to the Norwegian Director of Fisheries, Mr. Kiaus Sunnand
and to everyone he, as Chairman of the meeting, thanked in his speech
at the closing session of the meeting, re-printed on p. 24. These were in
particular Dr. G. A. Reay, Vice-chairman of the meeting, and Mr. A. J.
Agien and Dr. C. J. H. van den Broek, who prepared the final summary
report. Also Mr. R. P. Elliott and Miss Sparre, who operated the re-
cording system, and to the persons from the staff of the Norwegian
Directorate of Fisheries itself, Mr. J. W. Blich, Miss Hansen, and Mrs.
Haugsgen, who were carrying out a very great part of the work involved
in preparing and servicing the meeting.

Thanks go next to the Director of the Norwegian Directorate of
Fisheries’ Chemical-Technical Research Institute, Mr. Eirtk Heen and
his staff; to the director of the Norwegian Herring Oil and Herring
Meal Industry’s Research Institute, Mr. Trygve Sparre and his staff,
for assisting in the arrangement of visits to these institutes; also to
Mr. P. Haraldsvik, head of the Norwegian Herring-grading Service,
who arranged a spesial exhibit of various Norwegian -salted-herring
products. Assistance was given in arranging exhibits of herring products
by Mr. Frode Bramsnes, Director of the Danish Ministry of Fisheries
"Technological Lahoratory; Mr. Ewald Luckey, Lysekil, Sweden; and
Mr. Erling Mathiessen, head of the Norwegian Canning Industry’s
Liaboratory.

Special acknowledgement is given to Dr. Georg Borgstrom. Director
of the Swedish Institute for Food Preservation Research, who prepared an
address on: ""Fisheries and the World's Food Problem”, and to all authors
of papers for the meeting and participants in the discussions, quoted
elsewhere in this book. During the preparation of this report these per-
sons have most patiently gone over manuscripts of papers and discussions
to ensure technical and sometimes even orthographic accuracy. Every
author has been most helpful in this respect; there are reasons to mention
in particular the staff of the Torry Research Station, Aberdeen, Scotland,
who did a very large share of this work.
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Acknowledgement is also given to the representative of the Dictaphone
Corporation of the United States in Oslo, Norway: Firma Claussen og
Manus, who made the recording equipment available.

Lastly, it should be stated that the greatest part of the thanks must
go to the Norwegian Director of Fisheries, Mr. Kleus Sunnand, and his
staff who, both by their personal assistance at the meeting, and by the
funds the Norwegian Government made available, did most to make the
meeting and this report a reality.

Rome, August 1951,
Mogens Jul







LIST OF CONTENTS

Page
PREFACE .ttt ittt it ittt 3
LIST OF CONTENTS ..ttt e 7
INTRODUCTION Lottt e ittt 11
PROGRAM OF THE MEETING ... ..ttt 13
Chapter 7: SCOPE AND RESULTS OF THE MEETING .............. 17
Opening Speech by Karl Evang . ...c.coveviiiiiniiiiiiiaaus 17
The Purpose of the Meeting by Mogens Jul ............ocooviiine.. 20
Cooperation between Fisheries Biologists and Fisheries Technologists by
Gunnar ROIEfSen . ... ..o i i i i 24
Closing Speech by Klaus Sunnand . .......ovivinneiiiiin, 24
Final Recommendations ........c.c.ouiuiiiiiiieneinniaanieann. 26
Chapter 2: THE HERRING INDUSTRIES ....... e 27
The Utilization of Herring by G. 4. Reay . .......coovviiiiiiiin, 27
Herring the Raw Material by Olav Notevarp ....... ..o 33
Introduction .. ... i e s 33
The Supplies of Herring and Similar Species ................ s 34
Nutrive Value of Herring and Similar Species ...... e 36
The Value of Herring and Similar Species as Industrial Raw Material 39
The Oils of Herring and Similar Species ................. .0 ... 43
R 8B - 5 I 45
Contributions to the Study of Fluctuations in a Fish Stock by Finn Devold 47
Chapter 3: THE HERRING-MARKETING SITUATION .............. 55
Factors Influencing Supply and Demand for Herring by G. M. Gerhardsen 55
Landings. ..ot e e 55
Setting of the Industry ........oviuiiiiiiiiiin s 59
UtilHzation ... oo i e i e 65
Appendix A. Nomenclature of the Clupeidae .................... 74
Appendix B. Statistical Tables ........... ... i 76

Efforts to Increase Sales and Exports of Herring Products by H. H.Goodwin 92

Chapter 4: POSSIBILITIES FOR FINDING MARKETS FOR HERRING
PRODUCTS IN ASTIA AND AFRICA ... .o i 98
Including :
Possibilities for Exporting Herring Products to Asia and the Far East
by G. L. Kesteven;
Use of Herring Products in the British Dependencies by C. F. Hickling;
Extracts from: Fishery Products of Indochina by [. Westenberg,
Prices, Freight Rates, Yields, Etc., for Some Fishery Products, compiled
by Mogens Jul, FAO;




8

Possibilities for Importing Fish into Tropical Countries, notes by
A. G. van Veen, FAO;
and information from the discussions.

INtroduction .. vvvr ittt i i e i e b e 98
Possibilities for Exporting Herring Products to Asia and the Far East.. 99
The Role of Fishin Asian Diet .. ..... ... .o e, 99
The Market for Fish in Asia ........ciiieniiini i, 100
Forms in Which Fish is Consumed ......... ... ... ..., 101
The Production of Processed Fish in Asia ............. ... ... ... 109
Trade in Processed Fish in Asia ........... .. oviiiiiiiiie, 113
Discussion and Conclusion ......... ... il 121
Appendix A: Cooking Methods by S. W, Ling .......... ..., 123
Appendix B: Factors Determining the Grading of Salt Fish ...... 126
Use of Herring Products in the British Dependencies .................. 128
Fishery Products of Indochina ............ ... .. ... .o i i, 131
Salted, Dried and Smoked Fish .......... ... ... i i, .. 131
Fish Pastes (Mam’s) ..ovuniiiviiiniiiiesronerenianenioiineanes 134
Liquid Condiments, Fish Sauces, Fish Pickles .................... 138
Prices, Freight Rates, Yields, etc., for Some Fishery Products .......... 145
General Considerations Regarding Overseas Export of Inexpensive Herring
Products ............ P 147
Recommendations for Future Investigations ............. N 152
Chapter 5§: FISH PROTEIN PRODUCTS MADE BY FERMENTATION
OR CHEMICAL HYDROLYZATION ... ..t itiiiiiiiiiiinacnan 154
Imcluding:

Fermented Fishery Products by Schaeffer and Le Breton,
and information from the discussions.

Introduction ...... ... i i 154

Manufacture of Fermented Fishery Products in France.............. 154

Other Productions .................... e 159

Recommendations for Further Investigations ........... ... .. ..., 163
ggptev 6: FRESH HERRING ...ttt 164
Including : '

The Preservation of Fresh Herrings by G. 4. Reay and J. M. Shewan,
and information from the discussions.

Introduction ....... oo e 164

General Practice ....... ..o e 166

Torry Research Station Experiments ............... ... ... ... ... 172

Recommendations for Future Investigations .................... 184
Chapter 7: EVISCERATING, BONING AND FILLETING MACHINES. 186
Including :

Information compiled from papers and discussions.

Recommendations for Future Investigations ...................... 189
Chapier 8: FREEZING OF HERRING ......0viiiiiniiiiiiiiaannnnns 190
Including :

Freezing of Herring by Eirik Heen and Olaf Karlsen,
Freezing and Cold Storage of Herrings by 4. Banks;
and information from the discussions.




Development of Freezing. .oovveon i, 190

Freezing Methods . ...t e 191

Rancidity and its Prevention ............ ... il 196

Freezing Prior to Canning . .......c.oiieiiiiiiiiiiiiiiine. 209

Transportation . ... ..ot in e e 214

Recommendations for Future Investigations . .................... 215
Chapter 9: SALTED AND SPICED HERRING ...................... 217
Including :

Salted and Spiced Herring by D. J. van Dijk;

Dry Salting and Canning of Herring in British Columbia (First Part)
by P. A. Sunderland;

and information from the discussions.

INtrOdUCHION v vttt ieeeee et ee it e e e 217
Present Production of Salted Herring ....................... ... 218
Fishing Methods ..........c.iiiiiniiiiiiaannne. e 219
Salting and Curing Methods ... ... .o 224
The Present Marketing Situation . ....... ...t 231
Development of New and Improved Salted Products .............. 236
Recommendations for Future Research ................. ... .. ... 242
Chapter 10: HERRING DELICATESSEN AND MARINATED PRODUCTS 243
Including: ' '

Herring Delicatessen and Marinated Products (Semisterile Herring Pre-
serves) by Georg Borgstrom;
and information from the discussions.

General Considerations ..........cvieivieenenn e e 243
DeliCatessenl . ...vun it i e NRTT 246
Scientific Problems of Delicatessen .............. e L.... 249
Production of Herring Delicatessen . ..........cccviiiieennn... 250
Marinated Products . ..o ittt e e 252
Scientific Problems of Marinades . .........c i 254
CONCIUSIONS & .ot iit e iieie e e 255
Recommendations -for Future Research ............. ... ... ... ... 256
Chapter 71: SMOKING, DRYING AND DEHYDRATION OF HERRING 257
Including:

Preservation of Herring by Smoking and Drying by C. L. Culting;
Hot Smoking of Herring by F. Bramsnes and Halvor Petersen;
and information from the discussions.

Introduction ........ . coviiiiiiiiiiii i [ 257
Mild Smoking of Herring for European Consumption .................. 260
Cold SMOKING ... vttt i e 260
Hot Smoking ... i i 265
Possibilities from Using Newer Types of Kilns .................. 273
Marketing Possibilities for European Type Products .............. 274
Smoking, Drying and Dehydration of Herring for Tropical Consumption 275
VHard”SmOKING .o i e 275
Various Combination Methods ......... ... i, 279
Possibilities of Mild Cures for Marketing in Warm Climates........ 286
Dehydration ... e 286

Recommendations for Future Research ............... ... . oo, 299




Chapter 72: HERRING CANNING ... i

Including:
Herring Canning by J. G. H'//mﬂey,

Dry Salting and Canning of Herring in British Columbia (Second Part)

by P. A. Sunderland;
and information from the discussions.-
Development of Herring Canning ............. P

Methods of Manufacture. . ..ot e it e e e

New Developments ..................... e s
Canned Herring as an Export Article. ........coiiiiiiiiannn,
Recommendations for Further Investigations

Chapter 13: MANUFACTURE OF HERRING OIL AND MEAL........ 326
Including:
The Production of Herring Oil by J. 4. Lovern;
New Reduction Processes by Gudmund Sand;
and information from the discussions.
Importance of Production of Herring Oil.............ooooovoiiin 326
Quality and Preservation of Raw Material ......... ... .o 327
The Orthodox Wet-rendering Method ......... o .o ity 330
New Herring-reduction Processes............c.ioviiiiiiiiiia.n 333
General Criteria for Evaluation of Methods ...................... 333
Modifications or Improvements of the Orthodox Cooking Methods.. 335
Methods Effecting Different Degrees of Dehydration Prior to Oil
Extraction .. ..ot i i i e 340
ExXtraction ProCesSSeS . v erreannneenenn e e e e 343
Methods Effecting “Solubilization” of the Solids.................. 346
Nutritive Value of Herring Oil ... .. ... i, 351
Conclusion and Recommendation for Future Research ............ 352
Chapter 74: FISH SOLUBLES, WHOLE MEAL, ETC. .......... ... 355
Including : ‘
Fish Solubles by Trygve Sparve,
Note on Protein Products from Herring by J. 4. Lovern;
and information from the discussions.
Introduction . .......v i e RN 355
Composition of Stick-water .......... e 356
Possibilities for Manufacture in Europe ......... ... ..ot 356
Manufacture of Fish Solubles ......... ... it 358
Manufacture of Whole Meal ... ..ottt 367
Nutritive Value of Herring Meal, Fish Solubles and Whole Meal ... 368
Standardization of Products ....... .. . i e 376
Marketing of Fish Solubles and Whole Meal ...................... 381
Other Methods of Utilizing Stick-water ............ ... ... ... 386
Recommendations for Future Research, Etc..................... 388
LIST OF PARTICIPANTS .. it 389

SUBJECT INDEX ...ttt 395




INTRODUCTION

The FAO MEETING ON HERRING TECHNOLOGY, from
which this book is a report, was held in Bergen, Norway, 24 to 29 Sep-
tamber 1950. It was called by FAO on the recommendation of the Her-
ring Meeting, held 29 August to 2 September 1949 in the Hague, the
Netherlands, under the auspices of FAO. That meeting was concerned
mainly with the economic problems of the herring industry with particu-
lar reference to the critical situation of the industry in many producing
countries. The Hague meeting made several suggestions for practical
steps that might be taken by FAO. Among these were the suggestions
that FAO should:

1. Explore the possibilities of introducing into the diet of Asiatic and
African people a product acceptable to their tastes derived from
herring.

Bring together technologists to examine the possibilities of devel-
oping new or existing processes that would lead to an incréase in
the marketing of herring.

o

As a first step towards a solution of the problem mentioned in con-
clusion mo. 1 it was found expedient to make this question the subject of
further exploration at the meeting of fisheries technologists recommended
in conclusion no. 2. FAO, therefore, proceeded with the preparation of
such a meeting.

On the invitation of the Norwegian Government this meeting was
arranged in Bergen, Norway, in September 1950. 1t was attended by repre-
sentatives and observers from the foilowing countries: Belgium, Canada,
Denmarlk, Finland, France, Iceland, the Netherlands, Norway, Sweden,
United Kingdom, United States of America, and Western Germany. A
representative of the International Council for the Exploration of the Sea
was also in attendance.

Mr. Klaus Sunnand, Director of Fisheries, Norway, was unanimously
elected chairman of the meeting, and Dr. G. 4. Reay, Director of the
Torry Research Station, Aberdeen, Scotland, vice-chairman.

The meeting also elected a representative from each participating
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country as member of a steering committee, the composition of which is
given on page 2.

This book contains the proceedings of the meeting including the tech-
nical papers presented at it, summaries of the discussions, and the recom-
mendations made by the meeting.

As the publication of this report has been considerably delayed, the
various constributors have been asked to bring the information con-
tained in their papers or remarks durning the discussion up-to-date. In
some cases, therefore, the book contains information which was not
available at the time of the meeting.




PROGRAM OF THE MEETING

Registration, m
Haandverks- og

eetings and film showings took place in Bergens
Industriforening, except where otherwise indicated.

Each technical session was introduced by one or more papers which
were available in mimeographed form. The papers were summarized at
the beginning of each session, the greater part of these being taken up by

discussions.

Sunday 24 September

10:00 A.M.
to 8:00 P.M.
8:00 P.M.

9:00 P.M.
9:30 P.M.

Registration.

Informal Session: Speech by Dr. Georg Bovgstrom,
Sweden: “Fisheries and the World’s' Food Problems”.
Showing of the film: "The World is Rich” (FAO).
Reception by the Norwegian Government and FAO.

Monday 25 September

9:00 A M.
10:00 A.M.

11:00 A.M.

2:00 P.M.

Registration.

Formal Opening and General Session: Speech by the
Representative of the Norwegian Government, Dr. Karl
Evang, Director-General of Public Health, Norway, and
by a representative of the Director-General of FAO.
Thereafter, election of Chairman and appointment of
Steering Commiittee.

Presentation of the following papers: G. A. Reay,
United Kingdom: “The Utilization of Herring’'; Olav
Notevarp, Norway: “Herring, the Raw Material”;
Finn Devold, Norway: ”The Influence of Natural
Factors on the Landing of Herring”.

Technical Session: Discussion regarding the possibilities
for finding new markets for herring products, based on
the papers: G. M. Gerhardsen, FAO: “Factors In-
fluencing Supply and Demand for Herring”; H. H.
Goodwin, United Kingdom: “Efforts to Increase Sales
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and Exports of Herring Products”; G. L. Kesteven,
FAO: "Possibilities for Exporting Herring Products
to Asia and the Far East”; C. F. Hickling, United King-
dom: "Herring Products in the British Dependencies”;
Neal M. Carter and Basil E. Bailey, Canada: ”A Review
of the Technology of British Columbia Herring Pro-
ducts Investigated at the Pacific Fisheries Experimental
Station of the Fisheries Research Board of Canada”;
P. A. Sunderland, Canada: “Dry Salting and Canning
of Herring in British Columbia”.
M. Showing of the Film: "Fish for Asian People” (FAO).
:30 P.M. Film Showings: (Open to the public). Shown were:
?Science Goes Fishing” (Canada); ”Sardines for Sup-
per” (U.S. A.); ”Silver Harvest” (Norway).
8:00 P.M. Informal Dinner.

Tuesday 26 September

9:30 A M. Techwical Session: Discussion based on the papers:
D. J. van Dijk, the Netherlands: “Salted and Spiced
Herring”; Georg Borgstrom, Sweden: “Hering Deli-
catessen and Marinated Products”.

2:00 P.M. Technical Session: Discussion based on the papers:

: C. A. Cutting, United Kingdom: ”Preservation of Her-
ring by Smoking and Drying”; Frode Bramsnes and
Halvor Petersen, Denmark: “Hot Smoking of Her-
ring”,

4:00 P.M. Showing of the Film:: "Sild — gennem Is og IId".
(Denmark).

7:30 P.M. Visit to Fiskeridirektoratets Kjemisk-Tekniske Forsk-
ningsinstitutt (Norwegian Directorate of Fisheries
Chemical-Technical Research Institute). Demonstra-
tion of salted and dried herring delicatessen, and Orien-
tal fishery products.

Wednesday 27 September

9:30 AM. Technical Sesston: Discussion based on the paper:
J. G. Huntley, United Kingdom: “Herring Canning”.

11:45 AM. Film Showings in Ole Bulls Kino (open to the public).
Shown were: "'Sildefisket” (Norway); Frossen fisk”
(Norway).

2:00 P.M. Technical Session: Discussion based on the papers:
G. A. Reya and J. M. Shewan, United Kingdom: ”The




5:15 P.M.
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Preservation of Fresh Herring”; Eirik Heen and Olaf
Karlsen, Norway: "Freezing of Herring”; A. Banks,
United Kingdom: “Freezing and Cold Storage of Her-
ring”.

Showing the Film: ”It’s the Maine Sardine” ((US.A.).

Thursday 28 September

9:30 A.M.

2:00 P.M.

5:00 P.M.

8:00 P.M.

Technical Session: Continued discussion of the possi-
bilities for developing new herring products.

Technical Session: Discussion based on the paper:
Gudmund Sand, Norway: "New Reduction Processes”
Visit to Sildeolje- og Sildemelindustriens Forsknings-
institutt (The Herring Oil and Herring Meal Industry's
Research Institute) Damsgird, Bergen.

Dinmer: Bergens Kommune (The City of Bergen) had
invited representatives and official observers to be the
cuests of the City at a dinner at Restaurant »Flgien«.

Iriday 29. September

9:30 A.M.

2:00 P.M.
4:00 P.M.

5:30 P.M.

Technical Session: Discussion based on the papers:
J. A. Lovern, United Kingdom: ”Production of Her-
ring Oil”; Trygve Sparre, Norway: “Fish Solubles”;
J. A. Lovern, United Kingdom: ”Note on Protein Pro-
duets from Herring”.

Technical Session: Continuation of preceding meeting.
Closing Sessicn: Speeches by Mr. Gunnar Rollefsen,
the Intermational Council for the Exploration of the
Sea, and Mr. Klous Summnand, Director of Fisheries,
Norway.

Film Showings: (Open to the public) Shown were:
”Grand Manan” (Canada) ; ”"Boneless Cod” (Canada) ;
“Salmon Run” (Canada); “P3 jakt efter Fladensill”
(Sweden).







Chapter 1 »
SCOPE AND RESULTS OF THE MEETING

OPENING SPEECIH

By Dr. Karl Evang, Director-General of Public Health
(Helsedirektgr), Oslo, Norway

Mr. Chairman, Gentlemen. On behalf of the Norwegian Government,
the Norwegian Nutrition Council, and the Norwegian FAO Com-
mittee, I have the great honor and pleasure to extend a hearty welcome
to you to these two meetings which are taking place in Bergen under the
auspicies of FAO, first the FAO Meeting on Herring Technology and
after that the FAO meeting of Fisheries Technologists. The Norwegian
Government has taken an active interest in the establishment of FAO
from the very first day of its creation in Hot Springs, and has, as have
many other governments of the world, attached a great deal of hope to the
work of this Organization. Norway finds herself in an extremely unbal-
anced situation as far as food production. is concerned, as she produces
a large surplus of certain types of food, making her largely dependent on
exports while the country -must rely on imports for other kinds of food.
Therefore it was not difficult in Norway to find understanding for the
philosophy behind FAO, aiming at the creation of a rational food policy
nationally and internationally. It was as a result of a Norwegian proposal
that fisheries and forestry were brought dnto the scope of FAO. There
is no reason to deny that Norway has watched with great anxiety and
also some regret the difficulties into which FAQO, as well as other parts
of the United Nations machinery, has run. While I need not go into
details on this point, I should say that we have been most favorably
impressed by the way FAO has adapted itself tc this difficult situation
and in a flexible way developed both its central and regional organization.
We have also noted its willingness to cooperate with related bodies
within the UN machinery, and last but not least, we have been impressed
by the way in which FAO has shown ability to get down to brass tacks to
tackle the practical problems, large or small, as they exist in real life,

2 — FAO
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and gradually has refrained from dealing with generalities only. The
way, for example, in which this meeting, the first meeting in fisheries
technology under the FAO auspicies, is organized to my mind means a
very great step forward in international work.

This meeting s dedicated to some questions related to herring. It is
perhaps natural that the meetings take place in this country, which is, I
believe, at present the greatest single contributor to the world’s supply of
herring, producing close to 1 million tons a year. Theoretically, if this
amount were distributed evenly, and under the assumption that one half
of the need of animal protein of each individual were covered through
herring, it would suffice for about 15 million people. The underfed peoples
of the world are in need of animal proteins and fat, including fat-soluble
vitamins. For awhile modern research gave us the hope that certain
vegetable proteins might have the same value physiologically as animal
proteins, but has now come to the conclusion that a certain minimum of
animal proteins is indispensable in human nutrition. The fact that the
number of amino acids, which are considered essential, has been cut down
from about 22 to 8 does not change the basic point.

The problem which you are facing in the utilization of herring, that
is, how to deal with this excellent raw material, handling it in such a
way that it can be presented to a great number of consumers in a palatable
and hygienically acceptable way, therefore, is a problem not only for the
herring-producing countries but for great numbers of consumers as well.

You are imeeting in the old city of Bergen, an old trading center, and
an old center of the Norwegian fishing industry. One finds here all the
different stages of the production, processing, and distribution of fish.
Here one finds as in the middle ages, the fisherman himself bringing his
~catch, partly alive, to the market, bartering with the trained housewives
of Bergen, discussing the.advantages and disadvantages of each individ-
ual fish. On the other hand, if you visit the Norwegian Directorate of
Fisheries you will find modern, central fisheries planning, administration,
‘and research. If you go to the fish canneries, or the herring-meal fac-
tories, T hope you will be struck by their technical developments.

T am very glad that the question of palatability of herring products
is included in your agenda. It requires the attention of nutritionists,

“technologists, and distributors. The question of nutrition is not only
and perhaps mot first and foremost a question of calories. It is of no
use to supply calories if they are not given in a form which can be utilized.
Great Britain, as you know, had the experience, during the last war, that
the consumption of calories for certain groups of the population went
down to precariously low levels in 1941. This was in spite of the fact
that enough calories were available to each individual as bread was not
rationed. I had an opportunity to eat that bread, and found it excellent.
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Nevertheless it was necessary to bring into circulation a certain amount
of calories in @ more palatable form, to secure for the British people the
amount of calories which they needed in their war efforts.

There are many problems relating to herring products which are still
unsolved. We feel in the Norwegian Government that this meeting can
and should contribute at least partly to the wsolution of some of them.

Finally, I feel convinced that the representatives of the various coun-
tries while looking into one detail of the vast nutritional problem of the
world, will not lose sight of the broader and more significant comtext
into which these details regarding herring wmtilization fit. This, unfor-
tunately, is a world made up of rich countries, middle-class countries
and poor countries. Unless we find ways to raise considerably the
standard of living of the poor countries, ways of bringing food, as well
as other necessary commodities, to the needy and hungry and sometimes
even starving populations, especially in the Fast and South, there will be
listle possibility of eradicating the economic and political tensions which
we now have seen grow with such disastrous effects. Therefore, if car-
ried out in the right spirit, these two meetings, besides their technological
value, will be part of the difficult effonts of FAO and other specialized
agencies within the United Nations to secure peace. The very fact that
meetings of this type take place show that according to the charter of the
United Nations established in San Francisco in 1945, experts now have
a better chance than they had before the last world war to play their part
in securing peace. On very few occasions, it seems to me, have their
contributions been more necessary than just now. At this moment the
cool, rational voice of the scientist and the technologist will often be
drowned by the emotional roar of many voices flinging incredible insults
across the continents. Never should the scientist, the technologist, the
expert let himself be carried away by hate, suspicion or other destructive
forces of human nature which are so easily brought into light. As a priv-
ate person he may, of course, have any political conviction, but as a
scientist he has the privilege, I would say the duty, to carry out his work
in a detached manner, with regard only to the truth, endeavoring to in-
crease the amount of knowledge which we possess, and hoping that this
knowledge may be applied in a peaceful and beneficial way.

With. these words I welcome you to these meetings, express the
gratitude of the Norwegian Government that you have come to this
country, and the hope that this meeting, even if it only deals with one
detailed item on the whole big agenda of the world’s food-supply problem,
vevertheless, will increase lexchange of knowledge and understanding,
thereby also making it possible to equalize the standard of living in the
world. This is the only way in which we believe the future peace will
be secured.
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THE PURPOSE OF THE MEETING
By Mogens Jul, Chief Technologist, Fisheries Division, FAO

Delegates and participants in this meeting, Gentlemen. On behalf
of the Director-General of FAO I thank Dr. Evang, the Chairman of the
National Norwegian FAO Committee, Director-General of the Public
Health Service of Norway and-also, internationally, a very well-known
person, last year chairman of the annual Conference of the World Health
Organization, for his warm words of welcome. Through Dr. Evang, [
thank also the Norwegian Government for its kind invitation to FAO
to call this meeting in their country. I thank also the Norwegian FAO
Committee for the good assistance given in the arrangement of this
meeting and above all the Norwegian fisheries authorities, both the
Fisheries Department and the Directorate of Iisheries and especially
the Director of Fisheries, Mr. Klaus Sunmani, who has himself, and
through his staff, given the most generous assistance, without which
‘this meeting could not have taken place.

I thank every person present because you have found it worth while
to come here, thereby showing an active interest in the work of FAO.
A special word of thanks goes to all those who have cooperated with us
to such an extent as to prepare papers for the meeting. All this mean:
a great deal of extra work, -often performed under stress, as time was
limited.

You all know that FAO, as Dr. Evang pointed out, is the United
Nations Organization which governments have created to look after the
world’s food problem. This is not a small problem in a world where at
least one third of the population is undernourished, and hundreds of
thousands are starving every year. It is a very real problem, as Dr.
Evang also pointed out, eapecvally as today the world seems to be almost
aflame.

There are desperate populations in each of these undernourished coun-
tries; and desperate people may do desperate things. They need assist-
ance. We hope they will join up behind the United Nations, and follow
the United Nations’ course of peace. Here, however, words are not
enough. They must be given proof that the United Nations are willing
to support them by action. You know that FAO itself is doing whatever
it can within its means, but we have to admit that it is very little. You
may know also that the United Nations are getting underway a program
of technical assistance which also has the object of helping these popula-
tions. That may mean more. Also because it is something like that which
is needed — something big, something which can really show that the
United Nations are out to act, to help, not just to talk.
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But to give help is a very difficult thing. The world food problem
is not one that can be solved along sentimental lines. As Dr. Evang
pointed out, it is clear to FAO that it is not enough to think of the
consumers’ needs for fod alone. True, there are needy populations in
many places, but the simple fact remains that we cannot get food to them
mless, in some way or other, we can get the food producer a proper
return for his efforts. If the fish is going to be fished, if wheat is going
to be grown, if caftle is going to be raised, it has to be profitable to the
producer. Therefore, a very important part of FAO’s job is also to assist
food producers in the various countries. We must help them to get their
products produced as well as possible and assist them in their distribution
and sale.

It is a huge job which the nations have given to FAO. Compared
with its magnitude, FAO is but a small organization. Somebody might
say that an organisation with a budget of about 5 million U. S. dollars
a year is large. It is as large as a middle-sized agricultural college. Such
a college generally has to deal with the affairs within one small country,-
or maybe one province or one state. FAO ‘has been given the task of
doing the same job in the whole world. But it has been asked to do
several things in addition. It has been asked to look after not just agri-
cultural production, but also forestry and fisheries and autrition; not
just the scientific aspects of these, but the administrative, economic, and
organizational ones as well. Therefore, what FAO can do is very limited.
The Organization has only one hope. We must catalyze action. We must
try to get nations together and to get their respective governments to
help us do the things which should be done.

FAO must also try fo get industry to help accomplish the immense
task. The attendance of this meeting shows that this time we have been
somewhat successful in this respect. When we look at the list of parti-
cipants at this meeting it is a much longer one than we expected. We
hope this indicates that you feel that here is an important job to be done.
When one looks closer at the list of participants, it appears even more
impressive because the group which 4s gathered here is a very quali-
fied one.

At this point I would like to thank the Norwegian Government, and
particularly the Fisheries Authorities because they have also contributed
financially to this meeting. We appreciate this on two grounds. Firstly,
because it actually is a great help. Secondly, and even more important,
because it clearly indicates that the Norwegian Government realizes that
FAO is too small to do its job alone and that your.country is behind us
and willing to thelp us. The development of that attitude among all
nations gives hope for FAO that it may still accomplish the immense
task in front of it.
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You probably all know that this meeting really started in the Hague
about a year ago. Experts among government officials, administrators,
fisheries economists, etc., gathered together and discussed the situation
of the world’s herring industry. They took note of the fact, which you
will see stated in Mr. Gerhardsen’s paper today, that at least at certain
times and in certain places, there is a herring catch for which there seems
to be no market. So they recommended that FAO, as one possibility,
should investigate whether it would be possible to use some of this so-
called surplus herring for food products that might be interesting for coun-
tries that at present are undernourished with regard to proteins, especially
countries in Africa and Asia. This is one thing that FAO may have some
yualifications for doing. Because FAO has a fisheries council in the Far
Eastern area, the Indo-Pacific Fishenies Council, it is in a position to get
pertinent information from that area. We have called this meeting in
Europe to get people together in order to find out what has been done
so far. We do not wish to start from scratch; we want to collect all the
work which has been done towards this goal; we know, it is not insigni-
ficant. Once we have obtained that information, this meeting is designed
to discuss what further possibilities there might be, what work should be
done, and what action is needed.

Another recommendation from the Hague meeting was that FAO
should call fisheries technologists together to discuss whether new or
existing processes could be devised or improved which would create new
markets for herring products or create new herring products for which
there might be a potential market. FAO also took this second recom-
mendation with great interest because it gave us a reason for calling a
meeting of fisheries technologists. Such a specialized meeting of fisheries
technologists from many countries has never been held before. You
know that in the fisheries-biological field in this part of the world inter-
nationa] scientific meetings have been held regularly almost every year
for close to 50 years through the International Council for the Explora-
tion of the Sea. The technologists have not had such meetings. It seems,
however, that fisheries technology has now become of age, and that there
are reasons for all of us interested in this field to get together to discuss
our problems and possibly try to divide the huge field which lies befores us,
iry to divide the work, in order that we may perform it more effectively.
It may as a result of this meeting be decided that such meetings should
be held regularly. If that be the case, this meeting would be a historic -
occasion.

Some will question what fisheries technologists can do. We ouriselves,
probably more than anyone, know our own limitations, and realize that
we can do only a small part of the total developmental work. However,
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if one considers herring industries as they were, say 50 years ago, what
was there? Some distribution of fresh herring took place, but not very
much because technical facilities, artificial ice, efc., did not exist. Freezing
and canning were practically nonexistent, herring meal and oil were pro-
duced only on a small scale. Some products, like fish solubles, have only
heen known for the last 5 or 10 years but yet have today attained very
considerable importance. All those developments were technological
developments. Therefore, technologists have been able to do a great deal.
There are more of us today, and better means of cooperation. Therefore,
we ishould be able to do more in the future. The development will take
place step by step. There will be many failures, disappointments and set-
~ backs. Nevertheless, if we can just keep the same pace as technology has
done in the last 50 years, we will be doing very well indeed.

Development has not always been brought about by the most advanced
{isheries experts, engineers, or chemists. We just as often owe important
improvements to business men, plant. foremen, and superintendents.
We technologists must cooperate with all these people, and are, there-
fore, very happy to see the active interest which the fisheries industry
is taking in this meeting. FAO does not can, freeze or smoke herring,
nor do most of tthe governments. It is industry that does it. Therefore,
if government technologists are to accomplish something, we have to be
in as close contact as possible with industry itself.

There is another group we appreciate seeing here; that is a group of
fisheries economists and fisheries administrators. It is quite obvious that
no matter what technical product or process is discussed, it cannot be
discussed intellingently unless one keeps an eye on the economic and
administrative possibilities. There are a great number of things that are
technically possible; but some of them may be too expensive or too diffi-
cult to organize. Here, the economists and administrators advice is in-
valuable. ,

We are also glad to see Dr. Evang, and other nutrition experts here.
There are, as Dr. Evang pointed out, products that are technically and
nutritionally good; but for some reason or other people do not like them
and do not buy them. Therefore, we must cooperate with the persons
who are in close touch with the consumers of food products.

There is then nothing left but for me to suggest that we, so to speal,
roll op our sleeves and get to work with the technical part of this meeting.
T hope that we at this meeting may concentrate on points where additional
research investigations should be done, and that we will also be able to
try to look into the future to see what products have special possibilities
of development. If we concentrate on those two aspects, it ought to be
possible for every one present at this meeting to go back with the knowl-
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edge that he had got something out of it, which made it worth while his
attending. Research workers might feel that they leave with a better
idea of the research they should carry out. If that could be accomplished,
I think that this meeting will have done what it should, and I now call
on the cooperation of all of you so that we may accomplish that aim.
Thank you.

COOPERATION BETWEEN FISHERIES BIOLOGISTS AND
FISHERIES TECHNOLOGISTS

By Gunnar Rollefsen, Director of the Norwegian Institute of Marine Research
(Havforskningsinstituttet), Bergen, Norway, representing the International Councli
for the Exploration of the Sea.

Mr. President, Gentlemen: On behalf of the Intermational Council
for the Exploration of the Sea, I will express the Council’s gratitude for
having been invited to this meeting, in which I have been greatly in-
terested.

Ass a biologist T would recommend that all scientists dealing with the
problems relating to the products from the sea should keep in contact
with the marine biologists. ‘We know that the animal life of the ocean,
{forming the raw material on which you work, is influenced by different
factors causing variations both in quality and quantity. Besides this,
fish is international in character, which in contrast to the forests and .
grain crops cannot be exploited within the boundaries of each country.
Therefore, our work is international in scope.

Although the oceans are great, the men ,mvestlgatmcr the problems
connected with the stocks of fish are few, T think it would be wise to
cooperate with them, tell them about your problemes, and tell them how
much you want to take from the sea. They can perh'aps give you some
advice. Thank you.

CLOSING SPEECH

By Klaus Sunnand, Director of Fisheries, Bergen, Norway.

Ladies and Gentlemen. I wish at the close of this meeting to offer
many thanks to the persons who have assisted us in making this meeting
so successful. I must first apologize that, owing to pressure of work, 1
have not been able to attend the meetings as often as I wished to do. The
loss is, I regret, mine. I thank especially Dr. G. A. Reay, the meeting’s
Vice-Chairman, because he has frequently taken my place and has con-




25

ducted the meetings in my absence better than I could have done. I thank
Mr. Aglen and Dr. van den Broek who have prepared the final report
for this meeting. I also thank the Chief Technologist of FAO’s Fisheries
Division, Mr. Mogens Jul. We all know that he is the heart and the
backbone of this meeting and of the international cooperation of the
{isheries technologists. I also thank Mr. Gerhardsen and Mr. Girard who
have attended the meeting and been of dnvaluable help here; Mr. Imbert,
the interpreter; Mr. Elliott, who has conducted the recording system and
Miss Sparre, who has carried the heavy microphone from speaker to
speaker. I thank the persons who have prepared the papers, those who have
read them, all who have participated in the discussion and all who have
been interested listeners. I thank also my own people in the Directorate
of Fisheries for the assistance they have rendered me, Mr. Biich, Miss
Hansen and Mrs. Haugsgen. ‘

Allow me then at the closing of this meeting to express some general
remarks as to its value. I must admit that when I saw that the herring
meeting in the Hague last year recommended FAO to convene a meeting
of technologists to discuss the herring problems, and Mr. Jul later told
me that FAO would very much like to have this meeting in Bergen, I
was very doubtful as regard to its usefulness. You will here realize that,
as Director of Fisheries, to be doubtful is my business. So many per-
sons, experts and organizers present their proposals and plans to me.
I have to be critical, and they must be able to convince me that their
proposals and their plans are good. When Mr. Jul originally expressed
his view to me I thought: Would it be worth while and right to assemble
so many busy research workers, business people and experts? Would it
justify the expense in staff, money and currency? 1 give in, Mr. Jul, I
am convinoced that the value of this meeting is evident. I think that youn
have reached that stage where the herring industries and the fisheries
authorities in many countries are convinced that you can do very much
to help industry and authorities in the future. If I am right, you will no
longer be met with doubts such as I expressed to you, Mr. Jul. You may
expect in the future that the industry and authorities will say to you
"Hurry up, Gentlemen, do your best to help us.” Of course, we are up
against troubles and difficulties and corises in the herring industries. In
that case, we will ask you to make available proposals as to how we can
solve the problems for our country, for our people, for our fishermen, for
our industry. That is an essential outcome from this meeting that T will
have the right to return to you for effective advice in a more earnest
way later,

I agree with Mi. Rollefsen that you scientists should keep together,
have close contacts with each other and try to solve the problems in
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cooperation. We know hat recent years have taught all of us that the
peoples of the world have to keep together, to cooperate, to solve the very
difficult problems we are facing. This meeting, I am sure, has been of
historical value by bringing the research workers together on a special
problem, which may be of the greatest importance for the interested coun-
tries and for the whole world. With these wiords I wish to thank all of
you for the time we have been together here. I hope that you have had
a good time in Bergen, that you have also enjoyed this town, and 1 wish
you a good journey home to your countries, to your laboratories, and to
your work there, Thank you.

FINAL RECOMMENDATIONS

At the closing session of the meeting, the following conclusions were
introduced by Mr. 4. J. Aglen, Fisheries Division, Scottish Home De-
partment, Edinburgh, Scotland, and adopted unanimously :

The meeting considered the recommendations made by the FAO
meeting on Herring Problems at the Hague in 1949 in regard to devel-
oping new and improved herrimg products, which might be introduced
wiho the diet of Asian and African peoples. It was felt that definite.
possibilities exist in these fields, and the meeting recommended that a
cooperative study thereof be undertaken.

The wmeeting was also of the opimion that in the field of fisheries
technology research workers were, in many cases, working on the same
or very similar problems and recommended that FAO should study the
possibilities of establishing further international cooperation between
such research workers.

As most readers of this report will know, a special meeting was ar-
ranged for representatives from the governments participating in the
meeting. These representatives fully endorsed the above conclusion and
outlined how a committee for the cooperation between fisheries technol-
ogists might be set up. It elected an interim committee, consisting of Mr.
Eirik Heen, Norway; Mr. Le Gall, France; Dr. Reay, United Kingdom;
and Dr. van den Broek, the Netherlands. This committee would, in coop-
eration with FAQ, proceed with the preparations for the etablishment
of such a permanent committee. These preparations were in progress
when this report was being printed.




Chapter 2
THE HERRING INDUSTRIES

THE UTILIZATION OF HERRING?

A paper presented by G. 4. Reay, United Kingdom Department of Scientific and
Industrial Research, Torry Research Station, Aberdeen, Scotland.

The present world catch of herrings and allied species appears to be
of the order of three and a half million metric tons, of which henrings
accouni for at least two million tons, and thus, quantitatively, herrings
are the most important species of commercial fishes. In addition to some
16 per cent of first-quality protein — which it has in common with the
"white” fishes — it usually contains a considerable proportion of fat at
the times when major catches are made. British-caught herrings, for
instance, range in fat content firom, say, 8 to over 20 per cent during the
main fishing periods. At worst, there is always more fat present than in
cod and allied species, which represent another major source of fish
food. In addition, the vitamin-D content of the herring fat is not
negligible.

By far the bulk of the world herring catch is taken in the norther-
most half of the Northern Hemisphere, all three continents being repre-
sented, Europe greatly predominating over the others. '

From the FAO Report of the Herring Meeting held last year at
the Hague, it appears that there is no clear evidence that there is over-
{ishing of herrings; that the catching capacity of the fleets will soon have
reached or exceeded the pre-war level; and that compared with pre-war,
the catching capacity in some countries is already much greater and that
the increases planned for the next few years, in some cases, are quite
substantial.

1 This paper has been prepared as part of the program of the Food Investiga-
tion Organisation of the United Kingdom Department of Scientific and Industrial
Research. Paper for Publication No. T. 50/24. Also published in *The Fishing
News” (Reay 1951). British Crown Copyright Reserved.
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How best is this enormously important catch to be utilised? Two
principles, it appears, should be kept steadily in mind. The first, which
concerns production, is that the herring stocks should be fished to the
maximum extent that marine biology determines to be permissible, having
due regard to economic and social profitability. The previous Herring
Meeting drew attention to the incompatibility with the aims of FAO
of restricted production; and to the hardship such a policy would impose
on fishermen and the resulting threat to capital invested in the fishing
industry. The solution was to seek extended markets, to develop new
techniques or processing, and to seek for means of lowering costs of
production, transport and distribution. In consequence, it is the purpose
of this conference to consider how the utilisation of herrings may be
improved to meet current or likely future needs. It was pointed out,
however, how wurgently required for economic planning and optimum
exploitations of the huge herring harvest is the further biological knowl-
edge of the herring stocks and their fluctuations in magnitude and
occurence as well as the discovery of better means of detection and more
flexible methods of catching.

The second principle is that in the utilisation of the herring catch,
wastage, in its broadest sense, whether in quantity or quality should be
reduced to a minimum. The catch should be put to the highest possible
grade of nutritional or social use. Thus, wherever possible, herrings or
herring products, including by-products, should be used for, direct human
consumption rather than for feeding animals, or used for the latter rather
than for fertilizing the land.

The broad picture of the present situation in the herring industry,
although well known to you, may be briefly reviewed. For centuries in
Europe, herrings were consumed "fresh”, or at any rate unprocessed, only
within areas near the ports of landing, whilst the rest — usually the
major part of the catch — was processed almost entirely by heavy salting,
combined sometimes with heavy smoking, and transported — mostly
exported — over large areas reaching down to the Mediterranean. To
a relatively small extent, sudden surpluses that could not be otherwise
handled were no doubt used as animal food or as fertilizer, or simply
"dumped” back in the sea.

During the present century, however, and apparently with accelerated
speed since the World War I, the taste for heavily-salted and smoked
tish has diminished in Europe, the chief market, in the face of an increase
in the amount and variety of other foods. There has been a growing
tendency to prefer more lightly-salt- or smoke-cured herrings, marinades,
and chilled, frozen or canned herrings — in all cases products with less
crude flavours and odours than the mediaeval ones. Such outlets, however,
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have not been rapidly enough compensating for the decline in the wsual
markets for the older types of cure, for which new markets have not to
any sufficient extent been developed in other parts of the world. With
the development of plant for cooking and pressing, oil separation. and
press-cake drying, much improved means became available for dealing
with -surpluses of herrings; which have consequently been converted into
oil for nutrional or industrial use and into animal feeding meal.
During the past thirty yeans a change has come over the industry, taken
as a whole, at least as striking in magnitude as the collapse of the older
curing practice. Although, as the Report of the Hague Herring Meeting
avers, it would not be profitable to maintain or expand the herring indus-
try wholly on the basis of reducing the fish to meal and oil, it is true
that a very large, if not the major, portion of the world herring catch
is today so treated. Particularly in countries where abundant supplies
of relatively cheap raw material have been available, this new industry
has grown apace, so that a very large proportion of the catch indeed is
absorbed for this purpose.

A parallel development has occured in the case of other pelagic
fisheries, e.g., those for pilchard, menhaden, and in many instances the
fishery is primarily conducted for-the reduction industry. Of the annual
pre-war production of fish meal (about 1 200 000 metric tons, equivalent
to some 6 to 7 million metric tons Janded weight), a small proportion
was made from “white” fish or its offal; but the most of the meal and
about 150 000 mietric tons of oil was made from' pelagic fatty fish (her-
ring and allied species). Japan, together with Korea, Formosa and
Sakhalin produced about 750 000 metric tons of meal, about two thirds
of the world output, and accounted for the major portion of a huge
catch. This enormous quantity, the product of some 6 000 small plants,
was apparently used mainly as a fertilizer.” While recent FAO statistics
stiggest that the Japanese industry is now practically at a standstill,
the production of other major countries has recovered from the war and
is still going up. Thus, in 1948, about 120 000 metric tons of pilchard
and menhaden meal and 50 000 metric tons of oil were produced in

‘U. S. A.; 30000 metric tons of meal and 12 000 metric tons of oil in

Canada; 110 000 metric tons of herring meal and 40 000 metric tons of
oil in Norway; and about 20 000 metric tons each of herring meéal and
oil in Iceland. The total of 400 000 metric tons of meal would corre-
spond to about two million metric tons of fresh herring and related
species. Probably only a small proportion of this oil is used for the

production of edible fat by hydrogenation, most being fed to animals

or wsed in industry. Although most of the meal is used as animal feeding
stuff, a substantial amount is used as fertilizer, e.g., menhaden.-
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Although it seems to be true that, as compared with the other pelagic
fishes, the products of herring reduction are put to relatively higher grade
use — manufacture of edible fats and of animal foods — the very high
proportion of the catch reduced, probably over half, points to the need to
consider seriously the possibilities of developing on a large scale improved
or new techniques for treating herrings, so as to obtain directly edible
products that will meet the needs and tastes of consumers not only in the
more sophisticated countries, but also the more backward regions of the
world, e.g.. in parts of Asia and Africa, in most of which the popula-
tions are in great need of proteins of high biological value.

Consideration of the possibilities of selling herring products in coun-
tries undersupplied with proteins has rightly been chosen as a main item
on the programme of this conference. Later speakers will develop this
theme in greater detail, but a few points may be made here. There is no
doubt that, as the FAO contend, the adoption of a nutritional policy
in the backward countries as they become more enlightened is certain to
be accompanied by a growing readiness to experiment with new food
products, that could make good recognised deficiencies in the current
national diet. '

Possibly too much, however, can be made of the difficulty of creating
new food habits. It can be held that the acceptability of new products is
rather unpredictable, if only because individuals vary so much din readiness
to try new products. Although it is a very readily understood and
undoubtedly useful approach to study existing local products, as reflecting
native tastes, and their modes of production and preservation, as indi-
cating primitive methods of overcoming natural environmental obstacles
such as high temperatures and humidities and pest infestation, it seems
quite likely that some new product, of a kind quite different from any of
the native cures, might prove more or less immediately acceptable to
many of a population and would find rapidly increasing markets provided
the price were suitable. It would be equally unwise to assume that a pro-
duct simply because it conflicted with accepted taste in Europe or North
America would be unacceptable in the more backward countries.

Native fatty fish, like herrings, are apparently acceptable in tropical
countries after hard drying with or without some salting, often combined
with hot smoking. The possibility of exporting similar dried cures in
suitable packages to these countries, therefore, merits serious considera-
tion and some experiments are already being made in this direction.

Before the World War II, quite a considerable amount of canned
fish of a cheaper sort went to Asiatic, African and other tropical markets,
and met with ready acceptance. Canning provides with a minimum of
waste, a convenient ready-to-eat product. More important still in this
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context the container is durable and protective under most matural con-
ditions encountened and the contents have a very long storage life, there
heing no obligatory need for special refrigeration in storage and
distribution. Technically at least, canning would seem to offer perhaps the
best solution of the problem of distributing fish in primitive warm coun-
iries, and its further possibilities in ithis direction should be thoroughly
explored. With the need to provide a cheap product, making the most
economical use of tinplate or aluminum, which are expensive items, packs
of minced whole herrings from which some liquor has been expressed
might well prove acceptable to some races, for example those accustomed
to incorporating what animal protein they can acquire in hashes or stews.
It is understood that experiments were carried out in U, S. A. with can-
ned pilchard press-cake for relief feeding after World War I1.

During World War IT dehydrated minced, cooked fillets of her-
rings were produced on a small scale in United Kingdom for the Forces.
At the same time, small samples were sent to various tropical countries
‘and were favourably received, being in most cases eaten without prior
reconstitution. Even dehydrated whole herrings were acceptable, if not
preferred to the fillets. The cost of production including packaging of
these products was rather high, although less than that of canning; but
their good reception not only shows that new foods may win quick
approbation, but suggests that a considerable part of the herring catch
might successfully be upgraded from reduction to an animal-feeding
meal to conversion into a dried, human food. Experiment might show
that even the herring meal at present produced would, if suitably packaged
at once for transport and preservation, be acceptable to backward races,
as a protein supplement in their dishes. If this were not so, it might well
prove possible without prohibitive rise in cost to make a more “refined”
product for human food that retained the full nutriment of the herring,
including the accessory factors now beginning to be recovered from the
customary reduction process by concentrating the “stickwater”.

Returning now to the provision of herrings and herring products for
markets in the more sophisticated, well developed countries in Europe
and elsewhere, it is clear that herring commodities must now face keener
competition in delivered quality and price, because of the general amel-
ioration of food supplies. It is not to be doubted, however, that herrings
of the fine quality of much that is caught off North Western Europe, or
products made from them, would compete more successfully with other
foods, if the quality of the commodity reaching the consumer were to
be improved, although with some increase in price.

In a later chapter ("Fresh Herring”, pp. 164—185). Dr. Shewan and
I have drawn attention to the fact that herring loses its freshness very
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rapidly, even in ice, and that this in our view accounts in considerable
measure for a lack of popularity. Most of the consuming public do not
know what a really fresh herring tastes like; and, consequently, they do
not know what they are missing. To bring really fresh herring, however,
to populations outside a very limitid area near the fishing ports demands
the use of proper freezing and cold storage, when the possibilities of
wide distribution become, technically at least, unlimited. Although, as
the Report of the Hague Herring Meeting remarks, small consumer
packs are finding favour in some places and might do so in many
more, it would seem that more frozen herrings would ultimately be
sold, if a cheaper, more mechanised, process were discovered that would
vietd compact blocks of, say, 10 kg (22 1b.), or even more, which could
be thawed out by the retailer and the herrings immediately sold ready for
cooking. As Dr. Banks indicates in the chapter "Freezing of Herring”,
pp. 190—216, experiments to this end are in progress in the United
Kingdom. Such large blocks of fish would also be very suitable for storage
awaiting further processing, such as canning and kippering, and might
prove advantaeous in extending the working season and the use of plant.

Despite the appeal, actual and potential, of a really fresh herring of
good fatty quality, it is true that a large proportion of the-population
prefer a processed product. Thus, in the United Kingdom, about three
kippers are eaten for every two unprocessed herrings. Treatment in some
degree with salt, acid, smoke, spices, sugar, eic., apparently renders a rich
fatty fish like the herring more palatable to many consumers. The Report
of the Hague Herring Meeting rightly stresses the importance for this
conference of closely examining the possibilities of improving such pro-
ducts, in which there is a growing interest, and of extending their con-
sumption. Subsequent speakers will deal with this subject from greater
experience; but it might be remarked here that these products are relatively
perishable, as compared with canned or frozen herrings. In certain coun-
tries, preservatives are used which would not be admissible everywhere,
because ‘of legal restrictions of their use, which vary from country to
country. Wide distribution of many such lightly-cured products would
demand the use of chilling in storage and transport. For lightly smoked
cures of the kipper or buckling type, even chilling permits only a very
restricted area of distribution; but freezing or canning (with full process-
ing) provide a solution. For export to countries long distances over-
seas, where modern tastes have developed, freezing and canning clearly
would afford the most stable and suitable products.

Canning has already been mentioned in connection with dts possi‘ble
use in extending the export of herring products to protein-deficient areas.
Its inherent advantages as a mode of preservation should, it cannot be
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doubted, ensure for it a permanent place in the processing and distribution
of herrings destined for any market. Being a development of the modern
scientific era, canning requires and receives management by well-equipped
and skilled technologists. The canning branch of the fish industry, there-
fore, is probably more advanced in this sense than any other. For that
reason, more may be expected from it in the way of successtul experimen-
tation to improve and diversify its herring products and extend their
consumption.

Canning will be discussed in a later chapter, but the op1n1on may be
ventured here that, apart from the possibility of making more attractive
packs by using new recipes, improvement in palatability would almost
certainly result from lighter heat processing, could this be safely achieved.
Tn this connection, the pretreatment of the fish with suitable antibiotics
seems to offer a useful field for investigation. -

An attempt has been made as a preamble to this conference to indicate
broad considerations that, it seems, should be kept in mind in deliberation,
and also to draw attention to certain possible lines of development that,
given the necessary technological, economic and social research, may lead
the herring industry out of the present #mpasse and at the same time
bring about a more satisfactory utilisation of the herring catch in sup-
plying the world’s needs.
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HERRING, THE RAW MATERIAL!

A paper presented by Olav Notevarp, The Royalv Norwegian Technical College,
(Norges Tekniske Hgjskole), Trondheim, Norway.

Introduction

At a meeting on the possibilities for better- utilization and increased
use of herring, it may be fitting to consider the available supplies of
herring and similar species, and also the value of herring as food and
as raw material for the manufacture of feedstuffs, o1ls fats and other
products. !

The question of supplies of herrings and similar species is partly a

1 Also published in "The Fishing News” (Notevarp 1950).

3 — FAO
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biological one, and I do not feel competent to estimate the future pos-
sibilities. T will, however, give some indications of the effect of fisheries
and of restrictions in existing fisheries, to illustrate what quantities
may be available.

The value of herrings as food is known by most fisheries technol-
ogists. However, a briel survey of the constituents of some of the
more important species of the herring family is difficult to find, and
may be of interest here.

The value of the herring species as raw material for feedstuffs, oils
and other products depends mainly upon their content of protein, fat
and other nutrients. However, the nature of the oil and constituents
such as cholesterol will be mentioned, as they are important in connection
with other uses.

The supplfes of herring and similar species

Table 1. Total landings of herring shown as annual averages

All . Europe North' Japan
countries | America
metric tons
1930—34 ... .cviiii 3776 000 1 409 000 666 000 1701 000
1935—39 ... ... 4127 000 1 598 000 1120 000 1409 000
194044 ... .. o, 3206 000 1 054 000 1133 000 1019 000
1045—49 ... ... 3250000 1576 000 1112000 562 000

Note: Landings in U.S.S.R. are not included in these figures.
Source: FAO.

In Table 2 the annual average landings of all fish and of herrings
and similar species are given for principal countries for 1946—1950,
and for 1938.

Tt will be seen that the catch of herring and similar species in such
countries as Norway, Portugal, the Netherlands, Iceland and Sweden
amounts to a very substantial part of the total catch. After World
War II the United States and Norway had the largest landings of
Clupeidae; from 1947 to 1949, landings by Norwegian fishermen were
about 1 million tons. In 1950 a much larger Norwegian catch would
have been possible if the processing plants had been able to take off the
fish as fast as the fishermen could land them.

Spain is not mentioned above, but has important sardine and anchovy
fisheries. The landings 1947—48 averaged 120 000 tons (Anon. 1949 A).
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Table 2. Total londings of fish, and landings of herring and similar
species i 15 countries, 1938 and 1946—50.

1938 Average 1946—50
Total | Herring Total | Herring
landings and Per cent | landings | and Per cent
Country all | similar 1 all | similar 1
species | species species | species |

metric tons o metric tons %

000 omitted ° 000 omitted ?
Japan.............. 3521 1128 32.0 3092 593 19.2
United States ...... 2345 840 35.8 2394 835 34.9
Norway «oovvvnvenn. 1139 662 58.1 1212 741 61.1
United Kingdom? 1194 283 23.7 1100 222 20.2
Germany® .......... 787 227 28.8 412 176 42.7
Canada ............ 499 181 36.3 629 254 40.4
Newfoundland ...... 375% 13% 3.5 309 43 13.9
Iceland ............ 274 156 56.9 414 126 30.4
Netherlands ........ 236 124 52.5 234 127 54.3
Portugalt .......... 241 120 50.0 289 90 311
Franceb ............ 479 116 24.2 389 84 21.6
Sweden® .......... 144 77 53.5 195% 96* 49.2
Ttaly .............. 195 60 30.8 176 51 29.0
Denmark? .......... 106 15 14.2 229 31 13.5
Belgium?® .......... 43 7 16.3 71 25 35.2
Ireland ............ 13 3 23.1 21 4 19.0
Total .............. 11591 4012 34.6 | 11166 . 3498 31.3
Total minus Japan 8070 2884 35.7 8074 2905 36.0

Source: FAO, Yearbook of Fisheries Statistics 1948—49 (Washington-—Rome,

1950) and FAO files.
* FAO Estimates.

1 Herring and similar species as per cent of total landings.

2 Excludes Northern Ireland and (in 1949 and 1950) Isle of Man.
% Western Germany.
4 Continental Portugal and adjacent islands.
5 Continental France only, excluding Algeria and other overseas depart-

ments, 1946—50.

6 Includes landings in foreign ports.
7 Excludes Faeroe Islands and Greenland.
8 May include landings by foreign fishing craft, 1938, and includes landings.
in foreign ports, 1946—150.

The landings of herring species in South America, Africa and Asia
(besides Japan) are also considerable, and fishing has recently been
developed very fast in some countries, e.g., the Union of South Africa,
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where the annual catch of sardines now exceeds 100000 tons. FAO
has estimated the world’s annual landings of herrings and similar species
at more than 5 millions tons. This quantity might be substantially
increased if modern fishing were introduced in certain areas where
species of the herring family seem to be abundant, e.g., along the coasts
of Africa and India. More herrings might also be caught in the Northern
Hemisphere, if the fishing possibilities were fully utilized and the pro-
cessing plants were able to take care of the herrings at reasonable cost.
Countries such as the United Kingdom and Norway have recently been
forced to restrict their fishing because the markets or the processing
plants were unable to absorb more. Thus, as herrings and similar species
offer an abundant source of raw material, improvements in the utilization
of the catch are likely to be much more important than efforts directed
solely towards increased landings.

This situation is illustrated by some figures given in FAQ Fisheries
Bulletin (FAO 1948). From reported landings of more than 3 million
tons in 20 countries in 1946 only 1.1 million tons were used for human
consumption. In the last years the situation has been even worse because
the demand for food has been decreasing. The Norwegian winter-herring
fisheries in this year’s season give an illustrating example. The amount
used for food was only half the amount used for this purpose the year
before; 82 per cent had to be used for oil and meal production. This
high figure is to some extent explained by the fact that the expansion
of the Norwegian herring fisheries has been based upon the oil and
meal industry, which normally has taken care of 60—70 per cent of
the catch. ' .

The meal and oil rendered from herring and similar species have in
recent years given a fair return for the fish. These have proved to be
products of high value; a substantial part of the oil is refined and
transformed into edible oils and fats. :

However, the high nutritive value of the fish is far better utilized
when the herring is used directly for human consumption; the first
goal for better utilization of herrings and allied species, therefore, should
be to have more of them used for food products. This may be clearly
illustrated by facts about the nutritive value, which I shall try to survey
in the following chapter.

Nutritive Value of Herring and Similar Species

The species of fish helonging to the herring family have some char-
acteristical properties in common, e.g., their protein, fat and vitamin-D
content in the body oil. Analytical data in the literature regarding the
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sardines (pilchards), menhaden and herrings caught along the coast of
North America are, however, very scarce, and it has heen difficult to find
reliable information about their composition. My details about the food
value are therefore mainly restricted to European herrings, especially to
herrings caught off the Norwegian coast.

As various types of herrings differ in their characteristics, it is
advisable to describe some of the most important ones:

Norwegian winter herring: “Storsild”, early-caught, mature her-
rings, weight 200—350 g. (7.1—12.3 oz.), containing roe and milt.
"Varsild”, later caught, .matu-re and spent herrings of the same type.

Norwegian fat and small herring: Immature herrings. Fat herrings,
weight 50200 g. (1.8—7.1 0z.), and small herrings, weight less than
50 g. (1.8 o0z.). :

North Sea herring: Mature and immature herrings, weight 100—
250 g. (3.5—8.8 0z.), mostly caught as immature herrings.

Scottish herring: North Sea herring and herrings caught off the
coast of West Scotland and Shetland. Mature and immature herrings of
different sizes, mostly immature, weight 100—200 g. (3.5—7.1 oz.).

Icelandic herring: Mostly large adult herrings without roe and millt
weight 250—300 g. (8.8—12.3 oz.), caught off the coast of Nou‘th Tce-
land in ]uly—~Oo’oober

The most important herring species in North America are probably
the Newfoundland and Canadian Atlantic herring, the British Columbia
herring- and the Alaska herring.

The important part for food uses of all these herring species is the
fillet or the edible flesh. Roe and milt from mature herrings, e.g.; from
the Norwegian "storsild”, are also to some extent utilized as food, and
as food products.

The edible-flesh portion of the different species may vary from 55
to 70 per cent the yield of fillets from 40 to 55 per cent. The highest
fillet yield is obtained from ‘the large Icelandic herrings and from
large, fat, immature herrings, the lowest from mature herrings containing
much roe and milt, and from small and lean herrings.

The approximate content of the most important nutrients in some of
these species and in flesh of sardines and menhaden is shown in Table 3.

It should be emphasized that individual variations in the composition,
especially in fat content, may be greatet than shown in the table, which
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Pro- Pho-| Ca. | P J Vitamins
tein Fat | spha- -
tides (in ash) A ] D | B, | B
g/100 g . % mg/100 g I.LU./Z100 g | mg/100 g
|

Norwegian winter
herring:
Storsild ...... 17-18| 12-15 1.1 | 100 | 270 | 0.06 | 400 | 1500 | 0.04 | 0.24
Varsild ...... 17-18| 8-12/ 1.1} 100 | 250 | 0.06 | 400 | 1500 | 0.05
Norwegian fat
herring . ...... 17-18} 8-20| 0.8 40 { 250 | 0.07 | 400 {1500 | 0.05 | 0.23
Norwegian small
herring ...... 16-17.5| 3-15| 0.8 40 | 200 | 0.07 | 400 | 1000 | 0.05
North Sea and
Scottish herring | 16-18| 5-18
Icelandic herring 16-18| 12-20 (500) [(2500)
British Columbia
‘herring  ...... 14.5 | 10.5 100 | 350 | 0.05 | 0.11
California sardines |(17-20)| 10-20 (1500)|0.023 | 0.22
Menhaden ...... (18-19)| 5-15 (1000)
Herring roe,
Norwegian .... | 22-27| 1.5-2| 4-4.5 10 | 200 | 0.015 0.22
Herring milt,
Norwegian .... | 17-22] 2.5 | 2-3.5 10 | 200§ 0.01 0.23

Sources: Norwegian herring: Notevarp (1949); North Sea and Scottish
herring: Lovern and Wood (1937); British Colombia herring: Bailey (1942);
Menhaden and California sardines: Stansby (1947), Bradley (1942), Manning,
Nelson and Tolle (1931).

gives the approximate mean values for fish caught in different seasons.
Tillets from individuals in the same catch have been shown to have
a fat content varying from about 3 to 19 per cent (Notevarp, Baalsrud
1942). Similar variations in the individual compostion may be common
for most fishes and wild animals, but the majority of the individuals
are normally close to the approximate mean values.

Table 3 shows that herring flesh contains about as much protein as
other common fishes. It is also a good source of fat and fat-soluble
vitamins, especially vitamin D. The mineral content is high, and the
riboflavin (Bz) content fair. The content of other vitamins of the
B-group is appreciable, as indicated by recent determinations carried out
on stickwater (Lassen, Bacon 1946). The animal protein growth factor,
Bis, should be mentioned as important in this connection. I have no
figures for herring flesh, but the values reported for stickwaters may
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indicate that the flesh contains this factor (Ney, Tarr 1949). The high
content of phosphatides should also be mentioned. Analysis of the amino-
acid composition of herring protein has shown that it contains all the
essential amino acids in favorable amounts, and that it a first-class
protein (Deas, Ney, Tarr 1948).

Altogether, herring flesh is of outstanding food value. It compares
favorably with the best flesh of other fat fishes such as mackerel, floun-
ders, halibut and salmon, and no other ordinary food contains as much
vitamin. D as herrings and {at fish. As compared with most fish and
meat, herrings are by far the most inexpensive and the low price of
herrings and similar species may only be explained by their abundance.
The herring species, therefore, may be used for furnishing protein and
fat for man at very reasonable prices.

Consequently it may be emphasized that an increased utilization of
herrings as food is of at least as great interest to consumers as to
the fisheries industry.

The Value of Herring and Stmilar Species
as Industrial Raw Material

The value of herrings and similar species as industrial raw material
has hitherto been based mainly upon their content of protein and oil.
These components are likely to be the most important in the future
too, but research has shown that these fish contain other valuable
components which may increase their value as industrial raw material.
Such components are, as mentioned above, vitamin D, cholesterol, choline
and vitamins of the B-group such as the animal protein growth factor.
The oil has been shown to have a composition which may make possible
more profitable utilization than before, ¢.g., by means of fractionation
and proper chemical conversion to edible oils and drying oils.

 As for the fillets of fish of the herring family, the fish show relatively
small variations in their averageeprotein content, which normally lies
between 15 and 18 per cent. The fat content, as mentioned above, shows
greater variations. The average fat contents of the stocks are different,
and the content depends for each stock upon the size of the fish and
varies with the seasons. Because the oil may represent half or more
of the value of the fish for industrial purposes, the variations in fat
content will be considered more closely.

The seasonal variation of fat in North Sea and Shetland herring
was determined by Lovern and Wood (1937) and in North Sea herring
by Mygind (1949). Data on variations in Norwegian fat and small
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herrings were published by Bull (1910, 1913), Lexow (1925) and
Notevarp (1949). All of these investigations show that #mmature her-
rings from the North Sea region and along the coast of Norway have
their highest content of fat in July—August, ordinarily 12-——20 per cent
according to size. There is then a steady decrease during the months
September to February, the lowest fat content being normally observed in
March—April, when it frequently is down to 5 per cent for large
herrings and 1 per cent for the smallest ones. In May and June the fat
deposit is quickly restored, reaching its maximum in July. In Norway,
this cycle has been followed during the last 9 years by determinations
of fat in samples from most of the fat and small herrings delivered to
the Norwegian meal and oil factories.

For mature herrings the picture does not seem to be the same. For
many years, the Norwegian winter herring "has, from the middle of
January to the middle of February, (”storsild”) averaged 14 to 11
per cent fat, and the decrease in fat content during a month has been about
1 per cent. The later-caught winter herring (”vérsild”) has averaged
about 8.5 to 9.5 per cent in the last part of February and about 8 to
9 per cent in the last part of March, when they are spent. The fat
content of these types at other times of the year has not been determined,
as their living places are unknown.

Scottish autumn' spawners have been found to have their highest fat
content in July, Scottish spring spawners in October—December
(Lovern, Wood 1937).

" The fat content. of -the large Icelandic herrings in the fishing season
July—October, is fairly constant, between 16 and 20 per cent, although
there is some decline towards the end of the season. Data for the fat
content of this stock outside the season are not known to the writer.

Analytical data for California sardines have been difficult to find.
However, yields of oil in the meal and oil factories indicate the average fat
content, and calculations for 1940—46 show 17 to 20 per cent in the
Monterey—San 'Francisco area, 10 to 14 per cent in the San Pedro
area and 8 to 12 per cent in the San Diego area. In the poor seasons
1946—47 and 1947—A48 the fat content was extraordinarily ‘low in the
districts first mentioned (Anon. 1949 B).

- The yields of oil from menhaden also indicate a decrease in fat
content from 10—12 per cent in the northern districts, New Jersey and
New York, to 5—8 per cent in the southern ones, North Carolina and
Florida. In Mississippi and Texas the values quoted for the oil yield
cotrespond to fat contents of about 10—13 per cent (Tressler 1940,
Ancn. '1949 ().

- From the variations mentioned here, it is easy to see that the fattest
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stocks of herrings and similar species, as raw material for oil and meal
production, demand prices at least twice as high as those for the leanest’
ones, When stocks are likely to be limited, it should accordingly be sound
ecoriomy to try to land as much of the fish as possible when they have their
highest fat content, and to restrict fishing in periods when the fat content
is at a low level.

The slight differences in the content of protein or solids may also
influence the value of the fish, because the yield of meal by the ordinary
wet rendering process, may be 20 per cent from fish containing most
solids, such as early Norwegian winter herrings, and down to 17 per
cent or less from small herrings. .

Tt is generally realized that the value of herrings as raw material for
oil and meal production depends upon their freshness. When the fish
spoil, the proteins are partly broken down to water-soluble substances, the
expression of oil is more difficult and yield of meal decreases. The
solubles may be recovered as concentrated stickwater or by dry rendering
processes, but the value of the product may be diminished. The worst
effect of the spoilage may, however, be the decrease in oil quality, by the
rise of free-fatty-acid content and darkening of the oil. Other constituents
such as ‘essential amino acids and phosphatides may also be partly
destroyed. ‘ : :

The importance of the freshness of fish which are used for food
or food processing is obvious to all technologists working in this field,
and I have not found it necessary to give prominence to that fact here.
When it comes to fish as raw material for oil and meal production, the
requirements have been far less strict. It should be emphasized, however,
that even slightly spoiled fish are liable to give products of lower com-
mercial value. In addition, the nutritive value of the meal may also
be diminished to a higher degree than has been realized up to now. For
instance, determinations of choline by Jebsen (unpubl.) at The Norwegian
Directorate of Fisheries, Chemical-Technical Research Institute indicate
higher contents of choline in meal from fresh herrings than from partly
spoiled ones, and investigations by ‘Lassen, Bacon and Dunn (1949)
have shown destruction of essential amino acids in spoiling stickwater.

The decrease in the choline content of the ineal may be explained by
the fact that the phosphatides are broken down when fish spoil, which
has been shown by Baalsrud (unpublished). The fate of the choline
during spoilage and processing #s not clarified, but considerable amounts
are likely to disappear during the drying process.

The importance of the choline content of the meal may be demon-
strated by the fact that ordinary meal, rendered from winter herrings by
the wet process, may contain 3—>5 g. choline/kg. meal, dry-rendered about
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5 g./kg. According to the prices paid for choline chloride for poultry
feeding, the value of this should correspond to about 2 to 3 cents per
kg.meal. Mature herrings contain more choline because the roe and milt
contain 3—4 times as much as the flesh. The values are about 0.14 per
cent for Norwegian winter herrings and a little more than 0.1 per cent for
Norwegian immature herrings. The greater part of the choline content
of the herring is found in the meal and only about 5 per cent in the oil.
The stickwater from fresh herrings contains about 20 per cent, as deter-
mined in concentrated fish solubles. Reliable corresponding figures for
stickwater from spoiled herrings are not known to the author.

The effects of the spoilage of the fish upon the proccessing, upon the
yields and the value of the products, and upon the nutritive value of the
meal, show the importance of improved preservation of herrings which
have to be stored before they are processed. Efforts are now being made
in Norway to improve the preservation of the large seasonal landings,
of which very much has to be stored for weeks before the plants are able
to finish processing. New preservation methods are being developed;
large-scale experiments have been carried out and larger ones are plannad
for the next winter season.

Besides protein, fat and choline, fish contents of vitamin D, riboflavin
and the animal protein factor are of significance for the herring meal,
and for condensed fish solubles. The vitamin D is contained in the oil,
and the oil contained in the meal withholds a corresponding amount,
about 50—100 I.U./g. oil, which may be conserved in the meal for months
if the meal has been properly dried. About half of the riboflavin content
of the herrings is retained in the meal by wet rendering, the other half
is retained in the stickwater. By dry rendering, the riboflavin and the
vitamin Bi2 are retained in the meal, and considerably enhance its food
value.

The contents in herring and similar species of vitamin Biz (animal
protein factor) are mot known to the author. Nor is the fate of this
factor by ‘wet processing known, but the following values are given for
concentrated stickwater by Ney and Tarr (1949):

Alaska herring .. .. .. .. .. .. 0.31 mg. Buz/lb. solids (0.68 mO/l )
Norwegian whale.. .. .. .. .. .. 0.14 —»— (0.31 )
Menhaden.. .. .. .. .. .. .. .. 0,13 —— 029 — )
California sardine .. .. .. ... 020 —»— (044 — )
British Columbia herring, local .. 0,081 -—»— (018 — )

For concentrated stickwaters from Norwegian winter herring values
of 1—1.3 mgfkg solids have been reported (Sildolje- og Sildemelind.
Forsk.inst. 1950). This high content may be due to the roe and milt.
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Unfortunately, information on values of meal from herring and
similar species are lacking. Taking into account the high price for vita-
min Bz, the content of this vitamin in the fish and in the products made
from them should add substantially to their value.

The Oils of Herring and Similar S pecies

The oils of the whole fish comnsist of about 99 per cent glycerides and
1 per cent unsaponifiable matter which contains 60 to &0 per cent
cholesterol, and vitamins A and D conresponding to about 100—250 and
50--100 I.U./g.oil, respectively. '

Several figures for the vitamin-D content of oils from various species
may be found in the literature; the content depends for each variety
upon the size of the fish and their fat content, because oils from lean
fish are likely to contain more vitamin D than oils from more fatty fish
of the same kind. Systematic investigations on this point are, however,
incomplete or lacking, and I shall here refrain from detailed discussion
and references.

Until now these oils have been valued mainly as glycerides although
they have been used to some extent as sources of vitamin Dz in the
same way as cod-liver oil. The last-mentioned use may however decrease,
because the price of vitamin D3 thas dropped to a low level owing to its
production from cholesterol. The possibilities of extracting vitamins D3
and A from the oil before its use as glycerides for industrial purposes or
hefore refining to edible oils or fats have, therefore, lost much of their
economic feasibility.

The situation might be difficult if the cholesterol of the oils was
extracted and taken care of together with the vitamins. Ordinarily the
oils contain 0.6 to 0.8 per cent cholesterol; in oil from Norwegian winter
herrings about 15 per cent of the rest of the unsaponifiable matter are
hydrocarbons and 5 per cent higher alcohols (according to unpublished
investigations at the Directorate of Fisheries’ Chemical-Technical Re-
search Institute, Bergen, Norway, and the Institute of Technical Organic
Chemistry, The Royal Norwegian Technical College, Trondheim, Nor-
way). For oils extracted from fish meals, Beatty (1948) has found
7—24 per cent unsaponifiable matter containing 65—90 per cent choles-
terol. Because the price of cholesterol is said to be about 2 cents per g.,
the extraction of the cholesterol together with the vitamins should have
considerable commercial possibilities; according to Lassen (private com-
muniication) cholesterol is now commercially produced from sardine oil.

The values of the oils for edible purposes, and as industrial oils, are
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based upon their glycerides, the nature of which is important for the
use of the oils for these purposes. For hydrogenation to edible fats, less
unsaturated oils lend themselves better than highly unsaturated ones;
for use for drying oils the latter are much more preferable. The iodine
values of the oils give some indication of their suitability for these pur-
poses, and the different species show characteristic differences in this
respect:
Todine values

Menhaden oil .. .. .. .. .. .. .. 150—190 (a) — 150—170 (b)
California sardine oil .. .. .. .. .. 160-—190 (¢) — 160-—183 (b)
LEuropean sardine oil .. .. .. .. .. 160—190 (a)
Tapanese > 0> vu . .. .. .. 170190 (a) — 173—189 (b)
Herring oil .. .. .. .. Ce e 105—128 (b)
Norwegian wmter herrmcf 011 .. .. 115—135 (d)

Norwegian small and fat herring oil 125—160 (d)
Sources: (a) Tressler 1940
(b) Williams 1950
(¢) Brockleshy 19..
(d) Notevarp 1949

It has been shown by Lexow (1925) that there is a relation between
the oil content and the iodine value in Norwegian small and fat herrings,
the fattest fish showing the highest unsaturation of the oil.

The amounts of the different fatty acids in the oils and their chemical
nature are also important for the evaluation of these raw materials. The ~
oils are characterized by their high content of highly unsaturated fatty
acids; 3050 per cent may average 300 in iodine value. At the same
time, they show a relatively high content of saturated fatty acids; 20—25
per cent according to the survey given by Hilditch (1947). From Nor-
wegian winter herring oil, with iodine value 120, a fraction of 25 per
cent having an iodine value of 308 has been isolated, while 30 per cent
of the acids from this oil averaged -33 in iodine value. (Unpublished
investigations at the Institute of Technical Organic Chemistry, the Royal
Norwegian Technical College, Trondheim, Norway).

These mixtures of highly unsaturated and saturated fatty acids may
be utilized by fractionation according to saturation. The glycerides,
however, contain fatty acids of different degrees of saturation in the same
molecule. Splitting of the glycerides or de-esterification must ‘therefore
be accomplished before any good fractionation is possible. The glycerides
or acids of high unsaturation may furnish raw material for drying oils
of high value, while the less unsaturated may be wsed for edible oils
and fats. :
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Summary

The landings of herrings and similar species represent an abundant
source of raw material of high value; possibilities of increased landings
should be very good. However, in spite of their very high food value,
less than Y3 of the worlds catch of these fish is at present ut111zed directly
for food. Besides first-class protein and fat, the flesh contains appre-
ciable amounts of choline, vitamin D, riboflavin, animal protein factor,
iodine and other important minerals, and fair amounts of the other vita-
mins of the B group and vitamin A. The nutritive value of these inex-
pensive fish is in fact outstanding. No other animal raw material fur-
nishes protein, fat, and the other nutrients mentioned, at prices as low as
those paid for herrings to the original producer, the fisherman.

In addition, herring and similar species are very valuable raw mate-
rials for protein-rich feed meals, which also contain appreciable amounts
of other important nutrients, e.g., choline, riboflavin, animal protein fac-
tor and vitamin D, and for edible fats and oils, and may be a very good
source for cholesterol, vitamin D, and for drying oils for paints and
varnishes.
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CONTRIBUTIONS TO THE STUDY OF FLUCTUATIONS
IN A FISH STOCK

A paper! presented by Finn Devold, The Norwegian Institute of Marine
Research (Havforskningsinstituttet), Bergen, Norway.

At the end of the last century ichtyologists became more and more
interested in age determinations of fish. In 1903 the Norwegian
zoologist Dr. Broch (1908) discovered that the scale of the herring
could be very conveniently used for age determination. The late Pro-
fessor Johan Hjort and Professor Knut Dahl were very interested in
this matter, and regular collecting of herring samples for this purpose
started in Norway in 1907. In 1909 Mr. Einar Lea took charge of the
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1 This paper has also been published in “Rapports et Procés-Verbaux des
Réunions”, February 1951 (Devold 1951).
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herring investigations, and he continued and extended the collection of
samples, so that we now have uninterrupted records of the age compo-
sition in the tribe of Norwegian herring for the last 42 years.

Professor Hjort and Mr. Lea were very interested in calculating the
fluctuations of the stock; and when samples had been collected over a
series of years, Mr. Lea worked out a method for calculating the
mortality and fluctuations, a method which is described in his paper
"Mortality in the Tribe of Norwegian Herring” (Lea 1930).

Figure 1 demonstrates the calculated fluctuations in the stock from
1907 until 1949. It also shows the output of the winter-herring fisheries
over the same period. Broadly speaking, the calculated stock has steadily
increased during this period, and at the same time the output of the
{isheries has also been steadily increasing.

As far as I know, no objections to Lea’s formula have been published,
and we have felt very safe every year when presenting prognosis of the
herring stock for the coming year’s fishery, based on such calculations.

In the last years the present author has been responsible for these
forecasts and has, therefore, felt it necessary to examine the reliability
of our calculations. According to Lea, it is possible to calculate not
the real number of herring, but the proportion of the increase or decrease,
taking the stock in one of the years as unity.

Mr. Lea has chosen the year 1907 as unity, and from Figure 1 we
see that the calculated stock has grown to about 17 in 1948, and if we
calculate the year 1949, we find that the stock is 21.5 times the size of
the 1907 stock. The tribe of the Norwegian herring contains, without
doubt, milliards of herrings. At the same time, a very simple calculation
gives us the result that 100 herring fishermen, operating with purse
seines, are killing during a season as many herrings as 20 000 fishermen
in the Lofoten area are killing cod. '

During the last few years the herring fisheries have been expanded
to such a degree that the annual landings have increased to about 3 times
the average catch 1907—1942, and it is very important to determine if
this expanded fishery has diminished the stock.

The application of Lea’s formula demonstrates definitely that it has not.

Table 4. Age distribution in the Novwegian spring hevving.

/ . Age
Year 3 4 5 6 7 8 9 10
1946, .. oo 0.5 3.7 44 74 56 172 258 3.2
1047 . i 3.7 20.5 4.3 3.1 5.3 39 153 17.6
1948, .ot 0.2 201 465 . 29 1.6 1.5 2.2 8.2

1949, .. i 0.2 39 356 39.0 1.7 0.9 11 2.1
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wn the years 1907—1942, and in the last five years.

Age
Year 11 12 13 14 15 16 17 18
1046, .. o 5.9 159 5.4 2.1 2.1 0.7 — 0.2
1947. ... o 2.6 6.2 10.3 34 2.4 2.4 0.6 —
1948. .. v i 79 1.0 2.4 3.1 1.4 0.8 0.2 —_
1049, ... . i o 4.6 5.0 0.9 1.2 26 0.7 0.5 0.2
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Table 4 and Figure 2 show the age distribution of the Norwegian
spring-herring stock in recent years. In Figure 2 the first columns
demonstrate the average age distribution from the year 1907 to 1942.
The following columns give the age distribution for the respective years.
Tt seems as if 2 very strong year-classes, born in 1943 and 1944, have
entered the Norwegian tribe of herring. These 2 year-classes in 1948
constituted about 67 per cent of the entire spawning stock, and in 1949
they constitute about 75 per cent.

It is easy to calculate that each of these 2 year-classes is about the
same size as the famous 1904 year-class, which according to Lea's
calculations, was able alone to make the total tribe of the mature Nor-
wegian herring more than 9 times as numerous as it had been before
this year-class entered the spawning stock. But we will examine his
formula and see if such calculations are reliable.

Instead of using the unknown number of the enormous herring stock,
we will build up a theoretical stock where all factors are known and
kept close to all suppositions on which Lea has based his formula.
Table 5 gives examples of such stocks. We are presuming that the
stocks are kept under such conditions that all factors can be controlled,
as in an aquarium.

In example 1 the real number of individuals comprising the year-
classes from 3 up to 6 years old is 1000, of 7-year-old fish there are
also 1000, and the following age-groups are reduced by 20 per cent.
We will, in the same manner as Lea, exclude the year-classes older than
16 years. The total number of individuals in the aquarium will conse-
quently be 5464. v

The corresponding age distribution in numbers per thousand is
given in the column to the right. Lea’s formula for calculating the
fluctuations is ‘

(gt agtay + . ... .. + ) -
bg+ 0+t - .. ... bis ©

¢ indicates the proportion of fish which survives from one season
to the next, as a mean of the years taken into consideration. A and B
is the real number of the stock in twc consecutive years. If within a
year we remove from our aquarium 20 per cent of all year-classes, and
at the end of the year also put into the aquarium so many recruit fish
that we get the same number as the year before, it is easy to see that
the nominator and the denominator in the formula will be equal—in
other words no fluctuation has occurred. Lea’s formula in this case
gives the correct picture of what has happened.
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Table 5. Theoretical stocks.

Stock Age Distribution
¢ = 0.80 (per thousand)
Example 1.
Ay + Ay + A+ Ay = 1000 ayta,+ a5+ a; = 183
A, = 1000 a; = 183
Ag + 800 ag = 146
Ay = 640 @y = 118
AIO = . 512 Ayo = 94
Ay = 410 ;= 76
A, = 328 a, = 60
Ay = 262 ay = 47
Ay = 210 @y = 39
A;; = 168 a,; = 31
Ay = 134 g = 25
S A = 5464 1002
Example 2.
B; + By + B; + By = 1000 by+ by -+ b5 + by = 693
B, = 100 ' b, = 69
Bg = 80 by = 55
B, = 64 by, = 44
B,= 31 b= 35
B,= 41 by, = 28
Bip = 33 by = 23
By= 26 : b = 18
By = 21 by = 14
By = 17 bys = 12
By= 13 bg= 9
3B = 1446 1000
Example 3. ’
B;-+-B’y+ B+ Bg = 10000 &3+ b5 by = 693
B, = 1000 by = 69
By = 800 b’y = 55
By = 640 by = 44
Blyy= 512 b= 35
B'y= 410 b= 28
B,= 328 b= 23
By,= 262 byg= 18
B,= 210 b= 14~
Byy= 168 b= 12
B= 134 b 9 .
> B = 15464 L 1000

In example 2 we have removed 90 per cent of the fish 7 years of
age and older. The resultant age distribution is presented, and by
calculating the fluctuation by means of Led’s formula we find that the
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stock has been augmented 2.67 times. In realiiy it is reduced {rom
5464 to 1466.

In example 3 we have the same age distribution as in our first
example as far as fish of 7 years of age and older are concerned, but
the recruiting stock comprising the year-classes 3 to 6 years old now
number 10 000 instead of 1000.

The age distribution in numbers per thousand is just the same as
in example 2, and by using Led’s formula we find that the increase of
the stock from example 1 in this case is also 2.67. Actually the stock
has wmcreased from 5 464 to 15 464. — The explanation is that whether
o fish stock receives an unusually great nwmber of recruit spawners,
or whether the toxation has greatly increased, the age distribution may
be the same. — Every time we discover a fluctuation in a fish stock by
use of Led’s formula, we are therefore confronted with the problem:
is the fluctuation due to a higher mortality, or are the recruiting year-
classes stronger than normal?

The strange age composition we now have in the mature stock of
the Norwegian tribe of herring, may, in other words, indicate that the
stock has received a very strong recruitment during the last two years.
On the other hand we may make ourselves advocates for the opposite
view and postulate that the recruit spawners are only medium-strength
year-classes. The fishermen’s efficiency in catching the herring has in
fact greatly improved in recent years, and the enormous quantities of
herring killed during the years after World War II may have resulted
in such a great proportion of the older herrings being removed that we
may regard the strange age distribution as a result of the greatly inten-
sified fishing. »

Mr. Lea has used the great fat-herring fisheries in 1907—1909,
which were based chiefly on the 1904 year-class, as a proof that this
year-class was really very strong.

We shall now try to see whether the 1943 and 1944 year-classes have
given great yields when the small-herring and fat-herring fisheries were
founded on them.

Figure 3 shows the total landings in Norway of the small-herring
and fat-herring fisheries over the last 50 years.

The small herring consist of the age-groups 0 and I. We should
therefore have had a very good small herring fishery in the years from
1943 to 1945. As seen from Figure 3 this was not the case. The fat
herring consist of the age-groups II to V, mainly 3- and 4-year-old
herring. We might, therefore, have expected a very good fat-herring
fishery in the years from 1945 to 1948. But during these years our
fishermen have taken an unusually small quantity of fat herring. — I am
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quite aware that the output of the fat herring fisheries is very irregular,
and it is impossible in my opinion to draw any safe conclusion about
the stock from the output, but at any rate the output of the fat-herring
fisheries does not support the theory that the stock has received a strong
recruitment. :

Another result of a decrease in the stock should be that the older
herrings especially would become more scarce. Mr. Fridriksson (1944)
has suggested that it is the same tribe of herring as that on which the
major part of the Icelandic herring fisheries off North Iceland is based.
The Norwegian investigations support this view (Rasmussen 1949) ; and
it is mainly the older herrings which are found in Icelandic watens. During
the last three years the Icelandic herring fishery has declined very much,
and the opinion of the fishermen operating in Icelandic waters is that the
shoals are smaller and much more scarce than before the war.

The conclusion to be drawn is that, especially in the coming years,
we have to be careful when calculating the prognosis of the stock. If
these 2 year-classes born in 1943 and 1944 continue to predominate in
our age determinations, we can safely regard them as strong year-classes.

However, if the coming year-classes also seem to be strong, then we
may take it as a danger signal that the stock of herring is decreasing.
If we in such case continue to calculate our stock by use of Mr. Lea's
formula, we may find a calculated stock which is 100 times as great as
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the stock was in 1907. At the same time our fishermen will perhaps have
difficulties in realizing profits from their efforts.

We have seen it is possible by the use of Lea’s formula to conclude
that there are fluctuations in a stock of fish, but so far we have no means
of determining whether these fluctuations are due to an increase or
decrease of the stock. If a rich year-class enters the stock, this fact can
only be verified after a period of several years, and it is, therefore, not
possible to calculate a true prognosis of the stock by using Lea’s formula.
To do this we must first find means of determining whether a fluctuation
found by Lea’s formula indicates an increase or decrease of the stock. —
Here we may get valuable information from marking experiments. I
shall try to elucidate this point. ‘

We mark, say, 10000 specimens every year. (1) If we assume that
no fluctuations take place in the stock, then we ought to have a certain
number of recoveries per unit of catch. (2) If the stock has diminished
the chances of getting a marked herring have increased, and our recov-
cries per unit of catch should increase at a corresponding rate. (3) If,
on the other hand, the stock increases through great influx of recruit
spawners, e.g., to twice its previous size, the chance of revovering a
marked herring is only half of what it was the year before, and we should,
therefore, get a corresponding drop in our returns per umit of catch.

The conclusions are that by the use of Lea’s formula we can discover
a fluctuation, and combined with standardized marking experiments it
may be possible to determine whether this fluctuation means an increase
or decrease of the stock.
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Chapter 3
THE HERRING-MARKETING SITUATION

FACTORS INFLUENCING SUPPLY OF AND DEMAND
FOR HERRING

A paper presented by G. M. Gerhardsen, Chief Economist, FAQ
Fisheries Division

‘This short survey is based mainly on material presented to the first
herring meeting held at The Hague, Netherlands, 29 August to 2
September 1949. Most of the statistics have been brought up-to-date
through 1949, and other material has also been added.

Londings

~ Available statistics show world landings of herring and similar spe-
cies to have averaged about 4 million metric tons annually in the five-year
period 1935—39, which includes the peak year 1936 with 4.8 million
tons.? This amount is about 20 per cent of the estimated world landings
of, all species of fish, crustaceans, and mollusks.
Landings of these species were on a relatively high level throughout
the interwar period. Expressed as annual averages for five-year periods,
the trend in the Northern Hemisphere was as follows:

. Total Annual Europe North America Japan
Period Average
. Metric tons, round fresh weight

1920—24 2 490 000 1023 000 592 000 875 000
1925—29 3114 000 1 309 000 695 000 1110 000
1930—34 3776 000 . 1409000 666 000 1701 000
1935—39 4127 000 1598 000 1120 000 1409 000
1940—44 3 206 000 1054 000 1133 000 1019 000
1945—49 3250 000 1576 000 1112 000 562 000

1 These statistics do not take into account Southern Hemisphere countries,
where landings of Clupeidae species increased greatly during the 1940’s, especially
after 1945,
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There were, of course, lean years in some countries, as a result of
fluctuations in weather and in the availahility of fish; but reduced
landings in these countries were usually outweighed by large landings in
other countries, so that the world total shows an almost continuous
increase from year to year during the interwar period. Landings in
Norway rose from an average of 280 000 tons annually in 1920—24 to
over 600000 tons in 1935—39, and U. S. landings increased from an
average of about 500 000 tons during the first three five-year periods
to over 920000 tons annually in 1935—39. Landings in Iceland in-
creased from about 20000 tons in 1920—24 to over 1300/000 tons in
1935—39. Germany quadrupled its herring landings from 1920 to 1933,
and intensified expansion during the thirties in an attempt to become
self-supplied. In the United Kingdom the trend was in the opposite
direction, influenced, no doubt, by expansion in other countries and the
drastic reduction in imports by some countries. (In the interwar period
the British herring catch was only about half the pre-World War 1
volume.)

By and large, the gradual increase from year to year in total world
landings was a reflection of the increased catching capacity of the various
fishing fleets. This increase, which took place in many countries, was
partly a result of a larger number of craft in operation, but to a great
extent it was attributable to the gradual adoption of mechanical facilities
in the herring industry. Steam vessels were introduced in the latter
half of the nineteenth century. The internal combustion motor was
introduced about 1910. Mechanical means for hauling gear have made
larger gear possible; the purse seine has been used for catching herring
since the turn of the twentieth century; the trawl was introduced in the
herring fisheries during the interwar period, about twenty years ago.
During the 1930’s depth sounders, the radio-telephone, and other modern
facilities greatly increased catching capacity. Increased use of such devices
since World War II, coupled with favorable market conditions, have
given impetus to sizable investment in the herring-fishing industry.

The most important single technological influence, however, upon
the growth of the herring industry has no doubt been the development
of an oil and meal industry. If one factor can be singled out and
considered in this field, this is it, as far as the last thirty years are
concerned; and it may well prove to be the foundation for an even
greater expansion in the years to come. ‘

For some years during World War II, the aggregate landings of
the countries under consideration amounted to less than 3 million metric
tons. But they recovered rapidly after the war and, if it had not been for
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smaller landings in Japan, the 1947 landings would have been in line
with the prewar average. Some few countries indicate further increase.
In 1948 Norway had almost one million metric tons of herring and similar
species, and the herring fisheries of the United Kingdom also gave
maximum returns. ; Production targets indicated by some important
countries and evidence of serious effort to reach them point to a continued
increase in landings.

The species known as Clupea harengus is dominant in the catches
of all the North Atlantic waters off Europe. There are qualitative
differences explainable by environment, season, maturity, and age, but
the catches are all principally of the same species.

Herring fisheries off the Norwegian west coast, which amounted to
some 650000 tons in 1938, are largely confined to territorial waters
and are, therefore, conducted solely by Norwegians. Three types of
herring are fished for in different seasons; small herring along the
entire coast from late spring through December—January; the fat her-
ring of northern Norway from late July through October; and the
winter herring (large and spring herring) from late January to the
beginning of April.

Iceland’s herring-fishing operations exploit the herring species which
appear regularly off the northern and, to some extent, the southern
shores of the island from July to September. As much of the herring
is found outside the territorial waters, Icelandic fishermen have to share
this wealth of the sea with fishermen of other nationalities. The total
herring catch off Iceland in 1938 amounted to some 155 000 metric tons.
Of these, 125000 tons were taken by Icelanders. In 1949 Icelanders
themselves caught 148 000 tons off their shores, Norwegians caught
20700 tons, Swedes 4 700 tons, Finns possibly some 2 000 tons, and
Russians an unknown quantity, possibly some 5000 tons.

In the North Sea and adjacent waters, herring fishing is concentrated
on the western half of the area, commencing in the north and moving
south as the season proceeds, to concentrate on Dogger Bank down to
the Straits of Dover in the autumn. Excluding herring catches in
Norwegian territorial waters, the North Sea herring catches in 1938
amounted to some 575000 metric tons. Of this volume, the United
Kingdom accounted for some 228 000 tons, the Netherlands 91 000
tons, Germany 216 000 tons, France 24 000 tons, Belgium 6000 tons,
Poland 5000 tons, Denmark 1000 tons, and Norway 3 000 tons.

Herring schools which appear around the coast of Scotland, England,
Wales, and northern Ireland during the greater part of the year are also
-exploited. The total herring catch in ali waters west and south of the
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British Isles amounted to 101 000 metric tons in 1938, Of this, British
landings amounted to 49 000 tons, French (mainly in the British Channel
and along the French coast) 48 000 tons.

In the eastern waters, the total catch recorded for Skagerrak and
Kattegat in 1938 was 40000 tons (33 000 tons on Sweden, 5000 on
Denmark and 2 000 on Norway). The total catch in the Belt Seas and
in the Baltic (not including catches by the U. S. S. R.) was 74000
tons (Sweden 33 000 tons, Finland 15 000 tons, Germany 10 000 tons,
Denmark 8 000 tons, Latvia 7 000 tons, and Poland (estimated) 1000
tons).

In Portugal and Spain the sardine (Clupea pilchardus) is by far
the most important species caught. As the problems connected with the
sardine fisheries of these countries are of a special character and only
remotely resemble the herring problem of Northern Europe, less emphasis
is being placed on them in this particular study.

Other European countries — in particular, Italy and Yugoslavia —
as well as the North African territories fall within the same category.

" The species found in the waters along the North American continent
differ from the Furopean herring to some extent, but they are competing
commercially with them. Menhaden (Brevoortia tyrannus), which is
exclusively used for conversion, is by far the most important of these
species. Stimulated by a high demand for oils and meals and favored
by abundant concentrations of menhaden, postwar landings have been
very large (485 000 metric tons in 1949).

The “herring” is caught on both coasts; on the west coast the species
is known as Clupea pallassii, on the east coast as Clupea harengus. Most
of the west-coast herring is caught in Alaska (the landings in the United
States of America and Alaska amounted to 79 000 tons in- 1948). On
the Atlantic coast of the United States the catch of larger herrings
is of relatively little importance; the smaller-sized fish canned as sardines
make up about three quarters of the entire Atlantic herring catch of the
United States (amounting to 85900 tons in 1948). Canada landed on
the Atlantic coast 58 000 tons of herring and on the Pacific coast,
175000 tons. ‘ '

The California sardine (Sardinops caerulea), also known as pilchard,
occurs on the Pacific coast of North America from southern Alaska
to the Gulf of California (290000 tons were landed in the United
States in 1949 as compared with 504 000 tons in 1938; Canada’s Pacific
landings declined from 47 000 tons in 1938 to nil in 1948 and 1949).

Anchovies are a relatively undeveloped resource in the United States.

Up to World War II Jepen was the most important producer of
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herring and similar species, which constituted a very large proportion
{(in 1938 about one third) of the annual world totalt. Most of the
Japanese herrings and sardines are obtained in coastal waters. About
75 per cent, of the total prewar catch of sardines (Sardinella melanosticta)
was taken in the coastal waters of Japan proper. In the south, the fishing
season begins in the latter part of December and lasts until the latter
part of April, with the peak during January and February. In north-
eastern Homshu and southeastern Hokkaido the season extends from
early September to late December, with the peak in November and
December.

Important sardine fisheries are also located off the eastern coast of
Korea (Chosen), with principal fishing seasons in the early summer
and in the fall.

Attention should also be drawn to some countries where herring fish-
eries constitute more recent developments; during and after World War
1T many countries with relatively undeveloped fisheries began to extend
their fishing activities, and species of the family Clupeidae came in for
a good share of this interest.

The Union of South Africa, for example, has developed its pilchard-
canning and oil-meal industriés very rapidly during the past few years
(1945—49) ; in 1949 the pilchard landings amounted to some 70 000
metric tons, and the pilchard became the most important of the various
commercial species landed.

Also of relatively recent date are the herring fisheries of South
America; several species of the herring group are caught here, but the
herring industry, compared with that of other regions, has not yet
started to put out very large quantities.

Reference should also be made to the increasing interest which Austra-
lia has signified in exploiting its resources of pelagic fish, among which
the herring-like species rank high.

In the TU. S. S. R. herring fisheries were developed in several waters
during the interwar period; in the aggregate, possibly some 200000
tons are landed annually. v

Setting of the Industry

Throughout the centuries the herring industry has experienced violent
fluctuations in the level of prosperity and wealth accruing to those
participating in it. One of the principal causes of this continual flux in
the industry is the fluctuation in the abundance of herring. This creates
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alternate periods of glut and scarcity in landed quantities, which result
in unstable prices and widely varying net returns to fishermen. The
long-term trend is characterized also by an absolute decline in the
demand for herrings as food and an absolute as well as a relative
increase in the quantities utilized for reduction to oil and meal.
Because of the chronic nature of the difficulties besetting the herring
industry, common action to counteract them has very often required
governmental steps and official endorsement and enforcement of policies.
As a result of rapid reconstruction of the war-damaged herring-fishing
fleets, relatively favorable runs of herring, and a more plentiful supply
of other food, there is now a threat of a herring surplus. The industry
is, therefore, posing two important questions: whether the present high
level of production can be maintained or perhaps increased even further
on a sound basis; and whether this great annual supply of protein, fats,
minerals, and vitamins is being properly utilized for human food.

Organization of the Industry. Individual ownership, or at least the
existence of very small-sized enterprises, is common to fishing operations
in most countries, and it also characterizes the herring-catching fleet to
a large extent. In many countries the units are not organized financially
to any noticeable extent, horizontally or vertically. This feature carries
. with it many advantages; but it also leaves the industry vulnerable to
the effect of monopolistic group activities in the trade and mechanical
industries which are the outlets for the herring fishermen’s product.
Also, because of its characteristically small operating units, the industry
possibly could not, like larger firms, benefit fully from funds created
during prosperous years. lts members have not had very much reserve
to canry them through the lean years, of which there have been many.

Tt is natural, therefore, that the outstanding organizational feature
of postwar growth has been the strengthening of the ties between the
individual units, not only in primary production, but also in processing
and trade, and what could almost be called a balancing of power between
the various organizational groups.

Diverstfication Tendenctes. The structural differences within the
industry are apparent when one considers the various kinds of gear used.
In the North Sea and in the Baltic, the drifting gill net predominates,
but a specialized herring trawl also plays an important role, particularly
in Germany and Sweden and, to a lesser extent, in the other countries
exploiting these waters. Since World War II, the trawl has been used to
a greater extent. The floating trawl, a Danish postwar innovation, is
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now being used on a commercial scale. Gill nets are also used on the
Norwegian coast, but purse seines — also known as ring nets — play
an equally important role. Off Iceland, hoth gill nets and purse seines
are used.

In the prewar period, relatively low oil and meal prices as compared
with the cost at which the herring was caught made it unprofitable to
use any large quantities of the North Sea herring for reduction purposes.
Countries like the Netherlands, the United Kingdom, Germany, Belgium,
France, and Denmark, where fishing was conducted only in the North Sea
and adjacent waters, were, therefore, mainly confined to the marketing -
of fresh herring for direct human consumption or the manufacture of
high-quality salted, spiced, or smoked products. Because of the short
distance hetween the fishing grounds and the main European consuming
centers, the North Sea herring lent itself very well to these purposes.
Since the end of the war the North Sea countries have started to
develop a meal and oil industry, as well as other means for diversifying
the use of herring.

The Present Fleet. All the countries coneerned have endeavored to
rebuild and modernize their fleets damaged by war. The herring fleet of
Norway now surpasses the prewar years in number, and even more in
efficiency. The following figures show the number of craft under each
kind of gear which landed winter herring in 1947 and 1948:

1947 1948
Powered gill-net craft ............ 1925 2058
Powered purse-seine craft ........ 254 317

The number of fishermen participating in the winter herring fishery
in 1948 has been estimated at about 20 000.

In 1948. 150 Norwegian craft participated in herring trawling in
the North Sea. Norwegian participation in herring fishing off Iceland
has been as follows: .

1938 1946 1947 1948 1949

Number of craft ......... PR - 145 . 255 254
Number of trips .............. .o 176 146 221 276 261

In Iceland before the war, almsot all seaworthy craft were devoted
to the catching of herring in the summer. Since World War II the
hig steam trawlers have been carrying on cod fishing throughtout the
vedr. The medium-sized trawlers, longliners, and other smaller craft
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continue in the summer to switch to herring fishing with purse seine
or gill net, for which they are excellently fitted.

In the Uniied Kingdom both drifting gill nets and purse seines are
used for catching herring. Drift nets have remained the principal gear,
although a significant feature of the fishing during the past three years
has been the widening of the sphere of activities of the ring-net boats.
Boat building for herring fishing has been carried on at high pressure
since the end of the war. In 1948 there was a total of 389 steam
drifters, 478 motor drifters, and 226 purse-seine vessels. The steam-
drifter fleet, according to the 1949 report of the Herring Industry
Board, "is old and its ultimate demise cannot now be very long delayed”.

The lugger fleet of the Netherlands suffered seriously during the
German occupation 1940—45. Of the 245 vessels availbable in 1940,
only 35 craft remained in 1945. In the following years a sharp increase
in the number of craft for the herring fishery took place.

No. of
Y St 1 Motor b Total ’
ear eam luggers otor luggers ota fishermen
1939 ........ 41 191 232 3376
1946 ........ 27 137 164 cen
1947 ........ 31 156 187
1948 ........ 32 175 207

In Germany the operating lugger fleet developed as follows during
the postwar years as compared with 1938:

1938 1946 1947 1948 1949
Number ........ 168 56 66 76 95

The herring-fishing fleet in Western Europe has increased very fast
indeed during recent years, and its future has become a matter of
considerable concern. In Norway the chairman of the governing body
of the Winter-Herring Fishermen’s Sales Association, drew attention
in a recent speech to the charges of overinvestment in the fleet, both
hecause of congestion of craft on the grounds hampering efficient opera-
tions, and ‘because of lack of adequate outlets. "If the whole fleet is to
make a profit,” he stated, "a total catch of some 10—12 million hectoliters
would be necessary, and for that much we do not have sufficient outlets.”

Possibilities for Further Adjustments. It goes without saying that
any technological improvement in fishing and processing and any increase
in biological knowledge will not only make economic planning easier, but




63

will also dncrease the efficiency of the industry. It appears, however,
that the gains in the form of lower production costs which have been
accomplished so far are limited in their extent. Any further decline in
market price will necessarily force marginal producers out of business.
But the point at which this will happen depends to a large extent on the
cost structur : the amount of overhead costs and the number of production
faotors that are sharing the economic risk — such and similar matters
are closely related to the degree of elasticity within the industry.

Concrete information on the structure of prices is almost nonexistent
in the literature. At this juncture, however, it is sufficient to point out
some of the characteristios of the cost structure in catching and processing.

As most fishermen are paid on a lay basis, their recompense will
fluctuate with the gross taking as a certain percentage of what ds left
after running expenses have been deducted. In 1933, when conditions
were extremely unfavorable, the average computed for a large number
of typical boats from six Scottish ports showed that the fishermen had
a share of only about 8 per cent of gross takings (compared with 16 per
cent in 1929). Wage earners obtained 15 per cent. Fuel (coal) absorbed
as much as 29 per cent, and other running expenses (except wages) took
32 per cent. Drifter owners experienced financial losses.

Investigations conducted in Norway for 1943, under very different
technical and economic conditions, indicate that, of the average herring
price of 16.17 Norwegian kroner per hectoliter (93 kg = 205 1b), about
36 per cent constituted recompense to fishermen on a lay basis, about
5 per cent was wages, 15 per cent went for gear maintenance, and 6 or 7
per cent for fuel,

In the processing industry, the structure is entirely |d1f'ferent from
that in the catching industry. According to rough estimates of manu-
facturing costs for herring meal in Norway, the manufacture of 100 kg
of herring meal requires about 5.6 hectoliters (520 kg) of round, fresh-
weight herrings. From the sale of 100 kg of meal, together with a
proportionate amount of oil, total returns of N. Kr. 115 will be accounted
for as follows: 67 per cent, the cost of the raw materials (at N. Kr. 13.50
per hectoliter); 4 per cent, labor; 5 per cent, fuel and power; 10 per
cent, packing and transport; and 15 per cent, amortization and other
overhead. '

Trends in Prices to Fishermen. In addition to being the most im-
portant individual species among those caught commercially, herring is
usually also the cheapest. It is apparent from Table 9 (page 89) that
postwar prices for Clupeidae species are many times higher than the
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1938 prices. The relative increases are larger for the less expensive
species.

In almost all the countries here considered, herning prices were rigidly
controlled during World War II, and in many of them the control was
extended for some considerable period beyond the war; but whereas
wartime controls were mainly designed to safeguard the interest of the
consumer dduring food shortages, prices are now being regulated to
prevent too rapid a decline.

In Norway the fixed prices system has been continued during postwa1
years, with a tendency for prices to increase from year to year. IFor the
1949 season, prices to fishermen were made dependent upon the total
quantity caught. On the average, N. Kr. 162 per metric ton was obtained
in 1949. Because of the sliding scale in the guaranteed ,px ice, average
prices for 1950 were somewhat lower.

In the United Kingdom, where an average of 386 shillings per metric
ton has previously been obtained by the fishermen, the herring fisher-
men refused to accept the price differentials suggested for the 1950 season
(58s. per cran (= 180 kg) for top quality; 48s. for second quality; and
35s. for meal and oil).

In Germany, fish prices were decontrolled on 1 September 1949, but
before that date herning prices had fallen below the fixed maximum.
Apart from daily fluctuations, the general trend was downward until the
end of September, followed by an upward movement through October and
a sharp decline during the first two weeks of November.

As far as Western Europe is concerned, postwar control of many
phases of the economy and governmental guidance and management
make it difficult to discern the real trend in the behaviour of prices. By
now, however, it seems clear that the prices to fishermen are coming
down or at least not increasing, while prices for equipment, fuel, gear,
and other production tools are still on the upsurge. Devaluation alone
increased the fuel-oil price in the United Kingdom by some 25 per cent.

Ever since the war ended, it has been feared that, unless precautions
are taken through fast writing off of capital equipment, the high costs
of operations may severely jeopardize the industry should herring prices
decline.

- A crisis seems to have developed, accentuated by the smaller run of
herrings in the North Sea during 1949, and it may be even more apparent
during 1950,

The large investment of capital tied up in the industry and the great
numbers of workers dependent upon fishing for a livelihood will make it
very difficult to reduce the quantity landed. Because of the uncertainty
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connected with herring fishing, the fishermen have to work on the basis
of ”’making hay while the sun shines.” Any ourtailment in fishing opera-
tions in order to control the quantity marketed will face serious problems
ol execution. '

Moreover, in the light of the very great need for food which still
exists in the world, the improvement of economic conditions of the her-
ring industry should hardly be sought in reduction of output. More and
more this is being realized, and a greater degree of emphasis is being
placed on technological improvements and on efforts to determine ways
and means by which the existing need might be converted into effective
demand. '

Utilization

Fresh and Frosen Products. Owing to the perishability of fresh fish,
especially fresh herring, this product is subject to trade only over relatively
short distances. The finternational trade in it is mainly a trade between
neighboring countries. '

“From 1925 until the outbreak of World War II, exports of fresh
and frozen herring from eight European countries and Canada remained
at a level of 200 000 metric tons annually. The main European net
exporters were Norway, the Netherlands, Sweden, Denmark, and Bel-
gium, and the main European importers the United Kingdom and Ger-
many. When considering the relatively small quantities that go into
this trade, it should be borne in mind that the magnitude of landings
in some few weeks in principal fishing countries, such as Norway, and
the distance from markets, as in the case of Iceland, place serious limi-
tations on the quantities which can be marketed fresh. Postwar possi-
bilities for expansion of the fresh-herring trade seem to be limited. It
is the difference in timing of herring fishing which is the main basis
for much of the trade in fresh herring; for example, Norway exports to
the United Kingdom and to Germany when domestic supplies in these
countries are low. The present tendency is, however, toward contraction
rather than expansion in inter-European trade i this commodity.

There is a tendency to preserve more herring by means of freezing,
not only for bait but also for human consumption. In 1949, eleven
herring-producing countries reported a total production of 73 000 metric
tons of frozen herring and similar species.

Salted, Seasoned, and Swmoked Products. The salting of herning is
closely associated with the history of herring fisheries in Northern

5 —FAO
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Europe. The relative importance of herring has declined in the
life of the communities bordering the North Sea during the past
few centuries; the relative importance of salted herring has also
declined during the past few decades of this century. It is evident
that salted herring played a much more important role before World
War I, and even in the 1920's, than it did during the 1930’s. In
1920 Norway exported 257 000 tons of salted herring; but since 1924
its exports have never exceeded 100 000 tons (except in 1930, 112 000
tons), and between 1933 and 1944 they were never more than 50000
tons (except in 1936, 54 000 tons). Exports from the United Kingdom
were kept at a high level throughout the 1920’s, the peak years being
1924 with 327 000 tons and 1929 with 304 000 tons. In the 1930’s, the
export level declined sharply. During and immediately after World War
11, food shortages stimulated the production of salted herring, but now
that the emergency food need is over, the downward trend is. likely
to resume.

The decline in qua,ntltles salted during the 1nte1wa1 period took
,place mainly because of the decline of the Eastern European markets, the
U. S. 5. R. in particular, but also’ because of a falling off in the
consumption of salted herring in Western Europe. :

Since the war, total world production of salted. her: ring has amounted
to some 500 000 metric tons annually; in 1949 it reached as high as
610 000 tons, mainly. as the result of a large increase in Japan's. pro-
duction. World exports have amounted to some 240 000—280.000 tons,

The countries of northwestern Europe are the main competitors in
the world market for salted-herring ; the following notes will concentrate,
therefore, on the frend in these countries.

As no very extensive investments in shore facilities are necessary for
the manufacture of salted herring, production can be expanded relatively
easily upon demand for the product. Vice versa, production drops
drastically when outlets fail; for example, Norway’s production of salted
winter herring in 1950 went down to about half of the 1949 volume
because of a less-favorable market outlook. The most drastic drops in
production are to be found in the less expensive grades.

The matter of adjusting the production of salted herring to a more
stable level is at present a matter of great concern. Much attention has
also been paid to the possibilities of rationalizing production and de-
veloping more attractive product forms within this category. The opinion
has been expressed, for instance in the Duncan Report, that the herring-
processing industry has apparently not been very susceptible to technical
improvements. It is on this challenge that much of the postwar effort
seems to he concentrated.
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The FAO Herring Meeting held at the Hague in 1949 found that
“from evidence submitted, it appears that whereas the demand for salted
herring is declining, the consumer is displaying more interest in soft
cures, in the field of pickling, marinating, and smoking, efc. In some
countries also. there is evidence of consumer taste for a deep-freeze
article packaged in small quantities, and a new process now developing
in Germany along this line may prove valuable.”

It is probable that too many producers hoped during the interwar
veriod for a return of the “good old days.” This has hampered tech-
nological progress and has postponed adjustment to conditions which
now appear to be of a more permanent nature.

The trend in each of the major herring-salting countries is briefly
reviewed in the following paragraphs.

In Iceland, the entire herring catch was salted for several decades,
and the bulk of it was still salted wntil about 1930, when the oil and
meal industry, stimulated by state aid, began to develop considerably.
During the past three years, Iceland’s production of salted herring has
amounted to some 8—13 000 metric tons, or about one third of the
1938 production. These production figures should be evaluated in light
of the relatively small catches in Ioeland and the incentives given to oil
and meal production owing to the important role which these products
play in many of Iceland’s trade agreements.

A great part of the British herring catches were salted durmg the
interwar decades. As there was only a very small domestic demand for
salted herring during these years, the United Kingdom ranked first
among the salted-herring exporters of the world. Expansion of the
salted-herring industry was limited by the number of market outlets for
this product. In 1948, 40 per cent of the total catch was exported: 19
per cent as salted (“cured”), 6 per cent “redded,” and 11 per cent fresh
("klondyked”). The substantial quantities which are consumed domes-
tically in the United Kingdom take the form of fresh herring and
various ‘hrands of smoked herring. Out of a total catch of 1459 000
crans in 1948, 809 000 crans (55 per cent) were consumed domestically.
The distribution among the various forms was as follows: 24 per cent
fresh, 25 per cent smoked (“kippered”), 3 per cent canned, 2 per cent
quick-frozen, and 1 per cent salted (“cured”).

Germany produces large quantities of salted herring almost exclusively
for domestic comsumption, particularly in the ”Hinterland”. The larger
part of the production, which in 1949 amounted to 40 000 tons is caught
on drifting gill nets and salted at sea (in 1949 about 70 per cent) on a
specialized fleet of lugger; the rest is shore-salted herring taken from
the catches which the big trawlers land fresh in the German ports for
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marketing fresh and for processing together with supplementary imports
of raw material into a great variety of marinated and other light cure
products which possibly play a greater part in Germany than in any
other country.

Germany’s domestic supply of salted herring is supplemented by
import; in 1949 such imports amounted to 70 000 tons.

In the Netherlands most of the herring is salted at sea. In May or
June, when the Dutch season begins with the fisheries near the Shetland
Islands, the herring is very palatable and fat; but the salted product,
though gutted, cannot be kept. for long, and it is mainly absorbed by
the Dutch domestic market in the form of matjes herring.

In the Dutch production of salted herring, distinction is made between
"matjes haring,” “volle haring” (full of roe or milt), and "yle haring”
(lean, after having spawned), all of which are gutted before curing, and
“steur haring”, which is nobbed and regularly salted. The quantities
processed under each of these categories is determined by the quality of
the herring and by the actual market outlook for the various processed
forms, The disposal of salted herring has been very satisfactory during
the past few years. The matjes herring is more or less exclusively
destined for domestic consumption and only a few countries — for
instance, Sweden — are interested in importing it. Herring which is
otherwise salted is principally export herring. The nobbed, salted herring
is exported principally as bloaters — “bokking” (smoked).

During the immediate postwar year there was a large domestic
demand for salted herring which had previously been used for exports
purposes. However, a decrease in the internal consumption of salted
herring, with the exception of matjes herring, is clearly apparent during
the past few years. In 1946 the per capita consumption of salted herring,
including matjes herring, amounted to between 5 and 6 kg; in 1943
it dropped to less than 4 kg, and in 1949 to 3.1 kg. Fortunately, the
exports increased to such an extent that practically the whole production
was disposed of without great difficulties.

Of the total exports in 1949, 51 000 metric tons went to the Bizone
of Germany, the largest marketing area of the Netherlands, compared
with 10000 tons in 1948, 6 000 tons in 1947, and nothing in 1946.
The U. S. S. R. bought 3000 tons of herring in the Netherlands in
1949, compared with 11 000 tons in 1947. )

Norway produces various kinds of salted herring. TFirst there are
several kinds of relatively inexpensive salted winter herring, from the
fat large herring caught at the beginning of the season to the lean
spring herring caught at the end of the season. Out of a total export
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of 96000 tons in 1948, 87 000 tons were destined for U. S. S. R,
Poland, and Germany. In 1950 production of these commodities was
reduced from about omne million to half a million barrels because of a
less-favorable market outlook. Secondly, there is the much more ex-
pensive salted product of the same herring in its premature stage —
the small and fat herring. Production of this commodity has been
relatively small during recent years because of less-abundant runs. Most
of it has been exported to Germany. Thirdly, there is the salted and
spiced, rather high-priced herring which are brought home by Nor-
wegians catching off Iceland. The 1949 production amounted to 224 000
barrels, which is about equal to prewar production. Although there is
a domestic market for the Icelandic herring, Norway depends largely
on exports, primarily to Sweden but also, according to the 1948 sta-
stitics, to the U. S. A., the U. S. S. R,, Denmark, and Palestine. The
exports of Norwegian smoked herring — during recent.years amounting
to some 2 000 tons annually — also deserve mentioning. In 1948 the
most important market countries were Italy, Cuba, British territories in
the Caribbean, Egypt, Liberia, and Jamaica.

In North America the salting of herring takes place in Alaska and
on the east coast of Canada. Exports from Canada (not including
Newfoundland) had been reduced to about 12—20 000 tons during the
immediate prewar years as compared with some 50—60 000 tons in the
late 1920’s. Wartime production of salted herring in Canada proper
was very low. Newfoundland, however, obtained contracts for sub-
stantial sales for relief purposes, mainly through UNRRA. There is
nothing to indicate that any other factor contributed materially to the
increase in the total landings from 10—15000 tons annually to many
times this quantity in the war years and postwar years.

Canned Products. This commodity group is confined to heat-processed
products in hermetically sealed containers. In the statistics available, no
clear line can be drawn between the higher-priced and the less-expensive
grades of canned herring and similar species. It appears appropriate
however, to exclude the canned sardines of Southern Europe and Northern
Africa. This exclusion will confine the subject matter to the commodities
produced in Northern Eurlope,‘ North America, Japan, and a few other
regions, particurlarly in the Southern Hemisphere where canning indu-
stries have been developed relatively lately.

In Northern Europe, production has always been on a comparatively
modest scale.

In Camnada the canning of sardines (immature herring) on the Cana-
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dian Atlantic Coast and of herring on the Pacific Coast utilized only a
small percentage of the landed quantities before World War IT. The war
and subsequent emergency demands caused an -expansion, especially of
the canned output on the Pacific Coast. After the war this pack declined
again to nearly the prewar level.

In the United States of America where sardines are canned in New
England (Maine, Massachusetts, and New Hampshire) and on the
Pacific Coast (California and Oregon), the packs expanded during World
War II. The peak year in both areas was in 1941. The canned-alewives
pack was also increased during the war years and reached a peak in 1946.

In Japan, canning of sardines began in the early 1920’s and exports
of low-priced canned products expanded. During the interwar period
the industry registered a very great expansion in producticn and exports.
In 1930 there were only three canneries; in 1932 there were twenty-
seven plants, and many of them had been enlarged. During the years
preceding “World War II Japan exported about 80 per cent of its pro-
duction. Its markets were practically all over the world, but particularly
in Asian countries, during 1935—38 the Philippines, the Netherlands,
Indonesia, Malaya, and India absorbed about 75 per cent of the total
exports Japanese canned sardines also appeared to be obtalmncr a strong
position on the Furopean markets.

That these markets are apparently still available to the producers
with a low-priced canned sardine or pilchard is evidenced by the readiness
of the Malayan market to absorb similar commodities from the newly
developed pilchard fishery in South Africa. It must be borne in mind,
however, that the existing currency situation will favor soft-currency
producers in various importing countries,

Oils and Meals. The production of oil and meal from herring and
similarspecies las developed rapidly during the last thirty years. In 1948
and 1949, about 40 per cent of the world landings of these species were
nused for oil and meal. In those countries where reduction plants were
erected, mew demands for herring were thereby created and, in conse-
querice, there was an enormous increase in landings. In Japan, the United
States and Canada, and to a great extent also in Norway and Tceland,
fishing for henring and similar species could not have expanded so sub-
stantially without the growth of the oil- and meal-reduction industry.

This expansion was hampéred during World War II, although only
in-a few ‘countries was physical processing capacity reduced through war
damage. With the prewar experience and the great postwar demand for
oil ahd 'meal it mind, ‘all countries which previously produced these
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commodities have lately paid much attention to oil and meal production,
and new countries are entering the field. k

The FAO-sponsored Hernring Meeting in 1949 drew attention to
the fact that “modern oil-refining methods have been applied to herring
oil and, in at least one country (Norway), the greater part of the
production of herring oil is used for the manufacture of margarine or
as canning oil. This usage appears to justify a relatively higher price
than that prevailing before the war. Improved reduction techniques
(stick-water utilization, etc.) give promise of more profitable opera-
tions.” Postwar production of herring oil amounted to some 100—
120 000 tons.

Postwar production of meal has fluctuated between 250000 and
300 000 metric tons annually. World production in 1950 is likely to be
high because of Norway’s very successful winter-herring fishery.

Whether fisheries based on w0il and meal production can be carried
on at a profit during the next few years will depend largely on the extent
to which recent technological improvements can be applied to match the
‘competition from other products, sich as the synthetic ”Animal Protein
Factor” (A.P.F.). This is now being diligently worked on.

Both in the United States and in Camada, fish-oil prices declined
during 1949. Prices for crude sardine oil from the Pacific Coast, which
prevailed at the level of 15 cents per pound from August 1948 to the
end of the yéar, started to drop in January 1949. Towards the end of
July 1949 the quoted price was 5%2—6% cents. In the European mar-
leets, also, the price trend was downward. At the time of writing (July
1950), the U.S. oil market exhibits a slightly stronger tone; although
inventories are comparatively low, current production is being disposed
of at low prices, and a substantial increase in prices seems unlikely to
‘materialize unless a sharp increase in the general demand for oils and fats
occurs. A low linseed crop in Canada might improve the Canadian
domestic markets for fish oils, but the large U.S. cottonseed and soybean
crop might keep prices on much the 1949 level in that market.

In the Unitéd States the outlook for fish-meal prices (July 1950) is
uncertain, depending upon possibilities in menhaden landings. Heavy
production, together with imports, as well as the expansion of synthetic
commodities, might depress prices even with the present low inventories.

According to Canadian authorities, the demand for fish meal in
~Canada is still strong; and as only small quantities are in stock, the pro-
“ducers should not encounter serious difficulties in selling the 1950
production. Present prices might, however, be depressed should stronger
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competition materialize from the synthetic A.P.F. and from heavier
Norwegian production, together with a decline in the European demand.

In Norway the proportion of the winter-herring landings used for oil
and meal passed the 10 per cent mark in 1925. From 1925 to 1929, it
varied between 25 and 40 per cent; in 1932 it reached 57 per cent; in
1935, 64 per cent; and in 1938 it exceeded 70 per cent. Utilization for oil
and meal has been particularly high when landings are large. Thus, in
1950 some 85 per cent of the total landings of winter herring was used
for this purpose. ’

The capacity of the Norwegian reduction industry has been increased
rapidly during recent years, partly by private firms and partly by fisher-
men’s sales associations, and with considerable guidance and support
— financially and otherwise — from the Government.

In Iceland, a conversion plant was erected in 1911, and the industry
developed significantly around 1930 as already moted. The proportion
of the catch used for oil and meal production increased from 70 per cent
in 1930 to 90 per cent in 1937. During the war an even greater pro-
portion — up to 95 per cent — was utilized in this way owing to
marketing difficulties for salted products. The expansion of processing
facilities carried with it an expansion of fishing effort, landings, and
exports.

The Government of Iceland has been instrumental in the development
of an oil and meal industry; in fact, many of the plants are stateowned.
In 1945, they numbered eighteen, with a total working capacity of 60 600
hectoliters (5 600 metric tons) in 24 hours; the capacity continues to
expand.

Before World War II, the United Kingdom produced practically no
herring oil and meal. In 1944 the Committee on the Herring Industry
recommended the utilization of residual herring for such production and
in 1948, the Herring Industry Board was authonized to erect the necessary
plants. In the meantime, the BOIand‘rexperi;mented‘ with pilot-scale and
full-scale plants, and a temporary scheme was evolved to convey “sur-
plus” herring o existing fish-meal installations. This process was intended
primarily to handle gluts, which were the immediate and most pressing
problem.

In Denmark a small reduction industry was initiated during World
War II. The annual production of oils and meals amounts to a few
tundred tons. Belgium, France, Germany, and the Netherlands also
figure among the group of producers with a comparatively small annual
output of meal.
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In the United States of America the entire catch of menhaden — the
most important of the East Coast species — is converted into oil and meal.

Coincidentally with the development of a pilchard-canning industry
in California, utilization of the sardine offal and eventually of the whole
fish for oil and meal increased. During the interwar period, the impor-
tance of the oil and meal reduction surpassed that of the canned product.
Ships equipped with reduction machinery operated outside the three-mile
limit in order to avoid California State laws requiring that a certain
proportion of the catch be canned.

Regulations imposed under a system of wartime allocations restricted
the amount of raw material being diverted into oil and meal reduction.
Since the war, production of both oil and meal and canned pilchards
has dropped sharply because of the failure of pilchard nuns.

The bulk of Japan’s marine-oil production was obtained from sardi-
nes; on the basis of value, which unfortunately is the only information
available, sardine and herring oils amounted to between 77 and 87 per
cent of its total marine animal oil production during the five-year period
1934—38.

In 1937 Japan produced 600 000 metric tons of marine animal meals.
Of this amount, sardine and herring meal accounted for 458 000 metric
tons, a volume that exceeds the aggregate output of all the other herring-
meal producers in the world. These figures exclude the production of
fertilizer. In the years preceding World War 11, although most of the
meal was consumed domestically, exports were increasing steadily to
levels between 50 000 and 100 000 metric tons. It is probable that the
Japanese fish-meal industry declined during the war years when the
export markets were cut off and the need for herring as direct food
became more urgent. The industry might be restored very quickly.
C. A. Carter, in a 1945 analysis for the U. S. Tariff Commission, states
that "'the fish-meal industry in Japan is capable of tremendous expansion.”

The pilchard fisheries of the west coast of Canada developed rapidly
during the first ten years. following World War I. Annual landings
increased from 1 000—2 000 tons in 1921—25 to about 78 000 tons in
1929, and during the thirties they generally amounted to between 40 000
and 60 000 tons.

On the east coast of Canada, oils and meals are manufactured on a
small scale. Two herring-reduction plants were established, but failed.
Some herring oil and meal has been produced in Newfoundland during
the last ten years, but the quantities amount to only some few hundred
tons annually. :

In the Southern Hemisphere several countries with expanding
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fisheries have developed an woil and meal industry. Chile is now pro-
ducing a few hundred tons of pilchard meal. The Union of South Africa
has produced whitefish meal in small quantities since 1936 principally
from “offal” landed by trawlers. Since 1945, ten plants have been
erected along the Atlantic Coast north of Cape Town for the reduction
to meal and oil of pilchards, principally, and maasbankers (7Trachurus
trachurus); the annual production is some 5000 tons. The industries
have expanded greatly, and new plants are beginning to operate in
Southwest Africa. '

Appendix A: NOMENCLATURE OF THE CLUPEIDAE

Sardines
1. Sardinops caerulea .............. West coast of North America.
Sardina (sometimes also called
Clupea) pilchardus .............. European North Atlantic and Mediter-
ranean Sea.
3. Savdinella (Clu;béa) auwrita ... ... Mediterranean Sea, West Africa, Brazil
‘ along the coast of the State of Rio
4. Smfdmbj)s (Arvengus) sagax  ...... West coast of South America along the
) coasts of Peru and Chile; coast of
, ~ - South Africa.
5. Sardinops neopilchardus .......... Australia and New Zealand.
6. Savdinella melanosticta. ........... Japan and Korea.
7. Savdinella anchovia or Sardinia
pseudohispanica ............. ... Venezuela.

8. Sardinella longiceps ......... e Indian coast; Malabar coast Bay of
' Bengal, coast of Java (Oil sardine).
9. Sardinella fimbriata .............. ‘Malabar coast, India; coast of Java.
10. Sardinella gibbosa .............. Southeast coast of India; Malayan coast.
Heyrings
1. Clupea havengus ............. ‘... European North A’clan’mc Atlantic coast

of North America.
2. Clupea pallasic .................. Pacific coast of North Amenca coast
‘ of Japan.

3. Clupea (sometimes also called
Ethmidium) maculata ............ West coast of South America along the
coast of Chile.

Shads

1. Alosa (sometimes also called Clupea) o
aloS@ . e .e-... European North Atlaniic; Mediterra-

nean Sea.
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Alosa finta oo ovvv it European North Atlantic; Mediterra-
‘ - nean Sea.

Alosa novdmanni ................ Black Sea.

Alosa pontica.......... ... ... Black Sea.

Alosa sapidissima ..., Atlantic and Pacific (introduced), coasts

of North America,

Menhadens .
Brevoortia Iyranmnus ..o Atlantic coast of the United States;
Gulf of Mexico.
Brevoortia pectinata .............. Coast of Uruguay.
Sprats
Clupea sprattus .....oo.ooveionaod . European North Atlantic and Mediter-

ranean Sea,

, Amnchovies.
Engraulis encrasicholus ........ .. European North Atlantic and Mediter-
‘ ranean Sea.
Engraulis movdax  .............. ‘West coast of North America,
Engraulis vingens ................ ‘West coast of South America along the
coasts of Peru and Chile.
Engraulis japowicus .............. Japan and Korea.
Engvaulis mystax .........coouon. Indian coast.
Engraulis anchoita .............. Coast of Argentina.
Aunchovia clupeoides ............... Cuba.
Anchovia nigra ....... . 0. Venezuela.,
Anchoa naso ......... ..o, Chile and Peru.
Anchoa nasus . ........... e .... Chile.and Peru.
Anchoa parva . ...... ... . ... Venezuela.
Aunchoviella epsetus .............. Gulf of Mexico and Caribbean Sea.
Austranchovia australis .......... Australia. k
Alewives
Pomolobus pseudoharengus ........ Atlantic coast of the United States and

Canada (Also Iandlocked).
Pomolobus aestivalis ............ Atlantic coast of the United States.




76

Appendix B:

Table 1. Total landings of herring and similar

Five-year averages

Country -
1920—24 192529 ‘ 1930—34 ) 1935—39
Metric tonst
TOTAL .. e e 2489888 | 3113563 3775 857 4. 127 490
Belgium .........coiiiiieen., 2 2 272% 2 8 930% 14 674 10 214
Canada3 .........c.ciivenennn.. 103 777 185039 150 487 184 096
Newfoundland® .............. (10 000) (10 000) (10 000) 11 844*
Denmark .......ccovivnen... 13982 16 692 14 991 16 164
France ..., 65411 76 734 97 012 84 433*
Germany . ...ovovvvnvnrrnnnennns 57 609 80 206 136 940 203 189
Iceland..........ccviiinnenn... 19 002 39 380 66 590 131 625
Ireland  ©.oovrier i 59372 5 14 611 3228 3058
Japan ... ..o, 874 823 1110455 1700 588 1408 745
Netherlands ........c.cvuve.nn, 68 521 78 291 90 517 92 845
NOIWAY . .vvrvininnnnnenn.n 280 097 437 411 527 113 597 688
Portugal ......... ... .. il (100 000) 08 645* 113 980 118 228
Sweden ........iiieiiiiiinen. £0 576 45 723 52 863 74 223
United Kingdom® .............. 356 473 411 825 290 913 | 7 266 830
U.S.A. and Alaska ............ 477 973 499 612 505 961 924 308

Source: Data have been taken, wherever available, from the countries’ official
statistics as reported in FAO Yearbook of Fishevies Statistics, 1947 (Washington, D.C.,
1948). Data for 1938 and 1946—49 are mainly from official communications from countries
concerned. Belgium, Germany, Ireland, Netherlands, Sweden, and United Kingdom,
1920—29 and Portugal, 1927—33, from Conseil Permanent International pour I'Explo-
ration de la Mer, Bulletin Statistique des Péches Mavitimes, 1920—33 (Copenhagen,

1922—35). Figures within parenthes

are partly estimated.

! Round fresh weight.
2 Ostend only, 1920—26.

es are wholly estimated, and those with asterisks (¥)

SYMBOLS used in the tables.

... Not available.
~— Nil or negligible.

* Estimated.
o Less than half the final digit. .
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STATISTICAL TABLES

species 1 fourteen countries, 1920—49

Calendar years

1940—44 > 1945—49 1945 1946 1947 1948 1949
Metric tonst

3206 120 3250153 2 823 997 3057 597 3 247 851 3632960 |3488362
25 571 29 399 32 268 37 947 33 042 24 785 18 952
251 950 247 174 244 511 222 855 232 103 297 483 238 620
25193 50 970 61 591 73541 41 720 51 707 - 26 289
28 751 28 868 20 040 26 000 30 100 - 30 200 38 000
34 460 69 700 12 500 56 400 . 98 000 96 600 85.000
(30 000) 138 845% (30 000) 105 971 - 150 307 172 965 234 982
171 565 126 102 60 315 131720 216 948 150 122 71 407
3497 4 958 5705 5215 6 833 4196 2 841
1019 305 562 053 582 800 601 500 558 750 408 504 658 711
1009 108 070 27 350 106 500 140 000 150 000 116 500
502806 | 664835 514399 | 513847 598 088 965 220 732 620
107 246 | 102 493* (150 000) 113 438 106 243 79 353 63 432
74 090 91 922 83335 81771 82.743 107 275 104 484
7 74 899% 210 654* 130 213* 207 509 229 174 274 850 211 524
855 778 814 110 868 970 773 383 723 500 819700 885 000

3 Excludes Newfoundland.

4 1936—48 based on exports, converted to round weight plus estimated quantities
domestic consumption; 1949 based on a direct estimate of production, landed weight.

5 Includes Northern Ireland, 1920—25.

8 England and Scotland, 1920—25; England, Scotland, and Northern Ireland,
1926-—29; England and Wales, including the Isle of Man, Scotland, and Northern Ireland,
1930—37 and 1945; Scotland only, 1939—44; England and Wales, including the Isle
of Man, and Scotland, 1938 and 1946—48; England, Wales, and Scotland, 1949,

7 1939.—44: Herring only for Scotland from Scottish Home Departement; Repor?
of the Committee on the Hevving Industyy (Edinburgh, 1944) for years 1939—42 and
The Fishing News (London 17 March 19435) for 1944,




Table 2. Estimated disposition of landings of herring and similar species for 14 coun-
tries, 1948 and 1949

A. B. C. D. E. F. G. H.
. Salting, Reduction Other Offal for
Total Marketing . . e : . . ) .
Country Year Jandings as fresh Freezing drymg, Canning to. oils purposes | reduction?!
smoking, etc. and meals
Me’gric tons?
TOTAL ........ 1948 | 3249 872 535709 57 509 | 756 224 276133 | 1518 448 772473
1949 | 3784 686 370 741 59344 | 1040 744 380227 | 12707126 63 931
Belgium3 ........ 1948 24 699 5827 — 17389 1483 — — . >
1949 18 941 6 943 100 - 10 155 - 1743 — — 307
Canadat ........ 1948 | 297483 32 554 4680 28 606 41 698 162 917 27112
1949 | 238620 22 612 3123 32137 17 652 136 483 '27 040
Newfoundlands .. | 1948 51707 1461 10 44400 506 5330 —
1949 26 289 907 2714 16 038 370 6 260 — —
Denmarks ...... 1948 | .30 200 14 000 —_ 10 200 6 000 — — 4 500
1949 38 000 23000 — 8000 7 000 — — 6 000
Finland ........ 1948 21 000 13580 1300 5000 620 500 —
1949 30 000 20 800 1000 5000 500 2700 — —_—
France? . ........ 1948 | 96 600 49 500 — 33100 14000 — —
1949 | -85000 31900 _ 34 900- 18 200 — —_
Iceland ......... 1948 150 122 - 3023 2 855 14 255 229 129 760 _—
1049 71407 20 70N am aors Py “ Y

|



dicldaiitd o v v v w e ‘ L1570 + LU \ Iy J= - oo T S
1949 2841 1392 21 648 780 — — —
Ttaly o .ooouvnn... 1948 43 290 22 990 — 14 300 6000 — — ‘e
1949 61 290 41 290 — 15600 . 5000 — — —
Japan .......... 1948 | 408 504 138 892 12 255 155.232 4085 44935 53105
1949 | 658711 14 271 9844 544 432 12 681 73050 4433
Netherlands. .. ... 1948 | 150000 32 000 1000 110 000 7 000 — — 3000
1949 | 116 500 24 500 1000 80 000 9 600 2000 — 3000
Norway ........ 1948 | 965220 122 080 22797 149 428 43227 | 611122 16 566 ..
1949 | 732620 107 234 28752 | 159657 41144 381 480 14 353 11 000
Philippines .. .... 1948 8441 4411 —_— 3225 130 — 675 ‘e
1949 7943 4064 |- 24 2818 1037 —_ — —
United Kingdom® | 1948 | 274 850 85470 5 080 157 706 14 095 12.484 15
1949 | 211524 | 63208 3416 103 272 19173 22 450 5
United States of 1947 | 723500 8200 © 1500 10 900 136 500 551 400 15000 900 N
America® ... ... 1949 | 885000 8 600 1400 11 300 245 900 599 700 18100 131 500 ©

Source: Official communications from the countries con-
cerned,

1 Quantities available as “offal’’ when fresh-weight quan-
tities (columns A, B, C, D, E, and G) have been dressed and
processed. ‘ i

? Round fresh weight (columns A—G), unless otherwise
indicated.

3 Landings in Belgian ports only.

4 Canada excludes Newfoundland. The aggregate figures
in the disposition colummns are not identical with the total-
landings figures because Canadian landings do not include
fish landed by foreign boats, whereas landings by foreign

boats, when processed or re-processed in Canada, appear in
the Canadian production commodity forms.

5 1948  data based entirely on exports plus estimated
quantities for domestic consumption. 1949 data based on
direct estimates of production, landed weight; no estimates
are shown of quantities caught and used fresh by fishermen
themselves, for bait and other purposes such as fertilizer.

¢ Excludes Faeroe Islands and Greenland.

7 Metropolitan France only, excludes Algeria and other
overseas departments.

8 Excludes Northern Ireland and (in 1949) Isle of Man.

% Includes Alaska. 1947 figures used; figures not available
on disposition for 1948.
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Table 3. Details of utilization of herring landings, 1938 and 1946—49

1938 1946 1947 |7 1948 194¢

Country, species, and item
Metric tons

Novway

Winter herring: Total ...... 486 275 | 357 633 | 494 270 | 819 224 | 567 467
Fresh for domestic consump-|
tion  ....iiiiiiiiiii 11 320 8 802 6116 7 529 4 887
Fresh for export .......... 170559 | 51765 | 85816 | 104906 | 94162
Frozen for export ........ 3210 1373 9102 | 16896 | 26510
Salted . ...:......co0 i 26 352 | 75423 | 103058 | 118196 | 125 823
Canned .................. 10778 | 17342 17088 | 17866 | 13511
For reduction purposes ....| 355222 | 195435 | 263 408 | 539 249 | 294 665
Bait ........ .00 1 8834 7493 0682 | 14582 7909

Fat and small herring: Total| 730505 | 92879 66984 | 105777 | 122852
Fresh for domestic consump- '

tion ......... ... S 2 2085 1784 2766 1816
Fresh for export .......... 14 321 9 803 8237 6 069 6 211
Salted .................. 5.087 7651 3359 2448 3937
Canned .................. 13629 | 3323 14339 | 17209 | 17728
For reduction purposes ....| 95105| 63614 | 32172 71505| 86715
Bait ......... ...l 3 2363 6 403 7 093 5780 6 445

United Kingdom

Herring.
Domestic consumption: Total| 84495 | 720427 | 731 907 | 128 260 | 103 527
Fresh ...........coooiiii - 447368 | 55331 | 55807 | 43282
Quick-frozen .............. ... 1377 2 854 4122 4122
Kippered ......o.oion.... - 65797 | 64051 | 58819 | 42806
Cured .....ovvviinninnne, cee 2 876 2537 1744 1268
Canned .................. - 3009 7134 7768 | 12049

Export: Total ............ 151722 | 51587 542271 90 844 | 58 819
Redded .................. —_ 8563 7768 12 842 8720
Klondyked................ 536477 9432 | 12342 625842 | 10781
Kippered ................ S 546 1903 3488 3646
Cured .....ooovviiiinnnnn 7112565 | 29595 | 28537 | 44074 | 21233
Canned ..............vuu. 2680 3451 3171 4 598 4439

Marinated ................ cen 1571 0634 1427 7268

For reduction purposes .... . 7 869 6342 | 710781 196359

Iceland

Herring: Total.............. . 737720 | 216 948 | 150722 | 77 407

Exported iced in cargo vessels . — 847 3019 -

For freezing .............. ... 13 272 — -—
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Table 3 (concluded). Details of utilization of herring landings,
1938 and 1946—49

1833 1

1938 1946 1947 1948 1949
Country, species, and item ‘
Metric tons
Iceland (concluded).

Herring: (concluded) ‘
For domestic consumptlon‘. — — 1 20
For salting .............. | 20900 | 8359 14255 17387
For canning .............. 27 61| 229 47
For reduction purposes cees 105 506 | 200 603 | 129 762 - 46 003
Frozen:for bait ........., 5274 6 806 2 856 7950

Canada® :

Pacific herring: Total ......| 64528 | 1021753 | 116 273 | ‘175 365 | 146 545
Fresh, round " ............ : s 698 — —_—
Frozen; round ............ 1420 409 { 581 —_ —_
Kippered™ ......... e — 204 814 — —
Pickled .................. — 102 232 — —
Dry-salted ................ 13 422 6333 6279 175 1172
Canned®..................| 3484 | 47195| 84763 | 18589 | 2638
Non- food USes ... 46202 | 47910 | 22906 | 156601 | 142735

Atlantlc herrmg Total ... 45369 68212 62496 | 58033 | 54702
Fresh, round ....... e : 7 687 10 852 6 510
Frozen, round ....... .| 276019550 { 1312 4004 2790
Kippered ................ 181 2933 1187 929 |. 2133
Vinegar-cured, round ...... — 477 500 1683 3501
Vinegar-cured,. fillets ....... —_ 1364 1125 4 004 4 048
Pickled ~o....oooiini i 2405 9891 6 000 4468 | 104 321
Salted srnoked (bloaters) 2586 | -13165 3875 6 384 | 11 8205
Canned® .................. 2722 9618 | 18 686 4701 | 1532
Non-food. uses ............ 31759 | 212141 22124 21008 | 21662

Atlantic sardines: Total ....[ 20484 | 45492| 46078 | 40724 | 28159

Fresh and salted ........ 12680 | 30935 | 26541 | 22561 | 14924

“Canned ... ai.iiiiiaaia..s © 7804 | 14557 | 19537 | 16330 | 12869

Non-food uses ............ — I — - 366

‘Source: Official communication and pub11cat1ons
! Includes 931 tons for other purposes n.e.s.

¢ Included with ""Bait”.

3 Includes fresh fish for domestic consumptlon and fish for other purposes,n.e.s.

1 Includes fish for bait.

"8 Comprises 36,132 tons fresh and 345 tons ungutted.
¢ Includes 158 tons quick-frozen. :
" Comprises 102.690 tons pickled and 9.875 tons Mediterranean cure,
8 1935—39 average used instead of 1938.

% Including snacks.

10 Includes 164 tons pickled fillets.
11 Includes 328 tons salted, smoked (boneless).

6 — FAO
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Table 4. Production of commodities from herring and similay species in
twenty countries, 1938 and 1946—49

1938 1946 1947 1948 1949
Commodity and country :
Metric tons!
Salted herving and allied
species?. Total ............ ... 545 406 | 493 353 | 543 663 | 610 018

Belgium ......oovviiinnn 3080 | 18647 | 16230 | 12102 7087
Canada® ...........cvvunnn. 6790, 18213 ) 12316| 11017 | 12737

Newfoundland .......... 4 3015 | 29897 | 515003 [ 519564 | 5 5858
Denmark 6........ovouin.. 1380 | 4100 4100 3700 2000
Finland .....oovvivnnane, ... 6 500 6 000 4 000 4 000
Franced7 ................ 30000 | 13000 36500} 30000 | 25500
Germany . .......ieienannn 67161 | 29186 | 29888 | 34130 | 40122
Tceland ..........o.euvnn. 34768 | 20900 8359 | 11480 12900
Ireland ........... e 214 254 85 1430 | 947
Italy ..ot 14000 | 10000 4§ 11000 | 13000 | 12168
Japan ..... e 139100 | 69750 | 44935 | 193 358
Netherlands: . : .

Salted  ......iiiiieii i 75 849 .{45 000 | 58000 74000 | 60000

Smoked ..vuiiiiiiien., : 17000 | 17000 | 25000 | 13000
NOTWAY «vvvinnrnnvinnnn 42600 | 70600 | 94600 | 110 000 | 115211
Philippines. ... .... e ‘ . "1 546 3884 1608 1 266
Portugal ............. ... 4 7345 3205 1033 3092 21790
Sweden ............... L..| 437311417761 47990 | 23819 | 20000*
United Kingdom:®8 : ‘

Salted ........ 0000l £159 845 34971 | 28795 | 44887 20687

Smoked ........ .. 00l ‘ 59226 | 66460 | 69599 | 54087
U.S.A. and Alaska ........ ’ 6300% 6300 6300%° * 6300

Canned heyring and allied
species. Total .............. ... 242042 | 254 699 | 259 040 | 323 079

Belgium ....,...... PR 560 3036 2643 979 | 1046
Canadad® .................. | . 6958 38980 | 44569 19873 | 8199

Newfoundland .......... — 54 45 303 222
Chile .....covvviiiinnnn, .. 500% 568 671 | 1864
Denmarks -...oo..oo.oin .. 920 565 800 2400 2-800
Finland .................. . 400 . 450 500 | 400
France? ............. c.... | £19381 5300 13500 12980 16750
French Morocco .......... 412779 | 10000* 15000% 20000*% 35000
Germany ......... e . 28151 583 1643 7900 ] 16200
Treland ........oooneien. - 100% 70 393 267
Ttaly ... oot 6000 5000 5500 5500 4427
Japan . ... e 428170 650 563 817, 4060
Netherlands .............. 2800 | 4000 4500 5000
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Table 4 (concluded).. Production of commoditics from herring and
similar species in lwenty countries, 1938 and 1946—49

1938 1946 1947 1948 1949
Commodity and country
Metric tons!
Canned herving and allied
species (concluded). _

NOTWaY vvvvvvinvenann. 35300 | 24900 | 34600 ] 41100| 35000
Philippines................ . 200% 204 149 1192
Portugal ................. 130477 | 27793 | 37536 | 18199 | 13372
Spain .......ooiiiiiee, ... 10 000*| 10 000* 9000% 10000*%
United Kingdom® ........|[* 3005 5080 6990 | 10571 | 14380
U.S.A. and Alaska ........ 59130 | 98312 | 68541 | 93932 | 145200
Venezuela ................ .. 7789 7477 9273 7 700%

Oil. Total ....... PR g ce 704 402 | 173 394 | 7124707 | 7100 290
Canada® .................. 13 528 4039 5639 12025 | 11883

Newfoundland .......... - 1038 20 147 533 1218

Chile ........ ... . cviiine. ... 1100 27 50% 50%
Iceland .................. 22650 | 17500 | 31801 | 17450 7 565
Japan ........ .. cee .. 3400 2250 817 1545
Norway .........oun... 26 000 | 14700 | 22400 | 42200 26600
United Kingdom?® ........ .. 800* 762 483 1829
US.A. and Alaska ........ 90932 | 62843 ] 50368 | 51149 | 49600

Meal. Total ................ 283 449 | 215 424 | 224 383 | 293 708 | 246 624
Belgium .................. 28 379 320 - 101 62
Canadad ..........covvvun. 18 107 8307 | 10789 | 30755 | 27368

Newfoundland . ......... 118 166 933 | 953 | 1044

Chile ................ e 200% 200* 267 22 600
Finland .................. —* — 20 80 450
Iceland .................. 23260 | 17550 | 33975 22900 7700
Norway ....... e 88300 | 49980 | 55600 | 111000 | 72000
U.S.A. and Alaska ........ 153436 | 138 842 | 122479 | 127 897 | 137 400

Source: Principally communications from the countries concerned.
* FAO estimate.

1 Product weight unless otherwise indicated.

2 Includes smoked herring for.some countries.

3 Excludes Newfoundland. o

4 Exports.

5 Smoked herring is or may be included.

6 Excludes Faeroe Islands and Greenland.

7 Metropolitan France only, except 1938.

8 Excludes Northern Ireland and (in 1949) Isle of Man. °




Table 5. Expowtfs on fré;sh and froéen

herring and similar species from nine countries,

S 1920—49
Total Norwaylf'l Sweden | Denmark" Ulllited Nether—_A Belgiumn | Germany ! France Cunada?
Vear l | Kingdom | lands ) :
- i Metric tons

1920 ........ 140 315 60115 9 652 5 587 20 358\ 30 7593‘ 709 234 cee 13.067
1921 ........ 114 161 56099 | - 22 18”5 . 3486 17 995 5984 1 269 — 246 6 897
1922 ........ 95 349 61170 2623 1438 { 16600 1522 1204 . 851 284 9677
1923 ..., 126.'612 - 86 446 7073 4483 15414 2 390 579 2 055 © 589 7 583
1924 ........ 172 607 80930 17 568 7 876 36,937 11013 672 3417 | 1072 13662
1925 ........ 181 826 94 342 13429 6 599 53 254 803 261 2 306 - 921 9011
1926 ........ 212 G15 106905 . 13710 4420 61 246 7 687 142 3978 - 800 13127
1927 ........ 207 750 89548 14 443 . 7380 65 070 10 383 361 - 4787 3811- 11967
1928 ........ 233228 | '102:672 14750 . 9872 59 351 11 140 730 11 691 6 448 16 574
1929 ........ 262650 120 402 13189 7082 58 997 13 635 11 248 21 864 3013 13220
1930 ........ 233 832 110:685 141882 - 6301 53 520 10 859 10 680 17 758 1766 7 381
1931 ... 196 559 | - 75086 11682 | 6 322 42491 20136 17 869 15979 2 816 4178
1932 ... 173 822 74547 11769 6825 51037 10735 4321 9 540 1484 3 564
1933 ........ 195 499 110188 12 076 - 7771 31422 14 539 3792 7 644 1184 6 883
1934 ........ © 165089 | 63359 13 534 7197 29 270 21 513 7749 . 5026 5390 12 051

¥8




Table 5 (concluded). Exports of fresh and frozen herring and similar species from nine countries,

1920—1949
Total Norway! |- Sweden -| Denmark 7‘nited Nether- Belgium | Germany | France | Canada?
Year i Kingdom | lands ) ‘
Metric tons

1935 ........ 205185 98 440 11 597 9708 36 476 14813 11705 4822 4137 13487
1936 ........ 219880 | 102430 14 242 9301 51438 14473 7416 5420 1218 13 942
1937 ........ 203072 96 294 19263 12786 39708 17 758 2 537 3856 1582 9288
1938 ........ 195 449 96 116 19335 11 209 40 485 13 890 .1 690 1152 4 644 6 928
1939 ........ 213862 | 121373 27 098 18 878 21462 4525 3582 —* 239 | 14548
1940 ........ 146 442 93 582 10 669 26 497 343 436 63 —* 234 14618
1941 ... 123 486 70 785 1782 | . 15713 6 — — —* @ 35200
1942 ... | 113413 81120 — 4020 — ] —_ —* —_ 28 273
1943 ........ 127 116 86 023 — 5036 - 28 1 — —* — 36 008
1944 ... 135 130 86 015 o 11088 . 35 — 2785 — 770 34437
1945 .. ... 73703 44 814 279 620 62 — 69 —* — 27 919
1946 ........ 117 597 55827 3641 +1251 11 593 3304 116 —* 2] 41 865
1947 .. ...... 152 464 85 390 1822 4524 14902 6 799 5036 —* 16 33975
1948 ........ 220 857 | -131 044 13 080 5397 29 824 8753 1259 —* 31 500
1949 ... 216262 | 125855 17 660 27 277 12190 12472 1184 — 19 624

Source: Official publicatidns.

+ Estimated.

1 Does not include fresh sprats (not broken down by countfy)'.
¢ Excludes Newfoundland, 1920—1948; includes this province 1949.

o8
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Table 6. Export of various kinds of salted herring from five countries

1938, and 1946—49

1938 1946 1947 19438 1949
Country
Metric tons
Canada*
Herring, smoked .......... 1627 6329 . 4749 4 898 3 999
Herring, pickled .......... 831 | 10635 | 5132 7991 | 11572
Alewives, salted .......... 1 804 4230 1634 2773 2793
Herring, dry salted ...... 8 688 683 5929 742 1217
Newfoundiand*
Herring, dressed, pickled 258 | 4308 1552 | 1590
Herring, pickled fillets ..| ... 2844 2667 1719
Herring, scotch cure .... 2 337 2536 3043 977
Herring, split .......... ( 317 19616 7 350 11 820
Herring, otherz ........ 104 731 - 455 965
Iceland
Herring, salted .......... 13271 | 14047 66031 11020 | 10123
Herring, other® .......... 19 617 1818 |+ ... 4 L. 4oL
Netheylards .
Herring, pickled and salted 69898 | 13269 | 46465 | 44018 | 48209
Herring, smoked or dried .. 4 985 1401 2 307 4788 2 817
Anchovies, salted, in barrels 965 — 1 1] 217
Norway
Herring, seasoned and salted 985 2184 2 950 3527 2683
Spring herring, salted .... 6500 | 54606 | 28317 | 43705 | 44397
Large herring, salted ...... 11152 35707 50918 | 51856 | 44377
Icelandic herring, salted .. | 11608 5408 | 10012 | 10433 | . 13253
Fat herring, salted ........ 2270 5474 2 395 308 1692
Herring, other® .......... 2 090 189 1232 643 | . 2324
Sweden ' : i )
Herring, salted .......... o 3172 177614 7989 | 24174 14832
Small Baltic herring and bris-
ling, salted ............ 52 2403 465 323 20
Herring, other® .......... 508 385 23 95 203

Source: Official publications.

1 Canada includes Newfoundland only in 1949.

2 Includes smoked, round, saltbulk, vinegar cured, vinegar-cured fillets,
pickled herring roe and milt. ‘

8 Includes salted young herring, seasoned, marinated fillets, smoked and
other preparations.

4 Included with herring, salted.

5 Includes seasoned and salted sprats, North Sea herring, young herring
cut, salted. '

6 Includes salted sprats, tuna and sardines, salted anchovies, seasoned herring,
seasoned and sugar-salted small Baltic, seasoned sprats in barrels.
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Table 7. Exports of salted herring and similar species from six countries,

1920—49 1
Total Umted | Nether- Norway 1 Iceland | Sweden} Canada? New-
Year | . |Kingdom| lands 0 | \ foundl.
Metric tons
1920 | 537 876 | 146 057 | 73146 | 257 365 | 15558 | 10566 | 35184
1921 | 526 103 | 244 865 | 80605 | 148895 | 11217 | 3613°| 36 908"
1922 | 427912 | 1683021 34990 | 159475 | 20615 | 4246 | 40284
1923 | 479974 | 217131 | 49426 | 150673 | 21499 | 6139 | 35106
1924 | 576 825 | 327272 | 77548 | 103629 | 11742 | 5004 | 51630
1925 { 483805 | 235888 | 60665 | 97322 | 20135 | 2567 | 67228
1926 | 472371 | 256932 | 67002 | 85157 { 15204 | 3787 | 44289
1927 | 518679 | 274319} 68694 | 87811 | 24631 | 4502 | 58722
1928 | 521924 | 279575 ( 77741 | 82493 218080 | 3653 | 60 523
1929 | 553776 | 303719 80246 | 96302 | 13873 | 3020 | 56616
1930 | 518 808 | 257 455 | 78 716 | 112488 | 18023 3102 {49024
1931 | 411199 | 185349 { 83077 | 79675 | 16502 1382 | 45214
1932 | 347490 | 165629 | 61802 | 69674 | 25273 | 2312 | 22800
1933 1 3101731 132511 | 59959 | 60444 | 23228 | 2456 | 31575
1934 |1 295432 | 145270 | 64109 | 41728 | 20680 | 2647 | 20998
1935 | 287553 | 157747 | 54472 35186 | 15008 | 2329 | 22811 e
1936 | 313139 | 140130 67840 | 54025} 25654 | 3310 | 18830 | 3350
1937 | 301988 | 121292 | 85792 | 48864 | 20457 | 3913 | 18782 | 2888
1938 | 302882 | 130845 | 75848 | 34605 | 32888 | 3732 | 12950- | 3014
1939 | 181884 | 55457 | 36565 | 3853227141 | 5734 | 14126 | 4329
1940 93833 | 15883 | 15096 | 41601 | 3801 | 2465 | 9858 | 5129
1941 | 71853 141 118 | 49431 | 7576 | 1543 | 7966 | 5078
1942 65 357 47 123 | 46701 | 4725 1688 | 6926 5147
1943 64 294 9 117 | 424681 3163 2] 10592 1 7945
1944 87 235 2 58301 | 1969 | 3989 |12098 | 10 878
1945 89 218 9 966 S 24198 | 11454 | 4320 | 15385 | 23895
1946 | 240501 | 33897 | '14 670 | 103 568 | 15865 | 20549 | 21877 | 30075
1947 | 230850 | 38617 | 48773 ) 95824 | 6603 | 8477 | 17444 | 15112
1948 | 278327 | 49714 | 48807 | 110472 | 11020 | 24592 | 16403 | 17319 .
1949 | 258611 | 47833 | 51243 | 108726 | 16123 | 15105 [ 19581 .4

Source: Official publications,

1 Including smoked, dried, spices and sugar cured.
2 Excludes Newfoundland, 1920—48.

3 Including 140 metric tons of boneless herring.

4 Included with Canada.




Table 8. Exports of canned products derived from herring and similar species from ten
countries, 1930—A49

Total® - I Portugal Spain French . Algeria | France | Italy? U.mted Norway | U.S.A.4 | Canada’
Year | Morocco Kingd.3 :
Metric tons ;

1930 ...l 142059 | 35154 | 18131 e 1172 3988 1642 4377 | 28356 | 46822 2417
1931 ...l 125276 | 45416 | 20612 . 303 3226 1579 2628 | 25098 | 24152 1762
1932 ...l 112836 | 43933 | 16563 . 888 2.038 1 380 2865 | 31672 12 086 1411
1933 Lo, 100549 1 29274 | 17120 50854 1276 1716 1825 2704 28222 11631 - 1696
1934 ...... Coe...o0.| 114199 | 34401 | 20450 7 950 846 1920 2210 2633 | 25636 15034 3119
1935 ... ... 132726 | 39508 | 21762 | 7238 612 | 1615 2956 2939 | 32070 | 20 618 3408
1936 ........... L. 116165 | 42584 | ¢ ... 8 068 1631 1442 2120 2704 | 34861 '19363| 3392
1937 ...l 121452 39284 & ... 10 904 299 1909 1970 3019 | 32916| 23586 4 868
1938 .......... ev..| 98820 | 30477 ¢ ... | 12779 1980 | 1938 | -1428| 3005| 23419| 18512 . 5282
1939 ...l 125522 | 40784 | ¢ 12711 2249 | 1812 — 2205 | 32777 .25770 8214
1940 ..............| 133207 36230 5712 | 12072 1101 744 2530 1117 | 28565 | 31143 | -13993
1941 ...l 175130 | 49 902 8 004 6903 | 324 36 1274 222 | 18687 | 60358 | 29420
1942 ...l 140589 | 33832 2409 5054 - 283 35 175 17| 16579 | 51203 | 31002
1943 ...l L..| 145876 | 38 964 2002 | 5865 35 6 - 28 9792 | 63345 | 25839
1944 ...l 103213 | 34829 682 4163 165 — 1 = 2| 15415 22241 25716
1945 ..., ... | 102998 | 32209 1853 1.735 38 — — - 10. 4780 | 35232 27141
1946 ........ e 156 980 | 39619 2127 6337 52 210 3 2928 | 25278 40417 | 40009
1947 ...l L.. 1153770 30 688 1820.; 10057 126 586 39, 37071 28661 | 32288 | 45798
1948 ... ...........| 141586 | 33107 3187 | 26855 1975 - 87| - 70 4497 27971 | 16640 | 26 432
1949 ... JROTS R RS- 7451 (-3 LU SR T -1181 67771 25334 48816 | 11152

Source:  Official publications. o Co % Domestic produce but excludes re-exports of imported mer-

* Does not inclide Japan. S chandisé. - ' '

2 Includes fish, marinated in oil, fish, pickled in oil and fish, 5 Includes Newfoundland in 1949.
otherwise prepared. § Years for which information was not available; apparently

3 Includes shellfish. effect of the Spanish Civil War years.

88
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Table 9. Herring and similar species: Average unit value to fishermen,
by country and selected species, 1938 and 1946—49

Country and species

1938 1946 1947 1948 1949

Canada' (... .Canadian “dollars per ‘metric ton.:....)
Alewife ........... .. ... 13 26 25 18 ..
Herring .......... Ceeeeee 8 22 22 26 29
Pilchard  ..........oinnt. 10 21 20 — ...
Sardine ........... .. ..., 20 35 34 54 44

Denmark {.... Danish kroner per metric ton ....)
Herring and sprat ........ 244 | 511 | 472 | 470 |

Iceland ~ {.... Icelandic kronur per metric ton ....)
Herring «.vveeeeenenannns 4 0 ) e ]

Netheylands (..Netherlands guilders per metric ton....)
Herring, fresh ............ 59 276 256 251 215
Herring, salted, young — 26 67 53 } 264
Herring, sea-salted ........ _ 92 368 330 365

Norway (.. Norwegian kroner per metric ton ..)
Herring: ‘ ‘ o

Fat coveneiiiinennn. 118 161 185 177 235
North Sea .............. 9 | 467 . 442 615 300
Small ........oovnin. 28 89 139 87 140
Winter ................ 38 118 157 154 162

United Kingdom (vevnnn . Shillings per metric ton........ )
England and Wales:

Herring .,.............. 122 394 417 384 386
Scotland: . o
Herring .......... e 149 427 413 | 416 | 393

United States? PR (RN U.S. dollars per metric ton...... )
Alewife ............ ... ... ‘ 20 . 54 45
Menhaden ................ 7 19 .| 24
Pilchard or sardine ...... 13 = 30 50
Sea herring .......... ... 12 25 26
Shad ............... P 190 - 309 . 320

Source: Data computed from official sources.

1 Excludes Newfoundland.
2 Includes Alaska.
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Table 10. Average unit value per metric ton: Fresh and frozen, dried,
salted and smoked herring and similar species — exports,

1938 and 1946—49

Country ‘and commodity “form 1938 " 1946 - |' 1947~ 1948 1949
Canada' (....Canadian dollars per metric ton ....)
Herring, fresh and frozen .. 24.5 35.0 35.1 52.6 47.1
Herring, smoked .......... 80.6 | # 310.2 | 2 261.3 | 2 236.0 226.2
Herring, pickled .......... 61.9 165.5 151.1 142.0 183.6
Alewife, salted ............ 41.6 137.4 142.2 140.7 143.0
Herring, dry salted ...... 25.5 95.3 1129 111.2 104.0
Newfoundland* (.... Canadian dollars per metric ton ....)
Herring, fresh and frozen .. 5.6 57.3 88.4 53.1 1,
Herring, dressed, pickled .. 54.8 [ 151.6 150.4 1632 | t.
Herring fillets, pickled .... . 197.4 221.7 21691 1.
Herring, Scotch cured .... 61.9 156.3 156.0 156.8 | *.
Herring, split ............ 39.1 159.8 132.9 13264 1.
Iceland (... Icelandic kronur per metric ton....)
Herring, fresh and frozen .. 2344 | 11419 514.8 540.0 831.8
Herring, salted .......... 3 3 2005.0 } 2068.5 | 2050.6
Herring, salted .......... | 2356 | 17062 | 4 .., 4. L
Young herring, salted...... 354.0 | 2268.7 | ¢. 4 4,
Hetring, seasoned, salted .. 318.3 2232.6 4. 4 4,
Herring,salted and marinated 344.6 2105.4 4, 4 1 -
Herring fillets, salted ...... 675.9 | 6570.0 | ¢. ¢ 4
Netheviands (.... Netherland guilders per metric ton..)
Herring, fresh and frozen .. 85.3 411.3 409.3 387.3 346.2
Herring, pickled and salted 82.2 469.4 416.8 530.7 516.4
- Herring, smoked and dried. 132.9 | 1035.0 834.4 872.8 824.3
Anchovies, salted in barrels. . 429.3 — 2000.0 2000.0 1424.0
Norway “ (.... Norwegian kroner per metric ton ..)
Herring, fresh ............ - 135.6 334.9 360.5 378.0 396.6
Herring, seasoned and salted 247.8 | 1127.7 | 1203.1 1166.1 1139.4
Spring berring, salted .... 146.4 521.0 571.7 579.3 603.4
Large herring, salted ...... 158.1 561.1 637.4 629.9 652.9
Icelandic herring, cut, salted | 259.2 | 1200.8 | 1310.0 | 1314.5| 1254.8
Fat herring, salted ........ 532.8 | 1073.8 974.1 | 11201 962.2
Small herring, cut, salted .. 354.2 | 1076.3 | 1097.1 1000.0 | 1193.2
North Sea lerring, salted .. 309.5 870.3 | . 833.6 806.6
Sprat, seasoned and salted 341.6 — 2200.0 | 1998.0 | 1456.3
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Table 10 (continued). Average unit value per metric ton: Fresh and
frozen, dried, salted and smoked herring and species — exports,

1938 and 1946—49

Country and commodity form | 1938 1946 1947 1948 1949
Sweden (.... Swedish kroner per metric ton ....)
Herring, fresh ............ 220.8 444.6 520.3 434.7 376.0
Herring, salted .......... 279.1 509.4 669.6 582.8 621.5
Small Baltic herring and bris-
ling, salted ............ 227.2 474.8 387.3 447.9 650.0
Sprat, fresh .......... ... 190.7 523.2 577.6 551.1 447.9
Kind of herring, salted .... 2676 -707.3 | — 709.3 728.6
Herring, seasoned and sugar- s
salted ...... ... .ol 3274 | 1516.9 — 1025.0 | 1048.2
Sprat, seasoned in barrels . 333.3 717.3 | 1195.8 | 1008.7 | 1060.0
United Kingdom (.... Pound sterling per metric ton ....)
Herring, fresh or frozen.... 9.4 35.5 33.3] ° 33.3 341
Herring, cured or salted .. 14,6 46.9 51.9 50.7 51.2
Pilchard, cured or salted .. 21.9 62.2 646 |  — —_

Source: Official publication.

! Canada excludes Newfoundland 1938, 1946—48; includes Newfoundland
in 1949,

2 Includes smoked kippers and bloaters.

3 1938, 19:46: "’Herring, salted’’ subdivided into several categories.

4 Included in “Herring, salted’. :

SYMBOLS
used in the tables.
... Not available.
— Nil or negligible.
* Kstimated.
@ Less than half the final digit.
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EFFORTS TO INCREASE SALES AND EXPORTS
OF HERRING PRODUCTS

A paper presented by H. H. Goodwin, Chief Executive, Herring Industry
Board, Edinburgh, Scotland.

In several of the papers presented by British scientists in this book,
references are made to new products and to methods of processing which
might enable herrings to be distributed far more widely than has hitherto
been possible. To a considerable extent, the lines along which efforts to
increase consumption should be directed have been indicated and it seems
unnecessary again to go over technical ground which has already been
covered. The scope of this paper is, therefore, limited to a brief account
of the work actually done, being done or planned to be done by the Her-
ring Industry Board and by the trade itself in attempting to widen and
increase the distribution and consumption of herrings and herring pro-
duots.

‘The Herring Industry Board is the Government agency charged
with the duties of re-organising, regulating and developing the British
herring industry. It is not a Marketing Board; but its constitution
imposes on it the duty to organise and assist the industry so that the
fishermen are assured of the maximum outlets for their catch and the
processing and distributive sides of the maximum degree of activity,
with consequent economy of operation to all and benefit to the consumer.

Generally, the Board does not participate in the processing or trading
activities of the industry; but, if a task is too great for the individual
members of the industry, or if the industry fails to dinterest itself in
particular problems, the Board then enters the field.

In 1946, the Board enunciated a policy of expansion in herring
catching and processing, based on the suppositions that circumstances
would be more propitious than they had been in pre-war years for in-
creasing mutual trade between producer and consumer nations and that
the development of backward countries (with consequent improvements
in standards of living) was likely to be a matter of prime concern to all
interested governments. In the years 1946, 1947 and 1948, there was
every indication that this policy was right. In 1949, however, evidence
began to accumulate that, although the real demand for herring and
herring products in European markets might continue to expand, distri-
bution and potential consumption were likely to be frustrated by politico-
economic factors beyond the control of the Herring Industry Board or
of the industry itself.
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Fully appreciating the consequences of a contraction of the traditional
export markets, the Board has first turned its attention to the home
market, which seems to be capable of considerable development,

Tt is a surprising fact that, in Britain, which is a heavily railroaded
country, with a highly developed transportation system, where no town
or village is more than about 120 kilometres from the sea, there are
consumers who cannot be certain of obtaining supplies of fresh herrings
and herring products as and when they want them. :

" This sitnation has existed for many years; but it was aggravated
by the deterioration in distribution methods, in standards of quality and
in transportation iservices which occurred during and after the recent
war.  Between 1939 and 1949, the consuming public were all-too-fre-
quently supplied with stale herrings and equally stale and, in addition,
poorly smoked kippers. - These factors have caused the demand for fresh
herrings and kippers to decline as the supply af alternative foodstuffs has
improved and rationing has been relaxed. Between the spring of 1948
and the winter of 1949, home-market consumption fell below. its post-war
peak by about one third and, in the 1950 Scottish summer season, it
was on a level below that.of 1938. :

 The steps which have now to-be taken to - stimulate -and develop
demand n the home market are so many and various as to be beyond the
capacity -and resources of individual traders and the. Board has, there-
fore, accepted responsibility for the task.. Propaganda -of all kinds; the
co-ordination and improvement of distributive arrangements; the educa-
tion of retailers; the production and maintenance of buffer stocks of
quick-frozen products at strategic centres to ensure regularity of supply;
are all included in the Board’s plans for ensuring that every potential

~domestic consumer shall be both encouraged and able to buy herrings and
kippers in first-class condition when and where he or she wishes. -

Processimg and . distribution facilities of certain kinds, for example
quick-freezing and low-temperature cold storage, are at present insuffi-
cient to provide and market all the herrings-and kippers- that the Board
believe will be needed when the machinery of distribution has been over-
hauled and public confidence in the products of the industry re-established.
%eps are, however, being *taken to provide these facilities on an increased
scale.. , : S :

. The dlfflcultles whwh are now Dbeing experlenced in- marrketmn0~ her-
ring have caused a slowing down 'in the rate of construction of new
j'i-s‘h:inmg craft and are forcing out of service many of the older and less
economic catching units. If catching power is thus reduced; so that the
high level that was envisaged in 1946 is not attained, the availability of
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herrings for export purposes may also be reduced; particularly if the
Board’s efforts to expand home-market consumption are successful.

Notwithstanding the shift of emphasis from exports to the home
market, the Board has not and does not intend to lessen its efforts to
find new and re-develop traditional outlets abroad for their cured, red,
canned and kippered herrings.

So far as the first of these is concerned, although there has been
and s likely to continue to be a recession in the demand for hardeure,
there is no reason to think that there will be a corresponding fall in the
demand for cured herrings of the kinds that can be classed as delicacies
— for example, matjes, — provided that no new artificial barriers to
trade are erected by those countries in which the bulk of the consumers
are found. Indeed, it is considered that, if particular attention is paid
to packaging and to the opening up of those channels of distribution
which will become available as a result of changes in packaging methods,
a considerable increase in the sales of cured herring in the form of
delicacies and specialities can be effected.

British red herrings continue to find ready acceptance in traditional
markets and new outlets have been developed since the war in East
and West Africa and in the Caribbean Islands. In this last area, however,
demand appears to be due mainly to the (perhaps temporary) lack of
dollar purchasing power, which has interrupted the long-standing trade
between the British West Indies and Canada. '

British canned herring are consumed throughout the world ; but, whilst
the development of all markets proceeded satisfactorily during the three
or four years immediately after the war, the canners are now finding it
increasingly difficult to sell in the face of competition which appears very
much to resemble the “dumping” practices experienced in some pre-
war years.

The Selected Scotch kipper can- justly be claimed to be without
cqual in the world. Nature ‘has, unfortunately, put a limit on production,
since the herrings from which these kippers can be produced are caught
for only a relatively short period each year. The contribution that this
outlet can make to the usage of British-caught herrings is, however,
important and a vigorous campaign has been launched in the U. S. and
Canada to increase its sales. Distribution in other countries is envisaged;
but, at any rate for the time being, the markets for this product must
be of the "luxury” rather than the “mass” class.

It is unnecessary to give here an account of the techniques of market
research and development which are being applied in those countries in
which it is known that there is a potential reservoir of demand for
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orthodox types of herrings and herring products, since such techniques
are widely known. It may, however, be of some interest to the Conference

to learn how the problems of the African markets —— to which it has
been suggested that particular attention should be paid — are being

approached by the Herring Industry Board.

Experience has indicated that only some of the usual techniques of
market research can be applied in the case of native peoples. One of the
most useful and informative methods of ascertaining the likes and dislikes
of the consumer — that is, question-and-answer -— cannot be used
because the instinctive reaction of natives to questioning is to give the
answers that they think will please the questioner. Similarly, product-
testing is of relatively. little value in‘Africa, since peoples on a.bare-
subsistence level, to whom: food of any kind represents one of the most
important elements in living, are apt to accept with every evidence of
enjoyment anything that is recognisably edible — for which they are
not asked to pay. There are, of course, exceptions to both the foregoing
generalisations; but they are so substantially true in the great majority
of cases that it has been considered prudent to adopt, in the African
markets, methods of research which, although laborious, are likely to
prove more reliable than those which have been brought to so complete
a pitch of perfection in Europe, the Americas and Australia.

In British Colonial Africa — as, no doubt, in other parts of that
continent — up-to-date official information is available about local fish
production and imports. Published statistics provide the first clue to
market-development possibilities, since they reveal the overall pattern of
supply and dietary habits. Much valuable information about the local
production and consumption of fish; about the sufficiency, or otherwise
of local supply in relation to local needs; about the form in which local
supplies are supplemented by imports; and about sources of supply of
imports can be had from what may appear to be an uninteresting
assemblage of facts and figures. Although statistics of this kind can
be most helpful, however, their full significance can only be evaluated
by further enquiries on the ground. Trade sources can often provide
useful information about local-tastes; but it has been found advisable
to hesitate before accepting such information at its face value. It is
by no means uncommon to discover that what sells is merely what is
made available and not necessarily what is most covetable. There is an

element of fatalism nthe make-upof nativepeoples~which -seems—to—— - —

account for their apparent readiness to accept something which they
do not really covet because the possibility that anything nearer to their
desires might be procurable is completely beyond their comprehension.
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The accumulated knowledge of those officials in the Government Service
who come into daily contact  with the native peoples and who know
their likes and dislikes intimately is invaluable to - reinforce or to con-
tradict' trade  information and statistical indications.

One of the purposes of this study is to explore the suggestion that
herring might provide 'a part of the protéin' in which the diets of many
African and Asiatic people are thought to be deficient. Research of the
sort which has been briefly mentioned in the foregoing paragraphs gives
an indication of the acceptability or otherwise of fish as a foodstuff and
suggests the forms in which herrings could be presented. The official
reports of the various health authorities show the extent to which
the general level of nutrition falls short of “what is desirable. Armed
with this information, it has been possible to assess the requirements
of the markets. The word “requirements” is used here ‘because the
statistics which disclose the purchasing power of the potential consumers
reveal, in those cases into which the Board has enquired, that the
satisfaction of their needs is likely to be frustrated by ‘economic causes.
A clear distinction has, therefore, to be drawn between what is needed
(“requirements”) and what is marketable under normal commercial
conditions (”demand”). : ‘ ‘

Parallel with . its market-research activities, the BRoard has been
engaged in attempting to discover means of processing herritigs caught
m British waters so that the products would be distributable in the
extremes of temperature and humidity ‘encountered in Africa and, at
the same time, acceptable to the consumer.  Progress has been slow; but,
although it is too early to draw firm conclusions from the work that
has "been done so far; it is established that there are relatively “orthodox”
products of the British herring industry which are suitable for distribution
in Africa. Costs of production and distribution have not yet, however,
been brought down 'to the level at which the products ‘can be assured of
a market large enough to warrant large-scale production. In brief, the
politico-economic factors which are frustrating the full development of
demand for herring in FEurope have their counterpart in the social-
economic problems of Africa. Whether or not it is feasible to put native
peoples into the economic state which would allow them to bring their
diets up to a satisfactory nutritional level is a question which really falls
outside theé scope of this paper.. It is mentioned, however, because it
must be appreciated that the major problems of ‘the herring industries
lie less in the technical sphere than in the realm of economics. Granted
access — in the fullest sense of the word — to the potential’ consumers
of the world, not only in Africa and in Asia, but also in the traditional
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herring-eating countries of Europe, there are no technical problems which
are incapable of solution by those engaged in the industry. It is not for
a moment suggested that the need for technological improvements and
advances has been lessened by the tendency of markets to contract.
Indeed, at every stage from sea to consumer, there are virtually un-
explored fields for research. But, unless the researches lead to sub-
stantial savings in costs of production and distribution, the benefit likely
to be derived from them will be relatively small and enjoyable by an
insignificant fraction, only, of the population of the world. ..

¢

7 — FAO




Chapter 4

POSSIBILITIES FOR FINDING MARKETS FOR
HERRING PRODUCTS IN ASIA AND AFRICA

This chapter contains:

POSSIBILITIES FOR EXPORTING HERRING PRODUCTS TO ASIA
AND THE FAR EAST, a paper prepared by G. L. Kesteven, FAO Regio-
nal Fisheries Officer for Asia and the Far East, Bangkok, Thailand;

USE OF HERRING PRODUCTS IN THE BRITISH DEPENDENCIES,
a paper prepared by C. F. Hickling, Fisheries Adviser to the Colonial
Office, London, England;

Extracts from FISHERY PRODUCTS OF INDOCHINA, a paper submit-
ted by J. Westenberg in charge of the Service of Sea Fisheries,
Paotere-Makassar, Indonesia, originally presented at thelFAO Indo-Pacific
Fisheries Council’s Meeting, April 1950;

POSSIBILITIES FOR IMPORTING FISH INTO TROPICAL COUNTRIES,
notes prepared by Dr. A. G. van Veen, Nutrition Division, FAO;
PRICES, FREIGHT RATES, YIELDS, ETC.,, FOR SOME FISHERY PRO-

DUCTS, information collected by Mogens Jul, Fisheries Division, FAO,
Rome, Italy;
and information from the discussions of the meeting.

Introduction

As mentioned in the introductory chapters, one of the main purposes
of the meeting was to explore the possibilities of finding new markets
for traditional herring products or of developing new herring products,
which could find outlets where the traditional ones were not in demand.
Of special interest here were the possibilities of developing herring pro-
ducts acceptable to protein-needy population groups, presumably especially
in Asia and Africa. In the main, these products would probably have
to be inexpensive, stable products, of a type quite different from those
which appeal to the North Western European palate.
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POSSIBILITIES FOR EXPORTING HERRING PRODUCTS
TO ASIA AND THE FAR EAST

G. L. Kesteven’s paper

This paper has been prepared with the objective of bringing together
whatever data could assist in permitting a conclusion on the possibility
of exporting herring products to Asia and the Far East. It takes as a
starting point the two incontrovertible facts, firstly that Asia generally
stands in need of a greatly increased supply of protein food such-as fish,
and, secondly, that certain countries, especially European and -North
American, have generally a surplus of herring catch, disposal of which
could bring many economic and other advantages to those countries. The
paper seeks to furnish the data by which a decision might be reached
as to whether the European countries could, in technical and financial
terms, meet the requirements of the Asian consumer. It does not attempt
to approach the question of the political implications of the promotion
of such trade. : : .

The paper makes the following fairly simple approach: in the first
place ‘Asian food habits and the requirements of the Asian consumer are
examined; the ways in which these requirements are met by the local
industry are considered, and finally the trade in fishery products in
the area is examined. :

The Role of Fish in Asian Diet

It is unquestionably true that fish? is a foodstuff of major importance
in Asia and that in the diet of the Asian people, as a total, it ranks
second only to rice. -Some people in the region do not eat fish at all,
either because of some social considerations or because there is none
available. - There are others who eat fish only occasionally, because it
is only occasionally available. But it is true that the majority eat fish
frequently and that for very large numbers, the majority, fish is the
major, if not the sole source of animal protein.

Numerous nutritional reports emphasize the importance of fish in
Asian diet and recommend that steps be taken to increase the supply.
Thus the Nutrition Committee at the FAO Meeting at Baguio in the

1 The term *'fish” is taken in the widest possible sense to mean all foodstuff of
aquatic origin (except minerals) and conversely, the resources from which these
are drawn.
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Philippines in 1948 (FAO 1948), and the same Committee meeting
again in Rangoon in 1950 (FAO 1950), has recorded the simple fact
that fish is a valuable source of protein and that, therefore, its production
should be increased in most countries in the East. The Famine Inquiry
Commission (India 1945 A) reporting on the Bengal Famine of 1942
made similar observations and the Committee on Nutrition (in the
Colonial Empire) of the Economic Advisory Council (United Kingdom
1939) found unquestionable importance attached to fish in the greater
part of the British colonies of that time.

In addition to this undoubted significance as a source of protein,
fishery products play an important role as a diversifier of diet.? This
applies particularly to the sauces and the pastes which are produced in
considerable quantities and are consumed very generally.in at least the
castern half of the region; these products are used in small quantities
at each meal as condiments to flavor the more neutral foodstuifs such
as rice and vegetables.

It may be accepted that fish is a staple item of Asian diet and that
Asian cooking makes extensive use of it. As an example may be quoted
the work of Canton and others (1940) who surveyed the foods of
Singapore and found that of nearly eight hundred dishes sold in re-
staurants and served in private homes more than 25 per cent made
use of some fishery product or other.

At this point too it may be well to stress that the range of fishery
products in use in Asia covers many very highly flavored items and
that this flavor aspect is one of much importance.

The Market for Fish in Asia

There seems to be little reason to doubt that this situation, in which
fish is quantitatively and qualitatively of great importance in the area, is
one which has developed more or less of necessity. Fish is used as the
major protein source because supplies of fish are most easily obtained:
beef, mutton and other meats are generally scarce and where fish also
is scarce, there is protein deficiency in the common diet. Again because
of climatic conditions and technical circumstances only a limited pro-
portion of the total catch can be delivered fresh to the consumer at the
rate at which he is likely to consume. The situation today is undoubtedly

2 Tt had been suggested that the expression “diversifier of diet” is inadequate
and that this part of the role of fishery products is “to render neutral foodstuffs
more appetizing”.
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improved over the situation of the past but even today . transport and
storage facilities are grossly inadequate. As a consequence of this situation
special modes of preservation have come into use and, it may be noted,
are multifarious. These preservation methods are generally rather prim-
itive and do little beyond exploiting natural circumstances: much use
is made of salt and of fermentation controlled within broad limits; the
scope is generally indicated as an intelligent exploitation of limited
technical facilities. Nevertheless, despite the fact that the primary need
for preservation methods is probably the same now as ever it was, namely
to hold excess supplies, it is also true that thé products which result
now command a definite market and must be recognized as a separate
commodity distinct from fresh-fish. That this is so is indicated by the
consumer preference, the range of forms, and of prices paid, and the
operation of the- saltfish markets independently of the fresh-fish markets.
The situation may be recognized as one in which there is'a widely and
firmly established acquired taste- for which supplies- should be made
available. This is not to say that the taste could not be modified; it is
intended at this stage only to indicate that the taste exists and that the

demand is quahfled thereby

Forms wn Which Fzsh 18 C onsumed

The following is a br1ef c1a531f1cat10n of the forms. in which fish
is sold to consumers in A51a

1. Fresh fish

a. alive - :

b. killed but not iced or otherwise preserved

c. ‘iced

d. frozen

2. Processed - - S IR L :

ca. dried v SRR C ¥ \
salted - : : : ‘
wet
dried- - N

c. boiled - Do

"d. converted ‘to paste

e. converted to sauce

f. fermented

g. smoked ‘

h.

canned -«
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Within each of the above categories there are not only the different
species of fish delivered in these forms, but also the very many different
ways, in the case of processed fish, of carrying out the general process.
Of the fresh-fish, much is sold in the round, some is gutted, gutted and
headed; and some is sold filleted or cut into steaks. Many of the modes
of processing are listed in a paper by Westenberg (1950) extracts of
which is found later in this chapter; many more could be added. It
seems that there is a need for a comprehensive description of the modes
of processing in Asia. Special note should be made here of certain
specialty products which should be considered in any examination of the
fish trade of the area: reference is made inter alia to such products as
sharks fins, fish maw (stomach), dried eggs (of fish and crab), dried
mussels, dried “squid, béche-de-mer, and seaweeds.

“In terms of actual utilization it may be reported that the Asian fish
consutmer. has, in general, a considerable skill in-the preparation of fish
(as well of course, as of other foods) for consumption. Every possible
mode of cooking is employed. Some fish is eaten raw and in this case
various condiments and naturally highly flavored vegetables are used.
Cocking in the more usual sense of the word involves boiling, broiling,
steaming, baking, frying and roasting; sauces, condiments, vegetables
and meats may be used to supplement or to emphasise the flavor. Rice
is usually consumed with dishes which are almost solely fish and with
curry preparations and similar dishes containing fish. The so-called fish-
sauces (“"nam-pla”, "nuoc-nam”, ”patis”) are used in the usual manner
of sauces, for flavoring other dishes. The ‘pastes may be cooked, by
baking or other method, for straight consumption with vegetables; or
they may be used as condiments to flavor other main dishes or mixed
with other condiments, or used as a substantial flavoring of special dishes
made up with principal base of rice. In general, fish in the various
forms available may be taken simple supplemented by more or less
neutral-flavored foodstuffs such as rice or vegetables, or may be taken
fairly simple among a number of foodstuffs of more or less equivalent
{lavor value, or it may be mixed with other foodstuffs to contribute to
a special dish, such as fish balls, curries and so forth, or it may be taken
itself in quantities such that it is a flavoring supplement to other main
dishes. A fairly representative, but small, schedule of “recipes” is given
in Appendiz A. Others may be obtained from such sources as Canton
and others (1940). ‘

Quantities of Fish Consumed

Although dieticians have probably accumulated substantlal data on
the amount of fish consumed by Asian people, there is very little of such
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information available in this office and accordingly the following state-
ment is based largely on general impressions and isolated pieces of
information. :

It might have been thought that a first approach could be made to
this question by way of comparison of production figures with estimates
of population, but unfortunately the statistics are rarely contemporaneous
or usefully comparable. Estimates of the population of Asia® set this
at roughly one thousand million persons (T'able 1); recent estimates of
fish production suggest an amount in the order of ten million metric
tons (Table 2 B). These figures indicate an average availability of 10

Table 1. Asian population

; Population
Territory 1938 | 1948
Millions

BUrma . oo orinvinenereeanes 16 250 17 000
Ceylon .......... e . 5810 7095
China ....covveiiniiaranrenaas 545 425 463 493
Formosa .....ovveiiiiieneanaan - 5575 6 100
Jehol wevvvnreaerenns S - 6 100
"Manchuria .....coeieenvensneens ) e 38 200
Sinkiang ........... e Ve ; e 3700
THDEE  + v e eeeeeeee e N 3700
India ......... S 308 095 342'114
Japan ... TP © 70318 80 171
KOrea ......coveveievnneennas Lol 23684 28 200
Pakistan ............... ceewl.o | 66825 |7 73321
Philippine’ Republic ......... .| 15814 19125
Thailand . .....evveeveeevneenn. 14755 17 666
French India .........oovves . 0 305 0 348
Indo-China (French) ....... - 23 400 27 030
Ryukyu Tsland ................ 0799 0 886
Indonesia (including Netherlands :

New GUInea) «....oveevnenen 68 409 76 360
Portuguese India .............. 0611 0 667
Portuguese Timor.............. 0482 0 440

. British Borneo ........:.... et - 0780 0923
"Federation of Malaya .......... 4 495 5 000
Hong Kong (British) .......... / 1479 . 1800
Singapore (British) ............ 0722 0 964

Various Islands ............c0.. 1222 1419

3 The term "Asia’ here includes all Middle East countries and Russian territory.




Table 2 A. Availability of fishing products in some countriest

Unit: 100 kg. Estimates of availability
Export/Import Balances Totals
, ,_ (1) (2) @) () 1)+ @)+ (1) +(2)+3) (6) (5)+(6)
Country o+ +#) = ()
s : Fish Dried Otherwise | Crustacea '| Total adjusted to | Domestic Total
’ Fresh Preserved round fresh | Production | Availability
“weight '
Ceylon = ...t -+ 226 , 4237919 | 4+ 9621 +247 766 |4 495 000 400 000 . 895 000
China ................ + 30240 4298 450 =~ 7270 4321420 |4 613 000 |27 000 000 |27 613 000
India/Pakistan ........ <+ 23202 | 4+ 8308 | = 23989 | -~ 388832 |+~ 78000 | 9072000 | 8994000
Indochina ............ <+ 5420 | =-322000 | 4 3830 | = 13000 | =-336590 |+ 668000 | 2660000 | 1992000
Indonesia ............ . ’ 41000000 | 4720000 | 5720000
Japan ... ... L. +163640 | +142110 | 887450 | +122220 [+1315420 |<2467 000 |56 370 000 |53 902 000
Malaya ... + 51907 =+ 10090 +4- 23228 — + 65045 |+ 78000 420 000 493 000
Phiiippines .. .......... + 1110 | + 11423 | 4133709 | + 6625 | +161571 |4+ 322000 | 2700000 | 3022000
- j : ~ + 87049 ’ S
Singapore ............ : =+~ 9835 | 4+ 10821 + 986 |+ 2000 131 3799 133 000
Thailand. . .. ... e =+~ 5926 | =250736 | + 6856 <249 806 |+ 494 000 | 1950000 1456 000

1) Most of the data are for 1938 or 1938/39 and are either
official statistics, republished in the FAO Fisheries Yéarbook,

or are estimates.

?) This figure is not crustacea but manure

made from fish. 3) This figure is for fish meal imported. 4) This

figure; which is for 1936, represents total landings in the Colony
and includes landings from outside, much of which is nowadays
counted as imported’ fish.

01
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Table 2 B. Availability of fishing products in some countries

Estimates of per capita consumption

Availability Population Per capita
Country . Consumption

metric tons millions kg
Ceylon ........c.ocvinenenn. 88 500 5810 15.2
China ........ ...t 2761 300 " 454 425 6.1
India/Pakistan ....... b 899 400 374920 " 2.4
Indochina .................. 199 800 23 400 8.5
Indonesia .................. 572 000 68 409 8.4
Japan ... .o ool 5406 600 70 318 76.9
Malaya ....eoviiiiieniiaenn. 49 800 4495 | 111
Philippines...........c..o000 ‘ 302 200 15814 19.1
Singapore ....... i 13 300 0722 18.5
Thailand-" .. .v. ool 145 600 14755 9.9

Total .vin. .. .ioooial. 10 438 500 1033 068

Grand average: 10

kg (22 1b.) of fish* per person per year. Of itself, considering: the
enormous size of the population, the considerable distances, and 'the
economic, social and geographic diversity of the region, this figure is
most impressive. There is every reason to believe that the production
figures are low by virtue of an inability to assess the subsisterice (or
familial) catch, which is considerable both aleng the seaboard and on
inland waters. Whilst there is an appreciable volume of fish-oil ‘and
fish-manure production which diverts a proportion of the landings away
from human consumption, and a small amount of 'export to countries
outside Asia, it i$ probable that these diversions are miore than off-set
by the unassessed-catch and the importations. It is, therefore, assumed
‘with confidence, that the average availability of fish in the round to
Asian consumets is not less than 10 kg (22 Ib)) per person' per year.

‘However, this is, of course, merely a statistical mean availability. Tt
would be preferable to ascertain the real availability which, conceivably,
cotld be expressed in forms indicating on'the one hand the physical
availability and on the other the ultimate, consumers’ availability meaning
what lies within the consumers’ purchasitig’ power, ‘being determined by
conditions of supply, cost of procurement transport and $o forth.

It is known that there are some groups which do not consume fish

"4 Tt is hardly necessary to point out that this is the calculated average availa-
bility of round fish, the nutritional significance of which would be éxtremely
variable.
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at all. In making an estimate of fish consumption of pre-partition
India, the Marketing Adviser to the Government of India (India 1946)
counted as non-consumers of fish: (a) Jains, (b) Buddhists, (c¢) 15 te
35 per cent of the total Hindu population depending on the tracts, (d)
children under 5 years of age (13 per cent) and people aged 65 and
over (2 per cent) and (e) Hindu widows of Bengal; in this way was
excluded (for statistical calculations) 30 per cent of the Indian population
from sharing the available fish supply. Such broad categories would
certainly not be valid elsewhere in the region and it is reasonably doubtful
whether the proportion of Asian peoples who do not consume fish (because
of objection or rule) would be as high as 30 per cent. However, the
numbers of non-consumers of fish are greatly increased by the non-
availability, in economic andfor geographic sense, to large areas of interior
country. The same source (India 1946) says “Enquiries have shown
that in every province and state there is hardly any town which does
not receive some supply of fish, however small, for consumption, while
there are vast tracts of rural areas where no fish is ever seen.” A similar
situation exists in China and to a lesser extent in respect of the hill-
tracts of Thailand and Indochina. It is however impossible to set any
tigure for proportion of population to whom fish is actually available
-and by whom it is consumed. Nor would it be of much value, for the
purposes of the present examination which is essentially comparative, to
reduce all population figures by any constant factor, say to 70 per cent,
as in the case of India. : S :

The gross availability of fish varies greatly from country to country.
‘Table 2 B gives some very approximate estimates which range from
a figure of 2.4 kg (5.3 Ib.) per person per annum, for India, to 76.9 kg
(169.5 1b.) per person per annum for Japan. The former is probably
too low and the latter too high. It is extremely interesting that four
countries, Ceylon, Indonesia,’ Indochina, Malaya and Thailand have
figures fair close to one another, for two -of these countries (Indochina
and Thailand) are major exporting. countries and one (Ceylon) imports
approximately half of its requirements. It is no doubt significant that
these are small countries with inland depth in the case of only one, and
that there exist substantial inland fisheries. Both of these facts mean

5 Dr. de Jong in personal communication informed the author that average
consumption of about 12 kg. (26%% 1b.) per annum was found-to be rather charac-
teristic of certain communities .on small islands. He thought that perhaps this
level of consumption was what might be regarded as “average”, making use of
some fish for eating as fish and some for flavoring — — above this level would
be characteristic of communities which were distinctly fish-eating, whilst below
it fish wouid be a “flavorer”.
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Table 3. Estimated per capita consumption of fish in different areas

Population Per capita
. (1941 census) consumption
Quantity |—
of fish é éé . On. the
available 52 8.9 | On the basis of
g 8.5.9 o number
for < @57 | basis of ,
consump-| Total *g EO # [total po- of
tion g% o wlation | ForoonS
E= i 0o |P who eat
m.832 fish
Maunds,
omitted 000 omitted : 1b.
000
‘Assam. .. .. T P 482,91 10930 8 785 3.64 4.52
Baluchistan ......... e 81.0 858. 729 7.77 9.14
Bengal ...... TN e .| 50274 | 614601 45618 | 6.73 9.07
Bihar ... e 88271 36340 | 23621 2.00 3.08
Bombay .......... N 17369 | 20850 13498 6.85 10.59
Central Provinces .......... 165.0 | 18606 | 12’5081 0.73 1.08
Cochin ..o.vvviuienn s, 251.8 |° 1205 1059 | 17.19 19:56
Delhi oo 10.0 918 ¢ . 650 0.90 - 1.27.
Hyderabad ...... e .. 41.6 | 14436 | 10314 0.24 0.33
Kathiawar ........o.00.... 71.3 4904 |. 22234 1.20 2.64
Madras «....oooeovneenenn. 49462 | 49840 | 20886 | 8.16 | 13.62
MYSOTE .« ovveverninnne 1017 6557 | 4710| 1.28 | 178
North-West, Frontier Province. 8.7 5416 4603 0.13 0.16
Orissa v.vvvviienv i, 565.8 | 133701 10331 3.48 4.51
Punjab ......... e " 36.6| 34310 28535|  0.09 0.11
Sind ... 435.9 4.535 3675 7.91 9.76
Travancore ................ 1087.0 6 080 4826 | 14.71 18.53
United Provinces .......... 1399 | 56346 | 35928 0.20 0.32
Total Tndia .......... |16 072.4 [ 388800 | — | 340 | —

that fish supplies could be more readily available than in the case of
broader countries and of countries without inland fisheries. Whilst
insufficiency of fish supplies is undoubtedly general for the area, it is
probably most acute in the two countries of greatest population, China
and India. Tn respect of the latter there is available, in the report referred
to (India 1946), analysis of per capita consumption.

The gross average for the country was then estimated at 3.4 Ib.
(1.54 kg); this figure was reached before any adjustment in respect of
those by whom fish was thought not to be eaten; this adjustment brought
the average consumption to 4.9 1b. (2.22 kg). The examination proceeds
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further to consider variations in consumption in different areas; the
results of this examination are given in Table 3. It shows a range of
adjusted per capita consumption from 0.11 to 19.56 Ib. (0.05 to 8.87 kg).
The highest figures relate to those states “with long stretches of coastline
and immense inland-fishing resources”. Within these areas there was
a further extreme variation and the case is quoted of Bombay Province
which had an overall average of 10.59 lb. (4.80 kg) whilst certain
coastal districts of that state had consumption greatly in excess of this,
estimated at about 82 1b. (37.2 kg) per person.

Availability of fish, as a function of distance from producing area,

‘generally diminishes rapidly inland; it is true, no doubt, that this decrease

occurs at a greater rate in India, and other Asian countries, than in many
countries of the West. The decline, of course, is not only away from
sea fisheries, but has relationship also with freshwater fisheries and since
these are diffuse (and not geographically linear in relation to population)
their effect in making fish available is more noticeable. Again, the
presence of transport and other facilities serving towns and cities makes
fish available to the urban populations of states whose rural population
may be entirely denied fish supply. This is shown in the following
rather striking Table 4 from the same source (India 1946).

Detailed information, such as the foregoing from India, is not avail-
able in respect of any other country of the region but relatively the
same situation prevails throughout the region, having regard, that is, for
levels of supply and the geographic distribution of the industry. In the

Table 4. Per capita consumption of fish in various areas

‘Per capita consumption
Na@e of the centre  Urban Corres.poTldmg '
' -consumption. . |. .PIOVII}CIE.lLI
consumption

(Ib.) “(1b.)
Bombay ... oiieieaah R 16.02 6.85

Calcutta . ....... T ' 2138 © | 673 -
Calicut” . .......... e o 52,10 . 8.16
. Cuttack ...y b 13.29. 3.48
Dethi ...... PRI R 1.02 .0.90
Jubbulpore ...... e .. 1.38 ' 0.73
Lahore ........... ...l S 0.69 ~0.09
Madras ... 0 e o L 1589 8.16
Bangalote ;... ciivon oo oo 38,57 8.16.
CPeShaAWAT «vu) v v o 2.64 . .0.13
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Table 5. Fish consumption in certain towns in ceylon

In ounces per consumption unit per day

Uduy-| Tahw-| Goha- | Talai- | Nol- | Koh- | Mora- | Pade-

‘am | atta | godu |manar| Pum | dan | wala | miya
Fresh Fish U 11 0.0 0.0 6.4 2.8 1.1 3.2 0.1
Dried Fish ...... 0.8 1.1 0.7 0.7 — 09 | 04 0.6

province of Bataan in the Philippine Republic, a dietetic suirvey reported
by Salcedo and others (1948) showed that ”Two thirds of the families
surveyed reported the use of meat only once a week; fish was consumed
by 90 per cent of the families 6 or 7 times a week; vegetables of some
sort were used, by more than half the. population, not more than twice
a week”. For certain towns of Ceylon the consumption rates were found
to be as shown in Table 5. This indicates a range of consumption from
nothing to 66 kg (146 1b.) per unit per annum of fresh fish, and of
4.1 to 11.3 kg (9.0 to 24.9 1b.) of dry fish per unit per annum. Using
a factor of 3 for conversion of the dry-fish figures to equivalent round
wet weight, the figures of the above table indicate a gross consumption
of fish ranging from 17 kg (37.5 1b) per annum per unit to 88.2 kg
(194.5 Ib.) per unit per annum. The latter is considerably greater than
the figure quoted above for coastal towns of Bombay Province.

Detailed dietary studies have been made in Indonesia, some results
of which have been published in a recent paper by Portmus and Van
Veen (1949). These showed per capita consumption in various districts,
ranging from 80 kg (176 1b.) per annum to 41.25 kg (90.9 1b.)
per annumi.

The total effect of the evidence on fish consumption in the area is
that there is a very considerable range of rates, with most people eating
some fish, a few eating a great deal, and moderate numbers eating none.

The Production of Processed Fish in Asia

Methods of Production. The methods of production of various forms
of processed fish by the fishimg industry of Asia have been reasonably
well-documented in a number of papers, but these accounts have not been
brought together, except for the industry of Indochina and adjacent
territories, and there is a need for a comprehensive compilation. The fol-
lowing papers will furnish a fair idea of the main features of the methods
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Fig. 1. General wiew of a shvimp-paste factory in Thailand showing heaps of paste,
paste grinder, and salt grinder. (Kesteven, FAO, Bangkok).

employed: Westenberg (1950), Anomymous (India 1946), Le Mare
(1950), Deraniyagala (1933), and Lemasson (1949).

The most important method is drying and salting; the Indochinese
methods are summarised by Westenberg (1950), and a more detailed
account, prepared for the use of administrators concerned with the
identification of processed fish, is being prepared by Lemasson (1949).
These descriptions are valid for the most of the eastern part of the
region, t.e., from Burma eastward. Deraniyagala (1933) gives an
account of Cevlonese methods and the Indian methods are described
in a Report of the Agricultural Marketing Adviser of the Government
of India (India 1946). On the western side of the region much use is
made of sun-drying techniques, even without the use of salt. The methods
in use here seem to be primitive and frequent attempts have been made
to change them. The methods of the eastern half are more complex as
will be seen from the account of them given by Westenberg (1950); a
special note should be made of the degree to which fermentative pro-
cesses are combined with the curing and drying.
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Smoking is a method which is practised throughout the region, but
only on a very small scale. Cooking, for commercial purposes; especially
boiling - in brine, is practised in Malaya, Thailand, Indochina and
Indonesia. :

Pastes and sauces are manufaotured chiefly in the centre of the
region and the Phillipines, and
for these the accounts given by
Westenberg (1950) are valid.
There is ‘a roughly similar
distribution of the fermentation
methods. '

It is difficult to convey by
words a picture of the condi-
.tions: under which these pro-
ducts are manufactured. In the
west the largest proportion of
the output which is cured and
dried, comes from the establish-
ed curing vyards; an account
of these is given in the Mar-
keting - Adviser’s Report refer-
red to (1946). The conditions
here are generally primitive and  Tig. 2. Tub containing shvimp pastewith heaps
provoke commient such as the of salt on top. From a Thailand shvimp-paste
following, from a Special Com- Jactory. (Kesteven, FAO, Banghok).
mittee Report (India 1945 B):
"The arrangements for the drying of fish are very primitive and highly
unsatisfactory”. Yet it is also true that attemps to "’improve” the methods,
especially in respect of the quality of the salt used, have met with
resistance, especially from the consumers who refused to buy the product.

Establishments for curing and drying are generally the same, whether
they are those in the central countries or those on the Chusan Islands
off the Yangtze mouth. Similarly the establishments for the production
of pastes and sauces are mostly smallish, primitive, unclean, dark, and
exceptionally odorous. The “nam-pla” factories in particular are very
smelly ‘and the sight of the vats of fermenting fish ds displeasing to
most western observers: :

Quantities of Processed Fish Produced. It is impossible to
form an accurate estimate of the amount of processed fish pro-
duced in the area. Statistic are available in most dnstances only
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in respect of the exports and imports of these items and not onmly is it
impossible to measure the total commercial production, but there is also
the quantity of domestic production of which no measure has ever been
taken. Most households which have access to adequate supplies of fish
undertake some domestic. pro-
cessing by which to hold
supplies for a few months. On
the evidence of the trade it is
clear that there is really very
considerable production. The
exporting countries before the
World War IT (Japan, Indo-
china, Thailand and India)
used to supply processed fish
in the order of two hundred
thousand tons per annum.
There is no hasis on which an
estimate might be made of the
ratio between these exports and
the local consumption of these
products, but it is clear that
production must have been
considerable. And whilst the
trade has undoubtedly fallen off

Fig. 3. Shvimp paste spread out on bamboo
mals for exposure to the sun. From a Thai-
landshvimp-paste factory. (Kesteven, FAO, considerably, there is every
Banghok). reason to suppose that local
. consumption has increased
some, to take up part of the surplus thus released, and that prodution

is still substantial.

Economics of Production. There is a considerable range in the size of
the establishments in which the products are manufactured. Much of the
production is on virtually a cottage-industry basis and there are innumer-
able small establishments. In a centre such as the Chusan Islands, there is
to be found production going on in almost every house whilst some large-
scale establishments are also to be seen; in such a locality, in fact,
practically the entire village is organized for this industry. In Thailand,
Indochina, Malaya and India there are to be found centres where the
industry is concentrated.

Because of insufficlent time available for the preparation of this
paper it has been imposible to make an analysis of the relation of the
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Table 6. Utilization of Fish in India.

Annual
quantity
(Thousand
maunds)
Consumed as fresh fish ..........c.ccuv.nn HN 8 968.3
Converted into sun-dried fish ............. N 3713.7
Converted into salted fish ................. e 3390.5
Converted into fish manure, etc. ........... 1852.6
Total vvetianenee et ie i ia .| 179250

processing industry to the fresh-fish trade nor to attempt any analysis of
the costs of production. Doubtless the level of supply of fish, coupled
with the ability of the fresh-fish market to attract supplies and with the
strength of the demand for processed fish, determines the amount of fish

‘which is pnocels'sed Some indications of the amounts of fish used for

pxocessmg in India are given in Table 6. (1 maund = ab. 25 1b.).

Trade in Processed Fish wn Asia

There is a fairly complex pattern of trade in fishery products in the
region. At the present time there is reduction or even elimination of the
movement along certain lines. -

The trade can be discussed in relation to three principal complexes,

namely those of the west, the centre and the east. In the west there was

substantial traffic from Pakistan (west) and India to Ceylon and Burma.
The Pakistan supply included shark’s fins as well as dried fish and
much of the former continued east, to China. The Ceylon supply came
from southern India, Pakistan and the Maldive Islands. It is probable
that the Burmese supply, which before partition was described as Indian,

In the central complex there is the export from Thailand, Indochina
and Malaya, through Singapore to Burma and Indonesia. From Thai-
land and Indochina, and also from Singapore, quantities of fish moved
into the Eastern complex, through Hong-Korg. Certain commoditiés
went from Hong-Kong direct inland through. Canton, others went to
Shanghai. The other part of this eastern complex is the movement south-
wards from the shores of the Gulf of Chihli (Korea and the Shantung
Peninsula) and from Japan, some of which went to Shanghai and some

8 — FAO




Table 7. Exports by commodity groups for 20 Asian couniries, prewar and most recent year available

i Crusta- .
. ceans | Crusta- ; : Other ll\a/,lrlxsecoelll-s
Fish and Other Aquatic| Fish - p
Fish, | dried . mol- | “%2LS | edible . mam- | meal |2duatic aquatic
‘ Total |freshor| salted | 25 | lusks, and aquatic Eish mal and | Tmam- |animal
Country Year frozen | ~or | M| fresh, | MOL | animal | U9 loilsand | ferti- | M3l | and,
smoked (fil;?ggnér canned products fats lizer ducts pro-
salted ducts .
Metric quintals (100 kg)
[ l
Aden Colony and
DProtectorate ..|1936/371 13062 — 9819, — — — 330 — — 325 — 2588
Burma .......... 1938/391 18384 — 5768 — — — 1268 —— — 10709] ~— 639
Ceylon .......... 1938 468 — 309 — — — 150 — — — — 9
1947 1635 — 394 — — — 10720 — — — — 169
China .......... 1938 83131 32751 15875 — |*%23746 2 — — 10759 — — —_
1940 77030, 10040, 60602 — — — 200 — .6368 — — —
Formosa (Taiwan) | 1938 | 10996 6795 3287 — 2 501 2l — — c— — — 413
Formosa (Taiwan):
to Japanese
territories...... 1938 50 838| % 46 253 621, — -— — — — — — 3964 —
India/Pakistan ..|1938/39% 218744 — | 167651 — — — — 4 137 .2 | 47856 — 3100
1045/461 322839 — | 285124 — -— — — 4 2 .4 33763 — 3950
Indochina ...... 1938 | 363152| 5424] 322754 — 22668 — 926, ¢ 9528 . — — 1852
1948 49760 — 21840 — 8080, — — 19520, — — — 320
Indonesias ...... 1933 61965 21001 15388 708 | 16776 109, 3028, — — — — 4955
1940 63051 22512 15017 806 | 14986 38 5240, — — — — 4452
Iran ............ 1938 11781 7} 11766f — i 8 — — — — —
1943 | 7990 g | 7990 o —_ ] - — — — — — —

149!




Table 7 (concluded). Exports by commodity groups for 20 Asian countries, prewar and most recent year available

Crusta- Miscel-
ceans

. Fish, | and | CIISE) ey Aquatic| Fish a?lflg?gc f&fg’t‘ii
Total |freshor| satted | PR | Tod, | #nd [Sm | Esh | AR T0E | mam-| animal

Country Year frozen or canned fresh,’ 11?;12;- animal Oils oils and fgrti« ;i} P%th

smoked érc_)zgn, canné d products fats lizer ducts pro-

Metric quintals (100 kg)
|

Traq «oveevennnn. 1939 | 7790; 87790l — — — — — — — — —

1945 1450{ 31450, ~— — — — —_ — — — — —
Japan .......... 1938 121352273163 640|3222 620| 887447 17404 112244 18271} 455959 1030 — — 256 612

Macau .......... 1938 74644 39982 34662 — — —_ — — — — — —
Malaya ........ 1938 | 551956 518| 529645 6 14 529 — .8 — — — — — 7264
1948 | 73532 132) 55844] 4770 — — — — — — — 12786

Manchuria ...... 1937 11024 9361 1663 —- — — — — — — — —
Philippines .. .... 1938 6132 — 1958 1802 — —_ 1046 —_— — — — 1326
T 1946 12917, — -684 30 83 — 2023 — — — — 10097

Portuguese India 1938 9026 4084 4942 — — — — — — —_ — —

(Damao, Diu, Goa){ 1945 7167 3779 3328 60, — — — — — — — —
Portuguese Timor | 1938 19 — — — — — — — — — — 19
Sarawak ........ 1938 4159 — 3366 — 383 — 215 — — — — 195

Thailand (Siam} ..'1938/39Y 271006] 5926, 265080 — — — — —_ — —_ — —

I 1946 48 559 53] 48506f — — — —_— — — —_ — —

* 12-month period. 1 April to 31 March. ¢ Mamal oils and fats included with fish oils. -

2 Canned crustaceans and mollusks are included with fresh,
frozen, dried or salted crustaceans and mollusks.
3 May include some crustaceans.and mollusks:

-5 Includes Java, Madura, and Outer Provinzes

¢ Canned crustaceans and mollusks are inclu.ed with
canned fish.

q1t




Table 8: - Imports-by:commodity groups for 19 Asian countries, prewar and most recent year available

Crusta- Miscel-
ceans -
. R R N Geans | edibie Aquaticl Fish | Other | 70
’ ; ish,. |" dri . mol- i . - aquatic .
iy ‘ Year Total | fresh or S;fffd Fish, 4| lusks, ;Icl,(li_ Z%?;fﬁ lg)l.slh mal and I?aam- amn(li“l
- +Country ear frozen or canned | fresh, | lusks pro- 1S |oilsand| ferti- |mal pro- aignt
S © | smoked frozen, | canned | ducts- fats lizer | ducts | & ro-
o dried or dpu cts
‘ salted
l Metric quintals (100 kg)
i [
Aden Colony and
"Protectorate 1938 17 439 22| 12969 139] — — 868 27 — — — 3414
Burma .......... 1938/391 106276 — 81751 21433 — —_— 395 22428 2 254 — 15
Céylon .......... 1938 | 314537 226 238228 9711 — — — 206 — 65224, — 882
1947 | 360580 90| 306881 13313] — — — 206 — 40017, — 73
China .......... 1938 | 580703 62994| 318763 — 16902 — 18424 — — — — 163 620
1940 | 749625| 129323| 308158 — 29777, — 20815 2311 — — — 259241
Formosa (Taiwan) 1938 | 237086 — 236975 — 1 — 54 — 56 — — —_
Formosa. (Taiwan):|. e e .
from Japanese
territory ......, 1938 | 268494/ 20784 219869 — 25936, — — — — — — 1905
India/Pakistan ..[1938/39% 91264 — 44449, 6731} — — 15777 3168 —— 23867 — 11472
1945/461 137628 — 14 230| 3805 — - — 2764 — 101564 — 15265
Indochina (French)| 1938 7508 7 1270 3984 1587 27 523) 2 110 2 — —_ o
1948 16700] — — 15030 — — — — — — — 1670
Indonesia® ...... 1938 | 726607, 4642 617423 495340 6284 2422 700 — — — — 426
1940 | 690 349 910| 602672| 478355 5482 2603 71 — — — — - 320
Tran ...oeiinnn. 1938 47 — 145 160 — — — 142 — — — —
: 1943 261 - — B |- - 250) -.— — — 1 — — — —
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Table 8 (concluded). Imports by commodity groups for 19 Asian countries, prewar and most recent year available

Cg::;:' . Miscel-
Fish, and |Crusta- | Other Aquatic| Fish | Other ;arf;t‘lf
Fish, | dried, | pop mol- .| ©€€ans | edible | gy | mam- | meal aquatic all?xi mal
Total |freshor| salted | - =~ l lusks, | and aquatic| ‘oo _mal and mam- and -
Country Year frozen or . fresh, | mol- |animal oilsand | ferti- \mal pro-| .. ..
- smoked frozen, | 1usk s, |products fats lizer ducts | P -
dried or| canned cﬁfcots)
salted ‘
Metric quintals (160 kg)
Irag covvnivnn 1939 | 46180 5 40! ¢ 260/ 7 260 .8 J ’ — 45370, - — — — —
1945 | 4480 — s 190/ 7 190 .8 K — 4100, — —_ _— —_
Japan .......... 1938 | 139948| — 75673 — — — — — — — — 64 275
Macatt .......... 1938 | 46627, 1012| 45615 — - — — — — — — —
Malaya ........ 1938 | 614180 51615| 519555|7 37 757 —_ . — — —_ — — 5253
1948 | 259831 98565| 117448 7 28 092 — LT — — — -— —_ 15726
Manchuria ...... 1937 | 767 328| 119792] 380182| 31819 9290 1905 5003 - 558 — —_— — 218779
Philippines ...... 1938 | 166991 1110] 13381 135511 3430 4238 3 .. — 8704 —_ 614
) 1946 | 213525 234| 3554 81223] 2443] 123325 6 596, — 1 — 143
Portuguese India ' S '
(Damao, Diu, Goa)] 1939 173 7 166 — — — — — — — — —
) 1947 213 -8 100 105 — — — — — — — —
Sarawak ........ .1938 14 953 — 7277 — 1 142 — —_ — — —_ — 7 534
Thailand (Siam) ..!1938/39% 21200/ ...8 - |814344] 6856 — — — — — — — —
1946 | 1857 2l 1750 105 — — — | - — — — —

1 12-month period, 1 April to 31 March.

2 Mammal oils and fats are included with fish oils.
3 Includes Java, Madura and Outer Provinces.

4 Includes quantities of salmon, not canned.

§ Includes some crustaceans and mollusks. _
¢ Fresh, frozen, dried or salted crustaceans and mollusks

are included with fresh fish and with dried, salted, or smoked

fish,

7 Canned crustaceans and mollusks are included with
canned fish. ‘
8 Fresh fish and crustaceans and mollusks, where appli-
cable, included with dried, salted or smoked fish,

)

11
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south to Hong-Kong and Taiwan; these supplies were joined by Chinese
supplies, chiefly from the Chusan Islands.

There has not been sufficient time to make any detailed analysis of
these movements in connection with the preparation of this paper. As
indicated above, the prewar volume of the trade was probably in the order
of at least two hundred thousand tons, more than half of which came
from Japan and the territories under Japanese control. Since the war
the Japanese exports fell and have not yet recovered. The Thai and
Indochinese exports also fell to negligible levels and still lie far below
prewar levels. The entrepot trade of Singapore has fallen to about 10
per cent of its prewar level. The Indian supply to Ceylon has continued

_virtually without interruption; there is no information yet on the status

Table 9. Exports of dried fish, salted and unsalied fish
and fish maws and shark fins from India*

Average for the quinquennium
ending 1940—41
Quantity Export pl‘ige
per cwt.

Cwt. Rs. A. P,

Fish, dry, unsalted ............ 199 824 20 10 9
TFish, dry, salted .............. 141 587 16 10 1
Fish maws and shark fins ....:. 5840 | 88 9 7
Fish, wet salted ..... e 7394 8 2 3

Total preserved fish .... | 354646 | -

1 Excludes exports from Kathiawar ports.

Table 10. Imports of preserved fish into India

Average for the quinquen-
nium, ending 1940—41

Quantity Cost per cwt.

Cwt. | Rs. A, ‘ P.

Fish, dry, unsalted ............ 44 264 3 7 7
Fish, dry, salted .............. 2 486 7 15 10
Fish maws and shark fins ...... 5292 6 7 6
Fish, wet salted................ 29 587 9 ' 10| 9
Fish, other sorts .............. 2767 57 | 10 2

84396 |
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Table 11. Countries consigning preserved fish for import into India
Percentages to total by weight

Quinquennium

Name of the country from whence imported 1939—40
end. 1939—40

British Empire Countries:

United Kingdom ............covvviiin.. 26 3.8
Ceylon «.ovi i i e, 1.1 08
Burma . ..o 0.4 2.9
Other British possessions .............. j 0.6 0.9
7 1 N 4.7 8.4
Other Countries:
Muskat Territory and Trucial Oman .... 72.7 69.1
Other Native States in Arabia .......... 20.1 17.5
Tran ..o e 21 2.4
Others ... ... i 0.4 2.6
Total ... i 95.3 . 91.6
Total quantity imported into India .... 101 004 70 752
Value of imports, Rs. ............ ...t 7,29 514 5,94 538

Table 12. Countries despatching canned fish to India
- Percentage to total by weight

: Average for the
Name of the country from whence quinquennium
imported ending March
1940
British Empire Countries: ;
United Kingdom, ........... ... ........ 28.2
Canada  ..oviiii i i e e e . 29.5
Other British possessions .............. 0.4
Total ,.vvviii i 58.1
Other Countries: ................

1 Japan ... 10.2
| United States of America .............. 20.6
1 NOTWAY  «eveveetrnanarneennrnen, 7.6
Portugal ......... . . i 11
Others ..ot 24
Total ... i 41.9
Total quantity imports, cwt. .......... 12 210
Total value of imports, Rs. ............ 5,92 976
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- Table 13. Prices on the Singapore rvetail market

Malayan dollars | U.S. dollars per
. per Kati Kilogram
Commodity

. Average | - Sept. | Average| Sept.

1950 1951 .| 1950 1951 .

FISH FRESH . $ c. $ c. $ c. $ c

Baual Puteh (Pomfret) large.......... — —_ — —
—— medium ...... 186 3 30 101 178
Bunga Ayer (mixed small fish) ...... 39 — 21 —_
Chencharu (hard tails) .............. 63 101 34 55
Kembong ...ovvvunrivrneiiinieinnas 61 117 33 63
Kuran (threafins) ............... ... 192 2 82 1 04 152
Merah (snapper) ...........c.ieaeennn 113 190 -| " 61 103
Parang ‘(dorab) ......... ..o, 112 178 61 96
Pari (ray) ..covviviinniiinniiii... 39 53 21 29
Prawns, large, salt water ............ 2 06 3 55 111 1 92
Selar . e, 115 1 68 62 o1
Tamban ...oovviiiiiiniiiniiii, 37 50 20 27
Tenggivi (Spanish mackerel) ........ 1 24 1 96 67 106
Terubok (herring) .......... e 78 119 42 64

FISH, DRIED AND SALTED
Aruvan, (ikan Thailand) ............ . 95 | 123 51 66
Bilis ... e 79 142 43 77
Kuran..........cooiiiioiii i 127 214 69 116
Kembong ............ ... 39 58 21 31
Parang ......ocoiiiiiiiiiiiiiia 66 - — | 36 —
Prawns, 1st quality ................ 2:13 2 97 115 160
Prawns, 2nd quality ................ 173 245 93 132
Sepat, Saigon, large . .............. e 68 102 36 55
Sotong (cuttlefish) Chinese .......... 2 68 — 145 —
—— Japanese .......... 86 102 46 55
—y— Trengganu ........ 194 — 105 —
Tenggivi .. vovv it 136 2 07 74 111
Terubok (fish 10€) ...........v.ocn... 176 — 95 —
FISH PASTE

Belachan No. 1 ..........0.0venn.n, " 31 50 17 27

Source: Malayan Statistics, monthly digest of economic and social statistics
relating to the colony of Singapore and the Federation of Malaya; October 1951,
Conversion rates: 1 Kati = 0.6048 Kilograms.
— 1 U.S. § = 3.061 Malayan dollars.

of the Burmese supply from India and Singapore, but there is evidence
that it too has descreased substantially. :
Some of the more important features of the import and export trade
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in fishing products in Asia are shown in Tables 7 and §. These tables
are based on data collected by the Fisheries Division of I'AO. Details
regarding certain areas are given in Tables 9—13.

The trade statistics give some gross information on the types of com-
modities which move in this trade but they do not give an adequate idea
of the intricacy of the trade. In
the Malayan report referred to,
(Le Mare 1950), reference is
made to the fact that over one
hundred varieties of salt fish,
each sub-divided by grades and
country of origin, were recog-

gives a tabulation of the factors
which determined the grading
of salt dried fish in the Singa-
pore trade. . Similar rules ap-
plied in the trading centres of
the eastern complex. It is to be
recognized that this .grading
and sorting, in respect of which
Singapore traders furnished a
specialist service, was dome in

Fig. 4. View of "nam-pla’ factory showing the

‘response to market require-  poiler in which the fish is cooked. *Nam-pla’’

ment. It is important to recog- is a fish sauce. (Kesteven, FAO, Banghok).
nize that the Asian consumer is 4

very selective and buys particularly according to his wants; and he is
prepared to pay for his supplies.

Discussion and Conclusion

The foregoing preliminary analysis confirms the view that fish is
an important food commodity in this region. It indicates a complex
demand for a range of commodity types, the consumer preference for
some of which is strongly entrenched.

Whilst the overall supplies of fish, in all forms, are inadequate in all
countries, both technical and market considerations make the processing
of fish a permanent feature of the industry. There is every reason to
suppose that most of the forms of processed fish will always find a market,
and it is possible that if the current programmes for development of the
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fishing industries of this region should succeed, they will result not in a
replacement of the present forms of processed fish by fresh-fish and new
forms of processing, but in a general increase in supplies with expansion
in the volume of supplies of both fresh and processed fish. If this con-
clusion were valid then it would be reasonable to expect that, for the time
being at least, part of the un-
satisfied demand could be met
by supplies from outside the
area.

The material in this paper,
together with that contained
in the paper by Westenberg
(1950) may suffice to indicate
the type of market for which
herring products would have
to be prepared. There is no
way, however, of indicating the
flavors and odours which be-
long to these Asian products
and it would be necessary to
consider these closely for they,
of course, constitute the basis
to the consumer preferences re-
ferred to. Again the material
of this paper indicates approx-
imately the price scale within
which such products would have to be supplied. There is no
guestion that herring products can be sold in the East, for they have
been sold in small quantities. But whether the present market can be
induced, by price concessions or other means, to acquire a liking for these
products, or, conversely these products could be modified so as to resemble
those at present on these markets and could be sold at appropriate prices,
is a question which could not he answered on present evidence.

Fig. 5. View of ﬁltﬁfdtion stage in “nam-pla”

(fish sauce) maufactuving. (Kesteven, FAO,
Bangkok).

Recommendations

1. The foregoing analysis of the existing market for fish, of the
Asian fish-processing industry and of the trade in processed fish, should
be pressed further,
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2. Special studies should be made of the characteristics of the various
products and of the techniques by which they are produced.

3. If the preliminary study of the financial aspects of this trade,
vis-a-vis the situation in the European industry, should suggest that the
European industry might possibly be able to supply the Asian market,
then from the price viewpoint
trials should be made of the
feasibility of meeting the estab-
lished consumer requirements,
or of modifying those require-
ments. Samples of the pro-
ducts of Asia and Europe
could be exchanged; trials
could be made of the reception
of European products by Asian
consumers; and experiments
could be made in the modifi-
cation of the European tech-
niques with the object of ob-
taining products nearer Asian
samples. ‘

Fig. 6. Jars of "nam-pla’ (fish sauce). (Kes-
teven, FAO, Bangkok).

Appendiz A: COOKING METHODS
By S. W. Ling.

METHODS FOR COOKING FRESH FISH

Steaming

a. Simple steaming.

Arrange dressed fish in tray, sprinkle salt on the fish and steam for about
10 minutes. This is a very common method for cooking pla-thu and other small
fish. The steamed fish may be fried after steaming. Very common among all
families,

b. Steaming with condiments.

Place dressed fish on a plate, add salt, soybean sauce, spices, wine, onion,
slices of lemon, and mushroom, place small pieces of pork on top of the fish,
then steam for about 10 minutes., Common among well-to-do families.
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Frying

Lard, peanut oil, or vegetable 011 may be used.

Fry fish (either fresh or steamed) with oil until the skin turns slightly brown.
Small fish are fried whole, big ones are either cut into cross sections or with a
few deep cuts on each side. Lemon, sweet-sour sauce, chili sauce or any other

- condiment sauce may be used for
flavoring. Common among all fam-
ilies.

Baking

Insert long bamboo rod through
the cleaned fish and bake over
charcoal fire. Nam-pia and chili
sauce are used for flavoring. Com-
mon among all families,

Boiling

a. Simple prepavation.

Place water in a cooking pot.
Add salt, lemon, any condiment
sauce and bring the mixture to a
boil. Place cleaned fish in the
boiling water and cook for 5—10
Fig. 7. Tubs with "nam-pla’ (fish sauce) minutes according to the size of
exposed fov sum dvying. (Kesteven, FAO, the fish. Common among all fam-

Banghok). - ilies.

b. Curry preparation.

(1) Kaeng som (sour curvy) preparation.

Fish are usually cut into small pieces before cooking. Put pieces of fish
and ingredients of curry and condiments. Into a small amount of boiling water
add juice from. tamarind-seed pod. Keep the mixture boiling for about 5 minutes.
Common among gll families.

(2) Kaeng khua prepavation.
Follow the above procedure until the stage where the pieces of fish are well
cooked then add some coconut juice to make the preparation thick and sllghtly
sweet. -Common among all families.

Raw fish flesh

Only very fresh fish of good grade are used. The skin and flesh are removed
and the flesh cut into very thin slices. Eaten with onion and a mixture of
vinegar, soyabean sauce, chili sauce, sweet sauce and other special sauces. This
is considered a delicacy but eaten only occasionally.
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Fish balls.
The fish flesh is chopped up very finely, mixed with some potato starch and
then made into balls. '

METHODS FOR COOKING SALTED FISH

Steaming

Remove scales and place the
cleaned salted fish on a plate. Add
a few slices of fat pork, some pieces
of garlic and steam for about 8
minutes, Common among all fam-
ilies.

Frying

Cut cleaned salted fish into
sections or slices (for small fish
fry without cutting) and fry with
oil until the surface is brown. Very
common among all families. Eaten
almost everyday.

Baking

Balke cleaned salted fish on char- ‘
coal fire until brown. Cut int6 small  Fig. 8. Dried catfish (Gachysurus). (Kesteven,
pieces and mix with chili sauce. o FAO, Bangkok).

METHODS FOR USING NAM-PLA
Use straight : ) o

Nam-pla may be used straight like soyabean sauce for cooking and for flav-
oring dishes. Used everyday by all families.

Chili sauce
Put finely cut chili into' nam-pla and add some lemon or lime juice, Use
as condiment sauce. Very common among all familjes.

METHODS FOR USING SHRIMP PASTE
Baking
Place a lump of shrimp.paste on a piece of loaf and bake over charcoal fire
for a few minutes. It is then ready to be eaten with vegetable or any other kind
of food and rice. Very popular among the middle- and working-class people.

As condiment -
Shrimp paste is being used extensively as a condiment to flavor fish and
meat dishes either steamed or cooked. Very popular among all families.
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In:_”Nam-?lio”

Place a lump of baked shrimp paste iny’a bowl, add some nam-pla, sugar,
lemon juice, finely cut garlic and chili. Mix well. Ready for use after about
10 minutes. A very appetizing condiment sauce, very common among all families.

In "Kao bluk kapid”

Mix baked shrimp rasie with boiled rice, add onion and chili aud nam-pla
to taste. This is a very popular
preparation used extensively among
the middle- and working-class

people

METHODS FOR USING
FERMENTED FISH

Uncooked

Fermented fish may be eaten
straight with rice and vegetable,
without cooking or adding any
other sauce. This method is prac-
ticed only among the labor class
and farmers.

Cooked
Mix fermented fish with some

Fig. 9. Dried snake-head (Ophiocephalus,

fresh-water fish). (Kesteven, FAO, Bangkok). milk of coconut, add 1 or 2 red
chilies and boil over fire. A small

amount of sugar and lemon juice
may be added. A favorite dish among common people, eaten with rice.

METHOD FOR USING DRIED MUSSEL

Dried mussels are eaten with rice, either directly or mixed with other material.
They may be steamed, boiled or fried and are especially esteemed for use in soups.
Used by all families.

Appendix B: FACTORS DETERMINING THE GRADING
OF SALT FISH
Size .
Size is an important factor in grading but no universal rule can be formu-

lated. Generally in species which do not grow to a large size, the larger the fish
the better the grade. This applies, for instance, to “kembong” (Scomber sp.);
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with ’ikan bilis” (Stolephorous sp.), however, the "fry” are the more costly. On
the other hand, fish, which will normally grow to a great size are sorted according
to their size — the smaller generally being the more popular, e.g., "kurau’’ (Poly-
nemus sp.) and “tenggiri” (Cybium) roe. This is not grading, as prices vary
little on size differential alone, but rather sorting for the various markets outlets.
Very large salt fish are not in demand by the consumer as it might take months
to consume and, thercfore, offers no variety of diet. Similarly retailers who
sell it by the piece do not want
large fish unless their turnover is
large, as there is a definite risk of
deterioration.

Salt Content

Generally the lower the salt
content the better the grade. With
excessive salt the fish has a whit-
ish, powdery appearance. In the
case of dried bilis”, fish which
have been dried without previous
boiling in brine are the more po-
pular in Java. o

Drymness

Quslity is determined to a
great extent by the moisture con- . . L .
tent of the fish. Relatively dry Fig. 10. Sacks of dvied shyimp on sale in Thai-
fish are graded higher, apparent- land vetail stove. (Kesteven, FAO, Bangkok).
ly as the result of the better
keeping qualities of such fish combined with the higher percentage of total solids.

Appearence

In order to be graded as first quality, the fish must be of attractive appearance,
unbroken and undamaged. The presence of the head and fins in some types,
e.g., sepat Siam”, is a disadvantage.

Smell

The smell should not be offensive. There are, however, two basic process
varieties for large fish such as "ikan merah” (Lutianus), "kurau’’, etc. One is
a slow dry-salting process during which controlled decomposition is allowed,
giving a ’stronger’” smelling product (“’mui heong”), particurlarly popular with
the Cantonese. Another more usual is a wet, salting process giving a “fresh
smelling”” product, more popular with the Hokkiens. As the “mui heong”’ salt
fish is more difficult to prepare it is naturally the more expensive.
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Taste
This is not used as a factor for grading, as the quality of the fish can be
established by other factors.

Consumers Prefevence

Grading of the fish is undertaken to meet the preference of the consumer.
This 2dds a further complication as grades for the various market outlets are
often based on different standards. . '

Yig. 11. Fisherwoman learing
swim-bladders _for drying. (Kes-
teven, FAO, Bangkok).

USE OF HERRING PRODUCTS IN THE
BRITISH DEPFNDFNCIES

C. F. Hickling’s paper

I understand that, before 1914, there was a large export of “red”
herrings from the United Kingdom to West Africa, and especially
Nigeria.  But in 1925, only some 2 000 cwt. (102 metric tons) salt or
cured herrings were exported, at an average price (pre%umably F.0.B,
in the statistics of the Ministry of Agriculture and Fisheries) of £ 18
per cwt. In 1948, this had fallen to 1200 cwt. (61 metric tons), at a
price of £ 4.4 per cwt. There has been a curious change of taste in
recent years among Nigerian consumers. The demand, in earlier days,
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must have been for salt fish, and indeed, with the continuous loss of
salt through perspiration, one Would expeot that the salt in the cured
fish would be especially valued, as is still the case, for example, in
Java. But I am assured that, in both Nigeria and the Gold Coast, the
demand is not for salt fish, but for fish preserved without salt, ‘such
as the locally prepared hot-smoked fish, and 1mported stock-fish, that
is, cod which has been wind- and sun-dried.

It would therefore appear that there mlght be a very large market
n Nigeria, which has a populatron of some 23 millions, for herrmgs
or herring products prepared in some way other than by the use of
salt This also applnes though in a Jesser degree, to the Gold Coast.

It should be pointed out that the foodstuffs of these peoples are
predommantly (‘arbohydrates and therefore rather fIavourIess Fish not
only provudes protein, to balance this diet, but ShOIuld also act as a
relish, in stimulating the salivary glands, and thus assrstrng in the
drgestron of lange q«uantvtres of stodoy food such as cassava, rice, efc. Thrs
is well- 1ecocrnued in Malaya and Chma, for example, where cured fish |
is very powerfully flavoured (indeed, offensively so, to Eur opean palates)
Any attempt to market herrmg products in the big potential K African
market should, therefore, aim at a strongly flavoured article, whether
by the addrtron of cond1ments or by allowmg some fe1mentat1or1 of
the fish during curing.

 Small-scale consumer tests in Sierra Leone, and Sarawak have heen

made with dehydrated herring, alone, or mixed wrth dehydrated cod. The
samples were obtained through the good offrces of Dr. G. A Reay,
Director of the Torry Research Station, Aberdeen, Scotland and Mr.
Lawrénce, Head of the Dehydratron Division, Ministry of Food, Lon-
don, bng]and Below are given abstracts of the 1eports recerved from
these two territories.

Sierra Leone. A sample of lightly smoked dehydrated herring was
placed on sale in a small shop in Freetown After a few customers were
Or1ven small samples to taste, they were offered this product at 6 d. per
ergarette tin (a common unit of measure) Within 39 minutes, all
the fish was sold, and a queue of disappointed would-be purchasers
was turned away. ‘ ‘ '

Sarawak. Dehydrated herring was preferred to dehydrated cod, and
the former was usually used without reconstruction. Favourable opinions
were received from Malays and Dayaks in Kuching, Sibu, and Miri;
from a Sea Dayak Chief and his followers, from a Mission School for
Chinese, and from many individual Chinese.

There appeared to be a fairly firm foundation for the use of dehydrated

9 — FAO
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herring ‘and herring meal.- Most urban and rural communities, con-
stabulary, prisons, and some schools liked it. Only Chinese food shops
had no use for it. It lacked sufficient taste to compete with salt fish,
where available, and appealed to those who cannot afford or obtain
supplies, due to high prices and long distances.

The West Indies would also appear to present a good market for
herring products at the present time. For example, in 1945 Jamaica
alone imported some 1217 metric tons of pickled herring. These came
from dollar sources, mainly Canada; and since devaluation the British
West Indian territories have become interested in non-dollar sources of
herrings. There appears to be some doubt, however, whether pickled
herrings would not spoil during the freight from Europe, unless placed
in a chilled hold. The North American herrings have a more direct
and shorter journey to make under warm climatic conditions, and ship-
ping facilities are better for direct sailings than from Europe.

In East Africa there is no objection to salted fish, but I have not
heard of any considerable export of salt or pickled herrings from Europe
to this region. ‘

As this Meeting is concerned with herrings, there is here no place
to speak of the trade in herring-like species, such as the Gold Coast
fishery for sardinellas, the great West African fisheries for the Bonga,
Ethmalosa fimbriata, the very important winter fisheries for sardinellas
and anchovies in the Gulf of Aden, the fisheries for sardinella, hilsa, and
anchovies in Malaya, Sarawak and Hong-Kong. The smaller fish, such
as sardinellas and anchovies, are usually sun-dried, frequently on the
hot sand. Dried anchovies are a substantial article of trade for human
consumption in Malaya and Hong-Kong; in Aden and southern Arabia
both sardinellas and anchovies are sun-dried on the sand for use as
fodder for stock in those pastureless regions, and as fertiliser for tobacco
and dates. Experiments are continuing, however, to produce a lightly
salted shade-dried sardinella for human consumption. An unexpected
problem, is the scarcity and high cost of fuel for cooking in these arid,
treeless countries; there should be a future for lightly salted pre- cooked
sardinellas, possibly using solar heaters for the pre-cooking. ’
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FISHERY PRODUCTS OF INDOCHINA

Fxtracted and summarized from J. Westenberg’s original paper! by Dr. E. Hess,
Fisheries Technologist, FAO

A review of the literature on the fisheries products of Indochina was
presented by J. Westenberg at the Second Meeting of the Indo-Pacific
Fisheries Council, held in Cronulla, Australia, 17—28 April 1950, and
was published in the Proceedings of the Meeting. Reprints of the paper
were distributed at the Bergen meeting. A condensation of this report,
with emphasis on those parts considered of special interest to the North-
western European fisheries industries is presented herewith. For biblio-
graphic references, the original paper should be consulted.

Salted, Dried ond Smoked Fish

Salted fish. The salting of fish, without subsequent drying is some-
times practiced especially in Cambodia but practically only for IOCdI
demand. '

Usually medium-size fish are used for the procedure; head, scales and
viscera are removed and the fish split open, according to the local custom,
depending on traditions and the species used. The dressed fish are then
placed in jars with alternate layers of salt. Information on the quantities
used appear not to be available in the present literature. The jars ‘are
completely filled and covered with a mat of twisted bamboo, weighed
down with stones. In this way the fnsh may be kept as a family store to
be used when needed. '

Along the coast of Siam, the same procedure is applied to Scomber
neglectus C. V. Prior to the preservation, the fish are eviscerated without
opening the bellies; entrails and gills are skilfully pulled out in a single
movement. The salting is carried out in large concrete tanks, in which
the fish is kept under pressure. The half-wet product is exported in
wooden cases and in Java it is well known as “pedah-kembung”. ’

A special procedure of fish salting has been reported from Siam, in
which roasted and pounded rice or rice bran is added; the preparatlon is
know as ”pla-ra” (pla = fish; ra = awfull small). The freshwater fish
Pla-kadi (Trichopodus sp.) and Pla-soi (Cirrhinus sp.) are headed, scaled,
gutted and washed, and then thoroughly mixed with fine salt; transfer-

1 Westenberg, J.: Fishery Products of Indochina. Indo- Pacxfxc Pisheues
Council, Proceedings, Vol. 2 1950.
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ted into a jar and kept under pressure for 1 to 3 months. After this
period the pickle is rinsed out and the fish .is mixed with roasted and
pounded rice or with rice bran, and a small amount of fine salt. The
mixture is then put back into the jar and left to ferment for 6 to 12
months. The roasted rice is added in a proportion of 1 to 40 in volume,
and the rice bran in a proportion of 1 to 20. The product is prepared
either for home use or for ‘sale.

The application of roasted rice or maize is also pxactmed in South
Borneo. When preparing their so-called “wadi”, the Dayaks along the
Barito salt their (freshwater) fish with the addition of the roasted in-
gredient. The product s stored in Itlmhtly sealed earthenware pots, and
is kept for family use. : ‘

The addition of cooked rice is known among the Dayaks along the
Barito and along the Kapuas (West Borneo). The product is known as
“pekasam”, and is stored in sealed pots.

A similar preparation with cooked glutinous rice instead, is reported
from the Kapuas region.

Salted and dried fish. The manufacture of salted and dried fish is
an active industry, especially on the lakes and rivers of Cambodia.

Preparatory to the procedure, the heads are severed as soon as the
fresh catch is brought in. The fish in then held for 12 to 16 hours in an
open-work bamboo container, floatmc in the lake. This treatment brings
about a slight - drsmtegra]tlon which is said to yield the desn‘ed bleached
and high- ﬂavou ed product.

Bas«kets of fish are removed from the receptable and handed over to
the women who accomplish the dressing by pulling out the entrails and
making a slit from head to tail, according to custom established for the
d1fferer1t kinds of fish, and depending on local tradition. Certain species
are scaled with a crude brush before being spht and eviscerated.

After a thorough washing' in tubs,in which the water is renewed several
times, the larger fish of first quality are salted flat, both sides of the
ﬂcsh being treated with salt. The fish then remain under slight pressure
in the salting vats, until they are “struck throucrh” which takes 12
hours for the larger species, and 6 to 9 hours for young They—p1a (Varias
sp. chv) “After a. second wa,shm‘h they are transferred to the drying
platforms As a rule one part iof salt is ‘used to obtain two parts of
dried fish, pr opo1t1onate to weight. For oily species as Ca-su (Pseu-
dosciaena sp.) more salt is u:sed n;amely 1% parbs of salt to 1 part of dried
Ca-su. Other deviations from the usual proportion occur according to
weathey, and to size, condition and destination of the fish.
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The second-quality and small fish are brine-salted for a period of 12
hours and then spread out directly on the drying platforms, without being
washed again.

The drying of the fish Ir‘equlres 36 to 48 hours of full sunshine. From
time to time the fish is turned in order to ensure ‘equal desiccation. The
women who attend to the Idrymg also watch for maggots which occur
especially durmg rainy weather. These invaders are removed and the

affected spots are rubbed with salt.

In the preparatxon of dried fish, the average loss in weight is estimated
at 75 per cent: waste 30. per cent and evaporation 45 per cent.

The finished product is baled either in matting or in bamboo baskets,
and in this form more than 20 000 tons are exported annually from Sai-
gon, 19191922, During later years the market has shown considerable
fluctuations. Here, -as nearly everywhere in the Far East, the trade in
dried fish is in the hands of Chinese. A major part of the commercial
trade was directed through Singapore.

In a variation of the above procedure the fish immediately after being

- landed, are placed in a pickle which may not be renewed during the whole
season, and after 4 to 6 days the fish are exposed to the sun to dry.

In still other cases, the fish remain in the pickle till they are sold.
The required quantity is then washed and . ried. This treatment really
constitutes a variation of the simple salting of fish, as described in the
first part of this section.

In the Gulf of Tonkin fisheries the fish is treated in similar ways as
on the lakes of Cambodia. The larger species are cut open from the
back, eviscerated and washed with sea water, piled up with alternate
fayers of salt in tubs or pots and kept under pressure for 7 days. Then
the fish is dried in the sun for 3 days. The quantity of salt used amounts
to one half of the fresh weight of the fish. 100 kg of fresh yield 70 kg
of the dried product. For brining the dressed fish is soaked in brine for
12 hours and then dried in the sun for 3 to 4 days; the quantlty of salt
is about one quarter of the weight of the fish.

Fishermen of Indochina have, just as anywhere ¢lse, a preference for
certain portions of the fish, which they reserve for family consumption.
These include, for example the two dorsal muscular masses found
immediately behind the skull of Trey-pra, which they call “touv”, ‘and
also 7komphlien”, which is taken immediately behind the jdws from
Trey-ras and Trey-chhdor (an Ophiocephalid f1sh) These pieces, mea-
suring 3 to 5 cm (1% to 2 in.) in diameter, are slightly brined and
then dried. After immersion in the pickle for 5 minutes; ‘rhey are strunv
on split bamboos and placed in the sun.

o
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Dvied fish. The drying of fish for home use without previous salting
is practiced- in Cochinchina, where the sun is hot enough to desiccate the
product before putrefaction can set in.

Smoked fish. On the shores of certain bodies of water, in particular
the Tonle Sap, a small quantity of fish is smoked. The fish destined for
smoking is not decapitated but only scaled and eviscerated by opening
the belly. No salt is used in this preparation. The product is lept for
local wse. -

Groups of five or six fish are skewered by the heads on a split
bamboo, some space being left between, and the tails are tied together.
Then they are placed on three superimposed and slightly inclined bamboo
racks under which a smoky wood fire is maintained «ay and night. In
order to obtain a uniform product, the position of the fish is changed
regularly.

Fish Pastes (Maw's)

~ In addition to.the usual methods of preservation, applied all over
the world, such as salting, drying and smoking, other processes are
utilized in the country, yielding products which are typical for this part
of the world. A number of these condiments in the nature of pastes
are indicated by the general designation "mam”. According to the
material used, and to local differences in the preparation, several varieties
are distinguishable, for instance, ”pra-hoc” from Cambodia and Siam,
"padk”. or-”"mam-chao” from Cambodia, “padec” from Laos and “mam-
tom” from Cochinchina and. Annam.

Pra-hoc (Cambodia). Two methods of preparation: are described by
Le Poulain,

In the first the Trey-changvar (Cyprinid species, belonging to Ras-
bora -and - allied genera) is beheaded and eviscerated and is then,
without being scaled, put into a wicker basket, called cheal. The heads
are-either thrown away or may be preserved for the extraction of oil.
The fish, which half-fill the. cheal, are trampled upon in much the same
matiner-as grapes in a winepress. The purpose of this treatment is to
scale the fish by friction and to empty the entrails by compressing them.
" Then the fish are washed by plunging the cheal into a river or pool. For
‘half-an hour the fish are stirred by hand till they are completely scaled.
Then they are again pressed in the cheal in order to remove the water.
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‘The upper part of the cheal is covered with banana leaves, upon which
a weight (e.g., heavy stones) is placed in order to compress the f1sh
They are left under pressure for 24 hours.

Next day the fish are taken out of the cheal and, for about a half
hour they are mixed with coarse salt. About 2 to 3 kg of salt are
needed for 20 to 30 kg of fish. When the fish are well impregnated
with salt they are spread out on matting in the sun for 24 hours. Then
the fish, salted and dried, are put back into the cheal, care being taken
to leave as little space between as possible. The first process of pre-
paration for the manufacture of pra-hoc”, carried out in the fishing
places, is now finished. The- cheals, filled with the prepared fish, are
transported to the villages. Upon arrival the villagers take the cheals
from the carts and the process of pounding begins. The fish, prepared
as described in the foregoing, are placed in small quantities.in heavy
‘wooden mortars, operated either by hand or by foot.

The pounded fish form a salted paste which the Cambodian tastes
to" judge whether it is salt enough. The pounding takes about 20
minutes. The paste is then packed in earthen jars of 1 picul (= 60 kg
= .132 1b.). These jars are placed in the sun and left open in the
day-time; in the evening thev are closed to keep out the maggots. As
seasoning takes place gradually a pickle appears on top of the paste. This
liquid is removed every day until no more collects; it is kept aside, for
the Cambodians use it as “nuoc-mam” and call it "teuk-prahoc”. This
process may last a month. When there is no pickle left, the preparation
of "pra-hoc” is finished and the condiment is ready for immediate
consumption According to Le Poulain, 3 piculs of Trey-changvar yield
1 picul Vprahoc”. It is used principally in the preparation of soups,
the many varieties of which play an important part in Cambodian
cooking. :

 Manufacture by the second method is more aristocratic. since it is
more expensive, Only one variety of fish is used, either Ca-bong, Ca-loc,
Ca-ket or Trey-kalek, but never the four of them together. This product
1s not on the market and is consumed by the elite of Cambodia. o

The fish are headed, scaled and gutted, the bones are removed, and
only the flesh is preserved. This is put into pails of water and left for
three days and three nights; then as in the first method of preparation,
the fish are placed in cheals to drain, and are pressed out. The fish are
not trampled upon, as they have alréady been scaled and eviscerated. The
process of salting is the same as in the first method, but the fish are
not pounded, and the morsels of flesh are carefully placed in the jars,
the whole heing well compressed by hand.
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Another description is given by Bremond. For the first quahty
product, the following fish are used:

Trey-pra = Clarias (Silurid).

Trey—ras = Ophiocephalus striatus Bl. (Ophiocephalid).

Trey-pruol = erhmus mzcrolepw Sauvage (= Labeo pruol Tirant)
(Cyprinid). :

T 1ey—andong Synbranchus bengalensis Mc. Clelland (Cobitid).

For "pra-hoc” intended for consumption in Siam, Trey-andong is
used exclusively. ' ‘

[‘he dressing of the fish is begun by removing the scales. The heads
and viscera, with the exception of livers, are then cut away. The gutted
fish are sliced and ‘soaked in fresh water overnight. Next morning they
are takén out of the water and dried in the sun for the whole day. At
about 5 o’clock in the afternoon they are mixed with salt and placed
in a basket, to allow the pickle to drain. Next day the fish, which have
been reduced to a paste, are once more exposed to the sun and in the
evening salted again. The mass is then stored in a pot and during
the first three days the collecting pickle is poured off and may be used
as "nuoc-mam”. Finally the pot is sealed with a wooden cover or a
piece of cloth, tied with string and covered with a pulp of wet wood
‘ashes. "Pra-hoc” of first quality is ready for use after two to three
months and will keep for two years.

The analy51s of a sample of this product revealed a salt content of
17 per cent

For "pra-hoc” of second quality, little fish (Cyprinids) are squeezed and
pressed under water and in this way divested of their scales and viscera.
They are then washed and soaked in fresh water overnight, mixed with
salt and placed in pots to season for one month. Pra-hoc” thus prepared
is consumed by the lower classes. ‘ N

An inferior quality “pra-hoc” is occasionally produced by the An-
namites and destined for Cambodian consumption. The Annamites man-
ufacture this product from small fish. Trey-real or C-linh ( Thynnichthys
sp. and Albulichthys sp.-Cyprinids), when bad weather prevents the use
of nets.In addition when the catch cannot be returned in time because
of unfavourable winds, the stale fish may still be utilised for this pro-
duction. The coolie fishermeén manufacture with these fish a ”pra-hoc”
of inferior quality; they use principally Ca-son (Ambassis sp.-Percoid)
which is placed in brine overnight. Next morning the fish are taken out
and dried in the sun for two days. Finally they are pounded with salt
and stored in a jar for ten days. The proportion of salt to fish is
about 15 per cent.

1
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There exists on the other hand a product manufactured by the

‘Annamite fishermen and sold to the Cambodians, known as “prahoc-

youn”. They utilize for this the residue of the great: fisheries. The
pmportmn of salt is usually less than in the preparatmn of the Cambodian
product, which makes a mod1f1cat1on in the odour '

Fish pasles containing glutinous or roasted rice. In the preparation
of "padk” or “mam-chao”, the fish are usually beheaded and eviscerated,
without being scaled. If too large, hhey are cut longltwdmally, retaining
the vertebral column; large fish may also be cut transversally in three
parts.

After Washmg and the usual compression the fish are salted. This
is done by hand, as with "pra- -hoc”, the proportion of salt to fish being
2 kg of salt to 10 kg of fish, or at times only 1 kg of salt is used to
30 kg of fish. No accurate measure can be given as this is entirely
dependent on personal taste. After saltmg, the fish are placed 1mmed1atelv

in a jar, which s filled completely. The jar is covered with leaves of

the fan palm and crossed bamboo sticks. The fish are left in the jar for
20 to 30 days. '

The fermented rice (several methods are described) is mixed with
the fish, previously prepared. and the mixture is placed in a jar. To
this end, about 30 to 40 morsels of fish at a time, are put into an earthen
cup, the rice is poured over them, and the whole mass is well kneaded and
then packed in the jar. The "mam’ is covered with leaves of the fan palm
and small pieces of bamboo matting, which is sprinkled with slightly
salted water (about one litre or 14 gal.). The ~water, which prevents
contact with the air, penetrates slowly into the mixture. When it has
been absorbed or evaporated, more water is added. About one litre of
water is needed every 20 days for a jar containing 1 picul (= 60 kg
== 132 1b.). The preparation of "padk” usually takes about three months.
The jar is closed by means of matting, leaves of the fan palm or hanana
leaves.

“Paik” may be consumed afier one month of fermentation and it is
not absolutely necessary to await the prescribed period of three months.

The ”mam-ca-sat” is manufactured with small fish which are headed,
gutted and washed thoroughly for half an hour. They are cut in pieces,
which are, salted in proportion of 1 kg salt to 6 kg fish. The whole
mass is mixed well and put in a jar. Asin the manufacture of ’ "pra-hoc”,
the mass is pressed under twisted hamboo with stones on top, and remains
for six to ten days in a jar. After that time the fish is transformed
to a paste, which is then mixed with roasted and pounded rice. The
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paste is returned to the jar and is ready for consumption in ten days.
The “mam” is offered to the public in the form of round lumps, which
are for sale in every Cambodian market.

This ”mam” may be kept for several years if the jars are hermetlcalh
sealed. In order to give an agreeable flavour, certain Cambodians add
to the preparation green papaya fruit (Carica papoya 1..) or pineapple
(Ananas comosus (L) Merr.) and pounded ginger (. ng%ber officinale
Rosc.).

Similar pastes are also manufactured in Thaﬂand Malaya and
Sumatfa. Many pastes are made from shrimp.

Nitrogen partition in fish pastes. The following limits are given,
based upon relatively few samples, for moisture: 52—63 per cent; soluble
fraction: 26—30 per cent; insoluble fraction 8—17 per cent:

In "pra-hoc”, of the total soluble nitrogen 80.0 per cent is organic
N, 52.5 per cent formol-titratable N, 32.5 per cent amino-acid N and
70 0 per cent volatile-bases N (incl. ammonia). The insoluble N amounts
to 47 per cent of the total N.

Liquid Condiments, Fish Sauces, Fish Pickles

Nuoc-mam. The most important of the fish- sauces is "nuoc-mam”,
from the coasts of Indochina and Thailand. :

These products do not constitute a principal food, but serve as a
relish to the meals which consist chiefly of rice, vegetables, salted fish,
dried shrimps and various soups. The flavour of all of these condiments
is' highly appreciated by the natives but seems to be unpalatable to
Europeans. . ‘ :

The manufacture of “nuoc-mam” has been described in detail and
adequately 1nvest1gated

“'Nuoc-mam” is a fish' pickle obtained by salting small f1sh usually

Clupeids not over 20 ecm (8 in.) long. Literally the name “nuoc- mam
means 'salty fish water” ' '
. The production of ’ nuoc-—mam” is an active industry, the most im-
portant centres of manufacture being situated -in the province of Binh-
Tuan (South Annam) and on the island of Phu-Quoc. ‘Other centres
of production exist all along the coast and it is not an exaggeration to say
that wherever the people fish, “nuoc-mam” is manufactured in more or
less large quantities:
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In the primitive manufacture small fish are first kneaded and pressed
by hand and then placed with salt in earthenware pots which are tightly
sealed. These are then buried in the ground, and left there several
months. Finally they are dug up, opened and the pickle that has formed
is carefully decanted. This is the “nuoc-mam”.

The procedure of large-scale manufacture, as practiced at Mui-Ne in
South Annam, is described by Rose. In this industry the following fish
are used as raw material:

Ca-com Stolephorus spp.
Clupeoides lhile Blkr.

Ca-lep Engraulis mystax (Bl. Schm.) Clupeids
- Ca-moi Dorosoma nasua (Bloch.) ‘
Ca-nuc Decapterus spp. Carangids

~ Ca-tap mixture of various species

“The manufacture of "'nuoc-mam’ requires for equipment only one
or more series of vats; five vats constitute the minimum number in a
series. The vats, which are of cylindrical shape, are made of the native
wood- “bang-lang” (Lagerstroemia sp.) and ’chui-lien” (Termimalia
sp.), encircled with braided or twisted bamboo. - Their dimensions are the
following : diameter 1.25 m to 1.70 m (49%4 to 67 in.) and heigth 1.40 m
to 1.50 m (55%4 to 59% in.).

“These vats are provided at the base with one or two taps, simple
tubes of hamboo closed with a wooden spigot covered at the end with
a piece of cloth. At the inner side the opening of the tap is huried beneath
shells sometimes mixed with rice husks. This heap of shells is piled
against the wall covering the tap to a height of about 40 em (1534 in.).
‘The inner opening of the tap is filled with a tuft of hair in order to im-
prove the filtering power of the apparatus, and the liquid escapes only
in a small stream.

Dhe relative quantity of salt to fish varies with the species of fish
used, and also with the different strata of the vat. To some species of
fish proportionally more salt is added to the stratum than to the middle
or the bottom. The relative number of baskets of fish and salt are the
following :

Baskets of fish Baskets of salt
‘ ‘ ‘ bottom  middle top
Ca-com, Ca-lep or Ca-nuc.. 6 3 4 5
Ca-moi or Ca-tap .......... 6 5 5 5

A small quantity of salt is added to each measure of fish and stirred
to bring about uniform salting. After the vat is filled to the brim, a
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mixture of salt and fish is placed on top of the vat to form a conical heap,
and more salt is added to cover the whole mass completely. '

After the salted fish have stood for three ldays the initial pickle, the
so-called ”nuoc-boi”, s drained off slowly during about three days. The
turbid and reddish brown plckle loses its colour easily anxd becormes clear
on contact with the air.

Meanwhile the 'fish have settled below the top of the vat, and the pile
of salt has almost disappeared. The fish are now tamped thoroughly so
that the upper surface is smooth. Finally the fish must be placed under
pressure.  In onder to do this, the suirface is covered with a layer of
cocoanut leaves and two semicircular bamboo trays with the parallel
touching. Then some salts are placed on top, and pressure is obtained
by forcing wedges between the slats and two bars fixed transversally to
form a clamp. :

Next the “nuoc-boi” at first kept aside, is poured over the fish in
order to maintain a layer of liquid of about 10 om (4 in.) over the fish.
This is said to prevent the fish from becoming contaminated with fly
larvae. The fish are left standing to macerate; the Iength of time depends
upon the species of fish used:

Ca-nuc 4% months; Ca-com and Ca—lep 3% months; Ca-moi and
Cartap 1 year.

After this lapse of time, the pickle is permitted to run off at a rate
of 40 to 60 jars (of 7 litres [1.54 Imp. gal.] each) per 24 hours. The
first pickle to be drawn off, is "nuoc-mam” of first quality or “nuoc-nut”.
The quantity of “nuoc-nut” recovered from each vat may be as muich
as 60 to 80 jars. '

The vats emptied of the first harvest of “nuoc-mam” are then leached
in order to increase the yield with a second-quality product. In order to
cbtain this increased yield, fresh brine is poured over the fish in the first
vat of a series; the second-quality “nuoc-mam” so obtained is then tapped,
again at a rate of 40 to 60 jars a day. As soon as the quality becomes
inferior, the extract from the first vat is used to leach the second vat and
so on, leaching each vat of a series with a fluid which thas already passed
through the foregoing vats in succession. In this way, 500 to 800 jars of
liquid are passed through each of the vats.

Before leaching, the covering layer of leaves is removed, and the
exposed fish must be again covered with salt. Sometimes a hole is made
in the centre of the residual mass, then caramel is added. This ingredient
darkens the colour and imparts a certain flavour to the product. At the
same time this procedure is said to improve the keeping properties of
“nuoc-mam” of the poorer quality.
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The undissolved fish residuwm, the so called “xat-mam” or “nuoc-
xat” is obtained as a by-@roduct, and is wsually sold as fertilizer. ,

There are many variations in the preparation of “nuoc-mam” in
various parts of Indochina, some mvolvmo 'the salting of Jarge fish in
the round. ,

The most lmpoztant markets for this product in the South are those
of Saigon and Cochinchina, which consume the well-known products
of Binh-Tuan and of the island of Phu-Quoc. For the North (North
Annam and Tonkin) the markets of Nam-Dinh and of Hanoi may be
mentioned, which are, however, far less important than those of the South

During the World War of 1914—18, the shipping of ’nuoc-mam”
became urgent for the supply of Annamnte troops in Eur@pe The
earthen pots of 5 to 6 litres (1.1 to 1.3 Imp gal) prowed to be rather
wn'satlsfactory In order to meet the difficulty, the volume of the "nuoc-
mam” was reduced by evaporation and the heavy syrrup thus obtained,
could be easﬂy packed in tins. The evaporation was carried out in pots
placed in hot sand over a fire, and a continuous stirring prevented
the boiling mass from scorching. For use, 1 kg (2.2 1b.) of the con-
densed product was diluted with 3 /) litres (0 7/ Imp. gal.) of water,
Vleldlng 4 litres (0.88 Imp gal.) of "nuoc-mam” 50 cm? (134 fl. oz.)
of the diluted product make a man’s 1a,t1on : '

Chemical analyses of “nuoc-mam” have shown it to contain 0.21 to
1.35 g. of tryptophane per litre. Since 1933 the minimum total amount
of nitrogen, by regulation, is 15 g. per litre for “nuoc-mam” of the South
and 5 g. per litre for that of the North; a tolerance of 4 g. is allowed for
the former and one of 2 g. for the latter.

A nuoc-mam” of 20 g. total nitrogen should contam at least 240
NaCl per litre, whereas 200 g. per litre is suf*f1¢1ent for qualities 1101’161
in nitrogen. A slight saltmicr of the fish causes plutrelfachon in other
words a predominance of ammonia nitrogen over the amino acids. Exces-
sive saltmg on the other hand, reduces the ammonia-amino acid ratio to
a minium, but at the same time retards the dl“t\‘fS’[]Ol’l of the proteins,
thus keepmcr down the nitrogen content of the "nuoc-mam”

The proportion of nitrogen of volatile bases (ammonia, efc. ) to amino-
acid nitrogen may be roughly judged by the pH, for the reaction should
be acid to phenol-red. ‘ . '

A b1bl1vo‘g1 aphy of 1eg1slat1on on the manufactme and trade of "nuoc-
mam’ and allied produchs from 1905 to 1939 is included in Wiestenberg's
papet.

Dialysis experiments have deunonstl ated that in “nuoc-mam” the pro-
teins have been digested practically 100 per cent. '
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Enzyme studies. Many variations in the methods of “nuoc-mam”
preparation have been reported, but they all come to the same conclusion,
that the meat of the fish is dissolved. The pickle contains in the be-
ginning, therefore, essentially dissolved proteins (biuret reaction). The
proteins are slowly decomposed and there are given off principally amino
acids (and ammonia). ‘

Since the solution of the proteins and the subsequent decomposition
into amino acids takes place even if the entire process is kept sterile by
the use of chloroform, it was believed that the action was due to enzymes.

Investigations were, therefore, towards enzyme action. Salt-free gly-
cerine extracts of fish meat and fish organs were made and their action,
studied under toluene, upon gelatine, coagulated egg white and peptone.
Only the juices of the organs were able to decompose the proteins from
the very beginning, while those prepared from the meat were only active
when decomposition had already begun; the latter being able to decompose
the intermediate products such as peptone. The fish pickle is not the
active agent, since most of the process takes place in the body of the fish.
The principal function of the pickle is to hold the decomposition products
in solution and to retard the growth of the aerobic bacteria. Thus the
juices of the organs prove to be the most important solvent in the pre-
paration of the "nuoc-mam” and for that reason a further study was made
of the glycerine extract of these organs.

The optimum temperature for the action on gelatine proved to lie
between 36° and 44° C. (97 and 111° F.). Furthermore, it was found
that the glycerine extract was active exclusively in a neutral or alkaline
medium. A weak acid reaction hinders the digestion of coagulated egg
white very markedly and less amino acids are formed.

Salt also slows up the enzyme action. 20 per cent of salt (NaCl)
reduced the activity of the enzyme to one third. A “nuoc-mam” of good
quality contains from 20 to 25 per cent of salt. If a specimen contains
less salt the enzymes can react better, but unless some disinfecting medium
is used the aerobic bacteria multiply so rapidly that putrefactive action
predominates. '

Autolysate. By using a sterile method (2—3 per cent nitrochloroform)
to reduce the amount of salt necessary, an autolysate has been obtained
by a patented process, in as many days as required months by the
native process.

After two weeks the solution contained 1% times as much autolysed
products as good “'nuoc-mam” that conforms to the legal requirements.
The autolysate was then concentrated in wacuo at a low temperature,
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which drove out the dangerous preservative. When the volume has been
reduced to one quarter of its original amount the product is protected by

_ its own amino-acid content from further d1smtegrat10n and is therefore

durable.

The autolysate obtained by this sterile process, has not been well
received by the natives, in spite of the original high expectations. The
excellent food value was demonstrated by several tests made in garrisons,
hospitals and on estates, but where the choice of food was left free, the
powerfully penetrating fishy odour that is typical of the native fish
products, proved clearly enough to be more acceptable.

Bacteria studies. The failure to find local markets gave impetus to
fresh investigations that showed that the characterstic odour so desired
by natives was caused by the action of bacteria. In the native preparation
of "nuoc-mam” and “pra-hoc” from the second day there develops a
homogeneous flora of an anaerobic spore former, especially in the fleshy
parts of the fish, before a considerable quantity of salt has penetrated. .
Pickle and viscera, on the other hand, appear to offer no suitable medium
for ‘the development of this organism. Isolation of this spore forming

- organism was rendered somewhat difficult by its.anaerobic properties, so

that former attempts had remained unsuccessful. This must have been
one ‘of the reasons that no thought was given for so long to anything
except enzyme action.

The jproteolytic action of this mewly found Clostridium, has been
mvestigated more closely because of its bearing on the “nuoc-mam”
manufacture. Proteolysis was, therefore, tested on sterilized fish meat in
an equal volume of water under a vaseline layer. Though the published
data of this investigation are rather scanty, the authors arrive at the
conclusion that so far as the formation of formol-titratable nitrogen is
concerned, there is no essential difference between hacterial action and
the digestion by enzymes from the muscles and the intestinal tract of the
fish. Against this a marked difference seems to he exhibited in the pro-
duction of volatile bases, as indicated by the proportion of nitrogen from
volatile bases {0 formol-titratable nitrogen. This ratio will amount to
50 per cent in the products of bacterial proteolysis, whereas in sterile
enzymatic proteolysis, this ratio will range from 10 to 15 per cent.

The analysis of some 200 samples of native "nuoc-mam” has given
ratios ranging from 35 to 60 per cent This character, together with the
characteristic odour of ”nuoc-mam”, shows that besides enzymatic disso-
lusion, bacterial action is also instrumental in the manufacture of native
“nuoc-mam’’.
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Flavouring and wmarketing of autolysate. In preparing autolysates
the inclusion of bacteria was, therefore, also tried. After expulsion of
the mtrochloroform the sterile autolysate was inoculated with the essential
microbe, either in pure culture or not, and then tested’ occaﬂonally for
flavour. If, after 24 to 40 hours, the liquid was saturated with salt the
product seemed to be identical with the ordinary “nuoc-mam”. The
preparation of the autolysate took 4 to 5 days and ‘the expulsion of the
nitrochloroform but a few minutes so that this might indeed be called
a quick process as the native preparation takes months and months.

The manufacture of fish meal was ".al(so'altered,‘ the stirring being
carried out at moderate temperature. The mash resulting from this treat-
ment was still moist from its own water content. It was spread out in
the open, and soon the desired odour ldeveloped A frarwant fish meal
was then obtamed by subsequent drying in the sun or in vacuo at a low
temperature -

In order to present an unacomstomed product to the people it was
prov1ded ina famlla,r form rather than in a powder. The fish meal was,
therefore, mixed W1th the fermented autolysate which was condensed to a
syrup, and this was mixed again with tapioca flour. The flat, cheesy lumps
were cut into slices, in which form it was presented to the customers at
the rate of 1 piaster per kg. A daily ration of 100 g. (31/2 oz.) of this
highly nutritive and palatable prod«uct was consmle1ed to be an ideal
supplement to the ordlnary mend.

Keeping Qualities

The amount of formol- t1tratable nitrogen should amount to at least
half of the total nitrogen. Should a "nuoc-mam” contain less amino acids
it is unstable because of the ammonia formed wh1ch may occur even when
the product is sterile.

This criterion of Rose appears mdeed to be a guarantee of durability.
The amino ac1ds themselves act as preserva)tlves, a fact that is clearly
shown in the case of the condensed, salt-free ”nuoc- -mam” prepared in the
laboratory under sterile conditions, and reduced to one quarter of its
original volume. Thrs liquid may be lcept for an almost indefinite time,
which is ascrlbed to'a high content of amino acids. A low ammonia-amino
acid ratio in the solution procures an acid reaction.

The durabrlrty of com|merc1al ’nuoc—majm also coincides with an
acid reachon (low pH). Good “nuoc-mam’ diluted with distilled water in
the proportlon of 1 to 10 or 20 should give a clear yellow colour with
phenol-red. If there is a tinge of red, it cannot be kept for long without
undergoing putrefaction.
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PRICES, FREIGHT RATES, YIELDS ETC., FOR SOME
FISHERY PRODUCTS

‘Information collected by Mogens Jul

Some estimates of the cost of marketing frozen products are given
on page 214, Further information regarding the prices of certain Asian
fishery products is given on pages 118 and 120. -Further pertinent
information will be found in the chapters devoted to the speafl(‘
products, e.g., for dehydrated herring on pages 204 ff.

For the purpose of enabling European manufacturers to estimate
very roughly some of the possibilities of marketing Furopean fishery
products in the Far East, FAO has collected some additional information
on cost of transportation, etc. '

Fish Prices in the Philippines . .
The following information has been made available to FAO.from
the Institute of Nutrition and the Department of Commerce and Industry,
Bureau of Nutrition, Manila, the Republic of. the Philippines. The
conversion rate used is 1.00 Philippine peso equals U. S..$ 0.50. .

Retail Price for Fresh Fish
(U.S. $ per kg)

A ~ Prewar = 1949° 1950
Bass (Apahap) ........... R 0.45 1290 139
Milk fish (Bangus) ...... ISR e Voo 024 130 - 1.33

Sardines .......: ¢ eenin R N 0:.08 . 0.36 0.28

Wholesale Price ‘for Dried Fish
(US. § per kg)
Herring, dried (Tunsoy) ............coouonn. 1st class 0.77

.................. .. 2nd class - 0.73
......... ol...eu.... 3rd class ¢+ 0.67

—_—)—

—_

Retail Price for Dried Fish, August 1950

| , (U.S. $) , o
Herring, dried (Tunsoy).................... big per 100 pieces1.62to 1.95
P medium —— 1.12tc 1.45
O S small —»—  0.88to 0.95

Anchovies, dried ........cc.civiviiiiiii, . per kg - 0.80

10 — FAO
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Canned Fish Prices, August 1950
" (U.S $ per can)

Retail ‘Wholesale
Sardines in tomato sauce (15-oz. oval can) ... 0.25--0.33 0.20—0.27
Sardines, domestic (8-oz. cans) ............ 0.12—0.18 0.11—0.14
Sardines, Portuguese (8-oz..cans) .......... 0.25 RN
Salmon (1-lb. tall can) .................. .. 0.50—0.75 0.40—0.68

Fish Prices in Thailand

" Tnformation from the FAO Regional Fisheries Officer for Asia and
the Far East indicates ‘the following prices for fishery products in
‘Bangko:k”, Thailand.
: ’ : Prices, August 1950

(U.S. § per tomn)
' Retail ‘Wholesale
Cured fish .....ooiviii i, . 240 160

FiSh PASEE « vt v eneeeeeen e . 300 - 200

Fish SAUCE « v vvv i iiaens s e 195 - 130

Vields in the Manufacture of Cured Product in the Far East

Figures for the yield in the manufacture of the various fishery
products in use in a region are necessary if an estimation is to be made
of the possibilities of importing them from elsewhere at competitive
prices: ‘
: 1. Indochina. 100 kg (220 1b.) of fresh fish (Cyprimides, i.e.,

carps, etc.) yields 33 kg (73 lb.) fish paste. According to government

regulations of 1933, nuoc-mam. (fish sauce) should contain 15 g. total
N in the South and 5 g. total N in the North of the country. Assuming
that the fish protein is dissolved and extracted completely, and assuming
a protein content of 19 per cent, i.e., 3 per cent N, 100 kg (220 1b.) fish
would yield between 200 and 600 liters (53 and 158 U. S. gal.) of
nuoc-mam. ‘

2. Sumatra. 100 kg (220 1b.) fresh shrimps or small fish yield
67—80 kg (148—176 1b.) fish paste (trasi).

3. Thailand. 100 kg (220 1b.) fresh fish yields 70 kg (154 Ih.) fish
paste or 90 kg (198 ib.) fish sauce.

Cost of Shipping Fishery Products from Europe to Far Eastern Ports
' The East Asiatic Company, Copenhagen, Denmark, has quoted the
following freight rates. The rates have been converted on the following
basis: 1 U. K. £ equals U. S. $ 2.80; 1 hundredweight equals 112 1b.
or 0.050802 m. ton; 1 cubic ft. equals 0.02832 cu. m.
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Freight from Novth Euvopean Port, July 7950
(U.S. § per m. ton)

Bombay or _,

Colombo Singapore Hongkong
Salted dried herring in wooden boxes ...... 18 11 12
Salted herring in barrels, ordinary storage .. 23 24
Salted herring in barrels, refrigerated storage. 44 45
Canned herring in corrugated or wooden boxes 18 22 23

It should be noted that where 20 hundredweights exceed 40 cu. ft.,
that is, where 1 m. ton exceeds 1.1 cu. m., the freight rate quoted above
applies to 1.1 cu. m. instead of to 1 m. ton. For goods in refrigerated
storage, the freight rate will be the above or 3 per cent of the value
of the shipment, whichever is the highest.

All the above freight rates are approximate and subject to change
at any time.

Shipping Weights of Canned Fish in Shipping Containers

When considering the freight rate for canned herring, it may be
useful to note that one case containing 48 cans of canned fish in 1 1b.”
(15 oz., 425 g.) oval cans weighs about 30 kg gross weight and one
case of 100 cans of canned fish in 14 Dingley "4 oz.” (3% oz., 92 g.)
cans weighs about 16 kg gross weight. ' .

GENERAL CONSIDERATIONS REGARDING OVERSEAS
EXPORT OF INEXPENSIVE HERRING PRODUCTS

Note by wvan Veen, FAO:

In most underdeveloped tropical countries the average daily con-
sumption of animal protein is very low. Usually the greater part is
made up of fish protein. Fish consumption is considerable in Japan
and in the Philippines, at least compared with other Ifar Eastern
countries. Elsewhere, the consumption averages are very low.

There are severa! reasons for this: limited fish production, lack of
means of preservation and consequently much spoilage. Moreover, very
often inland transportation of these products, liable to rapid spoilage in
a tropical climate, makes the prices for fishery products too high for
the great mass of the people, who usually are very poor. Imported fish
is generally too expensive.
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From a nutritional point of view ‘it is highly desirable to raise the
consumption level of animal protein. Therefore, it would be useful if
more fishery products could be made available at sufficiently low prices
and with good keeping quality.

The problem of imports of fishery products is primarily a price
problem. There would probably not be so many problems in connection
with acceptability. Japanese canned sardines were quite acceptable in
the Far East before World War II, notwithstanding the fact that most
people there were accustomed to eating dried and salted fish only, which
have a rather pronounced flavor. The same holds for pickled herring
in Java before the war, which was an expensive dehcacy

If one considers importing fishery - products into underdeveloped
tropical countries, one should keep in mind that there are two possibilities :

-(a) The higher social classes in the underdeveloped countries can pay
much more than the lower ones. However, they only constitute a very
small part of the whole population. Nevertheless, in regions such as
India, China, Java, this very small percentage may comprise a great
number of people because of the enormous -popilation concerned.
Therefore, one might consider the possibilities of an importation at a
moderate price on behalf of the more well-to-do.persons in these regions,
including perhaps a great part of the population of the large coastal
centers, plantation workers, etc. © '

(b) In order to reach the greater part of the whole population —
which might increase the potential consumption of imported fish perhaps
twentyfold — the product has to be very cheap.

In the Orient, fresh fish is generally preferred by people living near
the coasts, rivers and lakes. Iced fish can only be hought by well-to-do
people. Salted and dried fish and shrlmp are used mainly in areas where
fish has to be imported. Fish pastes, sauces and smioked fish are
products used in certain areas and regions but their use is not as universal
as that of the salted and dried products. For example, fish sauces are
not common .in most parts of India. Fish sauces are not in use in
Indonesia, neither is smoked fish, but salted fish is very acceptable
there. There are probably no technical reasons for this. Food habits
vary in cvery part of the world and so de the 'many native ways of
preserving or. preparing foods.

Most, possibly all, of the usual preserved f1shery products are likely
to be found acceptable. Fish flour might not be, but here the possibilities
of using fish meal as a feed might be considered. On the other hand,
salted and dried herring might become too rancid during the prolongql
transportation and storage at tropical temperatures.
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From discussions:

~Le Gall, France, considered the possibilities for shipping herring
products from Europe to Asia and Africa.

1. ‘Fresh: The possibilities of shipping fresh herring to Africa or Asia
would hardly prove practicable because it would be much too expensive
and because it would not be possible to preserve the fish during shipment.

2. Frozen: To ship herring frozen would probably be impossible due to
the high cost of shipment and storage (cfr. page 214). Another difficulty
was that herring as a fat fish turned rancid very easily with the result
that after a period of 4 to 6 months in the frozen state it was completely
rancid. However, research might extend the perlod for Whlch such frozen
herring could be kept wihhout turning rancid.

3. Sadlted: The herrmg mlght be preserved by the old-fashioned

. method of salting. One of the characterlstlcs of this method is that it

extracts 18 to 20 per cent of the water from the flesh. This reduced
sh1pp1ng cost and_ improved keeping qualities. It makes it possible to
store the herring catch as long ‘as the period from one season to the
next one. Salted herring could be shipped to tropical countries, provided
it was salted and dried. One could possibly improve the keeping quality
by resalting or adding fresh salt at some stage during transportation. In
the receiving countries salted herring might be further processed ac-
cording to local customs and preferences :

4. Light-cured or acid-preserved: Then there was the possibility of
preserving the herring as semi-preserved, i.c., dehcatebsen, etc. 1t could
keep then for one to two mionths, provided that chemical preservatives
are added, but the use of these chemical preservatives should be studied
further. For instance, boric acid is sometimes used, but its use is
forbidden in France. ‘Oné additional difficulty would here be introduced
by the fact that the product was semiperishable. Retailers might keep it
too long until the product was partly spoiled and then Sell it, which
would result in cases of food poisoning.

5. Camned: Canning was considered a good preservation method,
provided that the product could be sold at a sufficiently low price.
Canned herring products were very well received by the local population.
In Algeria, for instance, in the edrlier days nobody ate canned sardines
or other canned fish products. Those living near the seashore ate fresh
sardines. Nowadays, however, canned sardines were eaten throughout
Algeria in considerable quantities, proving that this product can easily
find new markets. The situation is the same in French Western Africa.
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Tt was likely that there in this process was room for much further
development.

He suggested that the problem be further explored according to the
outline presented here.

Heen, Norway, added to Mr. Le Gall’s list that one could freeze
light-cured herring. This, however, would introduce additional shipping
and storage cost. One might also consider various metheds of steriliza-
tion, but these would all introduce additional cost of packaging and
containers. Heat sterilization would normally not be suitable for these
products, as it impaired their appearance and consistency. Another pos-
sibility was irradiation. No existing method could be used, but one
might be developed in the future. Irradiation would not preserve the
products completely. A certain ripening would still take place. The
possibility of using chemical preservatives should be further explored.
Some such chemicals were, of course, already in use, but new and
better ones might be developed. In this respect, one should consider
recent Canadian experiments where certain antibiotics were used.

Reay, United Kingdom, felt that the production of hard-cured salted
herring and also dehydrated herring was the most promising for the
manufacture of herring products acceptable to less-developed areas.
However, even for these products, the problem of reducing cost was
still a vital one. :

Jul, FAO, concluded that as far as dehydrated products were con-
cerned it seemed that a considerable amount of work had already been
done and that the work that lay ahead would be more in the line of
adaption of the methods already worked out than in basic research with
regard to manufacturing processes.

van Dijk, the Netherlands, said that one should consider shipping
fresh herring to overseas areas where processing might be cheaper due
to lower labor cost. The use of fresh herring would also make it
possible to produce a wider range of products than when the products
had to be manufactured from salted or otherwise-preserved raw material.

Crowther, United States, suggested that smoked products should be
included in any marketing study for overseas areas.

Bartz Johannesen, Norway, mentioned that in one instance he had
put up a filleting arrangement in a herring plant to produce smoked
herring fillets. Thers were plenty of customers who wanted them, but
difficulties in the existing trade agreements made it impossible to sell
the product. e felt that such considerations often might make it
difficult to introduce new products.
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Jul, FAQO, mentioned that the trade 1n fish sauces and {fish pastes
is quxte considerable in the Far East. Dr. Kesteven estimated a con-
sumption of fish of about 10 kg per person per year «in Asia. -This
meant a total consumption of about 5 million tons of fishery products
a year. It seemed clear that quite a considerable amount of these were fish
sauces ‘and fermented products.  Many of the factories in the.Orient,
making these products, were very large industrial establishments, which
also ‘indicated that trade was of considerable size. Therefore, it was
undoubtedly worth while to explore whether such products “could be
manufactured {from- hlerrmg and marketed in these countries. ‘

Note from van Veen, FAO‘: ’ , ‘ ‘
In discussing these possibilities, the use of fish meal as a basis for

__making' fish sauces, etc., should be considered. Fish meal has a high

nutritive value; it contains valuable proteins as well as important minerals
and vitamins, particularly the animal protein factor. Fish meal is,
generally speaking, not directly acceptable as food. In many of the
tropical countries, €.g:, Southeast Asia, however, fermented fish pastes

and sauces are in high esteem by the population and form a regular

ingredient of the diet. They are usually not consumed in great quantities
at each meal, but as millions of people use these products every day, the
consumption is still very high. They are usiially manufactured from
whole fish, with or without entrails. Many ways of preparation of these
products have been described, but in general not much is known about
the enzymatic and chemical processes during their fermentation. Well-
described is mainly the manufacture of a few products such as "nuoc-
mam”, .a fish sauce from Indochina, and "pedah. Siam”, a salted and
partially dried fish, exported from Thailand to Malaya and Indonesia.

It appears as if the very characteristic flavor of these products is
developed partly or wholly by the action of microorganisms. These may
be characteristic of the fish itself. In addition, however, they depend on
the action of autolytic and other enzymes and on the numerous bacteria
which are ubiquitous in the tropical environment, the entrails, slime, etc.,
and which invade the fish flesh soon after death. The presence of salt
may of course play an important role in the type of process which
takes place.

It is well conceivable that if one could get a better knowledge about
the microorganisms, the action of enzymes and other factors which play
a role in these fermentation processes, inexpensive ways could be found
to produce these products from fish meal.
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From discussions: , '

Le Gall, France, recommended that FAO should undertake a study,
which should' be carried out as quickly as possible, of the possibilities
of ‘marketing preserved herring products in Asia and Africa. Here
the preferences of the local populations played a very important role. For
instance, the population in some countries would eat salted but not dried
fish, while that of others would eat dried fish but.not salted. Other
countries also-have to be takeninto account. In one French colony the
population did not eat salt-water fish which they considered sacred.
Native populations often preferred fish which ‘had a very strong taste
because they added it to other foods which are not tasty enough. This
was very similar to the use of “nuoc-mam” in Indochina where this
sauce is used as a flavormg material for rrce drshes

‘For obvrous reasons,’ most of the statements presented durmg the
dlscussmns referred to some specific product, and will be found in the
‘hapte1 dedling w1th the product in -question.

Recommendatwns for Future T nvestu]atmns

At the end of the drscuss1ons it was recommended that the following
action :should- be considered:

‘1. FAO should study the- manufacture distribution- and sale of
fermented, dried, salted, smioked, canned, ctc., fishery products in Asia
arid Africa, with due consideration of the economic questions involved.

2. FAO should then endeavor to obtain samples of products which
might be used as a guide in an attempt to thanufacture similar products
of herrmgs ‘etc., which could be sold at’ sufficiently low prices. '

3." These samples should be submitted for the use in a cooperatlve
1)ro<rra.m of technologrcal research. ' ,

4. 1f this research reveals that similar products can be prepared from
herring, samples. produced experimentally should be sent through FAO
to the Indo-Pacific Fisheries Council and a report obtained on the
possibility of their sale in the Far Fast market.

5. This study should include consideration of the possrblhty of
sending salted or otherwise prepared herring to the consuming centres
for processing there.
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Chapter 5

FISH PROTEIN PRODUCTS MADE BY FER-
MENTATION OR CHEMICAL HYDROLYZATION

This chapter includes:

FERMENTED FISHERY PRODUCTS, (Questions des Autolysats de Pois-
sons), a paper presented by Professor Schaeffer and Miss Le Breton
University of Paris (Sorbonne), France,

and information from the discussions of the meeting.

Introduction

In the last chapter, reference was given to the extensive manufacture

of fermented fishery products in Asia and the Far East. It was, therefore,
worth while to consider whether such products could be manufactured
in Europe for export to these countries. Closely related to this problem
was, however, consideration of other hydrolyzates from herring, designed
for use in other markets, as food adjuncts, etc. The material presented
at the meeting relating to these problems is collected in this chapter.

Manufacture of Fermented Fishery Products in France
Schaeffer and Le Bretow's paper

The authors have been interested since 1924 in certain nutrition pro-
blems which appeared wery important from a sociological viewpoint,
namely: the deficiency in proteins and the vitamin-B group in the food of
the equatorial populations of Asia and Africa. It seemed that in the more
advanced countries in Europe, the United States, and certain regions of
South America there was great waste of by-products in many industries
—~ by-products rich in important proteins and often in vitamins of the
B group.
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Two of these by-products attracted our attention:

1. The brewery yeasts, which at that time often were discarded (con-
taining proteins of high quality and witamins of the B group, e.g.,
ergosterol).

2. Fish-surplus catches fish-plant waste.

Since 1925-—27 a number of processes were developed and patented.
The French Association of Nitrogenous Products has put these processes
into industrial use and two model plants functioned several years. Their
products were:

1. At Strasbourg: fermented products from brewery yeast, concentrated
to a water content of 30 per cent and 10—12 per cent total nitrogen,
occuring mostly as free amino acids, the remainder as polypeptides.
These pastes, rich in essential amino acids and vitamins of the B
group, (not identified at the time) were usually mixed with fermented
fishery products, for marketing (no preservatives were added).
At Boulogne-sur-Mer: fermented fishery products from fish waste
and entrails, concentrated to a water content of 30 per cent and
consisting of polypeptides and amino acid. These pastes contalnad
practically no sodium chloride.

oo

Both these processes were based on the proteolytic activity at 37°.C,
of the digestive enzymes which were obtained in large amounts when
the proportion of entrails in the fenmenting mixture reached 30 per cent.

In one of the processes fermentation took place at constant pH and

. in the presence of toluene-chloroform. These volatile antiseptics were

completely removed before the concentration of the product in the vactum.
The paste thus obtained was low in salt content and was used for the pro-
ducts sold in Europe (as fish soups; sandwich fillings, after mixing with
the nitrogenous paste of yeast) or in Africa. :

For the fermented products intended for Asian populations sodium

-chloride was used as a preservative. In this way a product similar to

"nuoc-mam” is obtained which has a much higher nutritive value,
nowever, than the fermented product made by the Asian people from
the combined autolysis and bacterial decomposition of sea- and fresh-
water fishes. The fermented products obtained without bacterial con-
tamination contain only small amounts of ammonia salts and all the
essential amino acids remain intact. The fermented pastes were often
mixed with V3 of their weight of fermented yeast paste, which decreased
their salt content and added valuable constituents, such as the yeast
vitamins.
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On arrival overseas, i.e., the Onient, Indochina, China, these pastes
were diluted, sold as ”nuoc-mam” by adding native “nuoc-mam” pro-
ducts of specific flavor. .

These fermented products, “nuoc-mam”, represent for the Asian
populations an assured nitrogenous food, complementing the insufficient
protein intake of a rice diet. The people deprived of these products of fish
origin' show" characteristic symptoms of protein deficiency and avita-
minosis.

The Société des Terres Rares (rares elements) has, in oollajboratlofn
with Miss Le Breton, developed and patented, during the World War II,
a new process which is explained in detail in the following:

Process of the *Terres Rares”

1. Principles of the autolysis

The process of the Société de Terres Rares (S.T.R.) consists. essen-
tially of a self-digestion or autolysis of the raw material (recently caught
fish or frozen-fish waste), carried out under such conditions that, without
addition of salt or preservatives, the development of 'putreia,ctiv-evbacteria
is made impossible. :

In a single operation the three main const1tuents of the fish and fish
waste are separated into: :

1) albuminoids
2) oils and fats
3) bones

1) The soluble albuminoids are concentrated into a nitrogenous syrup,
containing most of the total nitrogen; especially protemlc, of the raw
material. :

The S.T.R. process does not cause tdesxtructlon of any of the essentlal
free amino acids, needed by man to build up the alybummmd molecules of
his ‘tissues. :

""The pastes thus obtamed are assured food sources of nitrogen. They
are four to five times as rich in nitrogen as meat and will keep xpractlcally
indefinitely, even if exposed to a very humid atmosphere:

This paste contains: 40 per cent water, which can be lowered as far
as 20 per cent; 9 per cent total nitrogen, including 0.2 to 0.4 per cent
ammonia nitrogen; and 10—15 per cent salt.

2) The oils, which have been separated from the attolysed 11qu1d are
recovered and treated by the ustial methods. Sinhce the fat-soluble vitamins
are not destroyed, these oils may be used for pharmaceutical purposes.
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3) The bones are used for fish meal.
In short, the process creates a source of foods which are “more

nutritive thm meat, easier to digest and of constant keeping quality.

II. Study of a plant producing 100 kg (220'1b.) paste from 1300 to
1400 kg (2850 to 3100 lb) fish waste, mclua’mq 25 to 30 per cent of

entrails
Raw material: 1300 to 1400 kg (2866 to 3086 1b.) fish waste;
hydrochloric acid; caustic soda; activated carbon for clarifying and deo-
dorizing. ‘
Products obtained: 100 kg (220 1b.) paste, containing 40 per cent
water, 9 per cent total nitrogen (111c1ud1ng 0.2 to 0.4 per cent ammonia
nitrogen) ; 10 to 15 per cent salt. :

The materials necessary for such an installation consist of currently
manufactured equipment; meat grinders, autolyzing tanks with agitators,
bowi centrifuges, deliaval centrifuges, vacuum-concentrating apparatus
and storage tanks of stainless steel or enamel.

III. Manufacture

a) Preparation of entrails and fish waste

The raw material consists of all the entrails, heads, fish skins, injured
fish, small fish, unsaleable fish, and fish from stomachs of large fish.

It must be noted that sharks can be used but give the product a strong
odor, , especially the blue skin which should. be discarded before the
grinding process. It is necessary to grind the materials well so that the
enzymes are well d1str1buted throughout the mass.

b) " The autolysis requires an a.cid reaction of the material

The ground-up fish has a pH of 4.5 to 5.0 to begin with, but during
the autolysis the reaction tends to become alkaline which necessitates the
adjustment of the reaction by adding hydrochloric acid. :

When the autolysis ‘is finished there have been 5. layers formed : at
the surface the oils; below it a layer of light fats; then the fermented
liquid; then the heavy fats; and at the bottom the bones.

¢) Drawing-off and first centrifugation -

The liquid is allowed to run into the centrifuge, and gives a yield of
ahout 70 per cent, with little residue. The centrifuge with two outlets
allows to draw off the autolyzed liquid at the top and the oil at the bottom.
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d) Sterilization and neutralization

The clear liquid is introduced into a reservoir above the second cen-
{rifuge. There it is heated to 100° C ((212° F) to sterilize it and thus
to prevent its putrefaction. Activated carbon is added for deodorizing
and clarifying the liquid. The liquid is neutralized to a pH of 6.5 to 7.0
with caustic soda. Since the neutralized liquid is susceptible to spoilage
as it is an excellent medium for bacterial growth, neutralization must be
carried out at the last moment before concentration is started. ‘

e) Second centrifugation

A cream separator of the Sharples or deLaval type is used. The liquid
is allowed to stand in the reservoir for 1 hour, and is then run into the
clarifyer which it must leave absolutely transparent and limpid.

1) Concentration
The liquid is concentrated to a density of 32° Baumé at a temperature
“of 66°C. (151°F.), corresponding to 'a water content of 40 per cent in
the condensed product.

It is added that since the patent for this process was issued, additional
research has led to the introduction of modifications of certain conditions
in the autolysis, which resulted in a simplification of the equipment.

From discussions:

- Sarraz Bournet, France, mentioned that Dr..Shaeffer was formerly
professor in Strasbourg and later at the Sorbonne, Paris. He was assisted
in Strasbourg by Miss Le Breton, who was now professor at the Sorbonne,
Paris. To the information in the paper he added, that several thousand
tons of this product had been manufactured yearly in Boulogne, France,
between 1927 and 1933. It was sold in French Indochina and also in
Belgian and Portuguese colonies. The volume of sale was good, but
the plants had to be closed down eventually due to financial reasons
which-had nothing to do with the sales but rather were connected with
the depression in 1932—1933. The product itself -was very good, and
it was casy to find a market for it. In Indochina it competed so efficiently
with the locally manufactured fish pastes that the producers there started
the rumor that the imported product decreased the sexual capacity of
people eating it. This caused some marketing difficulties. The demand for
the product had been growing in Africa, and the French Government
had at one time purchased large quantities of it to be used as food for
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Senegalese troops quartered in Southern France. The necessary original
investment was at that time 10 million French francs but would now be
100 million francs.

Le Gall, France, mentioned that hydrodoric acid was added daring
the process. It was neutralized at the end. The finished product was
neutral but the salt content was quite high.

Sarraz Bournet, France, said that the product was mostly marketed
in tin cans. It was used directly or as an addition to other foodstuffs.
This use is possible because the product has absolutely no foreign odor.
When compared with certain commercially produced meat- extracts, no
difference was found. The food value of the product was high and it
was for that reason used as food for convalescents. In one case excellent
results were obtained by a supplement of 10 grams per day for a child.
The product kept well even when standing in the open, some samples
were kept for several years without noticeable deterioration in a damp
climate. It also stood up very well during shipments to the colonies.
The price for the fish used for such manufacture in France was, at the
time of the meeting, about 20 to 25 French francs per kg, which makes
the manufacture uneconomic. However, the Norwegian price for. raw

herring, presumably the equivalent of about 6 to 7 French francs per kg,
should make production profitable. He also mentioned that if a product
like the one described by Dr. Schaeffer and Miss Le Breton were made,
then 1 million tons of herring would yield only 70 000 tons.. He felt
that one gram of this product would have a nutritional value equivalent
to 10 grams of ordinary meat extract. He mentioned that a production
of a protein hydrolyzate would, of course, not solve the whole problem
of getting herring proteins to protein-needy populations. It might be
one of many possibilities which could contribute to the solution of the
"much bigger question. The product made in France was sold in Indo-
china for prices which were ouly half of those charged by local manu-
facturers, in spite of the superior quality of the French product, derived
from the fact that it had not been exposed to bacteriological fermentation.

Borgstrom, Sweden, called attention to the fact that there in the
manufacturing process as described by Dr. Schaeffer and Miss Le Breton
seemed to be a loss of 75 to 80 per cent, presumably because the autolysis
is very rapid or because of a loss due to ammonia formation.

- QOther Productions

Sparre, Norway, mentioned that protein hydrolyzates had been
manufactured for more than 40 to 50 years. One German manufacturer
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normally made this product {irom casein, but just before and during the
World War II, it was also prepared from fish waste and many other
products. The products were very expensive and normally -sold in small
dices. These products might not solve the problem of making the herring-
protein available for the lower income groups of the Asian or African
countries. Here one needed to manufacture soups in very large quan-
tities ; for instance, using .1 million tons.of herring with about 180 000
tons of protein, would give more than- 300 000 tons of a hydrolyzate
with 40 per cent moisture.. It was. a question whether such quantities
could be sold. :

Roskam, Netherlands referred to protein hydrol) zates obtamed not
by proteolytic fermentation but by chemical means, 1.e., acids or alkalies.
This gave quite another type of product than the fermented hydrolyzates.
They did not have a strong flavor; for instance it is known that there
was a considerable production of that type of product. in Germany during
the World War 11, the so called ”Viking Eiweiss”. It was made from
lean' fish, especially cod fillets; it was used in ice cream and bakery
products. He felt that it might be possible to make such products from
fat fishes, such as herring, but further research was needed. It might

prove .to be very difficult. Iis experience with such products, made'

by -alkali hydrolysis of fat {ish, had been that they contained various
breakdown products from the fats which were difficult to. remove.
He {felt that more information was needed also regarding the economic
possibilities of such- processes. :

Lassen, United. States, mentioned: that he had engaged in LXtCHSlVL
experiments regarding this proposed manufacture of -chemical hydro-
lyzates from fat fish, mainly Californja- pilchard. The result he had
obtained was not 'very promising and it -did not seem that the hydro-
lyzate could be produced: cheaply enough to beavailable for low: income
groups. Nevertheless, it might be of interest:to know. that his company
‘was producing amino-acid- hydrolyzates by the ton for pharmaceutical
purposes; in that field. price is of course of less importance than it would
be if the product were produced as food. The hydrolysis took place by
the aid of acid. His company also manufactured certain amino acids,
hydrolyzates, which are hydrolyzed by enzymatic action. Hydrolysis by
the use of alkali had also been tried by his company, but had been
discarded in spite of its many obvious advantages, one of them being
that the tryptophane is retained.

From an economic point of view, enzymatic hydrolyzation such as
previously described, seemed much more promising than chemical hydroly-
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zation. In most cases where fish proteins were found one had a great
amount of proteolytic enzymes already present; thus some of the mate-
rials needed for processing were available at no cost. An amino-acid
hydrolyzate in which the proteins to a very large extent were broken
down to the individual amino acids might be produced relatively cheaply.
It seemed that by using the enzymes of the fish itself one could. get a
hydrolyzate with a very pleasant flavor. This has been proved in experi-
mental acceptability tests not only with white men, but also with Philip-
pines, who all were very -delighted with the flavor. He therefore felt
that the manufacture of hydrolyzates by the use of enzymes, although
one would encounter many difficulties if one would employ them in.a
large scale, still. might contain some real promises of success. He felt
that it was likely that: such a product could be cheap:enough to be
exported to low income groups such as those in the Far East.

Harms, United Kingdom, felt that the cost of production would be
too high to make fish amino acids or fish. hydrolyzates available to low
income groups. -This, of course, is very much dependent on the price
of the primary product used. He mentioned that the United
Kingdom Ministry of Food had made considerable experiments with
regard to alkali hydrolysis in order to prepare a product similar to the
German "Viking Eiweiss”. The material turned out to be rather high-
priced, due to the fact that good quality of fish was used. But even with
such good quality of fish it was difficult to make a product which had
no undesirable flavor or odor. The marketing of this product was also

~difficult, because in the ice cream or bakery industry where this product

should primarily be used, any product which was manufactured out of
fish was considered suspect. He felt that manufacturing difficulties
would be even greater with fat fish such as herring and that the
chances of preparing a product without undesirable odor or flavor were
almost negligable, On the other hand, he felt that more research should
be carried out with regard to hydrolized products from white fish.

- Heen, Norway, reported that in Norway a water-soluble hydrolyzate
of herring was already in production on a pilot scale. He felt that-the
main technical problems involved in this production were already solved.
The remaining problems were economic ones. The product was not
intended as a cheap food product but rather as an emulsifying agent for
baking and food industry. He found-that-there—would—beno—serious
difficulties in making such a product from herring. Even where white
fish was used, all fat had to be remcved. He thought, however, that the
manufacture of these products would be still more attractive to the indus-

11 — FAO
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try if a way was found to manufacture them with the heat-coagulating
properties intact. This would open up new possibilities of use of this
product in industry. He recognized that this was a very difficult task.
At the time of the meeting marketing studies of the product produced
at that time were being made by two Norwegian companies.

Hanson, United Kingdom, mentioned that in the experiment which
had been carried out in the United Kingdom with regard to alkali
hydrolysis of herring one one was left, after the separation of the oil, with
a solution of alkaline hydrolyzate of herring proteins. Experiments were
at the moment going on with the object of trying to utilize this product
but no final results had as yet been reached. In particular, the economic
aspects had not been explored sufficiently. Both the whole alkaline
hydrolyzate and the same solution after neutralization with acid had
been dried on roller-driers and the latter product had been fed to farm
animals. More interesting products had been prepared in the laboratory;
for instance, part of the proteins had been precipitated by acidifying the
solution ; that protein could be washed and treated in such a manner
that it became practically white. It could be mixed with water and beaten
up to a foam. It was felt that this might eventually be used as an egg-
albumin substitute. The protein which was recovered in that way
amounted to about 50 per cent of the original herring protein. Attempts
had also been made to retrieve the rest of the protein which was left in
solution ; the main problem was to remove the salt from it, this was done
by extraction with acetone. The product thus produced was very similar
to heef extract. No fishy flavor was detectable at all. This means that
at any rate on the laboratory scale, all the proteins had been recovered.
Little is as yet known regarding the biological value of these proteins.
1t is known that they are broken down considerably and undoubtedly
racemized, but experiments with animals have shown that the altered
proteins, including even the racemized compomnents, are more available
to animals than had been expected. Hanson had also carried out other
experiments with the manufacture of hydrolyzates from herring, similar
to those described by Dr. Schaeffer and Miss Le Breton, but manu-
factured by a different method. The product was used as meat extract.
Tasters, who did not know the origin of the product, noticed no difference
between it and the meat extracts they were used to. But the flavor
reverted after a short storage period. It was assumed that the change in
flavor was connected with the oil left in the product, centrifugation not
being effective in removing the oil, especially not such compounds as
lipoproteins.
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Recommendations for Further Investigations

On a proposal made by Dr. Reay, United Kingdom, the meeting
agreed to the following conclusions:

A study of protein hydrolyzates produced according to chemical and
similar methods should be carried out in addition to the previously re-
commended study of the manufacture of fermented fish products of the
type normally in use in the Far East.




Chapter 6
FRESH HERRING

This chapter includes:

THE PRESERVATION OF FRESH HERRINGS?, a paper presented by G. A.
Reay and J. M. Shewan, United Kingdom Department of Scientific and
Industrial Research, Torry Research Station, Aberdeen, Scotland,

and information from the discussions at the meeting.

Introduction

From Reay and Shewan’s paper:

This paper is concerned with the preservation of the herring in its
"wet” condition, as it comes from the sea. Consideration of processing
methods, which alter the nature of the fish, although preserving it as an
edible product, is excluded. Freezing, which, as is now well known, can,
if properly applied, preserve herrings in all their pristine freshness for a
period of months, is dealt with in a special shapter (pp. 190—216).

Since the herring is a most perishable fish, its transport and distri-
bution from sea to the ordinary consumer in the unprocessed condition
or to the curer, kipperer, canner or freezer for processing must needs be of
relatively short duration, even when chilling with ice is employed, and it,
therefore, begins and ends as a domestic operation in each fishing country
or at most involves speedy export to a closely neighbouring country.

The present paper deals only with the British situation and its pro-
blems, and gives an account of some investigations aimed at improving
the condition of "fresh” herrings raching the consumer of the processor,
a basic and vital consideration for any herring industry.

That the need exists to improve quality can readily be verified by

1 This paper has been prepared as part of the program of the Food Investi-
gation Organisation of the United Kingdom Departement of Scientific and Indu-
strial Research. Paper for Publication No. 50/18/2. Also published in “The Fishing
News” (Reay, Shewan 1951). British Crown Copyright Reserved.
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partaking of meals of herrings in inland places distant from the ports,
and is endorsed by every one of the official enquiries on the herring
industry during the past twenty-five years and the Reports of the Her-
ring Industry Board. Ministry of Food figures show that in 1948 about
293 metric tons of fresh and 265 metric tons of processed herrings were
condemned at inland wholesale markets as uniit for consumiption, and
doubtless a proportion of the rest was near the border line. The herring,
one of the most nutritious and cheapest of fish, is one of the most
delicious to eat in the fresh condition, and yields a variety of processed
products that are equally delicious, if made from really fresh fish. The
proportion of the population that has frequent opportunity of eating
herrings of such high quality must be. small; and it is fair to assume,
als various past reports have contended, that the frequently expressed
distaste for herrings by many consumers is in part to be attributed to
poor quality, and that sustained improvement in the general quality of
herrings would lead to a considerable increase in demand.

The British Herring Catch

Herrings are caught close round the coasts of Britain mainly by drift
net on overnight voyages, although ring netting has now come to account
for about one quarter of the catch, and trawling is quite considerable.
The bulk of the catch (204 797 metric tons in 1949) is taken between
May and December — the warmer part of the year. During this period
about 40 per cent of the Scottish herring catch (130801 metric tons
in 1949), accounting for more than half the British total, is landed at
the North East ports of Lerwick, Fraserburgh, Peterhead and Aberdeen.
West Coast areas near Stornoway, Loch Broom and Fort William, and
the Clyde ports account for most of the balance, which includes, however,
a substantial proportion of winter- and spring-caught fish. By far the
most important English fishery is based upon Yarmouth and Lowestoft
in the late autumn. The fishing season in any of the main areas lasts
for only three months at most.

Seasonal Variations in the Quality of Herrings

There is a wide variation in nutritional quality throughout the year,
related to food supplies and to the spawning cycle. The protein content
remains all the time relatively stable around 16 per cent; but the fat and
water contents vary markedly, and inversely — their sum remaining
constant around 80 per cent. In spring, when food is very scarce, the
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fat content may fall to as low as 2 per cent. In early June when zoo-
plankton flourishes, there is a short period of voracious feeding during
which the fat content shoots rapidly up to levels above 20 per cent.
With maturation of the gonads and the cessation of feeding, the fat
content gradually falls, spawning generally producing a further sudden
drop. Fat contents mostly range from, say, 8 to over 20 per cent in
the main fishing season of the year (Lovern, Wood 1937).

The tendency towards spoilage in its broadest sense, or loss of
“quality”, varies very considerably throughout the season. Thus, during
the period of intense feeding upon zooplankton, a considerable portion
of the fat rapidly accumulating in the flesh still retains the characteristics
of the plankton oil, in particular a higher degree of unsaturation and
therefore of oxidizibility, than that of herring oil proper, although this
too is readily oxidizible (Lovern 1938). Ingestion has outrun assimila-
uon; and physically the fish is bloated” with unconsolidated fat, amnd
is very soft and easily broken or torn. A few weeks later the fish with
not much lower a fat content is found to have firmed up and to contain
oil of predominantly herring character.

During the main period of feeding also, digestion in the gut swollen
with food persists post mortem and very rapidly brings about enzymic
and-bacterial breakdown of the viscera and the belly walls, which rupture
readily under even moderate pressure in handling and stowage. Summer
“feedy” fish aré thus the most perishable of herrings. Fortunately the
period in which fish so extremely difficult to handle are caught is a
relatively short one. In contrast, fish caught, say, in the middle of May,
still quite lean (e.g., 5 to 10 per cent fat) and not feeding heavily keep
extremely well and can be handled with little risk of damage.

General Practice

Handling Aboard and in Ports of Landing
From Reav and Shewan’s paper:

Broadly, in the United Kingdom, general practice in the industry
and its technical problems are the same now as before World War IL
The herring drifter leaves port during the day, fishes during the night,
and lands her catch next day. At landing the fish may have been any-
thing from a few to twelve hours out of the sea, the average time
probably being about eight hours.. During this time the fish lie in
stowage at atmospheric temperature. A small number of drifters have
resorted to stowage of the catch in crushed ice, usually staying at sea,
however, for a few days.
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It has long been common practice for trawled herrings to be iced at
sea, the vessels often staying out for about a week.

In the hold, which even in the smallest ships will carry 60 to 80
crans (10 700—14 300 kg) of fish, often no attempt is made to break
vertical pressure in stowage; but horizontal shelving is sometimes used
to divide the pound in two. It is probable that the occasions when
vertical stowage with unbroken pressure exceeds 5 ft. (152 cm) are
comparatively rare, but a depth of 3 or 4 ft. (91 or 122 cm) is fairly
common — a very considerably one for the stowage of soft, oily, un-
eviscerated fish. In the early summer fishing on distant grounds off the
North East Scottish ports, however, quite a number of boats now carry
wooden boxes (a few, aluminium ones) of about 1/6 cran capacity (30
kg) in which part of the catch — or all of it, if small — is stowed,
frequently with some ice. As the net is hauled in, the herrings fall or
are shaken into deck “ponds”, bins, from which they fall through bunker
holes in the deck into the side pounds of the hold or into the central
well under the platform carrying the net. Chutes are frequently used
to direct the fish as desired. :

On arrival at port, fish stowed in-boxes are landed and sold in them.
The boxes, however, are returnable and repacking for transport is neces-
sary. The "bulked” catch is landed in quarter-cran baskets (45 kg),
the fish then being tipped into other receptacles, boxes, "swills” or kits.
‘The boxes used are often those employed in further transport, packing
and icing if applied, being done on the fish market. In other cases this
is done in the buyer’s own premises.

FFrom discussions:

van Dijk, Netherlands, reported that icing of herring at sea is used
to a very considerable extent in the Netherlands. Virtually all fresh
herring landed in the Netherlands has been iced. The boats are at sea
at least 5 to 6 and often up to 12 days. The experience is that the
quality for canning, smoking, and marinating is very good. The herring
is not used for salting as salting aboard boats is preferred by the Dutch
operators.

Bramsnes, Denmark, mentioned that herning in Denmark is always
iced immediately after it is brought aboard the boat except in cases
where, during the winter months, it is landed the same day.

Etirup Petersen, Denmark, mentioned that in Denmark small refri-
geration plants had been installed in a few fishing vessels of from. 35
to 65 tons. The refrigeration system was not used for the actual chilling
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of the fish, but only to make up for losses thiough heat leakage, thus
preventing the ice from melting on the trip out to sea and back to port
with the fish. The hoids were insulated with 4 in. (10 c¢cm) of cork.
The compressor was driven by an auxiliary diesel engine. The cost of )
such an installation was about 8 per cent of the total value of the vessel.
Tce consumption had been cut to about one third of what was normally
reguired. Both methyl-chloride and ammonia plants had been tested.
Ammonia was found to be the most satisfactory.

Dawis, United States, mentioned that the California pilchard was
generally 12 hours on the way from the fishing ground to the ports.
‘When landed, the fish had to be processed within 4 or 5 hours as it does
not keep at all. In most cases no refrigeration was used at all on pilchard
boats. Here a brine refrigeration system, which would give at least
partial chilling, even if it were not down to as low a temperature as
—1°C..(30.2°F.), would certainly be very much in place. The canners
felt that if the fish were chilled in brine aboard the boat, one might
extend the packing time from 4 hours to, say, 8 to 9, or even 12 hours.

Refrigeration of tuna on tuna clippers in refrigerated brine was
entirely satisfactory and had been used in the U. S. A. for many years.
The procedure was geunerally that the holds of the vessel were filled with
brine. The. temperature of the brine was brought down to 2 or 3°F.
(—1€ or ——17°C.). As soon as the fish is brought aboard the ship it
‘is tossed into these tanks.” The tuna was often still alive when it got
into the brine. It stayed in the tauks for about 24 hours. When the
hatch was full and the fish was frozen down, the brine was drawn off
and the hatch closed. IFrom then on refrigeration is maintained by air.
The temperature was brought down to as low as —5°F. (—21°C.).
The reason for drawing the brine off the hatches and maintaining the
refrigeration by air cooled by refrigeration coils on the walls of the
hold was the need of avoiding brine penetration. Fish had been delivered
in perfect condition to ports-in California, U. S. A., 4 or 5 months after
capture, although some flavor had been lost. Experiments were now
being carried out in California with the aim of using a similar procedure
with the California pilchard. One: vessel operating out of San Pedro
attempted to use circulating brine to chill pilchards. It appeared that
the problem of getting the process applied to sardines was more psycho-
logical than technological, as it was. difficult to convince the fishermen
of the benefits of chilling pilchards. However, these installations are
very expensive, and only considerable improvements in the quality of
the final product would justify such expenses.

A reason for chilling the fish. aboard .was that one sometimes has
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considerable oil losses, as much as 10 to 15 per cent of the total amount
of oil in the catch due to separation of the oil from the fish in the holds
of the vessel. This was the so-called cold-pressed oil, which is lost with
the bilge water. It .is caused by the weight of fish on the lower layers.
Saponification and emulsification also occured due to the pressure and
the temperature in the holds. This gave a raw material which was rather
difficult to handle. '

Jul, FAQO, stressed that ice really was a much better refrigerant than
often realized. Firstly, it was always 0°C. (32°F.) and, therefore, there
was no need for any measures of control. Secondly, it had a very large
cooling capacity. If one suddenly had a large amount of fish, one would just
use a large amount of ice from the store of the holds. It would cool the
fish very quickly. With mechanical refrigeration, this would not be
possible without an excessively large capacity. It was mainly where
there was a very constant need for refrigeration that it was easier to
use mechanical refrigeration. For instance, experiments have been made
in Denmark with tanks for chilling fish fillets. It seemed very tempting
to use tanks chilled with refrigerating coils. However, it proved to be

very impractical, because the tank had to be filled with water. Then
the refrigeration was turned on two or three hours or so before the new
clean water was cooled. If instead, ice was used, one only needed to
renew the water and add a sufficient amount of ice which would chill
the water very quickly. For that reason, such coolitig tanks with refrig-
eration coils were given up entirely. Similarily, the refrigeration equip-
ment which was installed on many fishing boats, both in the United
States of America and Europe, was used mainly to preserve the ice which
the boat also carried. The mechanical refrigeration offset heat-trams-
mission losses and preserved the ice. The very large. consumption of
refrigeration needed for the chilling of the catch itself was still provided
by the ice which the fishing boats carried. This matter was sometimes
overlooked when the use of mechanical refrigeration was discussed.

Duwis, United States, reported some similar experiences from the
United States with regard to the storing of sardines in tanks. Here one
maintained through mechanical refrigeration a large amount of water
at approximately 0°C. There was a system of coils in the water tank.
The water was circulated through these coils and from there on to the
fish-storage tank. It entered this at the bottom, floated through the fish,
drained off at the top and was returned to the refrigerated tank. A special
difficulty was to avoid hot zones in the tanks which might develop due
to insufficient circulation. Therefore, considerable effort had to be made
in placing the water inlets efc. The water used was generally a 6 per
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cent salt brine which floated the fish better than plain water, thereby
giving a more even circulation of cold brine throughout the tank.

Van den Broek, the Netherlands, mentioned that autumn herrings,
frozen after being iced on board, were found to be inferior, when salt
had been added to the ice. Even when the concentration of the salt was
no more than 2 per cent of the total amount of the herring, the addition
gave rise to a considerable increase in fat oxidation.

Inland Distribution
From Reay and Shewan’s paper:

Taking the case of a Scottish mainland port, for instance, Mallaig
or Fraserburgh, a "freshing” journey inland might be as follows: Fish
caught 3 a.m.; landed 8 a.m.; packed with ice and sent off by rail;
reached London usually in good time for next morning’s wholesale
market; reaches the fishmonger somewhere in London by, say, 10 or
11 a.m., i.e., 32 hours after catching. Redistribution from London to a
retailer in the immediately neighbouring country makes sale possible later
on the same day, say 40 hours after catching. Further transport than
this means sale on the following day, 56 to 64 hours after catching.
Road transport, being much cheaper, is sometimes used, e¢ven for long
distances. 1n this case the journey to London would take roughly 24
hours, still in time for a fairly early wholesale market. Redistribution
by road to country areas any considerable distance from London would
again postpone final sale to the consumer till the third day. A fair
quantity of {ish is consigned direct from port to retailers. Iresh herrings
are not normally sent to English (or even Scottish) markets from the
outer-island ports, such as Lerwick and Stornoway. Another day at
least would usually be required as compared with- the programme just
described. From Lerwick, however, fresh herrings — in ice with some .
added salt — are exported (“klondyked”) mainly to Germany, where
they arrive some 275 to 3 days at best after catching. From East Anglia,
where "klondyking” is also carried out, the time is shorter, e.g., 2 days.
" An additional day or two is sometimes necessary in which to obtain a
full cargo. These exported fish are not eaten “fresh” as in Britain, but
converted into “marinaden” and “’biicklinge” — both types of cure that
to some extent mask incipient decomposition.

In 1939 a typical package for the long rail journey from Scotland
to London was a nonreturnable wooden box holding 3% stone (22 kg)
of fish and 34 stone (5 kg) of ice, t.e., a ratio of fish to ice of about
4.5:1. Little variation in icing appeared to be made in relation to length
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of journey or to the state of the weather, although in summer a little
salt was often sprinkled over the ice. The rail vans used were of the
“closed” type, neither cooled nor insulated. On the open motor lorries
used, the stack of boxes was in summer treated with extra ice before
being covered by tarpaulin.

Since the war, returnable boxes mainly of 3% and 7 stone (22 and
45 kg) capacity have been used, the fish to ice ratio being anything from
3.5 to 4.5: 1, the ice being placed as a rule mainly on top of the fish
with some below and at times amongst the fish. In warm weather, extra
ice is sometimes placed round the stack of boxes in the van and, as
noted later, there has been some transport of iced herrings in insulated,
chilled vans.

At the central wholesale market, reicing and repacking is not carried
out unless the fish are to be redistributed over a considerable distance.
The fish generally reach ‘the retailer in the large cities without any icing
in addition to that effected at the port. Usually the fish is sent to the
inland market ungutted and quite frequently is retailed in this condition,
although fishmongers frequently gut and even split and hone the fish
for sale display. ‘Sometimes, rather infrequently, the fish are machine
split and filleted before despatch from the port.

From discussions:

Aglen, United Kingdom, mentioned that the Herring Industry Board,
United Kingdom, had been active in coordinating the distribution of
herring when it has to be shipped inland over longer distances for con-
sumption as fresh herring. He felt that considerable improvement had
been brought about. Proper coordination of transport and proper icing
during transport had improved the ultimate quality very considerably.
One private company which owns several fishing boats has organized
its own distribution of fresh herring. The herrings are shipped in insu-
lated motorvehicles to certain inland distribution centers. That also
had brought about considerable improvement of the fresh herring.

Notevarp, Norway, said that in his opinion it was more important
to have well-insulated trucks than trucks with refrigeration for land
transportation of fish. The insulation served the purpose of preventing
the ice from melting and’ was more useful than mechanical refrigeration,
especially on shorter trips. Before the war, insulated vans were used
by Norway for fish transports going as far as Italy. Dry ice was also
used. It reduced the melting of ice and increased the storage capacity
for fish, because 1 kg dry ice absorbs more heat than 1 kg ordinary ice.
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Reay, United Kingdom, reported that in United Kingdom it is a
practice now to use dry ice in the summer time at least for shipments of
herring from more remote ports. '

He also mentioned that if one tried to keep as high a standard as
the one used in the Torry Research Station experiments, mentioned
below, it would be impossible to distribute fresh herring from, for
instance, the Shetland Islands to the main land of United Kingdom.
~ The only possibility remaining would be to freeze the herring. The fish
could be frozen in blocks and shipped; it would probably thaw during
the shipment, but arrive at the destination in practically the same condi-
tion, as far as quality is concerned, as when they left the cold store.
(See chapter “Freezing of Herning”, pp. 190—216).

Cleaning Practice
From Reay and Shewan's paper :

On board the drifter the fish hold is as a rule thoroughly cleaned
and painted once a year. During the season the wood becomes coated
with blood, slime, faeces, scales, efc., despite hosing and brushing down
with water after each irip. Boxes and baskets are used over and over
again, being periodically hosed with water, brushed and dried in the sun.
Some boxes on shore are returnable and are used several times, being
cleaned by washing, brushing and drying. Many are light nonreturnable
boxes. Some nowadays are of aluminium. Landing baskets are steeped
in harbour water, if thought to be clean enough; otberwise they are
hosed with seawater on the outward trip.

Torry Research Staticn Experiments

From Reay and Shewan’s paper:

In the spring of 1939 the Herring Industry Board requested the
Torry Research Station to make observations and carry out experiments
on the handling, stowage and distribution of drift-net herrings. This
was done and a short account will be given of the results of this, the
only work undertaken in United Kingdom on this subject in recent years.

From general practice, as previously described, it was considered that
the main factors likely to influence spoilage. of the fish during transport
from sea to consumer were: o
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(1) Too high temperatures. (2) Crushing in stowage and much
handling. (3) Infection and contamination from contact with dirty sur-
faces of decks, holds, baskets, boxes, etc. and (4) The presence of viscera
{(c.f., "white” fish which are gutted at 'sea on the catching vessel). The
experiments carried out in 1939 were designed tc obtain a more exact
knowledge of the relative importance for the retention of quality of these -
various adverse factors, taking into account that some one and a half to
three days from catching might elapse before the fish reach the consumer.

For the experiments which extended from May to August, 1939,
large saniples, usually several stones (1 stone = 14 Ib. = 6.35 kg),
of herrings treated in various ways aboard the drifter and at the port
of landing (Fraserburgh or Peterhead) were rapidly sent by motor lorry
to Torry Research Station, Aberdeen, where they were treated and
examined as required over a period of some days. Sea water, air and
fish temperatures were observed.

A sample of herrings from most of the experimental lots was
examined by Dr. H. Wood of the neighbouring Marine Laboratory of
the Fisheries Division of the Scottish Home Department so that account
could be taken of the biological condition of the fish, e.g., state of matura-
tion, ’‘feediness”’, etc. The flesh of the fish was also analysed for its
content of water and “solids” and fat. :

The state of preservation of the fish at various stages was observed
in respect of general appearance, firmness, external odour, particularly
at the gills, appearance and general condition of the viscera and the belly
walls, and palatability after cooking (steaming in casserole). A ”points”
scale was worked out to record conveniently changes in these various
characteristics and to facilitate comparison between different groups
of results. .

On occasion the trimethylamine content of the juice of the flesh (mg.
N per 100 ml. juice) was determined throughout the experiment as
affording an objective index of bacterial spoilage.

T'rom discussions:

Brawisnaes, Denmark, mentioned that it was very difficult to evaluate
the quality of fresh herrings. He felt that often the most exact method
was to freeze the herrings or salt them and store them for a period of
one or two months. Then differences in initial quality stood out very
clearly, and, in fact, one might discover many- differences that were not
noticed if the herrings were judged in the fresh state.
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Experiments on the Effect of the Temperature Range

From Reay and Shewaw’s paper:

Tt was expected that temperature would prove to be by far the most
influential factor affecting the preservation of quality — that, the condi-
tion of the fish would be befter in every respect, the lower the temp-
erature, to an extent that would be of real significance for commercial
practice. It was known (Hess 1934) that the initial lag phase, during
which practically no bacterial growth occurs, extends at 20°C. (68°F.)
in the case of certain common seawater bacteria found on fish, to some
24 hours, and to more than 48 hours at temperatures in the range 0°
to 5°C. (32° to 41° F.). Experience with white fish had shown that
this was broadly true for the general flora [and quite recent sensory and
chemical tests have shown that spoilage proceeds about twice as fast at
5°C. (41°F.) as at 0°C. (32°F.)]. The results of the 1939 experiments
amply tulfilled expectation regarding the over-riding importance of
temperature.

No bacterial counts were made in these experiments, but the observed
production of trimethylamine may be taken as an index of the activity
of a part of the bacterial flora present, that part able to reduce the
precursor, trimethylamine oxide. The amount of trimethyvlamine in
perfectly fresh herrings was found to be small, of the order of 1 mg. N
per 100 ml. of juice. In fish kept without ice at ordinary temperatutes
[which ranged from 10° to 15° C. (50° to 59° F.)] the production of
trimethylamine was generally very slow up to about 30 hours after
catching, when it suddenly and rapidly accelerated. Thus, during the
first day, the trimethylamine figure was generally between 2 and 4 ing.
N. By the end of the second day, however, it was generally hetween
20 and 40 mg. N. In fish kept in plenty of ice from catching, there was
only a slight rise in the trimethylamine figure to never more than 2 or
3 mg. N even after 100 hours, the limit of most experiments. In one
experiment the figure had risen little higher after 175 hours; in another it
had risen to about 7 mg. N in about 160 hours.

These chemical data agree not unreasonably with the order of lag
periods assumed for the general bacterial populaticn and with the obser-
vation in the case of "white” fish that the general bacterial count has risen
considerably before the sharp increase in trimethylamine occurs. Sigurds-
son has since (1947) published results of experiments with herrings which
closely agree with our own. Thus, at 10°C. (50°F.) a sharp rise in
trimethylamine occurs after a day, and after about 4 days at 0°C. (32°F.).

Arguing simply from these chemical data it might be considered that
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herrings of good fresh quality should be available for almost a day from
catching at ordinary temperatures, say 10°C. to 15°C. (50°F. to 59°F.),
and for about 4 days at 0°C. (32°F.). The results obtained by sensory
examination, however, have to be taken into account. The observers

‘were by no means a highly trained test panel, but although not unac-

quainted with the general course of spoilage in herrings, are rather to
be regarded as having trained themselves during the course of the actual
experiments to note closely the various characteristics of changing
quality. For this reason, and the inherent difficulties of sensory judg-
ment and of variable biological material, numerical precision in stating
experimentally determined periods for the retention of good quality can
hardly be very great. Nevertheless, figures were obtained which are a
significant guide to practice.

It goes without saying that the judges readily noted the general
effect of lowering the temiperature upon the rate of spoilage. In con-
sidering the implications of the sensory data for the improvement of
current practice, it was necessary to select a minimum high standard of
quality ‘on the points scale below which it was thought desirable that -
herrings reaching consumer or processor should not fall. Fish attaining
this chosen minimum standard — difficult to describe precisely in words
— have lost no more than a little of their fresh “marine’” or ”seaweedy”
quality and have developed only a slight, but still quite sweet, “oiliness™
in both odour and flavour. They have still very good, although slightly
dimmed, fresh appearance (“’bloom”) and have not completely lost stiff-
ness (rigor), being fairly firm to touch and to split with a knife. In
some cases, particularly early summer “feedy” fish, the belly walls might
be quite soft or even perforated or have some pink discolouration, for
it is well-recognised and was confinmed that, even in ice, digestion of
the belly walls can proceed in such fish at a rate out of all proportion
to that of the other processes of spoilage.

The sensory experimental data obtained showed that herrings kept
at ordinary temperatures [10° to 15° C. (50° to 59°F.)] have passed
the minimum standard of quality as described above by about 6 to 12
hours (average 9 hours) from catching. (In the case of early-May
herrings, already noted as good “keepers”, the time was longer — about
16 hours). Against this, herrings iced at catching so as to chill them
rapidly to 0°, to 2°C. (32° to 36°F.) and kept by adequate icing at
this low temperature, did not fall below the minimum standard until
after 23 to 40 hours (average 32 hours) from catching.

It will be noted that these periods are much shorter than those based
upon the sharp increase in trimethylamine content. Indeed, the latter




176

is an index rather of incipient staleness than of still really fresh quality.
Tt seems probable that the very early changes in odour and flavour of
the flesh are not bacterial but enzymic in character, such as for example
the initial changes in the aroma of the fat, and occur before the bacterial
lag phase is over. It is possible, however, that on the surface of the fish,
especially at the gills, where there is comparatively heavy infection, some
of the early change in external odour may have been brought about by
"resting” organisms, 1.e., 1ot actively multiplying.

It is also clear from the sensory data that under the atmospheric
conditions prevailing in the summer and early autumn herrings carried
without - ice on the fishing vessel, and taking anything from a few to
12 hours after catching to reach port, must on the average arrive there
in a condition that is already equivalent to the minimum standard; and
as might be expected, experimental data for fish iced only at landing
showed that only a slightly better result was produced than with no
icing at all in those cases where the quality of the fish at landing had
not already reached or passed the minimum standard.

TFrom discussions: : .

Borgstrim, Sweden, called attentation to a receut paper by Castell,
Canada (1949) in which Castell proved that one could bring about the
same improvement in keeping time for fresh fish by reducing the tempe-
rature from 4 1 to —1°C. (34 to 30°F.), as the whole improvement
brought about by reducing the temperature from the surrounding tempe-
rature down to +41°C. (34°F.). He understood that similar results
had been obtained in Denmark. The problem -was how to apply this
knowledge — how was one to get the temperature of the fish down to
—1°,. He felt that even with the use of ice the temperature did not
get down to 0°C. (32°F.). In addition, the temperature during the
cooling period decreased quite slowly. He anticipated considerable gains
from a close study of this problem. ‘ \

Bramsnes, Denmark, called attention to the fact that Castell's exper-
iments were carried out with cod, not with herring.

Stgurdsson, Iceland, pointed out that while Castell’'s experiments had
been carried out on cod, the advantage of using a temperature slightly
below the freezing point of water was at least as great when the raw
material was herring. His own earlier experiments on the storage of
herring in refrigerated brine (Sigurdsson 1945) had clearly shown this.
Analyses on the herring showed that some of the chemical changes which
take place in fish during spoilage above 0°C. (32°F.) were almost
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completely stopped, when the temperature was held at —2 to —3°C.
(2815—26%2°F.). This applied, for instance, to the production of tri-
methylamine and volatile acids. The proteolytic changes were also retarded
very considerably, but not as much as the chemical changes brought
about primarily by bacteria. Oxidative rancidity was retarded so much
that the herring stored in this way resulted in an entirely satisfactory
product when used for canning. He pointed out especially that storage
in air at just below 0°C. (32°F.) was not nearly as effective as'storage
in brine at the same temperature. When mechanized brine cooling was
used it made very litile difference in cost whether the system was operated
at +1°C. (34°F.) or —2 to —3°C. (28%5 —2615°F.), but of course
one had to be careful not to lower the temperature to such an extent
that the fish would freeze. ‘

Le Gall, France, mentioned that the freezing point of fish is some-
where between —1 and —2°C. (30.2 and 28.4°F.). It varies between
0.3 and 0.4°C. (0.5 and 0.7°F.), during the year. In the chilling of
fish, ore has to get as close to the freezing point as possible, but with
propersafeguards against freezing, as this would damage the tissue.
Therefore, a mixture of salt and ice might be difficult to use, as one
did not always have exact control of the salt concentration. Experiments
in France with refrigerated brine had demonstrated this difficulty. It
was particularly apparent that one had to have very thorough brine
circulation. Shipping of {resh sardines in brine and ice have, however,
at times been successfully employed in France.’

Notevarp, Norway, related that many years ago experiments were
carried out in Norway with storage of fish at —1°C. and about --1°C.
(30 and 34°F.), both in ice. '

The differences obtained were not very pronounced.

Bramsnes, Denmark, mentioned that Dr. Reay, in his paper, said
that when herring was properly iced it did not fall below the minimum-
quality standatd until after 23 to 40 hours. e felt that either this
standard must be a very high one or there must be great differences
between the types of herring caught in various countries. For instance,
Mr. van Dijk mentioned that in the Netherlands herrings were kept
up to 12 days in ice. And in Denmark the Fladen Ground herrings
were considered of satisfactory quality for the fresh market if not more
than 4 days old in ice, although it was unsuitable for salt curing.

Reay, United Kingdom, said that the standard used in the Torry
Research Station experiments was deliberately a very high one as that
was the particular purpose of that investigation. The limit chosen was
away above any point where bacterial decomposition or staleness or

12 — FAO
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rancidity could be noticed. It was rather a certain loss of sweetness,
loss of entirely sea-fresh flavor, which was wsed as the criterion. If,
for instance, the tllmcthylamme test was used, thc fish did not show
any sign of spoilage for 5 days at 0°C.

-Nuotevarp, Norway, felt that there must be a great difference between
the various typés of herring when it came to keeping qualities in the
fresh state. For instance, the Norwegian winter herring was entirely
free from feed and kept very well in the fresh state for about 10 days.
Spoilage will not be noticeable at C°C. before 12 to 14 days. He was
wondering whether the quality of fish could be correlated to the rigor
mortis. He felt that as long as fish was in rigor mortis it might not
be absolutely fresh but at least entirely satisfactory.

Reay, United Kingdom, explained that all the herrings referred to
in his paper were summer-caught except for one lot of fish which was
caught in May. These latter were not feeding heavily, and the fat content
was low. The summer ran from the middle of June to the middle of
August. The keeping quality of the fish caught in May was considerably
higher than that of the summer-caught fish. This lot was the one which
got the highest keeping quality score, and which kept about 40 hours
in the experiments referred to in the paper. The fish still had a con-
siderable amount of stiffness in them when it was considered that they
had reached the limit of fresh quality set in the experiments.

Notevarp, Norway, mentioned that the temperature of the sea is
important for the keeping quality of the fish, as fish has about the same
temperature as the surrounding water.

Dowis, United States, reported that experiments were going on in
his country which seemed to indicate that ore could use storage at con-
siderably higher femperatures than normally used if one stored in inert
gases. He felt that this might well be cheaper than the icing of flSh
considering the labor, efc. involved in icing.

Reay, United Kingdom, mentioned that the Torry Research Station
had done some research on the use of gas storage for fresh, iced \ﬁ1s!h
but not for herrings.

Consequences jor Icing Practice on Board and at Landing
From Reay and Shewan's paper:

Tt was thus shown clearly that in order to supply the inland consumer
with herrings of the desired high quality, i. e., no worse than the present
average quality at landing, at any rate in the warmest part of the year,
adequate icing on the fishing vessel immediately after catching and ade-
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quate chilling during subsequent distribution are obligatory. Even so,
a sufficiently high level of quality can be maintained only where retail
sale is not delayed beyond the day after landing. Herrings landed, as
they mostly are at present, without ice, should, however, be satisfactory
for kippering, freezing and canning, but should none the less be iced
immediately at landing to preserve them during delay in processing,
which should be undertaken on the day of landing. Salt curers have a
prejudice against using iced herrings, which is partly attributed to undue
loss of scales and to difficulty in leaching out blood, if the fish have
lain more than, say, two days in ice. The authors have done no experi-
ments in curing iced herrings and know of no published data.

From discussions:

Bramsncs, Denmark, mentioned that in Denmark experiments were
carried out with salting of herrings after icing. The herrings were
kI_fladen Ground -herrings caught by trawl. Tests were carried out on
iresh herrings, herrings two days old in ice, and also four and five days
old in ice. No difference was found between herrings salted fresh and
herrings salted after two days in ice.

From Reay and Shewan’s paper:

Icing can iead'il'y be carried out on large vessels such as trawlers.
Drifters are mtich smaller, but as already noted the icing and boxing
of herrings at sea has been practised to a small extent since before
World War II — even since the late 1920’s. Although most of the
Jater-built drifters are smaller on the average than the o.lder steam
drifter, the use of internal combustion engines has resulted m 11tt1e it
any, diminution in the fish hold. Tt would seem, therefore, a rrmtter of
technical urgency to extend icing at sea as far as may be. Tt may well
be impossible to ice all of very large hauls, but such are exceptlonal
Most of the drifters now ca11y1ng ice stay at sea for about three days.
There is a danger here; a tendency for fishermen to exaggerate ‘the
preservative capacity of an improved new procedure, and a temptatlon
to stay: at sea till the ship is full The latter practice will not in mosr
instances bring about the desired rise in the average quality of the flsh
landed. - Clearly, only the fish hauled on the day of laadmg w111 be
suitable for high-quality inland distribution, whilst those thatile the
previous day should still, if well iced, be satlstactmy for Io(jal d1 i
and for local processing om the day of landing. Ideally,‘ therefore
voyages should not extend beyond two nights. o
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ﬂing of Herring Prior to Canning
This subject was discussed quite extensively; see Chapter 12, "Her-
ring Canning”, pages 313 £f.

Experiments on Chilling in Boxes

JFrom. Reay and Shewan’s paper :

During the 1939 experiments of the Torry Research Station some
tests were carried out concerning the requirements of ice for chilling
herrings in boxes. Much more work requires to be done under more
varied conditions of external temperature, ratio of fish to ice, distribution
of fish and ice, size, type and stacking of hoxes, etc.; but certain broad
~ conclusions emerged. Icing on board drifters as then practised left roon
- for much improvement. Usually the boxes used carried 1/6 cran of fish
(30 kg) the ratio of fish to ice was about 7 to 1, all the ice being put
on the top. Only the top layer of fish, it was found, were efficiently
cooled, the rest of the fish having temperatures between 4° and 7°C.
(39° and 45°F.) after 8 hours [ambient air temperature 12°C.
(54°F.)]. 1t is difficult to ensure uniferm chilling of a mass of fish
down to about 0°C. (32°F.) without using a very considerable amount
of ice properly distributed. Although theoretically a ratio of fish to ice
of about 6 to 1 should correspond to cooling of the fish alone from
15° to 0°C. (59° to 32°F.) experiment showed that for summer
stowage on a drifter with the air and fish temperature at, say, 15°C.
(59°F.) a ratio of fish to ice of 2 to 1 would not be excessive in order
to chill the fish well by the time port is reached. (Still lower ratios
than this *were .actually used in the herring quality tests previously
discussed). For the most uniform and rapid cooling it was found that
ice should be thorcughly distributed amongst the fish and that there
should be a gradual increase in the proportion of ice towards the top
of the box, since cooling at the bottom tends to be more rapid owmg
to the percolation of ice water from above.

~In 1939 herrings +— not iced at sea — were commonly sent from
the ports in boxes of a capacity of 4 stone (just over 26 kg), with a ratio
of-fish to ice of about 4.7 to 1. Some experiments were carried out in
similar boxeg in-which pre-chilled herrings were packed with various
proportions of ice and allowed to warm up naturally in air at about
17°C. (63°F.). The boxes were not stacked together, but spread out
individually. Although close stacking would obviously affect the average
rate of warming of the load; the experiment suggested definitely that for
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transport in hot weather in a closed, noninsulated rail van, this ratio
of pre-chiiled fish te ice is not sufficiently low to maintain the fish
temperatures between 0° and 2°C. (32° and 36°F.) until the retailer
in London could be reached on the day after despatch from Scotland.
Heavier icing during transport is, therefore, to be recommended. Guessing
from the few results obtained, and assuming warm summer weather
javerage maximum of 20°C. (68°F.)] and stacking of boxes in un-
insulated transport, a ratio of at least 2.5 or even 2 to 1 would seem
to be required. As already mentioned, extra ice is frequently put over
and round stacks of boxes in hot weather — at any rate for week-end
transport. This practice might well be much extended and would
probably permit a ratio of perhaps 3 to 1 in the actual packages. The
use of closed, insulated vans only for such fish traffic would clearly be
advantageous. In recent years quite a considerable quantity of iced
herrings have been carried from the North Eastern Scottish ports to
Southern England in insulated vans chilled with solid carbon dioxide.
It is claimed that this has resulted in a significant 1mprovement in the
yuality of the fish.

Observations Regarding Stowage and Handling
From Reay and Shewan's paper:

In the 1939 experiments observations were made of the effect upon
quality of pressure in stowage and of the degree of handling. These,
although relatively small compared with that of temperature, and smaller
than was expected, were nevertheless distinctly apparent. Fish packed
into boxes straight from the net and thereafter left undisturbed, were
noticeably superior, at any rate during the first day after catching, to
fish taken from bulked or boxed shots dnd packed in shore boxes at
landing. The former were superior in general appearance, firmness and
usually also in external odour at the gills, but xof in palatability. In
an experiment in which fish were stowed in a pound to a depth of
about 7 ft. (215 cm) there was surprisingly little difference between
fish taken {from the top and from the bottom of the pound, but the
result was in favour of those at the top. Greater damage from pressure
would probably have resulted if naturally softer, more “feedy” fish than
were available at the time had been used. Certainly worse results than
were obtained have been observed in commercial practice. Fish packed
with ice in boxes on board and re-iced at landing without disturbing
the fish were compared with fish boxed and iced at sea and then re-
packed and re-iced on shore. There was practically no difference between
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the two lots of fish, even in firmness. No experiment was done in which
the fish were bulked with ice in the ship’s pounds. Such treatment,
however, would almost certainly be bad, involving, as it would, the
crushing of the {ish in considerable depth against hard, angular pieces
of ice and the shovelling of a mixture of fish and ice at landing.

It may be concluded, then, that although the important characteristic
of palatability is apparently not affected by pressure and the extent of
handling within the limits observed, general appearance and firmness
definitely are.. For this reason care should be taken to minimise pressure
and to reduce the number of handlings as far as possible. The use of
boxes on board ship obviously recommends itself. Bulked fish besides
being crushed in the pounds if the stowage is deep, have to be shovelled
into baskets at landing and then tipped into other receptacles. A further
repacking may then be required before despatch. The use of at most
two boxes, one on board and one for despatch inland — would ensure
better treatment. The practical experience of the Herring Industry
Board’s officers supports fully the improvement in the condition of the
fish to be gained by boxing them at sea. It is considered too that re-
packing results frequently in an undesirable loss of scales and sometimes
in further loss of condition, and should therefore be avoided, if possible.

Experiments on the Effect of Cleanliness
From Reay and Shewan’s paper:

A number of experiments were also carried out to see how clean-
liness in handling and. stowage affected quality. The results showed
that extreme cleanliness, or even completely sterile handling, showed no
significant advantage over reasonable cleanliness such as is observed by
careful members of the trade. "It does not seem necessary to recommend
anything more than thorough washing and brushing — and where
possible exposure to the sun — of boxes, baskets, pound boards, pounds,
decks, etc. Two sgpecial experiments showed that contact with grossly
dirty surfaces must at all times be avoided to prevent contact with
malodorous dirt rather than actual bacterial infection. The latter, which
of course is also avoided, exercises fully significant eifects only after
some considerable time and is, for example, of greater commercial im-
portance in the stowage of white fish, which may be held in ice at sea
for as long as three weeks.

In two experiments herrings landed uniced and then iced for a few
lLiours after landing, were eviscerated and split in various ways by hand
or machine and compared (after storage with or without ice) with
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uneviscerated control herrings. The results suggested that evisceration
does not bring about any definite improvement in the preservation of
fresh flavour. Further investigations, however, require to be made. In
particular, the effect of eviscerating, at landing, herrings stowed in ice
immediately after catching needs to be examined. The distribution of
split, eviscerated and filleted herrings, packed like whitefish fillets in
small boxes with ice has been tried on a small scale with apparent satis-
faction by some firms. The main advantage would appear to be some
saving of space and weight in transport and the provision of an article
“ready-to-cook”. Against this is the concentrated labour required to
do this job, which is generally done by fishmongers.

The experiments made it clear that to preserve the clean, firm belly
wall that is desirable in herrings to be used for kippering, evisceration
should be carried out as early as possible after catching. Fatty, "feedy”
herrings caught at the end of June were split as for kippering, im-
mediately after catching and were stowed in ice. They were compared
with uniced fish landed six hours later, iced for a few hours, and then
split as for kippering and stowed in ice. The former fish had clean,
strong belly walls even two-and a half days aftér catching. In the latter,
after one and a hall days the belly walls were soft and could easily be
broken by finger pressure; whilst after two and a half days the belly
walls in half of the fish had perforated and all were very soft with the
rib bones coming loose. It was further noted that evisceration on landing
effected some small improvement in the condition of the belly walls as
against evisceration after storage on land of the ungutted fish in ice.
Unfortunately, evisceration and washing at sea is hardly practicable.
When caught the fish were feeding heavily and the digestive juices
must have been flowing freely. Immediate removal of the gut apparently
prevented digestive ferments (and bacteria from the food) from diffusing
into the belly walls, which thereafter remained in relatively good condi-
tion. When evisceration was delayed some six hours at ordinary tempe-
rature until landing, the ferments had had time to attack and penetrate
the belly walls, and once absorbed there, continued to digest it and could
only be imperiectly removed by evisceration and washing.

Conclusions from the Experiments
From Reay and Shewawn’s paper:

The main conclusion, it may be repeated, from these experiments
is that temperature is the over-riding factor in preserving the quality
of herrings and that great improvement in the condition of the fish
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reaching the consumer and the processor would result if thorough chilling
with ice were applied all the way along from catching to utilisation. In
addition, improvement would result from handling the fish all the time
in small quantities as can be done by employing boxes both at sea and
on land. Even if such improved methods came more generally into
practice, it would still be impossible to send herrings from outer island
ports to reach consumers in Scuthern Britaiu at the high level of fresh-
ness we have been considering. No doubt, however, “klondyked” her-
rings would reach the Continent in a significantly better state of preser-
vation, if they had been first iced on board the drifter.

Finally, attention may be drawn to the point made by Dr. Banks
(see chapter "Freezing of Herring”, p. 214, that herrings quick-frozen
in blocks on the day of landing — provided they. are iced between
landing and processing — could successfully travel from any British
port to the consumer, even in uninsulated transport, if closely packed.,
On arrival from even an island port, the fish would be still mostly of
a fresh quality notably higher than the consumer is generally accustomed
to, and. on reception from a mainland pert would be quite as good as
freshly landed. In this case too, however, a still better result would be
achieved if the fish were iced at sea.

Recommendations for Further Investigations

At the end of the meeting, the following conclusions were reached:

1. Further studies should be devoted to the probable importance of the
use of temperatures very close to ‘the freezing point of the flesh in
the storage of fresh {ish.

2. A more extensive exchange of experience was desirable with regard
to the handling of fresh fish and the use of insulated transport at
sea and on land. '
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Chapter 7

EVISCERATING, BONING AND FILLETING
MACHINES '

This chapter contains information compiled from the papers referred to below
and from the discussions at the meeting.

rrom «liscussions:

Heen, Norway, mentioned that to produce cheap herring products
it would be very important to have eviscerating machines mecha-
nized. He had seen many machines for heading and eviscerating her-
rings, but none of them could remove all bones. This was perhaps not
so important in the canning industry; but for freezing and many other
purposes their removal was absolutely necessary. He felt that research
should be devoted to this particular aspect.

From Huntley's paper "Herring Canning”:

With the large herring as packed in the United Kingdom, evisce-
rating is now normally done by machine and reasonably effective results
are obtained at speeds of about 180 fish per minute. It is, however,
still necessary to employ a small number of operators to deal by hand
with any fish which, for one reason or another, need further treatment.
Possibly the major difficulty introduced into the mechanical design of
eviscerating machines is the fact that in Europe it is essential to remove
only the head and viscera of the fish and to retain as much of the flesh
as possible. With the naturally occurring variation in the size of the
fish, this complicates the mechanical operations considerably. On the
Pacific Coast of the United States, where it is economically practicable
to cut all fish to a uniform length, the problem is a simpler one. For
small fish, no satisfactory eviscerating machine has yet beer: produced.
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In those packs in which the fish is not just decapitated it is necessary
that the viscéra should be removed as completely as possible without
damaging the fish; although several machines have from time to time
been developed, none has found general acceptance. The problem is one,
however, which is still occupying the attention of machinery makers,
and it may well be solved before long. Apart from this, however,
improvements could be effected in the organisation of the hand opera-
tions and in the design of tables, troughs, conveyors, etc., for handling
the fish and offal, and much has been done in this direction in the
European sardine industry. -

Yrom Borgstrém's paper "Herring Delicatessen and Marinated Products”:

The highly seasonal nature of the herring fisheries makes it extremely
desirable for the industry 1o be able to handle large quantities over short
periods. ‘Therefore, high-capacity cleaning and boning machines are of
advantage. Such machines have been developed by the ”Arenco”, Stock-
holm, Sweden, and by “Nordischer Maschinenbau”, Litheck, Germany. .

The German machine is operated by one person and has a capacity
of 2,800 herrings per hour. A somewhat experienced worker is required
to reach this capacity, as every four seconds three herrings have to be
put in a certain position in the rotating feeding table. The herring is
automatically headed at the feeding table and at the same time measured
for length and thickness. All the tools of the machine are then set
according to this measurement, so that there is a minimum amount of
waste. After that, the herring is seized by the tail and pulled through
the machine which first removes a narrow strip along the belly and the
ventral fins. Then a rotating knife opens the belly and a rotating device
removes the entrails, including roe and milt. The two latter parts, which
in Germany are often used for marinating, are undamaged by this pro-
cess. A special device removes not only the backbones but also the side
ribs. The herring then goes through a cleaning and washing . device
which removes the black skin on the inside of the belly cavity. The
machine has a device which can cut the herring intc pieces for use as
tidbits. It can also be set for nobbing, a process by which the heads
are removed, and the entrails, excluding roe or milt, are pulled out.

The Swedish ”Arenco” machines carry out the same functions. They
have successfully been used in many countries. They have a capacity
of about 200 herrings per minute when operated by two women.

Most of the following packing work in the manufacture of delica-
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tessen is done by hand although a new development for mechanizing
in this particular field is starting. Special efforts have been made to
construct cutting machinery for this purpose.

From discussions:

Le Gall, France, explained how the experiences in his country had
been that the cutting machines ordinarily developed for herring and
herring-like fish could not be used for the Irench sardines. The reason
was -that they did not gut the fish completely. Any part of the guts
which remained in the fish changed its flavor considerably.

Sarrag Bournet, France, also mentioned that experiments had been
carried out in France with the use of machines for the cleaning and
gutting of sardines and herrings. Experience had shown that these
machines did not work too well for sardines, while they gave good results
for herrings, this applying especially to a machine of Swedish design.

Copeman, United Kingdom, said that-the Swedish gutting machine
”Arenco” was quite satisfactory for large and medium-size herrings. By
using this machine some of the larger factories were able to carry out
the degutting operation by 18 or 20 persons instead of about 125 to
150 workers, who would be required for cleaning by hand.

Bramsnes, Denmark, discussed the problem of using machines for
eviscerating smaller herring-like fishes. It was not only difficult to
obtain complete removal of all the viscera, it was also a problem to
feed the machines efficiently and quickly. Therein lay a serious limita-
tion of the efficiency of the present machines when used for small fish.
It was almost as quick to clean the fish by hand as to feed the machine.

Reay, United Kingdom, felt that it would be possible to devise a
machine which would remove the little thin bones from the back of the
herring. Ile felt that the main defect of the boning machines so far
manufactured was that they used a cutting device. The principle which
is used by the ordinary housewife might be much better, In this, the
Lerring is slit open down to the vent. It is then pressed downwards
and one runs the thumb down the backbone, ripping the bone out. No
cutting is used at all. The Torry Research Station had made some
~ experiments during the war to devise a simple tool which the housewife
could use for this purpose. He felt that a nail, meatscewer or similar .
instrument could be used. It should be introduced at the front end of
the fish close to the backbone and pushed down the fish with a rolling
action which would push the flesh off the bones on both sides of the
backbone. It might be, however, that that sort of equipment would be
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difficult to use where the fish were extremely fresh, still in #igor mortis,
or very soft.

Huntley, United Kingdom: Experiments were being made to design
automatic feeders for cleaning machines for small fish. Referring to the
problem brought up by Mr. Le Gall, he also felt that the viscera should
be removed completely from the fish. Otherwise, whatever parts re-
mained in the fish would impair its flavor. The canning-machinery
companies were studying this problem very carefully. He felt it likely
that a satisfactory machine would 'soon be available.

Heen, Norway, stressed the importance of the fact that most coun-
tries have great surpluses of herring. It seemed that it would not be
necessary to get the highest yield with a boning machine, as a large part
of the catch at any rate would be used for herring-reduction processes.
This was an important fact to keep in mind for the mechanical engineers
devising bouning machines; it made their job much easier. ‘

Recommendations for Future Investigations

While no particular recommendations were made, the following was
the general opinion expressed at the meeting:

Future developments in the herring industries will benefit greatly
from the continuous improvements of boning and eviscerating machines,
especially such which reniove all bones from the fish and also such,
which are able to handle small-sized fish efficiently.




Chapter 8
FREEZING OF HERRING

This chapter is based on and includes:

FREEZING OF HERRING, a paper prepared for the meeting by Eiwrik Heen
and Olaf Karlsen, Norwegian Directorate of Fisheries’ Chemical-Technical
Research Institute (Fiskeridirektoratets Ijemisk-Tekniske Fo1 sknmgsm-
stitutt), Bergen, Norway;

FREEZING AND COLD STORAGE OF HERRINGS!, a special contribution
for the meeting by A. Banks, United Kingdom Department of Scientific and
Industrial Research, Torry Research Station, Aberdeen, Scotland;

and information from the discussions at the meeting itself.

Development of Freezing

From Heen and Karlsew's paper:

Freezing, as a method of preservation of herrings for bait, was used
by fishermen in Norway before the introduction of mechanical refrigera-
tion. The herrings were placed in metal containers and frozen in ice-
salt mixtures. To some extent the frozen herrings were also cooled in
the fishing vessel by means of the same refrigerant.

In Norway, the first freezing plant was built about 1920. Here the
herrings were frozen in wooden boxes by circulating brine: this system,
with modifications, is still predominant. The majority of the frozen
herrings were used for bait, but from 1930 on an increasing amount
was exported to European markets for human consumption. In 1930
the output of frozen herrings from the freezing plants in Norway was
about 5000 tons; it reached 31 000 tons in 1948,

“In 1949 there was a marked drop in the quantity of herring frozen
and interest in this article seemed to be decreasing in 1950.

1 This paper has been prepared as part of the program of the Food Investi-
gation Organisation of the United Kingdom Department of Scientific and Indus-
trial Research, Paper for Publication No. T. 50/22. Also published in "Modern
Refrigeration” (Banks 1931). British Crown Copyright Reserved.
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Trom Banks's paper:

Because there is a strong consumier preference in the United King-
dom for fresh or lightly smoked herrings, freezing and cold storage
appears to be the only way in which seasonal supplies can be made
available all the year round, and the utilisation of the herring catch
thereby improved. Herrings are very susceptible to changes in flavour
through the development of oxidative rancidity in the fat, and this
characteristic presents special problems in preservation. There is little
doubt that fresh herrings are not as acceptable as they might be in the
United Kingdom, in part at least, because of the development of slight
rancid flavours during transit from port to consumer. Moreover, com-
mercial attempt to preserve herrings by brine freezing in the early
1930’s were unsuccessful partly because the frozen herrings became
rancid very quickly during cold storage.

Yrom discussions:

Reay, United Klllngll] ‘There is some evidence that the adverse
effect of brine freezing is mot as promounced on fatty herring as on
lean herring. ’ :

‘

Freezing Methods
Rrine Freczing versus Dry Freezing
From Heen and Karlsen's paper:

It has been demonstrated in several laboratories that the quality of
Lerrings frozen in brine will be inferior after a comparatively short time
of storage. The freezing of herrings without the use of salt will result
in a product definitely more resistant during storage which will develop
rancidity -to a lesser degree than the brine-frozen herrings. - ’

In our opinion it is necessary to develop an improved method for
freezing, packaging, and possibly pre-treatment of herrings to obtdin
products of higher quality than those which are obtained W1th the present
methods in use in Norway.

The reason why “brine-frozen’” herring develops rancidity faster than
Vdry-frozen” therrings is that the salt which the herrings absorb from
the brine during the refrigeration, even in minute quantities, accelerates
the processes which lead to rancidity. Many investigations have con-
firmed this; for instance, experiments, with dry-frozen and brine-frozer
winter herring stored at —18°C. (—14°F.) for about 4 weeks showed
a difference 'in rancidity as stated in Table I.
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Table 1. Rancidity in dry-frozen and brine-frozen herring
ofter 4 weeks at —18° C.

Organoleptic Peroxide Kreis Free fatty
score of value number acid
rancidity
Dry-frozen herring ...... 2.0 11 3.6 2.0
Brine-frozen herring ...... 3.0 8.7 16.0 1.8

Both samples were prepared from the same raw material. The dry-
frozen herrings were frozen in air blast between finned plates, the brine-
frozen by the usual spraying with brine at a temperature of about —17°C.
{+ 1%2°F.). The small quantity of salt absorbed by the herrings already
had, as the table shows, a pronounced effect on rancidity 4 weeks after
freezing.

Other experiments with freezing of fresh and smoked fillets, previ-
ously dipped in solutions of salt of different purity to compare with
unsalted fillets, showed the same tendency for the brined products to
turn rancid during cold storage, while the unsalted fillets showed -
rancidity somewhat later. Any influence of the degree of purity of the
salt on the process of rancidity was not detected.

As to herrings for bait, it has been an open question in Norway how
high the demands on quality freezing and treatment ought to be, as it
was felt that the difference was not great and it did rot influence the
fishing ability of the bait much. Some fishermen maintained that dry-
frozen therrings, frozen directly in bait boxes, fished better than brine-
frozen, but opinions differed. According to investigations carried out
in recent years, however, it has been confirmed that the dry-frozen
herrings are superior also as bait.

In 1949 fishing experiments were carried out in Lofoten with 500
kg (1100 Ib.) dry-frozen and 500 kg brine-frozen winter herrings frozen
under controlled conditions in a refrigerating plant near Bergen.
The herring was then stored at —18°C. (—34°F.) for 4% weeks and
distributed among’ the fishermen in such a way that dry-frozen and
brine-frozen herrings were tested under identical conditions.

The results showed that dry-frozen herrings in every case fished
better than brine-frozen herrings and that the former gave an average
yield about 68 per cent higher than the catches with brine-frozen herrings.

The experiments in 1949 were, however, too few to make it possible
to draw definite conclusions. The experiments were continued during
the Lofoten-fisheries in 1950, this year with 2 000 kg (4 400 Ib.) dry-
frozen and 2000 kg brine-frozen winter herrings. The herrings had
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beén stored for about 4 weeks when the experiments started. The bait
was distributed among fishermen in ten different fishing places. This
year also, reports from all fishermen showed that dry-frozen bait herrings
in every case fished better than brine-frozen herrings. The dry-frozen
bait herrings fished, according to the different fishing grounds, from
8.9 to 106 per cent better ; the average was 35.5 per cent.

Dry-frozen herrings were on both occasions frozen in blocks of about
12 kg (26% 1b.) between finned plates in air blast of high velocity;
the brlme frozen herrings in a brine spray at about —17° C. (+1%°F.)
brine temperature for 2 hours. Identical temperatures were maintained
during the storage.

Thus, also in the freezing of bait herrings it is advantageous to use
dry freezing.

Cost Considerations

¥rom Heen and Karlsew's paper: :

The herring iisheries in southern dnd western l\mway are carried
out over very short seasons (Febl,ualy and March). This makes it
necessary for the freezing plants to have cheap installations with big
capacity.

In this respect the brine-freezing system has certain advantages over
the air-blast and multiplate freezing systems.

For instance the existing Norwegian plants are usually equipped w1th
brine refrigerators. Their freezing capacity compared to the space they
occupy is much larger than would be required for the usual dry-freezing
methods or air-blast freezing in tunnels or chambers.

“While dry-freezing of herrings thus may be slightly more expensive
than brine-freezing, the quality will be better, rancidity less pronounced,
and fishing ability higher. The need for development of freezing methods
other than brine freezinm‘g has thus become apparent.

The question is then which of the dry-freezing methods is the most
feasible.

It is a question whether or not dry freezing of herring and brisling
should be carried out according to methods Lspeually designed for these
products.

Trom Banks’s paper:
Although they can readily be obtained in fresh condition, and are
therefore the most suitable of British-caught fish for freezing in shore

13 — FAO
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plant, herrings are not frozen to anything like the same extent as white
fish, chiefly because of economic reasons. Herrings are relatively cheap
and they are in season at any one area for only a short time each year.

From discussions: y

Aglen, United Kingdom, felt that the cost of quick freezing was a
deterrent to the wider development of this preservation method. This
had certainly been the case in the United Kingdom where very high
hopes had been entertained for the use of freezing; they had not been
substantiated due to cost considerations. He recommended a continued
research into the problem-as it was his feeling that much development
would take place in this field in the future:

Reay, United Kingdom, stressed the fact that it was very important
{o get an impression soon, as. to whether freezing was going to be a
process to be used for luxury products or one that could also be adapted
for clieap, inexpensive food products, especially because it, from a pure
technical angle, was an almost perfect method of preservation.

Freezing in Btocks

From Heen and Km lsen’s paper :

At one institute, the freezing of herrings in metal containers lowered
into brine is suggested, in order to utilize ice-making plants. A vertical
plate freezer that probably can be fitted for block fieezing of herrings
has also been built. For packaﬂmg frozen herrings in such blocks there
should be many possibilities in new mate1 fals that can give a protective
wrapper put on by automatic wrapping machines at a-reasonable cost.

From Banks's paper: . ‘

Timited quantities of heumos are frozen commercially in the United
Kingdom by the air-blast process employing air at —30°C. (— —22°F.)
or lower moving at about 800 ft. per min. (6 m. per sec.) and also by
the multi-plate process. For hoth processes the herrings are weighed
in 3.2 kg. (7 b.) lots for freezing. The air-blast-frozen herrings are
glazed and packed in fibre-board cartons for storage. The plate-frozen
herrings are frozen in packages and are not glazed. They are also packed
into cartons for storage. The frozen herrings are kept at —20°C.
(—4°F.) or below and are apparently quite:a popular product.
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.. The. freezing processes now employed in the United Kingdom require

a large labour staff for weighing and. packing the fresh fish, .and are

therefore costly. Investigations are now in progress in order to design
simpler freezing plants for herrings, in which the fish will be frozen
in large slabs weighing about 13.6 kg. (30 1b.) and which will require
much less labour than the existing processes. It is felt that such a freezer
will be of a considerable value not only for freezing herrings for long-
tenm storage, but also for transport from the more distant 1f_ilshing
ports. ' o

From - discussions :

Notevarp, Norway, felt that the cost of freezing herrings in air or by
other non-brine methods would not necessarily be higher than the cost
of freezing in brine. For instance, a block-freezing method mlght be
just as inexpensive and would require less expensive packaolncr “The
blocks might be stored in bulk, wrapped in moisture-proof wrappers. The
expense involved here would be much less that of the normal wooden
boxes. Actually, this method might be cheaper than packaging in the
ordinary way as fresh herrings.

Heen, Norway: Freezing herrings in blocks for processors or whole-
salers or canners is a very important possibility. The package should be
glazed. Packaging such hlocks in some of the modern water-vapor=proof
films might be especially promising. They were for the morment very
expensive, but technical developments might change that. The price of
the packaging material was probably not the most important problem
but rather that of mechanizing the whole freezing process. -

Reay, United Kingdom, referred again to the experiments mentioned
by Dr. Banks which were under way in the United Kingdom and which
were aimed at devising a method of freezing herrings in large blocks,
to be.made up with a minimum of labor. This method would - save
packaging also, and make the product easier to handle and transport.
The blocks would not be consumer packs but of a satisfactery size for
processing by canners or kippers or for distribution to retail fish. dealers.
The commercial pack frozen at present in the United Kingdom, was a
half-stone (3.2 kg) package which is too small for a kipperer or pro-
cessor. Much experience had been gained in experiments with. larger
blocks. One important feature was that the herrings keep much better
than in smaller packages Especially if the space between. the herrings
was filled up with water, there was very little oxidation. The blocks
did not look particularly good because the blood from the fish tended
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to penetrate the ice between the herrings. This was not important,
however, ‘as the pack was primarily designed for use by a middleman
or processor. The retailer would generally thaw the blocks out and sell
the her1 ings as fresh herrings.

T'rom Banks's paper:

The herring season in the United Kingdom may last for six months
or so, but is made up of a number of relatively shorter local seasons
at widely separated areas, which may last for only three months at most.
Therefore, freezing of herrings will never be wholly satisfactory from the
economic aspect until a way is found of transporting the costlier items
of freezing equipment easily and cheaply from one fishing port to an-
other. Ship-borne plants may provide the answer to the problem. There
is no doubt, however, that the production of a high-speed refrigeration
compressor would ease the situation very considerably.

Rancidity and its Prevention

From Heen and Karlsen's paper:
In the storage of frozen herring and other fatty fishes, the chief
problem is to prevent rancidity.

From Bauks's paper:

The reasons why herrings become rancid very quickly at chill or
lower temperatures are now well known. Lovern (1938) has shown
that herring fat contains a high proportion of highly unsaturated fatty
acids. On these grounds alone, difficulty in keeping herrings free from
rancid flavours might be expected; but in addition Banks (1937) has
shown that the flesh of herrings contains a fat-oxidising system that
functions even at temperatures as low as —30°C. (—22°F.). Further
investigations by Banks (1939) have shown that haematin protein com-
pounds, e.g., haemoglobin cytochrome-c, efc., aré present in fairly high
concentrations in the lateral band of red muscle of herrings and that
they are probably vespomsible for the observed catalytic effect.

Rancidity depends on chemical reaction between unsaturated fat and
gaseous oxygen and is, therefore, affected by temperature, easy access
of air, antioxidants, and pro-oxidants.
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Low-Temperature Storage

From Heen and Karlsew's paper:

The keeping quality during storage of frozen herrings, as with other
frozen food products, is greater the lower the storage temperature. For
high-grade products the following temperature requirements are made
in Norway: }

For storage up to 3 months —20°C. (—4°F.) or colder.

For storage up to 5 months —25°C. (—13°F.) or colder.

- For storage up to 7 months —28°C. (—1814°F.) or colder.

The keeping time thus decreases rapidly by increasing temperature
and is at —20°C. (—4°F.) less than half of that expected at —28°C.
(—1813°F.). The demand on low storage temperature is greater for
storage of herring than for storage of non-fatty fishes, for instance cod,
owing to the fact that in frozen herrings, rancidity of the fat is the main
factor limiting the keeping time. Decrease in quality due to the flesh
becoming dry and fibrous, as in frozen cod, only becomes noticeable at
a later stage.

From Banks's paper:

It is easy to demonstrate the retarding effect of low temperatures
on the development of rancidity in frozen herrings, but investigations
have shown that storage at low temperature is not in itself sufficient to
prevent undesirable changes in flavour. For instance, with North East
Scottish summer herrings, which may contain up to 20 per cent or more
of highly unsaturated fat, appreciable rancidity may be detected after
4 months’ storage at as low a temperature as —28°C. (—1814°F.). For
a satisfactory spread-over of seasonal supplies it is necessary to provide
for a period of storage of at least six months in excellent condition and
it is clear, therefore, that something more than merely storage at low
temperatures is required.

From discussions: cos

Heen, Norway: The cost of cold-storage temperatures of for instance
—30°C. (—22°F.) would not be prohibitive if proper construction
arrangements were made. Storage temperature would, of course, always
be a compromise between what is economically possible and what is
needed technically.
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Combined Freezer and Gas Storage
From Banks's paper:

“Tarr (1948) in Canada has demonstrated-the efficacy of gas storage.
The development of rancidity in frozen herrings can be reduced to a
very low- level by storage in an inert gas such as nitrogen or carbon
dioxide for long periods at —10°C. (14°F.). Tarr has found, however,
that the replacing gas must he pure, and in particular must be free from
oxygen. Commercial grades. of carben dioxide were observed to be
effective in ' retarding oxidation of the fat, but were found to impart
unpleasant {lavours to the frozen herrings because of impurities. Tarr,
howeve1 ééndemns gas storage for frozen fatty fish as 1mplactlcabl
because the allowable concentration of oxygen in the gas phase is too
low for satlsfactoly operation on a commercial scale.

“Gas. sto1age which has pr oved so valuable in other fields; does not
dppear 1‘61 ef01 e, to have much future in the tleatment of frozen herlmg‘;

From discussions:

Reay, United Kingdom: The problem involved in the storage of
frozen fish is not solely that of rancidity prevention, but includes that
of avoiding the considerable change in texture, denaturation of proteins,
etc., which normally occurs during frezer storage. Even if gas could
be added to prevent oxidation, storage at —10°C. (+-14°F.) Would
not be su1table as it would not’ prevent these other changes

Do hy
Glaging
Ffdm Banks's paper:’ R ,

It has been found (Banks 1938) that thin films of ice are almost
fore, glazuy will protect herrings from rancidity durmg cold storage
It is possible to extend the storage life of Scottish summer herrings at
—28° to —30° C. (—1814° to 22° F.) from 4 to about 6 or 8 months
by adequate glazing.

The effectiveness of an ice glaze will depend very much on the extent
of “désiccation occuring during cold storage. Tt has been observed that
the' ‘glazed “herrings retain their ice glaze for 4 to 5 months during
storage alt dbout —25°C. (—13°F.) under commercial conditions.

PR SRR N S
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Fig. 1. Plate freezers for divect evaporvation. Capaaity; 8 tons per 24 hours
" (Kverner Bruk, Novway). ’

Effect of Antioxidants
Trom Banks’s paper:

The effect of antioxidants on fats is well-known, but there has been
little worthwhile development of antioxidants for inhibiting fat oxidation,
particularly in foods. It is true there has been some development of the
use of antioxidants for certain food preparations containing fat, e.g.,
bakery products, ¢fc., but effective prevention of the oxidation of fatty
foodstuffs is a different matter. Here the problem is one of discovering
a;suitable substance which will protect not pure dry fat, but fat containing
phosphatides and other complexes and which may be orientated in some
way with an aqueous phase, and of discovering a way of adding the
substance to the foodstuff so that it functions with maximal efficiéncy.
In:addition the substance must he resistant to any enzymes, oxidising
or otherwise, that might be present in close proximity to the fat. Her-
rings present a good example of the difficulties. They may contain up
to 20 per cent or so of fat which exists partly in an ill-defined adipose
tissue adhering to the skin and partly as globules in between the muscle
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fibres of the lateral band of red muscle. Whilst it is true that most of
the fatty material consists of glycerides, some will be present as phos-
phatides and more complex substances, probably not associated physically
with the fat as a whole. In addition the fat depét is closely associated
with muscle contalnmg the cytochrome-oxidase system, one of the most
powerful oxidising sYstems known and one which is particularly effective
in oxidising polyphenols, the type of substance found to be most effective
in inhibiting fat oxidation. :

From discussions: ~

Borgstrom Sweden: The effect of antlomdants ICh mamly a. surface
action. For instance, where ascorbic acid is used, the mechanism was
that it absorbed the oxygen at the surface before it ‘was absorbed by
the fats. This was for instance the’ principle used in glazing with solu-
tions containing antioxidants. He felt that the differing results obtained
by different- research workers might be due to these circumstances. It
might well be that ascorbic acid prevented ranc1d1ty WIthout bemg a
fat antioxidant. : :

Reay, United Kingdom: In the experiments carried ott in the
United Kingdom a thickening agent was not used. He felt that Banks
certainly agreed with the theory that the surface distribution of any
antioxidant was of great importance for the final result. The differences
in physical contacts between the antioxidants and the material itself
might well be the main cause for the contradictory results obtained by
different research workers or even by the same research worker on dit-
ferent occasions.

Use of Antioxidants
From Heen and Karlsen's paper:

Treatment of herring with antioxidants has been suggested in order
to reduce or prevent rancidity during storage. To determine the impor-
tance of different methods of treatment the Norwegian Directorate of
Fisheries' Chemical-Technical Research . Institute in recent years has
carried out comparatively comprehensive investigations with freezing
herring, treated and frozen in different ways. Among others the use
of ascorbic acid, NDGA, gallates and hydroquinone in different concen-
trations had been tried. The herrings were dipped in a solution of the
material before packing and freezing, and some samples were glazed
with a corresponding solution after freezing. The series of storage tests
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Fig. 2. Freezer with vevtical plates for freezing in blocks.
Capacity 7 tons per 24 howrs (Kverner Bruk, Novway).

were carried out at —10°C. and at —18°C. (14 and —¥4°F.), and
the progress of rancidity was followed by chemical analyses (peroxide
value and Kreis number) and by organoleptic tests.

An attempt to illustrate some of the results with herring fillets is
made in the following representation (Table 1), to which Fig. 3 also refer.
In some other investigations, both with fresh and smoked fillets, similar
results were obtained. :

Experiments have also been carried out with some other chemicals,
such as nitrite and sulfite, but without favorable results. A disagreeable
flavour developed with the concentrations used.

All these investigations were carried out with winter herrings. For
other herrings results will presumably correspond to them, except that
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Table 1. Results from Norwegian experiments. on treatmem of herring
fd/ ts. wzth wntwmdants

Listing . (ode J :

according . | ofi graphs | - Treatment before freezing

to quality - |+ Fig. 3 e o
No.1 ........ 0D »2 min, “in 2 % ascorbic acid =
0. 2 ...y 0 F o ren dlpped in 1 %, ascorbic acid -0, 5% Gelatan
no. 3 ........ Lo C 2 min. -in .19, ‘ascorbic’ acid -
no. 4 ........ L E dlpped if 0.5 ascorbic acid 4 0: 5 % Gelatan
no. 5 ........ B dipped ‘in- 0.5 % Gelatan
0.6 ... AT ‘untleated control

2 min. in 0.5 9, hydroqumone
‘2'min. in 0.1 9% N.D.G.A.

2 min. in 0.5 9% ethylgallate :
10 min. in saturated solution of impure salt (Trapani)
10 min. in saturated solution of pure salt
10 min. in saturated solution of pure salt + 1 %
) ascorbic acid

nos. 7, 8,9 '
disagreeable
flavor ‘
nos. 10, 11,12} |
most rancid b
samples

2ErRAEO

the keeping quality of fat'hérrings*wi['l pefliapé be ‘'more. limited than
that of lean ones. '

From Banks's papel

Reports have ‘been recelved from North Amer1ca (Tarr 1947,
Bauernfeind et al. 1948, Stoloff et al. 1948) from time to time which
indicate that simple substances ‘such as ascorbic acid, gallic acid and its
various esters can effectively inhibit the development of rancidity in cold-
stored fatty fish. Tt is reported that ascorbic acid is uked on an ever-
increasing scale in North America and in some Western European coun-
tries for this purpose.

Extensive trials in the United Kingdom using ascorbi¢- acid, gallic
acid, ethyl galiate and catechol at the recommended concentrations -with
whole and filleted herrings do not agree with these reports. All these
substances liave a slightly inhibitory effect but not one of any real signi-
ficance. No induction period, characteristic of systems containing anti-
oxidants, could be observed; oxidation, as shown by peroxide values,
began immediately the experiments were set up and carried on right
throughout at a slightly reduced rate as compared with the controls.
There was apparently some difference in the effect of the various sub-
stances — ascorbic acid seemed to be the weakest inhibitor but the
differences were so slight as to have little significance.

* Simple tasting tests. were made in conjunction with the peroxide-
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value determinations -and confirmed the -conclusion that none- of the
compounds investigated had any significant effect on the rate of devel-
opment of rancidity. In ‘addition, however, tasters expressed a strong
dislike for the added flavour of the antioxidant. This was expected with
catechol, which was only tried out as a kind of reference substance, but
it was surprising to find how the astringent flavour of gallic acid and
ethyl gallate and the acid flavour of ascorbic acid adversely affected the
specific herring flavour. When, on occasion, very slight rancid flavours
could be detected in the superficial layers of the control samples and
none in the samples containing antioxidant, the former were always
preferred since the sweet, specific flavour of the rest of the fish remained
unchanged, whereas in the treated samples it .was either masked or
changed in some way by the antioxidant. o

Tests with fillets, soaked in a solution of the antioxidants before
freezing gave the same general result. :

A communication from Carter and Bailey® mentioned the work done
at the Pacific Fisheries Experimental Station, Vancouver, B. C,, Canada,
regarding the use of hacteriostatic agents and antioxidants in relation
to the keeping quality of fresh and frozen fish. Many investigations have
‘been published by the Fisheries Research Board of Canada and although
_the investigations in some cases were not made with herring, many of the
‘results would be applicable to. herrmg Specific examples of such work
deal with the development and testing of sodium benzoate (Tarr, Bailey
1939), sodium nitrite, efc., as bacteriostats (Tarr, Sunderland 1940 B;
Tarr 1948 A); sodium nitrité provéd very efficacious in some cases
(Tarr, Sunderland 1940 A; Tarr 1945) and has recently been allowed
by the Canadian Food and Drugs Act for wuse with fresh fish flesh.
Later publications from this station have dealt with the use of ”sulpha”
compounds (Tarr 1946 B) and the newer antibiotics (Tarr, Deas 1948;
Tarr, Southcott, Bissett 1950) as bacteriostats. Researches relating to
antioxidants have involved tests with gallates (Tarr 1945), ascorbic
acid (Tarr 1946 C), organic compounds known as “enediols” (Tarr,
Cooke 1949), and inert gases (Tarr 1946 A) as antioxidants for fresh
and more particularly frozen fish flesh, including in some cases herring
flesh (Tarr 1946 A, 1947, 1948 B; Khan 1948; Tarr, Cooke 1949).
The nature of the “lipoxidase” system in the brown muscle of herring
flesh as giving rise to rancidity effects was studied (Khan 1950).

1 ”A Review of the Technology of British Columbia Herring.Products In-
vestigated at the Pacific Fisheries Experimental Station of the Fisheries Research
Board of Canada” by Neal M. Carter, Diréctor, and Basil E. Bailey, Biochemist,
Pacific Fisheries Experimental Station, Vancouver, B. C,, Canada.




From discussions :

Notevarp, Norway, had found the effect of ascorbic acid on Not-
wegian winter herring fillets very pronounced. He once served a com-
pany of 20 men from the fish industry with untreated and treated herring
fillets. The treated fillets were found entirely palatable, the untreated
ones were considered definitely inferior. The fillets had been stored for
four months at —20°C. (—4°F.). Other antioxidants tested at the
same time. were gallic ac1d ethylgallate ; hydroquinone and N. D. G. A.;
they all gave the fillets a very pronounced off-flavor.

Reay, United Kingdom, had not found any particular advantage in
the use of antioxidants. He felt that it might be that the fatty British
summer herring will not absorb aqueous water solution of antioxidant
as readily as, for instance, the lean Norwegian winter herring. Against
this theory, however, went the fact that the British: fish did absorb
enough of the antioxidant to get a rather distinct off-flavor.

Bramsnes, Denmark, referred to experiments where the peroxide
value had been measured together with the reduction-oxidation index.
He had found that the reduction-oxidation index, in general, rose with
the peroxide value but there seemed to be no close correlation. It might
be that one of the problems would be to keep the reduction-oxidation
potential down. In Danish experiments it had been tried by adding
cystein to the herring to keep this reduction-oxidation potential down,
but it had no effect on rancidity.

Crowther, United States: Some rather large-scale tests with mackerel
fillets were carried out in Boston, Massachusetts, United States, some
years ago, through cooperation between private industry and government
research institutions. Thirteen different antioxidants were used and
tested over a period of one year. Results were checked by taste panels.
The results were that ascorbic acid was the superior antioxidant for
the specific product which was tested then. Later on the best antioxidants
in this experiment were tried on salmon fillets on the west coast of
the U. S. A. They were applied as a protective coating, that is, added
to the water in which the fillets were glazed. There was no significant
improvement when 1 per cent ascorbic acid was added to a water
glaze. The use of antioxidant dips gave variable results. In some cases
the keeping quality of the fillets was definitely extended by the dips
while in others the antioxidant appeared to have little effect. In our
experiments salmon fillets which were water-glazed, packed in
polyethylene bags and stored at —20° F. (—29° C.) consistently
received higher palatability scores than fillets dipped in 2 per cent
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ascorbic acid, glazed with 1 per cent ascorbic acid solution, packed
in polyethylene bags and stored at 0°F. (—18°C.). .

- ‘Borgstrom, Sweden: In neo experiments with antioxidants had he
found . any off-taste whatsoever, when the fish had been boiled before
tasting. : o

Reay, United Kingdom: In the Pritish experiments to which Dr.
Banks referred, the taste testing had been carried out by three or four
people. The fish was steamed in a casserole before it was tasted. No
water was added to the fish. The darker flesh was generally tasted
separately from the white flesh. :

Lundborg, Sweden, suggested that one tried to treat the fresh herring
before freezing with chlorinated sea water. It had given good results
in the manufacture of delicatessen and might do so also as an anti-
oxidative treatment belore freezing. .

Ascorbic Acid as an Antioxidant.
From . Heen and Karlsen's paper: .

T he results of the above-mentioned Norwegian instigations which
comprised a comparatively large amount of material, showed that treat-
ment with ascorbic acid reduced or prevented rancidity to a considerable
degree; it seeemed to be the best of the antioxidants tested. Also, glazing
with ascorbic acid or ascorbate solution had a great influence and reduced
the rancidity both of dry-frozen and brine-frozen herring. '

In Norway, more extensive investigations as to the treatment with
ascorbic acid on a commercial scale have also been carried out with dry-
frozen and brine-frozen herring, as well as with dry-frozen fresh and
smoked herring fillets and head- and tail-cut fresh herring. These
investigations also showed that dry-freezing and treatment with ascorbic
acid or ascorbate gave the best product. The investigations showed that
it is possible to store products of high quality of fresh and smoked her-
ring and herring fillets over half a year and more by freezing and
treatment as mentioned above in suitable forms, tight packaging and
storage at proper low temperatures, for instance —25° to —30°C.
(—13 to —22°F.). ‘ : ,

{See also pp. 200—05 : Ascorbic acid compared with other antioxidants).

From discussions:

Reay, United Kingdom: Ascorbic-acid had not been found to be
effective on the oxidation of fatty acids in the presence of hematin.

| R .
Heen, Norway: The results he referred to in his paper with regard
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to the effect of ‘ascorbic acid were obtained from experiments on Nor-
wegian lean winter lherring. He also felt that there was considerable
difference’ betwecen the results obtained from various fish and fish in
various stages of maturity, fat content, etc: He said that Mr. Johansen,
Bodg, Norway, had described results with other types of fish, for instance
catfish or blowfish. These experiments sometimes showed absolutely no
effect of ascorbic acid. Some specimens of these fish developed very little
rancidity even without the use of any antioxidant, while other specimens
similarly treated developed rancidity very quickly. It was, therefore,
necessary to study this field much more closely before definite conclusion
were drawn.

Reay, United Kingdom, felt that ascorbic acid was likely to be the
least effective of the antioxidants because it itself oxidizes so easily.
"~ Notevarp, Norway, had found a great advantage in the use of
ascorbic acid as an antioxidant for frozen Norwegian winter herring.

Bramsnes, Denmark, agreed that experience so far seemed to indicate
that ascorbic acid was the only antioxidant which did not give any
appreciable off-flavor. It was, therefore, discouraging to hear that Dr.
~Reay had also found off-flavors with the use of ascorbic acid. He
mentioned that he on a visit to Seattle, Washington, United States, had
heard about experiments on salmon where ascorbic acid had had no
cffect, while Dr. Harvey in Astoria, Oregon, United States, felt that
the use of ascorbic acid for rock fish was very promising. e also
referred to some recent Danish experiments which were not yet finished.
They were carried out on Fladen Ground herring so. treated that they
contained 0.025 per cent ascorbic acid; considerable effects .were found.

Ascorbic Acid plus Thickenming Agent

From Heen and Karlsen's paper:

Gelatan has been used together with ascorbic acid to make the solu-
tions miore viscous, the result of which is that the fluid adheres better to
the fish, the glaze hecomes thicker and the effect of the treatment better.

From discussions:

Borgstrom, Sweden: When good results with ascorbic acid were
obtained in the United States, it might well be due to the fact that it
was recommended that one should use a thickening agent in the glazing
solution together with the ascorbic acid. This was to ensure that the
surface of the fish was completely covered with the glazing solution.




208

Irish moss was recommended but pectins or alginates might also be used.
The acceptor action of the ascorbic acid found here was similar to that
found in biological chemistry where ascorbic acid definitely absorbs the
oxygen and thereby prevents the oxidation of other compounds. In
canning the addition of a certain amount of ascorbic acid to some
products would prevent oxidation by the air which may be in the can.

Role of Traces of Metai

From discussions:

Ettrup Petersen, Denmark, mentioned that it might be possible that
small traces of metals could change the storage qualities of fish consider-
ably. To test this he once had taken some samples of fish and injected
them with small traces of copper, manganese, zinc and iron. Then the
samples were dehydrated. Small amounts of copper made the fish darken
very rapidly. The proteins were also effected, as their ability to reconsti-
tute rapidly decreased during storage. Neither manganese, iron, nor
zinc had any effect. It might be that the varying results obtained with
ascorbic acid by different workers were due to small traces of copper
which had not been sufficiently recognized. Copper not only affects the
fish, as just mentioned, it also works as a very efficient catalyst of
oxidation. ) :

van den Broeck, the Netherlands, mentioned that erroneous results
were obtained on one occasion, where a metal vat was used to contain
a solution of ascorbic acid for dipping. The metal catalyzed the oxidation
of the ascorbic acid to such an extent, that very soon all the antioxidant
was lost. Errors of a similar nature may have been the cause of some
of the contradictory results found in literature. Surely this factor will
have to be considered wherever ascorbic acid is commercially applied
as an antioxidant.

Borgstrim, Sweden, also agreed that amounts of trace elements, etc.,
might easily catalyze the oxidation of the ascorbic acid to such an extent
that it was lost. This might lead to a wrong intérpretation of experi-
ments, He mentioned that traces of, for instance, copper in tanks or
vessels might catalyze the oxidation of the ascorbic acid sufficiently to
destroy it.

Desiccation and Rancidity
From Banks’s paper:

An increase in the rate of development of rancidity can be expected
to coincide with an increase in the amount of desiccation. Removal of
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ice from the superficial layers of herrings by evaporation will undoubtedly
allow an easier access of atmospheric oxygen to the fat. It is worth
recording that a qualitative relationship has been found to exist between
the amount of drying-and the development of rancidity in cold-stored
herrings.

The effect of superficial desiccation during cold storage was a signi-
ficant feature of the above mentioned experiment with antioxidants. The
fillets, although well-wrapped in parchment paper, dried very rapidly
during storage and, apparently as a resuit, became rancid much more
quickly than the whole herrings which were frozen in 3.2 kg. (7 1b.)
slabs with 10 per cent of added water. The packages of fillets had a
higher surface-to-volume: ratio, but even.so, it has been observed quali-
tatively on previous occasions that herring {fillets do not keep in as
good a condition as whole herrings in packages of the same size during
cold storage. T ‘

Impermeable wrappers are usually employed to restrict drying during
cold storage but such wrappers will not be suitable for herrings because
they are expensive. Possible ways of reducing drying during cold storage
have ‘been under consideration in the United Kingdom for -some time:
particularly with regard to the Government-owned cold stores, all of
which are air-cooled, and all of which are alleged to have a high drying
effect. A simple solution has not yet been found. It is' now agreed,
however, that an-improvement could possibly be achieved in normal
commercial stores by reducing the heat in-leak of normal operation. This
is largely a managerial problem involving closer supervision of the
opening and shutting of cold store doors. At the same time, however,
if the normal thermal load of cold stores is increased by using the store
as a freezer or by using the store to complete the process of freezing or
to bring down the temperature of transported frozen foods, then desicca-
tion of goods already in cold store will: be increased. It is clearly desir-
able, therefore, that cold stores should be used only for storing frozen
foods and that goods going into store should be at or below the nominal
store temperature.

Freczing Prior to Canning

Sprat, Brisiings, S ardines
From Heen and Karlsew's paper:

The sprat (Clupea sprattus) is very susceptible to mechanical strain,
and is especially tender around the belly. Therefore, satisfactory freezing

FAO — 14
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of sprat is very difficult. It would be a great advantage to the
canning industry to be able to refrigerate sprat in order to prolong
the short seasomn. '

For longer storage, of course, the sprat must be frozen, and here,
it is chiefly the problem of rancidity that causes difficulties. During
recent years this matter has been given special consideration in Norway.

Different methods such as brine freezing in boxes and dry freezing
in blocks have been tried. The brine-frozen samples were glazed and
the dry-frozen were packed in wax paper; all were stored at —20°C.
(—4°F.). After a certain period samples were taken out and transported
while frozen to the factory. The thawing was done by placing the sprat
blocks directly in water, or by spraying them with water to give a more
gentle treatment. In both cases, however, the sprat was slightly damaged,
resulting in considerable waste during canning. However, the greatest
drawback was that the fish had turned rancid. Besides, some of the
samples became too salty during canning; it appeared that the frozen
fish absorbed more salt during brining than unfrozen sprat. Thus, the
results of the first experiments were not encouraging, as the finished
canned product must be characterized as more or less unfit for com-
mercial use. '

The experiments have, however, been continued wtih special attention
being given to freezing and storage of the sprat in such a way that
rancidity is avoided as much as possible and also protecting the sprat
during thawing. Last year, freezing of sprat was tried in boxes of tin-
plate (40 by 50 by 5 c¢cm.; 16 by 20 by 2 in.) and with treatment with
ascorbic acid. Other methods were tried, for example, treatment with
salt concentrations corresponding to that of the canned article. The salt
was expected to make the sprat more rigid and resistant to mechanical
strain: the boxes should further protect the sprat during freezing,
storage and thawing. These samples were stored at —20°C. (—4°F.),
and the first samples were taken out after about 372 months. The boxes
were transported te the factory in frozen condition.

The canned sprat were all better than in the earlier experiment, bur
were not entirely satisfactory. Especially the samples, where salt was
present during freezing, had turned rancid; the others were not perfect
either. In further research in 1950, besides treatment with ascorbic acid,
great attention has been given to storage at low temperatures. Freezing
has been done in boxes of the same size with ascorbic acid and ascorbate
added, and the product stored at —35°C. (—31°F.). Samples canned
after three weeks at this temperature did not show signs of rancidity,
but the salting was probably a little too scanty. One is, therefore, most
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likely to succeed in freeze-storing the sprat when it is dry-frozen and,
at any rate, stored at —30 to — 35°C. (—22 to —31°F.). In freezing
and freezer storage of sprat the demands on freezing methods and temper-
ature during storage are thus still greater than in freezing and storage
of herring.

A communication from Bolton, Canada, called attention to the work
carried out by Charnley and Young (1943) related to the effect of
freezing on the quality of canned herring.

From discussions:

Reay, United Kingdom: Experiments had been carried out also at
the Torry Research Station in Aberdeen regarding the freezing of sprat
prior to canning. The sprat were stored at —10, —20, and —30°C.
(414, —4 and —22°F.). The iish which had been stored at —10°C.
for some months had become very rancid. When packed, it produced a
product with an absolutely abominable bitter or tannic flavor. When
the can was opened, the color of the oil in which the product was
packed, was very dark.

Bramsnes, Denmark: Experiments had been earried out in Den-
mark with the canning of frozen, lean sprats. They showed a definite
change in texture from the frozen product in the way that the flesh was
found considerably drier than in products made from fresh sprat.

Notevarp, Norway: In Bergen some experiments had been carried
out with fat summer-caught sprat. The fats of fish are highly
unsaturated. The first experiments showed that this sprat turned raucid
very quickly. Some few thousand cans were packed but with very
discouraging results. The oil, for instance, was very dark, and this
darkness was found to be connected with the degree of rancidity of the
oil in the fish itself. Later experiments in which lower temperatures
and better exclusion of air were applied, had given better, but not
satisfactory results.

Le Gall, France: French experiments had been carried out with
canning of frozen sardines. The results were very variable. In some
cases the product was entirely satisfactory, in other cases it had an
undesirable taste. The feeling was that the reason for these unsatis-
factory results lay either in the freezing process 1tselt or in unsatis-
factory cold storage after freezing.
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Herring
From discussions:

Copeman, United Kihgdom: One of the problems facing the British
canners was the difficulty of handling herrings quickly enough to use

them while still in a good condition. He, therefore, recommended that .

efforts should be made to find a method according to which a part of
the raw material could be frozen, giving more flexibility to the manu-
facturing operation. The canners in United Kingdom had carried out
experiments where the herring had been frozen and stored for periods
of six to nine months and subsequently canned. Excellent results were
obtained from a canning point of view. There was no noticeable rancidity
and the product was much firmer than the normal pack. One point was,
of course, that the cost of freezing added tremendously to the cost of
the final product. '

Sarraz Bournet, France, reported excellent results with canning of
frozen, herring. The fish was of good quality and there was no. off-
flavor whatever. The flesh was not quite as white as it would have been
if fresh fish had been used. The results were very similar to those
obtained in the canning of fish which had been kept in cold storage at
temperatures above freezing for a few days before canning. This also
gave a slightly yellowish color of the flesh. In that case, it was often
even more pronounced than where frozen fish was used.

Flavor Improvement in Canned, Frozen Sprats. and Herring
From discussions : : :

Reay, United Kingdom, referred to some .experiments in United
Kingdom where some herring had been brine-frozen and afterwards
stored according to methods which probably had not been quite satis-
factory, The resulting product had not been good. Some of this herring
had been canned, resulting in a pack with a very unpleasant flavor.
However, after storage of the canned product for a .few months, the
undesirable flavor had disappeared and another flavor had developed
which was extremely palatable. Tests for rancidity products were nega-
tive. A similar result was obtained in the case of the above mentioned
sprats frozen experimentally at the Torry Research Station. Shortly
after packing the canned product had a very unpleasant flavor, but after
several months’ storage of the canned product, this off-flavor had
disappeared completely and had been replaced by a rather palatable meaty
or gamey flavor. This illustrated how the knowledge of what was going
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on in a product after it was canned was very limited, especially, of course,
when special types of raw materials, for instance, frozen, were used.
Notevarp, Norway: In the above mentioned Norwegian experiments
" with fat summer-caught sprat there have been a slight improvement
after several years of storage, but the product was still inferior and
storage had not improved the quality of the product appreciably.

Economic Limitations
From discussions:

Sigurdsson, Iceland, felt that the discussion as to whether or not
freezing could be used as a method of preservation before canning might
be a rather academic one. It was -possible that the higher cost could
be born when more expensive products, such as sardines, were canned;
but he did not feel that there was any possibility of meeting that extra
cost iri the canning of herrings.

van Dijk, the Netherlands, was inclined to agree that the ques‘uon of
whether or not one could freeze herrings. prior to canning was mainly
an academic one. However, there were certain periods when herrings
came in very large quantities and had to be preserved. Therefore, it
would be a matter of careful calculation whether the advantage for the
factories of getting a longer production period . could outweigh the
disadvantage of the added cost.

T hawing
From discussions:

- Morel, Belgium, called attention to the fact that while experlments
generally had dealt with small quantities of frozen herring for use as raw
material for canning, one would have to deal with very large quantities
if this process were put into commercial practice. He felt that this might
introduce additional problems in connection with defrosting.

From Heen and Korlsen's paper:

In the rather big Norwegian experiments, where sprats were frozen
in tinplate boxes, the sprat was thawed by water outside the boxes.
This way of thawing seemed to be a very good one, protecting the fish
and considerably reducing the percentage of waste.

From- discussions:
Reuy, United Kingdom: The Torry smoking kiln could be used for
the thawing of frozen fish on a large scale.
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Notevarp, Norway, thought that thawing should best be carried out
in cold water. If thawing were carried out in warm air, the surface
might be heated too much, before the interior of the fish had been thawed.

Transportation

From Banks's paper:

Obviously one of the most important factors in the freezing of herring
is the provision of suitable transport for frozen foods. This problem is
an extremely urgent one in the United Kingdom since the lack of satis-
factory transport between the fishing ports and the large Government
cold stores, which were built during the war in "safe” areas some
distarice inland, has caused endless trouble during the past 4 or 5 years.

Transport of herrings in ice from the Moray Firth to London is
not wholly satisfactory from the preservation point of view and transport
to other more distant areas, e.g., the south and west coast of Britain
is even less so. Experiments have indicated that herrings frozen in large
slabs could stand a journey lasting as much as 3 days in the ordinary
type of van used for transporting iced fish.

From discussions:

Ettrup Petersen, Denmark, gave information on the question of what
it costs to transport frozen herring from Denmark to India. He men-
tioned that by freezing herring in metal trays in air-blast freezers, each
tray holding about 4 pourds (1.8 kg.) the cost of freezing was around
€ ore per kilogram. Transport in a reefer boat at ~—30°C. (—22°F.)
in the holds would cost approximately 200 Danish kr. (about U. S.
$ 30) per ton for a month. The trip from Scandinavia to India might
easily take one month and a half, thus the cost of transportation would
be 30 Danish 6re per kilogram, insurance would be around 4 Danish
6re per kilogram. The storage period in India before sale might be
about one month. Such storage cost in Denmark 6 6re per kilogram
per month. It would presumably be higher in India but even assuming
the same cost one arrived at a cost of 46 ore per kilogram (3 U. S.
cents per 1b.). Wholesalers and retailers profits would easily add 50
per cent to this cost. Thus, the cost of transportation and cold storage
would therefore, when reaching the consumer, amount to about 69
Danish ore, or about 9 pence per kilogram (414 U. S. cents per Ib.).
This seemed to bring frozen products beyond the reach of the majority
of the consumers in the Far East.
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Recommendations for Future Investigations

It appeared from the papers presented at the meeting and from the
discussion that further research was particularly desirable on the
following problems:

1. The need to simplify the freezing process to reduce its cost and so.
permit wider application, both for distribution of fresh herring and
as a means of storing herrings prior to canning or smoking. As an
example may be mentioned that freezing of herring in large blocks
is being studied in the United Kingdom. ‘

2. The prevention of rancidity during freezer storage. For this purpose,
the efficiency of good glazing is generally recognized. As to the use
of antioxidants, experiments in several countries led to good results,
especially with ascorbic acid, but these had not been confirmed in the
United Kingdom experiments. In practice, there seems to exist some
diversity of opinion as to the usefulness of antioxidants. Research
on both the fundamental biochemistry of fat oxidation and its preven- -
tion and on the methods of application of antioxidants to fish, with
or without the aid of thickening agents, is urgently required.
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Chapter 9
SALTED AND SPICED HERRING

This chapter is based on and includes:

SALTED AND SPICED HERRING; a paper presented by Dr. D. J. van Dijk,
Chairman of the Marketing Board for Fishery Products, The Dutch Mini-
stry of Agriculture, Fisheries and Food (Bedrijfschap voor Visserijpro-
ducten, Ministerie van Landbouw, Visserij en Voedselvoorziening), The
Hague, Netherlands;

Part of DRY SALTING AND CANNING OF HERRING IN BRITISH
COLUMBIA, a special contribution for the meeting by P. 4. Sunderland,

‘ British Columbia Packers Limited, Vancouver, British Columbia, Canada;
and information from the discussions at the meeting.

Introduction.

From van Dijk’s paper:
. For over 100 years the herring fisheries have been playing a very
important role in the countries of Western Europe. The influence of the
herring trade on the economic development of this area can hardly be
overemphasized. In many countries the fishing industry was the cradle
of navigatnon, and the trade the plllars of prosperity.

The possibility for achieving an extensive international trade in her-
ring was opened up, when it was discovered that the quick deterioration,
to which fish is exposed, can be prevented by gutting and salting.

From Sunderland’s paper: v .

In British Columbia, Canada, government reports published prior to
1900 used the terms ”super-abundance” and “’knee-deep” when describing
the quantity of herring, but a local demand for herring in such a world

“of plenty, as far as fish was concerned, did not exist at that time.

No mention was made of salted herring until the seventies and
eighties, when export of salted herring comimenced, the quantities
increasing during the last two decades of the century.
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From wan Dijk’s paper:

With respect to salted herring, difficulties of such a severe character
and to such a wide extent have been arising during the last thirty years,
that it becomes urgent to find an escape out of this unsatisfactory situation.

Therefore, it is necessary to review some details of the multitude of
problems of an economic character arising in connection herewith. Of
course, only a few sides of this question can be mentioned, so that this
statement does not have any pretention of giving a fully detailed survey
of the situation. If it might convince technologists of the necessity to
join hands and if it might arouse their willingness to cooperate whole-
heartedly in tackling these problems, it may, however, be a good contri-
bution to the solution of the existing problems of the herring industry.

Present Production of Salted Herring

From van Dijk’s paper:

In the nineteen twenties Europe no doubt still was the most important
herring producer. After 1930 a chaunge in this situation took place,
however, because Japan, Canada and the United States of America,
became important herring producers, even to such an extent, that in
1949 Japan could gain the first place among the producers of salted
herring and allied species.

Production of herring and allied species is still increasing. Although
exact figures are not available, the total catch for all countries can be
estimated at about 3.3 million metric tons, whereas, as far as known,
total landings of all sorts of fish in the world amount to over 12 million
metric tons. The production of salted herring reached about 500 000
metric tons in 1949, 300 000 of which were produced in Europe.

The following countries take an active part in the production of
salted herrings: Norway, United Kingdom, Netherlands, France, Swe-
den, Iceland, Belgium, Finland, Denmark, Japan, Canada including
Newfoundland, and the United States of America. ]

If we leave Japan out as an important producer of salted herring and
pilchards, it can be stated that Western Europe is the greatest supplier
of this product. In Norway, one of the leading countries in this area,
the production of salted herring increased considerably during the years
after the last war and reached a total of 115000 metric tons in 1949.

The United Kingdom can be regarded as the second important pro-
ducer, although the production has decreased heavily. In 1938, 127 000
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metric tons of cured and “red” herring were produced in this country,
but this figure fell to 42 000 metric tons annually during the period of
1946—1948.

The Netherlands took the third place in Western Europe in 1949.
In this country the fishing industry quickly recovered from the heavy
losses it sustained during World War II. The landings are now bigger
than in the years before the war. They increased from 64 000 metric
tons annually in the period of 1930—~1939 to 82 000 mietric tons annu-
ally in the years 1946—1949.

For further details on the extent of the production of salted herrings
in the various countries, see Table 1.

From Sunderland’s paper: .

Mention should be made also of the Scotch-cured (brine-salted)
herring ‘industry in British Columbia, Canada. During World War I
a good market for this product was developed in the United States and
Australia. In fact, in 1918 the value of Scotch-cured herring, more than
half a million dollars, exceeded that of any other herring product pro-
duced in British Columbia. But since then only small quant1t1es of
herring have been cured in this way.

The dry salting of herring for the Oriental market commenced in
1904 and the production of this product increased rapidly. The Chinese
coolie class offered a good market for the cheap dry-salted herring, which
together with rice made a satisfying meal for them. The pack, however,
suffered a decline during World War I but even then 50 per cent of the
catch was dry-salted. While the market for Scotch-cured herring declined
after the war, more dry-salted herring was packed. The quantity of the
dry-salted pack increased rapidly from 172 610 cwt. (8 769 metric tons)
in 1918 to 1 072 188 cwt. (54 467 metric tons) in 1928. However, since
then the British Columbia production of dry-salted herring gradually
has decreased. In 1938 it was 149 700 cwt. (7 605 metric tons), in 1949
59995 cwt. (3 048 metric tons).

Fishing Methods

From van Dijk’s paper:

Being a most perishable fish, herring must be preserved quickly. As
it is also a cheap fish, inexpensive preservation methods are preferable.
Salt preservation fits these requirements. But this in turn means that
the economy of the herring-salting industry ties up very closely with the
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Table 1: Production of salted herring and allied species.

1946 1947 1948 1949
, " metric tons

Belgium ............. G 18 647 16 230 12102 7 087
Canada .....covvvnnnnnn .. “ 18213 12 316 11 017 12737
Newfoundland ...... e 29 897 + 15 063¢ 19 5648 5 8586
Denmark® ....oovviinn.. 4100 4100 3700 2 000
Finland ........vvouunnn. 6 500 6 000 4000 4000
France® 6 ............. .. 13 000 36 500 30 000 25 500
Tceland . ..vvvvvnnennnnnn. 20 900 8359 11 480 12 900
Ireland ....oovvvnnnnn... 254 85 1430 947
Ttaly oovereniiienenss, 10 000 10 000 10 000 12108
Japan ....o.iiieiiiein.. 139 100 69 750 44 935 193 358
Netherlands:-

salted ......... N 45 000 58 000 . 74 000 60 000

smoked! «.........un.. .17 000 | 17000 25 000 13 000
NOTWAY . . vvvevannnn.s e 70 600 94 600 110 000 115 211

" Philippines <............. 1546 3 884 1608 1 266

Portugal ............... " 3205 1033 3092 2790
Sweden. ...c...ovu... G 17 7619 7990% | . 23819
United Kingdom? . s

salted ..........oon... 34971 28 795 44887 | 20687

smoked .............. 59 226 66 460 69 599 54 087
United States of America8. . 6 3001 6 300 6 3001 6 300

~ Total ............ | 516220 | 462465 | 506533 (549 836)10

1 Estimated.

.2 Inclusive marinated, dried.

# Product weight unless otherwise indicated.

¢ Faroe Islands and Greenland not inélugled.

5 Continental France and Corsica only.

6 Smoked herring is or may be included.

? England, Wales and Scotland including Isle of Man, 1946—48, Eng]and
Wales and Scotland, 1949.

8 Including Alaska.

® Exports.

10 Sweden not -included.

Source: FAO Fisheries Bulletin, Vol. 3, No. 3, p. 47. May-June 1950,

economy of the primary production itself, in other words: the catching
methods. A brief discussion of the fishing methods is therefore in order.

‘In the countries producing salted herring; great differences may be
noticed in the methods of fishing. They can be divided into two groups,
viz., passive methods and active methods.




Passive Methods

From wan Dijk’s paper:

There is no doubt that the passive way of catching herring ‘is the
older one. Here the fisherman relies on experience gained in preceding
years. He knows, that the herrings concentrate in certain areas, varying
according to the seasons. In these places fishing gear is cast and the
herrings get entangled in the nets.

The principle passive method undoubtedly is the herring drift-net
fishery using nets hanging vertically in the sea. This is achieved by
fixing corks and buoys to the top and pieces of lead to the bottom of
the nets. This method is used especially by the British, Dutch, German
and Swedish fishermen. The swimming herrings touch the vertical net
and try to worm themselves through the meshes, their gills prevent them
fom escaping backwards, while the meshes are so narrow that they
cannot get through. It will be clear that, in using this method, every-
thing depends on whether the herrings swim into the nets or not.

From Sunderland’s paper:

In British Columbia, Canada, drag seines had been used until around
the turn of the century, but about 1905 gill nets were used to supply
the local market.

Active Methods
From wan Dijk’s paper: .

Trawling is the. most important example of an active catching
method. Here a drag-net is towed over.the bottom of the sea with the
greatest speed that the ship can.possibly reach. This method is being
used among others by fishermen from the United Kingdom, Belgium,
Germany, the Netherlands, Sweden and Denmark. . - o

Another active fishing method is the one that makes use of the purse
seine, with which the traced herring shoal is encircled. Its lower edge
is then drawn together with a purse string: Icelandic, Norwegian, Swe-
dish, Danish and East German fishermen use the purse seine extensively.

A third active method to be mentioned is that used by Danish fisher-
men, viz., the so-called "snurrevad”, a bag-shaped net, which is towed
through the water at a low .speed, while the lines are in constant vibra-
tion. This vibration is transmitted to the water and drives the fish into
the,. net. However, this method is of no practical importance for
catching herring. '
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From Sunderland’s paper:

Drag seines and gill nets did not catch sufficient fish to supply the
growing export trade in dry-salted herring, so purse seines came into
use in British Columbia, Canada,. about 1910.

to some, the trawl fishery is, to a large extent, responsible
diminishing of the fish population of the North Sea. A big part
is said to be destroyed by the trawl nets, which plough the
sea with their foot ropes, often made heavier with chains.
to determine how far this factor is of importance compared
ircumstances which influence the density of the fish popula-

which should cover a very long period, it should be
exists a close relationship between trawl fishing
of the fish population and whether the application
ny effect or not on the abundance of the herring.
s problem might be, it is not the intention to

fishery, the lugger is a
not need a powerful motor
' the nets usually takes
ard, it is very important

method of fishing
e equipped with a

1. of the sea at
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This is one of the reasons why the countries which are compelled to
fish far outside their coastal waters find themselves in an unfavorable
position as to cost of the vessels they have to employ.

Thus, the nature and location of the fishing areas are of great im-
portance for the whole economy of the industry. They will, among
others, decide what fishery technique will be applied, and in turn, what
vessels are to be used especially if fishing takes place on the high seas,
the distance from the fishing grounds to the ports is very important.

The English, Scots, Norwegians and Icelanders are in this respect
in a favorable position. Therefore, in the herring industries of their
countries, the herrings are usually gutted and salted ashore, whereas
the Germans and the Netherlanders are compelled to do this work at sea.

Small craft can as a rule be built at a low cost. The countries situated
a long distance from the fishing grounds have enlarged the boat catching
capacity. They have equipped their vessels with more powerful motors,
so that the time necessary to reach the fishing grounds have been short-
ened considerably and more trips per year can be made. Moreover, the
ships have been eniarged, so that they may stay longer in the fishing
" area and carry a bigger load. These factors are apt to lead to bigger
landings of herring. - ‘ '

Improvements in Capture Techniques
From wan Dijk’s paper: v

In the last few years. important inventions have been made, which
more and more eliminate the element of luck which has been playing
such an important role in fishing operations all through the ages. Publi-
cations about so-called catch indicators have appeared in various profes-
sional journals. It is clear that it is of great advantage to the skipper,
if he can see how much fish is in the net and thus is able to decide which
moment is the most profitable to board the net. This instrument may
save time and prevent the net from getting overloaded and torn. It is
evident that this lowers the operating costs.

Furthermore, experiments are being carried out with the so-called
floating trawl, an invention of a Danish netmaker. Up to 1948/49 wheu
this method was introduced the net was towed over the bottom, but
with this invention it will be possible to drag the net through the water
at any desired level. The net is towed by two vessels steaming side by
side at a distance of about 165 yards (151 m.). The depth at which
the net must be kept is indicated by an echo-sounder, which shows
where the herring shoals are swimming.
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The latest news in the field of fishery is that Soviet scientists are
experimenting with various methods of fishing without nets. Strong
electric currents are helping to attract the fish to pumps; which suck
the fish out of the water. It was found that a fish pump on its own,
no matter -how powerful its suction Lapamty, only caused the flsh to
swim away from it.

Trials are also being made to attract the fish by light of different
colors. The intention is to catch the fish which are ora‘zhermg around
the lamp by means of a'purse seine.

Echo sounders and even accoustic ranging installations are already
in use on a large number of vessels; they also contribute to enlarge the
catching possibilities. These techniques are especially important because
they create the possibility of tracing fish shoals, and in this way diminish
the loss of time. Moreover, these methods have made it possible to
distinguish the kind of fish that may be found under water.

Technique is still being improved.” My summing up most certainly
is not complete, but it does indicate that fishing technique is developing
very quickly nowadays; so one may conclude that there exists the
technical possibility of catching still greater quantities of herring.

Salting and Curing Methods.
Main Methods. ‘

From van Dijk’s paper: :

As regards the curing methods of herrmg already on board the
luggers some differences can be observed.

The fishermen of the United Kingdom, Iceland, Norway and Sweden
are, due to the short distances they have to cover between the various
fishing grounds and their ports, in most cases able to land .the herring
in a very fresh condition. The herrings, therefore, can be salted ashore
and, if desired, gutted. The Dutch and the German vessels, on the other
hand, especially in the beginning of the herring season, have to make
rather long trips to reach the fishing areas. To be able to carry out this
kind of fishery it became necessary for them to preserve the herring
aboard the vessels. For this purpose a considerable quantity.of salt is
loaded before they leave port. Formerly various qualities of -salt ‘were
used for the different catching periods. At present most countries out-
side Scandinavia use home-produced salt, either sea salt gained at their
own shores or mined' salt.

Sea salt has the advantage that, due to its high content of magnesium
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sulphate and magnesium chloride, it dissolves quicker and supplies a
better brine. On the other hand sea salt has a smaller degree of purity
and, moreover, increases the ichance of a bitter taste, if the herring has.
to be stored for a long time.

A part of the herring that is caught by (:erman and Dutch vessels
is gutted before being salted. The gutting of herring is a very old
method and has the effect of increasing the keeping quality and im-
proving the taste. A short but sharp knife is used. A deep notch is
cut into the throat after which, by a turn of the knife, the stomach, the
heart, the liver and a part of the entrails are removed by pulling.them
out of the body cavity. This method has the advantage that the herring
quickly loses its blood. It is not advisable to-clean the whole abdominal
‘cavity, because then certain enzymes that give the herring such a fine
flavour during the ripening process may be removed.

The enzymes- cannot do their proper work if the herrings are salted
too heavily, so that, especially with the matjes cure, the percentage -of
salt is kept very low. After the gutting the herrings are mixed with
salt in a tub; then they are put into barrels which are closed after salt
has been added.

In other countries the herring undergoes the same . mampulatlon
ashore. Only very fresh herring can be used for this kind of ,curing..

There is also a considerable production of ungutted, salted herring.
Herring salted in this way is, with the exception of ”matjes’.’, not suit-
able for immediate consumption. . ;

- The “matjes”, a kind of herring that has not yet attamed a statg
of sexual maturity, is gutted and slightly salted. . After a very short
time of soaking it can,-after being cleaned, be eaten without further
processing. If the catches are abundant, the ”matjes” have to be placed
in -cold-storage rooms. A lot.of people are held back from consuming
this kind of herring, because they are of the opinion that they get raw
fish. However, the ripening process mentioned before, brings about such
a change of the proteins and fats that not the slightest conformity exists
with raw fish, either with regard to flavour or composition. This way
of consuming herring has become very popular in the Netherlands and
Germany and to a certain extent in Belgium as well.

The full herring is caught just before the spawning takes place.
This kind of herring is not always gutted. With the exception of Eastern
Europe, full herring is not sold to the consumers before being processed.
It is the principal raw. material for the smoke and marinating houses.
The full herring is, as a rule, subjected to heavy salting which- makes
it hard and dry. This method makes the herring less suitable for imme-

FAQ — 15
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diate consumption. On the other hand the keeping quality is greatly
increased, so that it forms an excellent article. The spent herring is
caught just after the spawning process and is, as to quality, inferior to
the full herring. Owing to its small percentage of fat and the dryness
of the fish flesh it .is practically never salted.

Dry Salting in British Columbia.
From Swunderland’s paper:

Although closely related to-the herring of the Atlantic, the Pa01f1c
herring differs in its spawning habits. Whereas the Atlantic herring
spawns on the gravelly bottom of the sea, usually in many fathoms: of
water, the Pacific herring deposits its ‘spawn from near high-tide line
to only a few feet below low tide, among. the eelgrass and the rockweed
that grow along the shore, the larvae emerging in about two weeks.
The herring may survive for two, three or four years before reaching
the market.

From the first days of expansion of the British Columbia salted-
herring industry boats or scows were used for transporting the herring
to the salteries, where the fish was hoisted by means of brailers into
carts which were spilled into large tanks holding from 12 to 15 tons of
fish each. These tanks were usually made of heavy 3-in. (7% cm.)
planking and had to be water-tight. Therefore, the cracks between the
planks were either caulked or the tanks were often lined with canvas.
The conveyors moved the fish up an incline to the plant. They consisted
of wooden or metal bars fastened to an endless chain running in a trough.
It was customary to have a row of tanks arranged on either side of a
horizontal belt conveyor allowing a space of 18 in. (46 cm.) or more
between the two rows of tanks. The conveyor running between the two
rows of tanks consisted of a 12-in. (30% cm.) rubber belt and the
fish spilled into the tanks from inclined chutes leading from this belt
conveyor. While the tanks were being filled coarse-grained salt was
added, the quantity depending on the fat content of the fish.

The fat content of the British Columbia herring is at its highest
point at the beginning of the “pre-spawning” run, which commences
in the autumn, and decreases gradually until the end of the run. By
the last two weeks of December the difference in the fat content of the
fish becomes quite noticeable.

In the early days of the industry each operator, guided by his own
experience, regulated the amount of salt used according to his own
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opinion and would, for instance, use about 62 bags (a bag contained
125 1b., 56.7 kg.) of salt to 15 tons of fish until the middle or end of
December. From then until the end of the season he might continue
using 58 bags of salt to 15 tons of fish. Eventually, however, government
regulations specified certain conditions which the operator had to follow.

The herring was stirred or trampled the day after salting, and from
then on every day while curing in the tanks, to insure that all the fish
in the upper layer of the tanks were immiersed in the. brine which
formed as the salt dissolved. It was customary to leave the fish in the
tanks for 5 to 6 days until the end of the year, and after the beginning
of the year from 4 to 5 days. The length of time allowed for curing
also depended on the temperature as well as the fat content. When no
blood could be squeezed from the gills of the fish it was considered
sufficiently cured. An experienced ope1at0r could also judge by splitting
the fish with his hands. »

At the completion of the cure the fish: was: removed from- the tanks
by means of hand brailers and allowéd to drain on the plant floor for
about 12 to 16 hours before the final packing’ with additional salt into
400-1b. (181 kg) boxes. While the fish was being shovelled into the
boxes, 5 bags of salt for every 15 tons of fish were added, and the
contents were pressed or trampled into the boxes before sufficient weight
could be attained and the lids could be nailed on. - The boxes were then
piled up three or four high until the following day when the lids were
finally nailed, and the boxes were wired- and- stored until they could be
shipped. However, several mechanical presses were built about 1929
which made the boxing up much simpler. With some of these machines
it was possible to nail the lids on more than 60 boxes per hour, and it
was also possible to complete the packing operatxon as soon as the fish
had been suff1c1ently drained. ' ’ '

From discussions:

Needler, Canada, called attention to the fact that the main principle
of the preparation of hard-dried, Oriental-cured herring in Canada was
that of keeping the brine saturated at all times. In the earlier days this
was assured by having a piece of burlap suspended over the top of the
salting vats. Salt was placed in this burlap so that there was salt on the
top of the vat and not just at.the bottom, thus assuring saturation. He
emphasized also that it was generally considered that this is the cheapest
way of preserving herring so it would keep for a longer period.
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From Su'nderlands paper:

Some of the Canadian government regulatlons which apply to the

dry saltmo of herrmg may be of interest:

,,]..

V2.

?3.

)JS.

Any water that may have accumulated amongst the fresh f1sh in a

~boat or scow shall be allowed to drain away when the fish are being

discharged therefrom and before salting: takes. place. :

(a) The fresh fish :shall be thorougly salted into tanks or other
water-tight receptacles in such a manner as will permit of each
fish coming in contact: with .the salt. - All fish 'shall be sound
and they shall be salted within 24 hours after being taken from
the sea. -If the tanks or other receptacles stand in the open when
filled, they shall-be covered and protected from rain and snow.

”(b) The date on which fish have been salted: into each tank shall
be shown on the tank and in such a manner as will make it
. easily seen by the -inspector.
”(c) When pickle has formed-in each tank it shall be maintained
at.a strength of 90 degrees or rore.:

”(d) The inspector shall by a salinometer test the strength of the

pickle in each tank at each visit to a curmg place during the
- season. ‘

- All herring taken from the opening of the fall season, in British
‘Columbia, to the end of November shall remain in salt for not less

than 6 days of 24 hours each, and all herring taken from December
first to the end of the season shall remain in salt for not less than
5 days of 24 hours each before being boxed for shipment All
herring for shipment -shall be sound, thoroughly cured and in good
condition.

Boxes for shipment of dry salted herring to the Orient shall be
42 inches long, 2435 inches wide and 14 inches deep, outside
measurement (Editor’s note: 106.7 by 61.4 by 35.6 cm.). The
sides, top and bottom shall consist of good sound boards 1 inch
in thickness, and the ends of similar boards 124 inch (Editor’s note:
25.4 and 26.0 mm.) in thickness. ' The boxes shall be strongly made
and well nailed.

The fish on removal from the. tanks shall be drained of pickle for
24 hours and afterwards firmly packed in standard boxes and
thoroughly sprinkled with salt. Each box shall be filled to its ut-
mest capacity with fish at the time of shipment. A mark or number
shall be plainly marked on each box to indicate the packer of the
fish and the date on which the fish were first inspected.”




Spicing
From wan Dijk’s paper: .

Spicing of herring is another method of preservmg herring; it is
mainly practised in the Scandinavian countries. The herrings are headed,
the entrails are sometimes removed and then the herrings are packed in
barrels, a certain amount of spices are added and finally a liquid poured
upon the contents. By many different recipes that are followed products
are obtained differing widely in taste. After a rather long-lasting ripening
process this herring may be used for different purposes, although it is
mamly used to produce the so-called gaffelbitar” (tidbits). The prepa-
ration of spiced herring requires great care and must be supervised by
experts. In view of the many years of practice in the Scandinavian
countries it is clear why they especially succeeded in gaining a market
for these products.

One should not exaggerate the importance of this trade. It may be
estimated that the international trade in ”kryddersaltet sild” amounts
to some 5000 metric tons a year. Nevertheless, the sale of this speciality
is important to Norway, Sweden and Iceland because of the fact that
it means an additional market for herring.

Need of Mechanization
From van Dl]k s paper: :

Up till now the whole saltmg process was bemg done by hand. Many
cfforts have been made to find labour-saving devices in the salting of
herring, however; they have met with littlesuccess. Notwithstanding
the many technical improvements to which the herring industry has
been exposed, the actual salting process has apparently not been suscept—
ible to such changes.

In the Commodity .Study on Herrlng and Alhed Spec1es the followmg
statement. by the Scotiish Home Departement rightly appears:. ‘

"We cannot but be impressed by the vast field for.research that is
offered by this ancient industry, in which many of the established prac-
tices have been handed down, pract1ca11y unaltered, from father to son
through many generations.” : :

As far as the guiting on board is. concerned there is 11tt1e chance
that some forms of mechanization can be introduced in the near future.
The limited working space aboard the luggers probably hampers a devel-
opment in this field.

Up till now the lack of time and the absence of sufficient labour at
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times of abundant catches has caused the salting of ungutted herring.
This has a had effect on the quality.

Hcwever, a certain part of the catch will usually be salted ungutted,
as it can be sold at lower prices.

From discussions:

- Aglen, United Kingdom, felt that it should be possible to reduce the
cost of producing salted herring. In the United Kingdom this is done
through the use of cutting machines of a Swedish make, which he did
not think were used elsewhere. They worked quite satisfactorily, but
were still being improved upon. -

Reay, United Kingdom, gave information about some experiments
carried out in Scotland by the Torry Research Station at the request
of the Herring Industry Board. In these, herrings were ”nobbed” (head
and gut removed) by machine as for carining, and were then mixed with
salt and shovelled into large vats for curing.” After some months the
cured fish were graded and packed with brine into small lacquered tin
containers or small wooden barrels. At vats, large wooden tubs and large
enamelled bath tubs were used; concrete vats could also no doubt be used.

"Gibbed” herrings (gills and gut removed by hand in traditional
way, although there are now machines for doing this) were treated in a
similar manner. Both “nobbed” and “gibbed” herrings were also packed
carefully with salt in wooden barrels and cured therein, all in the tradi-
tional manner. ‘ Co ’

Extensive taste testing of the products were carried out. When
tasters saw the headless, “nobbed” herring they rated them inferior to
the “gibbed” traditional cure; but when the latter were beheaded imme-
diately before tasting no' difference in quality was detected. In fact,
there was little difference in quality between any of the various cures.

The experiment proved that it was possible to salt herrings satis-
factorily by mechanizing pretreatment and replacing skilled by unskilled
labour in packing the fish for salting. It also showed that cure need
not be made, as is often held, in containers made of wood.

One of the advantages of the modernized process was that final
selection and choice of packaging to suit various types of customer
demand could be delayed to the last moment.
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The Present Marketing Situation

Increasing Difficulties
From van Dijk’s paper:

After having found that the possibilities for producing salted herring
give reason to expect an increase in supply rather than a decrease, it is
interesting to investigate how the sales of this product will develop.
One probably has to assume that every year an outlet must be found
for at least 500 000 metric tons of salted herring. ‘

Moreover the number of herring-producing countries is still increasing
and in the near future it will undoubtedly by enlarged further by measures
taken in accordance with “Point Four” of the Truman program
and the FAO Expanded Technical Assistance Program, which dim at
a quick development by technical assistance to under-developed areas.
The new fishing countries, which lack the experience of the European
countries, may then be able to start their fisheries with the most modern
equipment. When one takes this development into account, it is certainly
not to be expected that the landmgs of herring all over the world will
decrease. :

If we do not succed in taking the necessary measures, it is to be
foreseen that the difficulties which are encountered at present by
various producing countries with regard to selling their products will
prove to be negligible compared with those, which will have to be sur-
mounted in the future. Thus the problems of the herring fisheries, which
are in most pressing need for a solution, are not to be found on the
production side, but much more in the field of marketing. :

‘The difficulty experienced in selling salted herring is all the more
serious because of the fact that the seasons during which the various
countries are catching herring comc1de to a great extent (see Table 2).

Table 2: Survey of the herring seasons in the various
European countries

Norway (North Sea} ........ ]an —May
»  (Norwegian Sea) .... Aug.-—May
» (Finmarken) ........ Jan.—June
Sweden ..., Aug.—March
Denmark ............ 0.0, June—Oct,; Feb.—Apr.
Iceland .......... .. .coocnnt. July—Oct.
Germany. ....o.ooveveeeunnenns March—Apr.; June-—Dec.
Netherlands ................ May—TFeb.
Belgivm ...........0c ... Dec.—March
England .................... May—Dec.
Scotland ..........cocoininn Jan—March;’ May—Sept.

France........ e May—TFeb.
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Present and Potential Consumption of Salted Herring

From wan Dijk’s paper:

With regard to Western Europe it can be stated that in some of the
herring-producing countries the consumption of salted herring most
probably cannot. be increased considerably. A few countries havmg a
very small population produce quite a:lot of salted herring. As a conse-
quence practically the whole production has to be exported.

Norway, for example, has a population of just over 3 million and
the per capita consumption of fish is already high. The consumption of
-salted herring can be estimated at 5 kg. (11 1b.) per head. In view of
this high figure it is not very likely that this country offers a substantial
-additional outlet. Exact figures on the consumption of salted herring
in Iceland are not known, but as only 140 000 people live in that country
it is negligible as a market. In Denmark and Sweden which also have
relatlvely small populations and where fish consumption is high, an
increase in the consumption of salted herring would most probably lead
to a repercussion on the consumption of other fishery products.

In Germany, Belgium and the Netherlands the consumption of salted
herring showed a considerable increase in the years immediately after
World War 1. In these densely populated countries salted herring is
considered a cheap food so that it. will only be marketable at a low price.
When; in the beginning, other foodstuffs were very short salted herring
-met with little competition. Since. the .middle of 1948 this picture
changed fundamentally. .

As no figures concerning the consumptlon of salted herrmg n these
producer countries are. available, we shall use figures from the Nether-
Jands as an illustration of the frend in herring consumption during the
period of 1946—1949. Tt is true, that these figures are not representative
for Western Europe, but still they may give us some idea as to the
decline in' this period. '

In the nineteen thirties the consumption of S'l]ted herring (mainly
matjes cure) and “red” herring amounted to 2.5 kg. (5.5'1b.) per year
per capita. In 1946 this figure had risen to 4.3 kg. (9.5 1b.) and in
1947 even to 5.8 kg. (12.8 1b.).

During the last two years a falling off in the demdnd for these
products is observed. The consumption amounted to 3.6 kg. (7.9 1b.)
in 1948 and 3.1 kg. (6.8 1b.) in 1949

From discussions:
Bramsnaes, Denmark, ment;oned that an old custom in Denmark had
been that one meal every day.on a farm included salted herring. A barrel
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of salted herring was in these days bought for the winter's supply; it
seemed that the modern consumer reacted against this type of container.

Aglen, United Kingdom, said that the consumption of salted herring
in the United Kingdom, as in Denmark, was much smaller now than it
used to be. In the old days, most farmers kept a barrel of salted herring
for the winter’s supply. He felt that the discontinuation of this tradition
was due to the housewife’s reaction to the salted herring. IHe felt that
there was a considerable potential market for salted herring, matjes
herring, etc., in bars, restaurants, etc. However, here also a ready-clea-
ned, easy-to-handle product would be preferred. He recommended work
to develop such products. - He felt that when boning by machines was not
used so: much in the Netherlands it was because most salting was done
aboard

Export Situation

From wvan Dijk’s paper:

Tt is known to all of us, that the world trade in salted herring has
taken a turn for the worse. From the preceeding information it has
‘appeared that this’' decline in trade has not been-caused by a decreasmg
production of: salted- herring. \

We only realize how very difficult the situation is, if- we consider
the figures shown in' Table 3. There we find that the average export per
year ‘decreased from 393 mill. kg. (882 mill. 1b.) in the years 1930—
1934 to 290: mill: kg. (639 mill. Ib.) in -the period 1935—1939. Just
after World War Ii the total export -of salted herring could not reach a
higher average than 260 mill: kg. (564 mill. 1b.). This means that the
international turnovers fell back by one third since the thirties. -

- At ptesent no exact figures are available for the period 1920-—1930,
‘but ‘we may “safely ‘assume that the international trade in salted herring
was even brisker than in 19301934y in which period the serious econ-
omic depression started and'badly'affected world trade. However, not
all the exporting countries had to bear an equally heavy burden of the
decline in trade, which has continued :since 1930. :

The -export from the. United Kingdom dropped very: severely. In
the years 1946—1948 the average annual export amounted to only 25
per cent of the average of the years 1930—1934 and also in this period,

owing to the economic depression, this level lay well below that of the
twenties.. In the period 1925+-1929 the annual export: averaged about
270 mill. kg. (595 mill. Ib.). Lo

For the Netherlands, up till and including 1947, the exports are

stated in gross quantities, whilst since 1948 export figures represent
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Table 3: Total exports of salted herring and allied speciest

1930— | 1935— | 4945 | 1947 | 1948
Countries 19342 19392
‘ million kg

Total ... iiiii i .| 393.2 289.7 255.9 234.7° 288.1
United Kingdom ............ 1772 | 122.9 | 434 | 382 | 498
Netherlands ................ 69.5 64,1 14,9 48.8 48.8
Norway .............o0o " 74.1 44 .3 105 7 92.93 112.6
Iceland ............. e 20,7 24.2 - 15.2 6.6 11.0
Sweden .............. PR 2,4 . 3,8 18.8 8.0 - 24.2
Canada ....ivivennnnnnnn. 33.9 17.5 . 219 17.4 164 .
New Foundland ....... e 4.0 3.3 30.0 15.0 17.1
Other countries ............ 6.3 4.1 4.8 5.3 6.3

! Smoked and spiced herring included.

2 Annual average during that period.

3 Smoked and spiced herring not included.

Source: Commodity Study on Herrmg and Allied Species 1920——1948 pub-

lished in May 1949 by FAO.

net totals. This implies that the gross export in 1948 equals that of
the years 1930—1934. In 1949 this quantity was increased to a level
5 per cent higher than that in 1948.

The export ol Norway shows a very favourable plcture, though in
the mineteen thirties the quantity exported decreased by 40 per cent. In
the years 1946—1948 the average exported quantity was 40 per cent
higher than the average of the period 1930—1934. Tor this country
1922 and 1923 were the peak years with totals of 159 and 151 mill. kg.
(351 and 333 mill 1b.), respectively. .

For Iceland the nineteen thirties were favourable years. However
in the years 1946—1948 the average export reached 50 per cent of the
total exported on an average in the years 1930—1934. For this country
such a development may create a difficult situation as a large part of
the economy depends on the outcome of the fisheries 1ndustry, and, in
particular, on the export results.

Before the outbreak of World War II Sweden did not hold an im-
portant place among the salted-herring-exporting countries. In the years
1946—1948, however, this country exported 17 mill. kg. (37.5 mill. 1b.)
per year on an average. This means a very important increase.

If we consider the exports of Canada, including Newfoundland, it
appears that the serious setbacks which were experienced in the nine-
teen thirties (about 50 per cent) could be made good in the postwar years.
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Present Importing Couniries
From wvan Dijk’s paper:
For a proper valuation of the sales possibilities it is necessary that
we consider the more important importing countries of salted herring.
Starting with the United States we see that the imports of salted
herring showed the following development:

1930—1934 average 15.9 mill. kg. (35.1 mill. 1b.).
1935—1939 average 15.2 mill: kg. (33.5 mill. 1b.).
1946—1948 average 13.2 mill. kg. (29.1 mill. 1b.).

The total consumption lies about 17 per cent below the level reached
in the nineteen thirties. The decrease in total consumption, however, is
much more serious than this percentage indicates. The population in
that vast country increased from 123 million in 1930 to 151 million in
1950, i.e., by more than 20 per cent. If the consumption per capita had
remained the same, at this moment an. import of a much bigger size
could have existed. The cause of this sharp decline must, most probably,
be sought in a change in the consumption habits during World War IL
During these years all contacts between the Western Europe supplies
and their clients in the United States had of course to be broken off.

With the help of good information services and an intensive pro-
paganda it may be perhaps possible that a part of the lost ground can
be regained. Yet, however important this area may be as it supplies us
with the badly needed hard currency, it takes only 5 per cent of the
world exports of salted herring.

- With regard to markets for salted herrmg, the prospects in Germany
are less favourable. In the year 1930 this country still imported 115 674
metric tons. Owing to the economic depression, this quantity fell to
95 690 metric tons in 1932, and it fluctuated around 60 000 metric tons
annually in the period 1932-——1938. During the first year after the war
demand for fishery products was very brisk in consequence of the lack
of other foods. The German fishing fleet, which had shrunk heavily as
a result of the war losses, was not able sufficiently to supply the country,
which in the meantime had been divided into two parts, so that in the
years. 1946—1948 still 69 391 metric tons, were imported. In 1949
imports amounted to 65 713 metric tons, while during the current year
the imported and still to be imported quantities will most probably be
well below this figure. Germany's own fleet has been expanded consider-
ably during the last few years, whereas the per capita consumption shows
a continuing decrease. We have to reckon with the fact that this former
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importer, which in 1930 still absorbed 20 per cent of the world exports,
will sooner or later practically disappear as a buyer of foreign-produced
salted herring.

Apart from the United States of America and Germany, the Eastern
European countries used to be important buyers. Figures on the imports
of these countries are not available, still a conclusion can' be drawn.
It is namely known, that total imports of salted herring in these coun-

tries — especially in Soviet Russia — fell.
World War 1I, which resulted in a large expansion of Eastern
Europe -— politically as well as economically — did not change this

situation for the better. The cause of the decrease of the quantities
imported in these countries is hardly an indication of a change in con-
sumption habits, but rather due to the fact that consumption is decided
by the purchasing policy of the governments. An'additional difficulty to
the trade with these countries is that exporters have to deal with a so-
called single buyer. Moreover the small purchasing power of the population
in these areas plays an important role in the trade relations so that an
increase. in exports can only be achieved by means of low prices. -

Debelopmént of Ne'w'anql Improved Salted Products

From wan Dijk’s paper: ~

If we study the overall position of the hernng 1ndust1y and the
marketing possibilities, it must be noticed; that on one side we meet
with the probabillity of increased landings, while on the other, the
chance of finding new outlets for herring is declining. There exist
important differences in the costs of production between various coun-
tries, which causes difficulties in their finding sufficient markets. There-
fore, it is necessary to search for new processing methods which may
lead to increased sales possibilities for herring and herring products.
It is clear, however, that therewith the herring problem has not yet
been solved. .'On the production side we shall have to look for:such
methods,- which may contribute to a further economizing in the:fishery
itself. In the conclusions of ‘the herring meeting, which was held at the
Hague, the Netherlands, 29 August—2 September 1949 ‘under. the
auspices of FFAQ, is stated that it would seem useful to call together a
special meeting of experts working in this field. :

The many factors, which are leading to an unfavourable fmture of
the herring fisheries are no doubt to a great extent to bhe found in the
economic field, but besides these there are certain technical - difficulties,
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the solution of which may contribute to an?improvement of the economic
situation of the herring industry. :

One of the most important conclusions, Wthh the above mentionad
herring meeting reached,. was that it would be necessary to call together
a meeting of technologists as soon as possible to examine the possibilities
of developing new qr existing processes, which would lead to an increase
in the marketing of herring. ,

The importance of the coopera’mon of technologists of dlfferent coun-
tries is. evident. By the close cooperation of .the technologists inthis
field it may be possible to discover new processing methods, which -will
fulfill the economic needs as well as-the requirements of the consumers.

On the other side it is €qually necessary to aim at finding methods
which in the long run include an improvement of the methods used for
the proceessing of herring. ' More particularly this applies to the methods
which are in use for the transportation of fresh herring. By an improve-
ment -of transport, especially with regard to.the technique and by in-
creasing the degree of keeping -quality of the fresh herring during the
transportation it might be possible to have the herring products also in
those countries, in which the standard of living is low, but where, on
the other hand, labour is so cheap, that it pays to erect.factories for
the further processing of herring for local consumption. :

Owing to the fact that consumption habits only change gradually it
will not be possible to enlarge the consumption of herring within a short
time so that as far as the marketing is concerned it will be very difficult
even to maintain the production at the present level. This is another
reason, why it is necessary to search for new processing methods and
develop new types of salied products. -

In the first place, it should be taken.into account.that these new
products must be in accordance with the tastes of the people living in
the countries, where an outlet for herring must be found and; moreover,
the products must be in harmony with the special consumption habits
of-these countries. Further we have to reckon with the fact that the old
consumption habits will be abandoned more and more, as far as they
are not directed to ready-to-eat products. The important progress in
technique which has been taking place during the last decades should
make it possible to find new ways in-the field of production, packaging
and transportation of herring. In addition to.the above mentioned
requirements, these new methods must be in accordance with the general
requirement that they must be economically executable; this means that
their costs must be in a correct proportion to the general price level which
exists in those countries in which these new products might be introduced.




238

Practice often has shown that minor improvements in packaging and
processing made it possible to reach new consumer groups, or induce
those persons who — owing to the old form in which the product was pre-
sented — were apt to leave it out of their diets, to continue purchasing it.

In view of the necessity of enlarging the marketing possibilities it

‘is important that experts start investigating as soon as possible whether
by application of certain containers and of special means of transport a
contribution can be made to open up markets in distant countries.

A good cooperation between technologists and market explorers will
further be necessary in the search of curing possibilities which conform
as..well-as possible to the consumptlon habits of the buyers in these
new regions! - :

How far the application of new curing methods will expand the sale
of salted herring -is difficult to estimate beforehand. It seems important,
however, that the experts give their full attention to-the development of
processes which furnish products with an added appeal to the consumers.
For these new products one may partly start from fresh herring. Never-
theless, ways have to be found to prepare products which can be made
from salted herring to unburden countries which land herring in a
salted. state” and those countries which salt herring to prevent them
from deterioration. ‘

From discussions:

Jul, FAO, quoted The Economist for 1/ ]une 1950 containing an
article calted ”Cambling in Fish”, dealing with the situation in the
fisheries industries and commenting-on the rather dark outlook for the
industry at that particular time. ‘The article stressed the great importance
of keeéping a high quality. ”Besides quality”, the article read, "novelty
is the great essential. It is unfortunate that so many new experiments
in marketing fish, .in canning, freezing and filleting, should have been
launched, not to make dull fish better, but to make fish bearable. “These
bad starts will also have to .be lived down, for modern housewives have
proved repeatedly that ready-processed, easily-served food is what they
want; corn ‘flakes have ousted porridge, tinned salmon has ousted its
weight in fresh fish — even the poorest customers queue up for fried
cod and leave cheap herrings on the fishmonger’s slab. It should not
be beyond the ingenuity of the industry to fillet herrings, to popularise
frozen cutlets of absolutely reliable, branded quality, or to rival tinned
salmon with a ready-to-serve white fish.”.
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Lighter Cures

I'rom discussions:

~ Bramsnes, Denmark, called attention to new developments in lighter
salt cures. Such products keep very well, even at normal temperatures.
They are thus different from matjes herring, which has to be kept under
refrigeration. One example of these products is the Norwegian silver
herring (Norwegian: “sglvsild”). Other examples are certain German
products. '

Sigurdsson, Iceland, asked whether any results have been obtained
by combining a light salt.cure with antioxidants and preservatives. He
mentioned that for instance a German product marketed under the name
of "Polarstern” had received quite a bit of publicity and seemed to be a
product of this type. It was stated in the literature about the product that
very much less salt than that ordinarily used was contained in the product.

Van Dijk, the Netherlands, was- convinced that mild-cured salted
‘herring would appeal to more groups of consumers than the usual:
heavier-salted type. There is, for instance, a good demand in the
United States for Dutch matjes herring, but better ways of storing
herring aboard should be found, together with methods to improve the
keeping quality -of the product itself.

Heading and Bowning
From discussions :

Notevarp, Norway, related that the tendency in his country was to
salt more and more beheaded herring. More than: 50 per cent of the
Norwegian salted-herring production off Iceland was nowadays salted
without heads and ‘was reported to be well received by the trade. For
that process fewer barrels and less salt was required so the final cost
might well in the long run be lower than the cost of producing the
ordinary full-salted herring. ;

Welin, Sweden, said that in his country formerly all herring salted
off Iceland was packed ungutted. Experience showed, however, that
the belly content gave difficulties in the keeping quality of the product
especially when it was stored during the summer months. It was then
tried to market salted-herring fillets, but they seemed to hecome too
hard. Split herring was also tried but was not too well received by the
trade. It was then tried to produce salted herring without heads and
guts. In the beginning the housewives reacted against them, although
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the product was sold cheaper than herring with heads. The situation
changed, however, in one or two months, and the demand soon exceeded
the supply. Sales of headless herring now increased year by year. Nowa-
days, most of the herring salted off Iceland is without héads and guts
and even. the herring cured in Sweden, caught on Fladen: Ground, is
to a large extent treated in the same way. s :

Bramsnes, Denmark, called attention to a newly developed boning
machine for salted herring -which removed not only the backbones but
also the rib bones and side bones. One Danish company had begun to
sell salted boned herring. In.interviews housewives had said that they
anticipated buying more salted herring if they were obtainable in this way.

- Van Dijk, the Netherlands, agreed that boning of the herring before
salting would be an improvement. Too great -importance should not be
attached to this, however, since in many countries the retailer, and not
the housewife, had to do the cleaning and boning. This also relieved
the housewife of the inconvenience of having to trouble with herring
offals. Therefore, he did not feel that the introduction of boned-herring
retail packages would be of too great an importance.

Notevarp, Norway, felt that it would be detrimental to increased
herring sales to leave the cleaning and preparation of salted herring to
the retailer. Herring should much- rather be sold in any grocery store
and in such a way that the retailer had no responsibility for and no
work with the cleaning or preparation.

Borgsirom, Sweden, mentioned that several Swedish concerns were
packaging beheaded, salted herring, saving 25 per cent of the carrying
load ‘during transport. This method introduces, however, the problem
‘of keeping the oil in the flesh. The heading and gutting also means an
increased loss of oil. Some oil escapes from the flesh of the filleted
herring and gets rancid very quickly.: Work on methods .to prevent
oxidation should consequently be encouraged.

Consumers Packages

From discussions:

Borgstrim, Sweden, said that the opinion in Sweden was that the
market for salted herring could only be maintained through improved
methods of presentation. There is a certain trend from salted to fresh
products. But there is also a trend towards products, which are easier
to handle. So cutting machines and even more improved packaging
methods are of the greatest importance. Denmark, Norway, and the
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United Kingdom have been experimenting with tin-plate containers for
salted herring. This is the case also in Sweden, where several ten thou-
sands of cans with salted herring have been sold. The size of the can is
generally 4 kg. (8.8 1b.). Experiments are also being made with tin
cans of the size of 10 to 25 kg. (22 to 55 1b.). '

Bramsnes, Denmark, felt that use of smaller tin-plate containers,
as used in Norway might be a good improvement. Danish experiments
had shown that salted herring kept well in lacquered tin-plate containers,
if the tin plate had’'a minimum of 1%% 1b. of tin per base box.

Borgstrim, Sweden, reported that in Gothenburg and other larger
Swedish cities, a completely cleaned and boned salted-herring fillet is
being marketed in pliofilm bags. This product is very much favored
by the housewife. It cannot be used for prolonged storage. It is a
method for distribution rather than for storage. Further developments
of such consumer packaging would be highly important. The rancidity
problem prohibits lengtime keeping of these packages.

Notevarp, Norway, said that experimental packages of herring fillets
marketed in-Norway had been packed in brine and in closely sealed plio-
film bags to prevent oxidation. The fillets were without side bones,
cleancut. The shelf-life of the product was from 2 to 4 weeks. He fel
that such packaging would not add too miuch to the cost of the product
as ordinary salted herring had about 60 per cent offal or waste. It should
give some savings to remove this waste before salting.

Crowther, United States, mentioned that recently mackerel fillets in
saturated brine had been packed in pliofilm bags and put on retail sale

in the United States. It gave a very attractive package which was easy
to handle for the housewife, and might do away entirely with the old
salted-mackerel bucket. The bags are stored in refrigerated display cases
in the retail stores, the temperatures being somewhere between freezing
point and the room temperature, probably between 55 and 70°F. (13
and 21°C.).

Borgstrim, Sweden, mentioned that several experiments were going
on in Sweden with regard to the packaging of mackerel fillets, herring
fillets, etc., in pliofilm and other transparent bags. He also called atten-
tion to a method according to whcih herring was packed in cellulose
acetate-film bags, together with for instance butter and parsley. The
contents could be boiled or fried right in the package. He felt that new
processes like this would have great significance for fishery products.
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Other Iwmprovements

From discussions:

Van Dijk, the Netherlands, felt that in considering possibilities for
finding wider markets for salted-herring surplus, it would be of great
value if salted herring could be so improved that it would stand up better
under -shipment to tropical countries. He mentioned one case where a
shipment of salted herring of high quality was sent from the Netherlands
to Australia. The shipment was completely decomposed upon arrival
due to the high temperatures it had encountered en route. The same
would be the case if one attempted to ship normal salted herring to
the Far East.

Crowther, United States, in this connection made the proposal that
one might consider shipping salted herring to the Far East and there
set up processing plants which could process salted herring into products
which might be particularly acceptable to the local population. He, there-
fore, suggested that research should start with the salted product and
seek to prepare from that one which would be acceptable in the region.

Lundborg, Sweden, called attention to the problem of slimy salted
herring. He felt that sliminess to a great extent could be avoided if the
herrings were washed in chlorinated water before they were processed.
The water could be chlorinated according to a process that he recently
had been experimenting with in Sweden. The finished product was also
better in its general quality after such a treatment, and there was no
corrosion of the tin can.

Recommendations for Future Research

It was the general feeling at the meeting that the following matter
required the closest attention of research workers:

1. The method of presentation to the consumer is a most important
factor; therefore, more research is needed, for instance, regarding
consumer packs of boneless salt herring, and similar products.

2. Lighter cures being more and more favored by the public, it seemed
that more research on the matter would be useful.




Chapter 10

HERRING DELICATESSEN AND
MARINATED PRODUCTS

This chapter includes:

HERRING DELICATESSEN AND MARINATED PRODUCTS (Semiste-
rile Herring Preserves), a paper presented by Dy, Georg Borgstrim, Direc-
tor of the Swedish Institute of Food Preservation Research (Svenska In-
stitutet f6r Konserveringsforskning), Kallebick, Gothenburg, Sweden,

and information from the discussions at the meeting.

General Considerations

From Borgstrim's paper: ,

A substantial part of the Swedish canned-food production consists of
semisterile products, chiefly made of herrings. Similar products are
made in other Scandinavian countries. Slightly different types of herring
delicatessen, chiefly more acidified, are produced by the German, Dutch
and British fish-canning industries. They are generally called "marinated”,
As these are quite sizeable industries, there is good reason to make these
particular products the subject of a special chapter in this book.

Semisterile herring products are mormally not cooked, but the fish
is preserved in the raw state. They are not processed by heat but are
cured in a salt-sugar brine. This exercises a certain preserving effect.
In addition, a small amount of a preservative is added. In some .cases
special acids, such as citric or lactic -acid, are used. These products are
put into cans of the general type or in some cases into special packages,
for instance, kegs, which was the original method for this type of product.
In fact they were produced in Scandinavia prior to the development of
canned foods sterilized by the Appert method. By the middle of the
seventeenth century fish, especially sprats, were already spiced and pre-
served with salt and acids and put into wooden kegs. This is the same
product as the modern Swedish anchovy, which is now packed in hermet-
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ically sealed tin cans, but not heat-processed afterwards. The production
of semisterile herring preserves presumably originated in Scandinavia.
It was already practiced privately in the 17th century. The first commer-
cial manufacture started in 1841; today a large number of factories
manufacture these products.

Germany also produces this type of "anchovy”; here it is made from
raw material imported from Belgium or Russia. By the start of this
century. Russia already produced what was called “killo” — preserves
of sprat — similar to the Scandinavian anchovy.

Keeping Qualities.
From Borgsirom’s paper: ‘

In our days most of these products are packed in hermetically sealed
containers and in that way protected from oxidization. This means that
development of rancidity is retarded. Most of these herring delicatessen
are made from various sprats and herrings, i.e., fishes having a high fat
content. Very few are put into glass packages as it is generally considered
preferable to protect them from light which accelerates the decomposition
of fish flesh by enzymes and bacterial processes. _

Due to the fact that some bacteria survive in the semisterile media and
to the fact that the enzymes have not been destroyed bhut continue their
activities, there are continual changes at various rates in these products.
These processes have to take place to give the right taste and the right
texture to the flesh. The predeminant biochemical process is the break-
down of protein into amino acids, chiefly by enzymes. These processes
are not too well studied from a scientific point of view; only the general
trend of the process is known. The fish flesh is partly transformed
through a ripening process in order to develop a special aroma which
is further enhanced by the addition of spices.

This means that the products are semiperishable and cannot be
stored for long. This, of course, is a draw-back when considering the
possibility of using this type of preserves for the feeding of under-
developed regions or for. world-wide export.. Generally, they have a
keeping time of about six to twelve months in cold storage; it is appreci-
ably shortened under warm conditions; in. ordinary commercial practice
in, North European climate they will keep at the most two months.
++ These products depend for preservation on the cure they are given
prior ‘to packing and on subsequent storage at low temperatures. The
tin or glass container simply serves as a method of packing superior to
the: types. of containers previously used. Their use has very little or no
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preservative effect. It is not possible to heat process spiced and cured
herring. They get tough and fibrous in texture, unpleasant in flavour
and discoloured through the heat treatment.

From discussions:

* Copeman, United Kingdom, mentioned that British canners had been
experimenting with marinated and similarly treated products packed in
cans, but the British public, not used to this type of product, was confused
by the flipping or blown cans which sometimes occurred. The canners,
therefore, felt that it would not be advisable to introduce such products
in the United Kingdom.

Borgstrém, Sweden, replied that according to Scandinavian experi-
ence this was entirely a question of consumer education. The Swedish
public was well acquainted with the fundamental difference between semi-
preserved and wholly sterilized products in cans.

Humtley, United Kingdom, said that the distribution of lightly salted
or marinated products packed in small containers for the retail trade,
which were presumably all hermetically sealed containers, and would
have a limited shelf life, posed some important questions. These were,
firstly, whether the countries in which these products were sold had-a .
system for controlling the age of the stocks in the retail stores and,
secondly, what was the attitude of the public-health officials towards
such products which might deteriorate and produce apparently spoiled
cans merely by being left too long in stock.

Use of Preservatives and Antioxidants
From Borgslr(?m’s paper:

Preservatives are generally added. Earlier boric acid was used and
this is still the case in Germany and some places in Sweden. Most
commonly benzoates are applied — chiefly sodium benzoates or benzoic
acid. More effective is the dual effect attained when the benzoate is
combined with hexamethylene tetramine. 0.2 per cent is the quantity of
preservative ‘mostly used. The esters of paraoxybenzoic acid may be
good substitutes for sodium benzoate.

The salt exercises an additional preserving effect. The salt content
is generally 8—12 per cent depending on the type of delicatessen. The
pH is supposed to be at the neutral point and at the start it generally
is; but it may, due to the progressing proteolysis, change to the ac1d
side and reach pH 5.5.
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From discussions:

Bramsnes, Denmark, reported that in Denmark a long range of
chemical preservative had ben tested, i.e., gallates, salicylic acid esters,
several halogenated acetic acid esters, various antibiotics, sulfanilamide,
hydroxylamine, nitrite, vanillates, etc. No exciting results were found.
One of the more interesting was that benzoic acid, which is very widely
used, proved to be a pro-oxidant, accelerating the development of rancid-
ity. ‘One might, therefore, consider using a mixture of that preservative
with an antioxidant. The best preservatives found during two years
of rather thorough investigation was a mixture of benzoic acid and
‘minute quantities of hexamethylene tetramine. It was found that the esters
of paraoxybenzoic acid were perhaps a little better than the benzoic acid
itself but hardly enough to justify its use as long as the price is about
10 times as high. /

Notevarp, Norway, mentioned that it might be possible to add pre-
servatives which would stop the autolytic decomposition. The addition
of ascorbic acid as an antioxidant was not very expensive, probably a
few Norwegian ore, half a U. S. cent, per kg. product, which does not
seem too high to justify its use.

Bramsnes, Denmark, referred to a Danish experiment carried out
with herring tidbits about two years ago using a German preservative
called “Foromycen”. The product has been marketed under wvarious
names, but no information was then obtainable on the composition of
the product. As it was thus impossible to say whether the product was
safe to use, the experiments were discontinued. The results with regard
to the keeping quality obtained were not very encouraging. Bramsnees
felt that one should continue and probably even increase the efforts to
find new and better chemical preservatives, but at the same time look
into the possibilities of better hygiene in the plant.

Lundborg, Sweden, mentioned that according to his experiments a
mixture of benzoic acid and hexamethylene tetramine was the best pre-
servative for herring delicatessen.

Boning and Eviscerating Machines
See chapter ”Eviscerating, Boning and Filleting Machines”, p. 186.

Delicatessen
Scandinavian Anchovy
From Borgsirim’s paper:
When wsemisterile herring delicatessen are made, both fresh fish
and salted fish may be used as raw material.* In some cases the raw




247

product is smoked or treated with acids. First is discussed a product,
which in Sweden is called anchovy, the Swedish anchovy. As mentioned
this was already made in Sweden in the 17th century in families of the
upper classes. It became an industry only in the latter part of the 19th
century. As far as is known, the first Scandinavian factory of this type
began its activity in 1841 in Norway. In 1872 Sweden exhibited this
product in Philadelphia in the United States. Since the beginning of
this century there has been a sizeable export of this product from Sweden
and Norway. For more detailed information reference is made to the
author's (Borgstrom 1950) survey of the development of the Scandi-
navian anchovy industry. .

Swedish anchovy is prepared from sprats; the best product is one
obtained when the product is spiced directly in the cans. The fresh sprat
is put direct into the consumers’ can, then a mixture of dry sugar, salt
and spices together with powdered sandalwood or some similar spice
is added. This particular mixture is used in order to give the fish an
appetizing reddish color. There are about fifteen different ingredients
used in the Swedish anchovy to give a pleasant flavor. They are all
added in the dry stage, and in various layers in the can. The can is
closed in the same way ds a completely sterilized one. After a few days
the sugar and the salt become dissolved in the liquid separating osmotic-
ally from the fish. The use of a prepared brine is sometimes practical.

Besides this method, where the fish product is put directly into the
can, anchovy is sometimes repacked. The anchovy is first packed in
barrels, where the raw material is treated with sugar and salt and the
ripening starts. Later the can is filled with this half-ready-made product,
~a special mixture of spices or some type of sauce is added, and the final
ripening takes place in the can.

There is also a special type of anchovy where the columella, the back
bone, and the skin are removed. This is called the skinned and boneless
anchovy. It consists of sprat fillets or sometimes small herring fillets.

Tidbits
From Borgstrim’s paper:

Another type of product is “gaffelbitar”, generally called “tidbits”, a
common denomination for a lot of different herring delicatessen where
the herring is cut in pieces of convenient size. This type of product
appears in the market under various names. The raw material generally
consists of herring caught off Iceland, but you also find products made
of other herring such as the Fladen Ground herring and the fat coastal
autumn herring. The factories which make these products generally
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consider the Iceland herring as qualitatively superior as raw material for
this type of delicatessen, because the fat is more uniformly distributed
in the flesh. This opinion has not yet been scientifically verified. -

" In the production of tidbits, spiced herring, prepared in the following
way, is generally used. The herring is beheaded and eviscerated, then
packed with spices, sugar, and salt in a barrel in which it is stored to
undergo the ripening process: This ciring takes place in a salt concen-
tration of 10—12 per cent and in a cool place.

After the herring is ripened it is filleted and later skinned and ‘the
side bones removed. This procedure generally takes place at roomi
temperature. The entire product is allowed to warm up before handling,
as, experience clainis, the amount of oil extracted from the flesh becomes
less in this way. The fillets are cut’'in cross-way pieces or obliquely in
thin slices. Various types of spiced sauces such as dill, tomato, or imita-
tions of oyster, roe, wirne, efc. are added. These products are then stored
preferably at +2°C. (35%°F.) until shipment.

TFrom discussions:

Lundborg, Sweden, had tried treatment of spiced Iceland herring in
chlorinated sea water. The product was then manufactured into tidbits.
It proved to keep much better and, peculiarly enough, the corrosion of
the, can was also much less than usual. Dr. Lundborg explained that the
apparatus used for the chlorination of sea water consisted of an iron
cylinder with a graphite rod in the centre. The sea water flowed through
this cylinder which was the minus electrode while the graphite was the
positive electrode. The equipment was run on the ordinary electric current.

Matjes Herring
From Borgstrém’s paper :

Sugar-salted or spiced herring, often called “matjessill”, matjes
herring, is another type of herring fillets used in Scandinavia. This is
really the young herring not yvet sexually fertile. It is now generally
used in many places to indicate lightly salted fat herring without gonades.
It is usually packed in whole {illets in packages of various sizes; very
common is a long hermetically sealed can which contains two pieces of
big fillets.

Matjes herring is generally prepared in the Scottish way. The fish
is first drawn, then treated with very fine salt. The amount of salt is
only 12 to 16 per cent or slightly higher. It is more sensitive to the
attack of hacteria and has to be stored more carefully, preferably at
temperatures just above 0°C. (32°F.).




249

Scientific Problenis of Delicatessen

From Borgsirdm’s paper: ' -
The predominant trouble of semisterile preserves of herring is their
restricted .shelf life. Preserwation only lasts for limited periods.

Proteolysis
From Borgstrém’s paper:

In spite of the use of preservatives, fermentation proceeds slowly and
hecomes evident only after some months, especially after storage under
warm conditions. Proteolysis is accelerated and the fish flesh becomes
more and more soluble until finally the entire content bhecomes ' fluid.
This is, however, a long-range effect, but the keeping time may be
¢harply reduced by unfavorable conditions of storage and handling.

This constant formation of amino acids, which are dissolved, consti-
tutes a big difficulty in establishing a true net weight. Even the normal
ripening process means a loss of weight. The catching season and the
age of the fish determine, to a certain degree, the rapidity of these bio-
chemical transformations. :

In many cases a whitish coating is formed on the surface of the fish.
It also appears in the bottom of the can but not between the fillets, which
lie close together. It occurs wherever the brine is in contact with the fish
surface. This white coating consists of crystallized tyrosin formed when
the protein decomposes. A similar precipitate sometimes appears on
bacon or marinades. The conditions under which tyrosin is found are
not scientifically established. It seems to occur very much by chance.

From discussions:

Bramnes. Denmark, pointed out that the breakdown of proteins
in herring delicatessen had practically not been studied at all. He felt
that such a study might well lead to better knowledge of the whole
process and thereby to methods which would give better keeping quali-
ties. At the moment, herring delicatessen products kept 2 to 3 months
on the shelf at ordinary temperature. Still this was not enough, as this
limited keeping time considerably inconvenienced the trade. In Denmark
attempts were made to find chemical or hacteriological methods for
judging the quality to be used in connection with organoleptic testing.
it seems that tyrosin content can give some indication of the ripening
of herring tidbits. However, while preservatives may retard bacterial-
decomposition, they do not affect the formation of tyrosisn.
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Sliminess
From Borgsirom’s paper:

In some cases a sliminess of the brine develops prior to the formation
of tyrosin. Studies on the causes of this transformation of the sauce
are in progress at the Gothenburg Institute. It is caused mainly by
certain non sporulating bacteria, e.g., some species of Pseudomonas and
Alkaligenes. Leuconostoc organisms are rare. More important are,
however, some spore-forming aerobic bacilli of the subiiiss and wmiesen-
tericus group. The cause of the slime production apparently is a poly-
merization of various carbohydrates. Most remarkable is the fact that
some of these slime-producing bactenia develop even in very strong
brine, i.e., 20 per cent; obviously they have a strong halophilic character.
Contamination presumably takes place during processing.

In this connection one should emphasize the detrimental influence
which some ingredients may have. If contaminated through spices, which
sometimes might be the case, the brine might introduce undesirable
bacteria: Onions often carry aerogemes bacteria, which develop in an
acid media. This makes it necessary to boil the onion prior to use in
preparing delicatessen.

The chief difficulty of delicatessen preserves is to establish the amount
and type of bacteria, which should be permissible with regard to public
health and product quality. Fact-finding research on a broad scale is
needed. So far, however, no cases of poisoning have been reported but
it is most likely that this load of bacteria plays an important role in the
quality of the products. In this respect the situation is similar to that
of frozen products.

Production of Herring Delicatessen

Denmark
FFrom Borgsirém’s paper:
Danish anchovy and bone-free | piqpits herring fillets, etc.
Year herring
Quantity Value Quantity Value
1000 kg. 1000 D. kroner 1000 kg. 1000 D. kroner
1939 ........ 538 955 643 1226
40 ..., 471 973 543 1303
. 454 1074 . 378 1318
42 o 423 1445 284 1334
43 .. 489 1792 248 1346
44 767 2348 321 1470
% T 599 2051 555 2105
46 ... 445 1776 729 3514




Norway

From Borgstrom’s paper:
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Norwegian anchovy Nor'wegian anchovy Tidbits in sauce
Year in cans in barrels
Quantity | Value Quantity | Value Quantity | Value
1000 kg. | 1000 N.kr.| 1000 kg. | 1000 N kr.| 1000 kg. | 1000 N.kr.
1927 ...... 749 797 98 . 114 388 594
28 ... 610 858 49 71 388 658
29 ..., 786 861 75 73 400 679
1930 ...... 736 726 93 90 388 628
31 ... 548 580 31 56 331 533
32 ..., 610 630 52 52 475 633
33 ..., 620 663 36 42 430 591
S34 . 497 572 52 48 534 776
35 ... 663 774 134 64 639 998
36 ..., 635 663 104 51 683 1052
37 ... .. . - 159 71 899 1472
38 ..., 620 733 72 35 1025 1757
39 ..., 713 872 225 81 997 1861
1940 ...... 457 670 141 69 515 1247
41 ... .. .. 72 85 550 1791
42 .o 357 842 313 805 135 179
43 ... 228 502 284 325 595 1787
4 ... 396 383 135 179 595 1787
45 ..., 393 929 82 107 527 1715
46 . ..., 416 1200 116 199 1240 4436
47 ... 1093 2942 294 528 1943 7498
Sweden
From Borgsirém’s paper:
Swedish anchovy Tidbits and herring fillets
Year
Quantity Value Quantity Value
1000 kg.. |1000 Sw. kronor 1000 kg. {1000 Sw. kronor
1909 ........ 1628 '
10 ... 1703
1 1604
12 ... 1747
13 ... 1585
4 ... 1644
15 ... 1870
16 ........ 2954

(Concluded next page.)
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Swedish anchovy Tidbits and herring fillets
Year -
Quantity - Value Quantity Value
1600 kg. (1000 Sw. kronor| 1000 kg.  |1000 Sw. kronor
17 oeiins 2034
18 vl 3758
19 ..., © 3460
1920 ... 4775
21 L 4740
22 .. 3619
23 . 3589
24 3425
25 el 3765
26 ... . 3546
27 .. 4260 4054
28 ... 4025 3765
29 ... 4214 4029
1930 ........ 4236 3900 . .
30 3394 2963 4741 4690
32 . 3473 2846 4719 4385
33 oo 3046 2698 4213 4163
34 ... 3516 2906 4766 4821
35 ... 4051 3726 5056 5525
36 s 4237 3833 5011 5363
37 3939 3461 5463 5935
38 ..., 3988 3699 5470 6236
39 ... 4382 4427 6495 7505
1940 ........ 13819 4607 4687 6949
41 5345 6720 3876 8405
42 ... 5486 9043 1709 5328
43 .o 6774 13982 843 2816
M4 5461 10362 2287 7353
45 .. 6149 12054 3009 9515
46 ... 4645 8576 4480 " 13527
47 5499 9480 6293 18163
48 ... 5211 9347 6894 20025

Marinated Products

From Borgstrém’s paper:

In earlier times marinades (German: ~Marinaden”) were often
manufactured from salted herring. This is no longer practiced to the
same extent as previously. There is a marked tendency towards mari-
nades from fresh fillets. The raw herring is bleached through treatment
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with hiydrogen peroxide and later preserved in acetic-acid brine (5—6
per cent acetic acid or vinegar, 6—8 per cent salt). In order to avoid.
fermentation saccharin (0.01 per cent) or similar chemicals are used
as sweetening agents instead of sugar.

Thus, marinating of herring is a particular type of acid-curing per-
{formed by salt, vinega}‘, sugar, and spices. The latter include onion,
cucumber, laurel Jeaves and spices. A special satice is made from herring
milts. Somctimes marinades are prepared in two stages: the preliminary
cure is made at the coast, where the product is packed into barrels, later
it is repacked into final packages, cans or bottles, spiced sauces and
onions being added.

In order to attain a reasonable shelf life of marinades, salt and acids
may be added in excess. Before using the products they are water-
treated. Cold storage is practiced to an increasing degree. Preservatives
are sometimes used, especially hexamethylene tetramine at a concentra-
tion of 0.1 per cent. ‘As the final concentration of salt in the fish is
not high (about 2 per cent) this product will not keep more than 4 to
6 weeks at ordinary temperatures, so they are in addition kept at
temperatures below 10°C. (50°F.). There are large German factories
annually producing more than 5000 tons of marinades.

From the technological point of view four different types of mari-
aated products are distinguished:

1. Cold marinades, e.g., Bismarck lerring, rollmops, "Kron” sar-
dines, marinated herring, etc.

2. Cooked marinades (German: ~'Kochmarinaden™), e.g., jelly herring
(German: "Gelee-Heeringe"), Aspik herring, efc.

3. Fried marinades (German: “Bratmarinaden”), e.g., fried herring,
fried rollmops. ' ’ '

4. Special marinades (German: ~Fein-Marinaden”), e.g., herring fil-
lets, Bismarck herring and rollmops, mayonnaise dressing.

Fried Marinades
From Borgstrim’s paper:

The fresh fish are washed, beheaded, cleaned and rolled in dry
seasoned flour. After frying in oil at 180°C. (356°F.) for 4—8 minutes
(small) or 12—20 minutes (large), which is done in a special machine,
the herrings are packed: in cans, generally 8 liters, (2.1 U. S. gall.). and
covered with vinegar. Sometimes they are placed in vegetable oils, such
as soybean and cottonseed oil.
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Rollmops
From Borgstrom’s paper:

A special type of marinated product is the so-called “rollmops”,
preserved in an acidified salt solution. It is manufactured chiefly in
Germany, Norway, and Denmark, and very little in Sweden. The fish,
generally herring, is drawn and washed thoroughly with a salt solution
after which it is treated with acid for some days, usually with an 8 per
cent citric acid. The fillets, when sufficiently ripened, are rolled around
a small piece of dill pickle or bit of enion or cucumbers and fastened
with wooden tooth picks.

Herring Salad
From Borgstrom’s paper:

A by-product of the marinade production is herring salad. After
treatment for the requisite time in the pickling vats, the fish are finally
sorted.. Broken fish and trimmings from this sorting are packed into
cans, jars or wooden kits with vegetables and sauce. Chopped onion,
cabbage and cucumbers are mixed with 20 per cent of fish, and a sauce
made from salted-herring milts and vinegar is poured over it.

Scientific Problems of Marinades

From Borgsirdm’s paper:

Scientific studies in Germany have revealed that during the curing
in the pickle salt enters the herring flesh through diffusion and conse-
quently is directly proportional to the concentration and time of treat-
ment. When equilibrium is attained, about 40 per cent of the original
salt in the brine has entered the fish. The acetic acid on the other hand
seems to gain some protein compound and become bound in the flesh.
‘The amount of acetic acid absorbed is linked to the salt concentration
and influenced by it. When 2 per cent acetic acid is used, insignificant
amounts are absorbed at all salt concentrations;, at 4 per cent acetic acid
the salt concentration is decisive. Absorption takes place only at salt
concentrations between 6 and 10 pér cent. When 6—8 per cent acetic
acid is used, the pickling proceeds completely independent of the salt
concentration.

Consequently, when difficulties arise, it is no use treating the raw
products for a prolonged period. Curing or pickling are impossible to
accomplish if the right concentrations have not been observed.
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A special problem is the softening of the cold marinades in the warm
season. This is quite a natural process and generally not due to defi-
ciencies in the manufacture. At a temperature of + 30°C. (86°F.) a
similar proteolysis takes place as in the delicatessen. Amino acids are
formed indirectly through the proteolytic enzymes produced by bacteria.

Transport should only take place at temperatures below -+ 20°C.
(68°F.) and storage should preferably be as near 0°C. (32°F.) as
possible. Ireezing spoils the product.

During the curing. proteolysis takes place and an average weight
loss of 2 per cent is due to breakdown of protein into amino acids which
are dissolved in the brine. In addition 13—14 per cent of water is lost
in the diffusion process. Some fat and other components are also lost
to the brines so the total average loss according to Biegler's calculations
amounts to 22—25 per cent.

Another trouble with marinades is the yellow coloring of the onion
in rollmops and Bismarck-herring. This is a chemical-catalytic process
due to the formation of special color substances with metal impurities
dissolved from the tin can — presumably small quantities of iron -
sulfides. When cans have been kept at a high temperature the oil
separates and collects at the top of the brine.

Concliusions

¥rom Borgstrim’s paper:

Most of the herring delicatessen and marinated herring products,
because of their particular processing, become specialities and conse-
quently attain a higher price value. It has also been stressed that they
have a restricted shelf life and do not keep for any longer time under
warm conditions. As products for the feeding of the human population
they are best adapted to the temperate regions. Future developments
in their processing might, of course, create means for obtaining sterile
or almost sterile herring delicatessen with the raw condition retained,
i.e., without oooking. The increased wuse of refrigeration in storage and
during transport may give these semisterile products new chances.

On the other hand, in order to get as many different products as
possible —- in order to counteract monotony of the diet — it might be
worth while to develop methods for large-scale production of certain
herring delicatessen. It should be stated, however, that the general trend
in Sweden in this field is the contrary one. Efforts are made to manu-
facture products more and more specialized and of a superior quality.
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From’ discussions:

Jul, FAQ, mentioned that the meeting should consider all aspects of
herring utilization. The problem of sending herring products to Asian
and African population is a very important one. Nevertheless, it is
only one part of the questions put to the meeting. All possible outlets
for herring products should be considered, including the advanced pro-
ducts for sale in the more developed countries. As an example one might
consider the very cotisiderable trade that.omne sees in the United States
where salted, pickled cucumbers were packed in hermetically sealed bags
of pliofilm or similar material, and sold in retail stores. They were
put in stacks on shelves, etc., and handled without any special care.
Nevertheless, there never seem to be any problems with regard to
leakage or breakage of the bag. '

Recommendations for Future Research

‘The meeting concluded that:"

1. A cooperative research program regarding chemical preservatives
would be appropriate. '

2. The bacterial and enzymatic processes involved in the preparation
and ripening of herring delicatessen have received little investigation,
and research in that field should be encouraged. ’




Chapter 11

SMOKING, DRYING AND
DEHYDRATION OF HERRNG

This chapter includes:

PRESERVATION OF HERRING BY SMOKING AND DRYING,! a paper
presented by C. L. Culting, United Kingdom Department of Scientific and
Industrial Research, Torry Research Station, Aberdeen, Scotland;

HOT SMOKING OF HERRING, a special contribution to the meeting by F.
Bramsnes and Halvor Petersen, Technological Laboratory of the Danish
Ministry of Fisheries (Fiskeriministeriets Forsggslaboratorium), Copen-
hagen, Denmark; '

and information from the discussions at the meeting.

Introduction
Trom Culting’s paper :

Smioked fish generally keeps in palatable condition for a longer period
than fish that has not been smoked. The enhanced resistance to bacterial
and mould attack dépends in varying measure upon (1) the pretreatment,
such as splitting, trimming, cleaning, and the degree of salting prior to
smoking; (2) the extent of drying that occurs; (3) the quantity of-
various bactericidal and fungicidal smoke constituents absorbed; and
(4) the temperature to which the fish is exposed during the smoking
process (Cutting 1945, 1951 B; Shewan 1945 A).

Herrings have been smoked at least since the Middle Ages. In 1230
it is recorded that the Abbé of Fécamp used to give trees to the parish
for the smoking of herrings (Le Gall 1938). Smoke-houses and a
“blackhouse” (used for making “black herrings”) are mentioned in an

1 This paper has been prepared as part of the program of the Food Investi-
gation Organisation of the United Kingdom Department of Scientific and Indu-
strial Research. Paper for Publication No. T. 50/25. Published in part in ’Fishing
News” (Cutting 1951 A). British Crown Copyright Reserved.

FAO — 17
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Table 1. Description of the chiej

Pre-treatment Salting Sm)|
Product Yo wt. o i
Description loss on Description 7o wt. Description
trimming loss 01d Kiln,
PReds”. ..o Whole, 0 Dry salted in 20 Cold smoked 1 week
ungutted vats intermittently
VSilvers” ... do. 0 do. Cold smoked 1 night
over billets of
wood (heat
rather than
smoke)
Bloaters ........ do. 0 do. 1 night 6 - do. do.
Kippers ........ Splitalongback, 12—-24 |Brined for 20— 0 |Cold smoked |6—18 hou
gills and viscera | (depend. on |25 mins., usual- ‘over sawdust
removed and |roe content)| ly with dye fire
) : washed ]
Kippers for can- do. do. Do. but no 0 | Do.till slightest| 4—10 hov
ning (mild cure) dye develops colour
Kipper fillets ... .| Headed, boned, 45—55 Brined 10 0 - do. 4-—8 howm
belly walls cut mins., us.
away with dye
“Buckling” ...... ‘Whole, ungutted 0 Dry salted 6 | Hot smoked in | 3+—4 hout
usually overnight a dense smoke

English will dated 1349. The Statute of Herrings in 1357 amongst
other things fixed the maximum wholesale price at Great Yarmouth of
“red” herrings, which are of great historical and commercial interest
(Samuel 1918). In 1599, a famous Elizabethan poet set out to writé
a play eulogising them (Nashe 1599). The author of “Robinson
‘Crusoe” in 1724 says that Yarmouth could smoke cure 40 000 barrels
(probably about 8,000 metric tons) in a season (Defoe 1727). Just
before the French Revolution, more than three times as many red her-
rings as white (i.c., fresh) herrings were being eaten in Britain. A book
written in France at that time (Du Hamel du Monceau 1769) depicts the
process of making them which is exactly the same as that still prevailing.

Since the advent of railways in Great Britain in the 1840s, speeding
up transport of fish, it has been possible to distribute fresh fish to the
manufacturing towns in the interior; and in consequence the taste and
demand for salt fish and red herrings has declined. .

At the same time, smoked products were developed which, although
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a . . . e s
g Yield of Approx. composition Approximate Life in good
o smoked storage condition
> % wt. loss duct
by drvi produc ,
) or}; trirn};ixrig a|(% oflanded| ) Ordinary temp.| Chill temperature
Corry Kiln . weight) | ‘vater | Fat Salt | 16°C. (61°F.) | (0° C (32° F.)
|—4 days | 20—25 65—70 | 40—45 | 15—20 14 Severalmonths| Many months
—8 hours 5 7580 45 15—20 15 | A few months| Several months
3 hours 6 85—90 55 15—20 2—3 A day or so | A few days
- —6 hours | 15—20 65 55 15—20 2—3 Several days | A week or so
>—3 hours | 12—14 67% 55 1520 | 2—3 | A few days | Several days
!'—3 hours | 10-—12 40 55 15—20 2—3 A few days Several days
—3 hours | 20—25 75-—80 55 15—20 2—3 A day or so | A few days

less salty, dry and smoky than heretofore, kept long enough to be distrib-
ated without chilling by means of icing through the British railway
network, t.e.,, a week at the very outside.

In this way arose the "kippered’ herring (invented, after several
less-successfull attempts, in 1843) and also probably the much more
perishable "Yarmouth bloatér (about 1935), both of which are “cold- |
smoked” products, mnd the “buckling” or “hot-smoked” herring, actually
cooked in the smoke, which is so popular in North Western Europe.
The attractive flavour of these soon led to the older cures being ousted
irom the diet.

Britain is probably the largest smoked-fish conswming country in
the world. At least as many herrings are eaten as kippers as are eaten
in the fresh state, each outlet accounting for about 1/4 of the catch in
1948 and 1949 (see T'able 2). '

In the following, lightly smoked, mild-flavoured “cures” preferred
by industrialised countries will first be considered; then the traditional




260

and primitive “cures”, which are usually very dry and often very salty,
and the possibility of improvements; and, finally, the potentialities of
the artificial “dehydration” of fish, in some form or other, using up-to-
date mechanical equipment.

These cures are briefly deseribed in Table 1, pp. 258—59.

Table 2. — Allocation of British-caught herrings, 1949
(nearest 1,000 tons)

Use l Home ! Export

Fresh ..oviirirennnnnnnnns 48 —_
"Klondyked” .........co0i e { — | 12
KIpPers ...eeeevevenenecnes 47 4
PReds” e —_ 10
Canned.........coevevinnnnn. 13 5
Quick-frozen ........ .00 5 —
Salt cured .................. 1 35
Marinated ................ .. 1 —
Meal and oil ................ 22 —

137 66

MILD SMOKING OF HERRING FOR

C .

Kippers

EUROPEAN CONSUMPTION

Cold Smoking

From Cutting’s paper: ,
.. Kippers are made by splitting fresh herring along the back by means
of a knife or a special machine, so that the backbone is on the left hand
side when looking at the cut surface. Most of the blood is washed away
in copious-running fresh water. The heads are not removed, but all
material, including the roes, gills and guts, likely to favour decomposi-
tion, is more thoroughly removed in this cure than in any other. The
reduction in weight as a result of cleaning varies from 12 to over 20
per cent, depending on the maturity of the fish, 7.e., the state of devel-
opment of the milt or roe.

The split fish are brined for from 20 to 30 minutes in 70 to 95 per
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cent saturated salt solution, which results in the fish absorbing about
2% to 3 per cent of salt. More than about 3% per cent is generally
regarded as unpalatable. Oversaltiness is a common fault, particularly
in the thin side of the kipper, which takes up salt more quickly than the
side containing the bone.

The brined fish are suspended by the napes from tender hooks
arranged in pairs on both sides of sticks, or tenters, which are then
normally hung up in tall kilus, usually overnight over lines of fires of
lighted wood chips almost smothered with sawdust, preferably of oak,
so as to produce a dense, cool smoke. .

Properly smoked and cured kippers should have lost about 15 to
20 per cent of their weight in the kiln, and should feel quite dry (.e.,
not sticky) to the touch and fairly rigid, e.g., they should not sag
when held horizontally by the tail. They should be free from dust, dirt
and ashes, and the cut surface and skin should be quite oily if made
from really fatty herring containing 15 to 20 per cent of fat. ”Spent”
fishor lean fish (with say 5 per cent or less of fat) cannot produce a
first-rate kipper. The belly walls should not be torn, since this often
betokens self-digestion owing to too great a delay between catching and
splitting, nor should there be any black discoloration or remnants of
gut, gills or swim bladder. The skin should not burst away at the sides,
nor should the backbone crack when pressed. These are both signs of
partial cooking due to heating beyond the maximum-permitted smoke
temperature of about 29°C. (84°F.) in the kiln. Such fish do not pack
well into boxes for transport.

The fishi should not taste noticeably oily or rancid in any way,
particularly in the brown lateral streak of flesh just underneath the skin
and the texture should not be too tough. :

If the fish are fresh before smoking as they should be, properly cured
kippers should keep in first-class condition for several days at ordinary
temperatures of about 16°C. (61° F.) and still be palatable after a week;
at chill temperatures, 0°C. (32°F.), they should keep well for a week
and remain palatable for 2—3 weeks. e

A really good kipper properly cooked is a delicacy that can (iompe‘té
in its own right with any other breakfast dish in any nation's diet. ‘Tt
should not be impossible to increase the British home consumption of
kippers above the present figure of about 400 million, which is" only’
about 8 per head per year. Any child more than a year old can, with
very little encouragement, be persuaded to eat them, often with evident
enjoyment, once the skin and backbone are removed. There are several
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reasons militating against an increased comsumption, and in fact the
British home consumption of kippers is decreasing with that of other
fish foods.

In the first place there has been a general decline in the standards
of kippering which set in well before World War 1I, and was associated
with the introduction of the practice of artificially colouring smoked fish.
This tendency was accentuated by a further decline in standards of
quality during the war period and immediately after, partly as a result
of the shortages of other foods which forced the consuming public to
be temporarily less discriminating.

Dyeing kippers before smoking, now almost universal in Great
Britain, permits the production of an attractively coloured article which,
however, is not smoked so thoroughly as undyed fish, and is, therefore,
not dried as much, with the result that the yield is greater, i.c., more
water is sold along with the kipper. Consumers have probably grown
accustomed now to the moister, less smoky and, of course, more brightly
coloured article, and might not greatly relish an abrupt reversion to
the product made prior to World War I. However, the dyed fish does
not, generally speaking, keep as well as the old-fashioned product, with
the result that many people have grown to 1ega1d the kipper with a
certain amount of suspicion.

In addition, dye permits the kippering of herring of a poorer quality
than would have been cured before dye was introduced into the industry.
Good-quality, fatty herrings cannot be obtained all the year wound, and
the kippering of herring low in fat content was only made possible by
the camouflaging effect of dye. Only the large-scale application of icing
herrings at sea and of the freezing and cold storage from one season to
the next, described in other chapters, can enable good-quality kippers
to be marketed all the year round.

Undyed, lightly cured kippers are canned on a fair scale. Machine-cut
boneless fillets are also smoked, usually with dye.

Attempts at by-passing the smoking process altogether, e.g., by
dipping the fish in smoke liquors (often related to “pyroligneous acid”
which is not permitted by certain “Foods and Drugs” administrations)
have not met with success since the natural flavour is not produced.
Moreover, the fish still need to be dried in order to cure and keep
properly. This remark also applies to the recent development of electro-
static smoke precipitation (Hamm, Rust 1947).
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firom Carter and Bailey's communication®:

At the Pacific Fisheries Experimental Station, Vancouver, B. C,
Canada, it was found in a comparison of various British Columbia soft-
woods for smoking herring that a satisfactory grade of kippers can be
produced using as a source of smoke some of the soft-woods native to
this province; the kinds of wood most suitable are balsam, spruce, and
hemlock, while neither red cedar and fir were as satisfactory (Sidaway

1944),

Mechamnical Kilns for the Kippering Industry
From Cutting’s paper:

The most important development in the British kippering industry
in recent years is the increasing adoption of mechanical kilns to provide
control and uniformity of the smoking process. The usual upright brick
kilns which are substantially the same as those used in the Middle Ages

‘have a number of disadvantages. They smoke unevenly, are difficult to

control and waste time and labour. The fish often pick up soot and

‘ashes and sometimes drop off the hooks onto the fires. In the kiln

referred to (Hardy, Cutting 1942; Cutting 1942, 1950), it is possible
to control the speed, temperature, humidity and density of the smoke,
with the result that the product can be evenly coloured, flavoured, dried
and preserved with less trouble and labour in a shorter time. A good
dyed kipper can be obtained in about 4 hours, compared with a range of
say 8 to 18 hours in existing kilns. Fully cured undyed kippers take 6
hours and a canning cure about 2% hours. All the forms of cold-smoked
herring mentioned in this chapter can be smoked satisfactorily in this kiln.

From Carter and Beailey’s communication:

Although the average smoking time for kippers in a commercial
smoke-house is 12 to 15 hours, only 4 to 6 hours smoking are required
in an air-conditioned smoke-house developed at the Pacific Fisheries
Experimental Station (Sideway 1945 B). The construction of a commer-
cial vertical-type smoke kiln, in which the fish travel on a vertical con-
veyor system under automatically controlled temperature and humidity
conditions, is described by Lantz (1949).

1 ”A Review of the Technology of British Columbia Herring Products In-
vestigated at the Pacific Fisheries Experimental Station of the Fisheries Research

Board of Canada” by Neal M. Carter, Director, and Basil E, Bailey, Biochemist,
Pac. Fish. Exp. Station, Vancouver, B. C.; Canada.
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From discussions:

Reay, United Kingdom, stressed that in the mechanized smoking
process the type of smoke generator was very important. In Aberdeen,
Scotland, a rather crude 'system was first tested, using biscuit tins with
gauze bottoms, air being blown up through the burning sawdust. It was
found that this produced a type of smoke which was quite different from
that obtained from the usual overblown fire in an ordinary smoking kiln
and resulted in products with a rather unusual flavor. Some preferred
it to the usual flavor, others did not. Chemical analyses of the smoke
produced according to these various methods showed some quite signi-
ficant differences (Pettet, Lane 1940). Therefore, the methold was
finally discontinued, and a system much similar to the ordinary old-
fashioned hearth was now used. It was arranged as a battery of hearths,
four on each side, eight altogether, and connected with pipes, efc., but
nevertheless the flavor which was obtained with that kind of smoke
generator was very similar to the traditional one.

Heen, Norway, mentioned the possibility of electrostatic smoking.
He, also, felt that this process did not correspond to the smoking in air
and smoke even under conditions where temperature, humidity and
amount of smoke were controlled. It would be very important, however,
to devise a completely mechanical method for smoking herring, especially
lean herring and small herring.

Le Gall, France, found it was worth noting that equipment for me-
chanical smoking had been developed in Eastern Canada in 1937.

. Bramsnes, Denmark, related that in Norway the first mechanical
smoking kilns were constructed in the late 1920’s and the beginning of
the 1930’s.

Bloaters
From Cutting's paper :

The name bloater has been current since Elizabethan times, and seems
criginally to have referred to a pale-smoked “red”, something like the
“silver cure” (see p. 276). For the more recently developed Yarmouth
bloater, fresh herrings are dry-salted in the whole, ungutted condition
overnight (losing about 6 per cent by weight) and are then hung on
“speats” passing through the @ill opening and mouth, and mildly smoked
for about 10 thours over fires made of hard-wood billets which provide
flames and heat rather than dense smoke. The fish are not coloured by
smoke although about another 6 per cent is lost by evaporation. In the
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Torry kiln, bloaters can be made in about 3 hours, half of which consists
of drying without smoke. Yarmouth bloaters are restricted in distribution
owing to their perishability. Only a few thousand metric tons are pro-
duced annually, although there is probably a good deal of back-shop
bloatering” and wind drying of herring which is not recorded.

From Carter and Bailey's communication:

- The preparation of bloater paste is discussed by Sidaway (1945 A)
and of a speciality product (“smoked spiced niblets”) by Lantz (1947).

Hot Smoking

From Bramsnes' and Petersen's paper:

This section is concerned with the preservation of herrings by
smoking at sufficiently high temperatures to coagulate the herring flesh.
This procedure is usually called “hot smoking” contrary to ”cold smok-
ing” by which latter method the fish flesh is fiot coagulated, and remains
somewhat transparent.

Bucklings
From Cutting’s paper:

Bucklings are herrings which, after dry salting or brining for two
or three hours, are threaded by speats through the eyes and hung in a
hot dense smoke in a special kiln sometimes containing gas heaters,
usually with some provision for introducing moisture so that the fish
are not dried excessively. There are normally two stages in the smoking
process, first drying at a fairly low temperature, and secondly cooking
at a smoke temperature which rises to over 96° C. (205° F.) while the
temperature of the fish reaches 60° C. (140° F.). The product should be
golden in colour with a satin-liké skin. In Germany, where this cure is very
popular, various special mechanised kilns are used, as described in a
recent paper (Myles, Reay, Farrer 1946). Bucklings are as yet scarcely
eaten at all in Britain, although at least one firm has been producing
them on a fair scale in Yarmouth for the past two or three years. Rapid
transport is again essential if a cure retaining the viscera is to reach the
consumer in first-class condition. Chilled transport and buffer storage
would do much to increase the area of penetration of these cures.
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Hot Smoking in Denmark
From Bramsnes' and Petersen’s paper:

Apart from cold smoking of salmon, hot smoking is practically the
only smoking method used in Denmark. Tt is for either whole or gutted
and cleaned herring, the latter being the most common practise. The
herrings are eviscerated and washed in fresh water. The loss due to the
gutting and cleaning operation is about 30 per cent. The herrings are
either smoked unsalted and then lightly sprinkled with salt while being
packed — this procedure is generally used on the island of Bornholm
in the Baltic — or the herrings are brined for about half an hour in a
10—12 per cent salt solution before smoking.

In the kilns used on Bornholm the herrings are hung up two by two
on wooden sticks, triangular in section, the head of one herring being
put in below the gill cover and out through the mouth of another herring.

In the so-called German kilns, where round iron spits are used, the
spit is either pushed through both eyes of the herring or entered below
the gill cover and pushed out through the mouth of the fish.

After being suspended the herrings are dried. On Bornholm the

' drying takes place, weather permitting, in the open air, where the sticks

are hung on wooden frames. In case of rain the herrings have to be
dried in the smoke kiln. The temperature of the herring during this
part of the process must not exceed 30—40° C. (86—104° F.). If the
drying temperature is too high the percentage of fish falling down during
this period will be considerable. The drying is done in order to make
the head and the skin of the herring so strong that the herring does not
fall down during the smoking period, where as a rule a temperature of
about 60° C. (140° F.) is used to bring about a coagulation of the
proteins of the fish meat.

Types of Dawish Smoke Kilus and Smoking Procedures

From Bramsnes’ and Petersen's paper:

There are two main types of smoke kilns in Denmark, the one used
on Bornholm and the so-called German kiln. The former will he men-
tioned first, as it seems to be directly inspired by the ancient custom of
smoking fish in the chimney above the open fireplace.

The smoke kilns used on Bornholm are built of bricks and have some-
what varying dimensions, but they generally have a cross section of about
3 by 3 m. (about 10 by 10 ft.) at the bottom. The bottom of the kiln
is covered with firebricks and raised about half a meter (20 in.) above
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the floor of the smoke-house; from the bottom and upwards, the front
of the kiln has a large uncovered opening, which is about 1% m. (about
5 ft.) high. Above this the kiln is narrower, the walls sloping inwards
and forming a truncated pyramid, which finally opens into the chimney. -

In the old kilus a fire is built on the kiln bottom itself and is pushed
backwards and forwards with a poker. In the new kilns the fire is placed

Tig. 1. Hot-smoking kiln of the type in use for herving on Bornholm, Denmark.
The five is placed on a flat trolley which is mounted on wheels. (Fiskeriministeviets
Foysogslabovatorium, Copenhagen, Denmark).

on a flat trolley which can be pushed backwards and forwards in the kiln.

The sticks with the herrings to be smoked are placed about 60 cm.
(2 ft.) above the bottom of the kiln, which usually holds about 200 kg.
(about 440 1b.) of fresh herrings. '

Above the herrings there are two big wooden dampers turning on
hinges placed in the two side walls. During the drving these dampers
are opened to allow the hot air to pass freely through the herrings and
into the chimney. As soon as the herring can stand further heating
without falling down, the drying period is ended and the dampers are
lowered so that the lower part of the chimney is almost closed, leaving
only a little vent in front of the kiln for the smoke to get out through
the chimney. In their lowered position the dampers are just above the
herrings which are usually hung in one layer only.

The drying is started with dampers open and with the burning wood
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in a strip on the front of the kiln bottom. As the drving and the following
smoking proceed the fire is pushed backwards and forwards until a uni-
form product has been obtained.

The wood used is hardwood, preferably alder wood. Coniferous wood
is not used, as it may give a bitter taste. If the wood gives too many
flames, the flame is subdued by sprinkling water from a swab.

The drying time in the kiln depends upon the amount of drying which
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Fig. 2. Tempervature in a Bornhobm-type hot-smoking kild. The hevving 4s- fivst
dvied at a fairly low tempevature, then smoking starls with a.gradual increase in
tempevature. (Fiskeviministeviets Fovspgslabovatoyium, Copenhagen, Denmark),

has already taken place, if the herrings have been placed in the open air,
a drying method which is preferred and always used when the weather
permits. If this drying has been sufficient, the smoking can start at once.
If the drying is done in tthe kiln, it usually takes about half an hour at
a temperature of 30—40° C. (86—104° F.).

The smoking which should give a golden colour, the proper smoke
flavour, and the cooked consistency to the herrings is started by lowering
the dampers and the fire is subdued by sprinkling water from the swab.
The hot air and the vapour produced when the fire is subdued will then
gather around the herrings with the surplus escaping under the frontal
edge of the dampers and passing into the chimney. The smoking with
the dampers down generally lasts 1%4 to 2 hours. During this period
as constant a temperature as possible is kept in the kiln. When the
smoking is finished the dampers are opened, and the fire is allowed to
burn more freely so that the temperature is increased for a short while
to about 80—100° C. (176—212° F.), and the herrings are dried well
on the surface. Then the fire is extinguished, and the herrings cooled
outside the kiln.
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100 kg. of fresh herrings usually give a yield of 55—60 kg. of
smoked herrings.

The so-called German kiln is the most common type outside of
Bornholm. It is usually built as a brick chamber about 2 m. (6% ft.)
high and about 1 by 1 m. (3% by 34 #ft.) in section. The lower part
of the side walls and of the back wall and the bottom itself are made
of firebricks. In front the kiln is closed with an iron door, which can
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Fig. 3. Danish hot-smoking kiln of the so-called Gevman type (Fiskeriministeriels
Forsogslaboratorium, Copenhagen, Dewmark).

be divided into three parts, a lower part through which the fire is
tended, a central part through which the smoking frames with the
herrings are placed, and an upper part which may be omitted and
which, at any rate, only serves to regulate the smoke. The kiln is
connected to the chimney by a short duct, 25 by 25 em. (10 by 10in.) in
section. It is generally considered important that each smoke kiln have
an independent outlet to the chimuey. This outlet leads obliquely upwards
to the chimney. The draught in the kiln is regulated by means of a
damper in the duct. :

About 80 cm. (224 ft.) above the kiln bottom, angle irons are placed
in the side walls with about 25 cm. (10 in.) between the irons. The
wooden smoking frames carrying the spits with fish are placed on these
irons. As a rule 2—3 frames with herrings are smoked at the same time.

The drying dn this kiln is carried out with hal-open doors and
with open damper. While in the kiln used on Borsholm a uniform
treatment of the herring is obtdined by moving the fire, this uniformity

is obtained in the German kiln by turning the frames around once or
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twice during the smoking and at the same time reversing the order of
the frames so that the upper frame gets nearest to the fire. After about
three quarters of an hour the temperature is raised, and now — before
the final smoking — the herrings are cooked over a bright fire.

The {final smoking takes place with partly closed damper, the fire
snbdued with sawdust and possibly with water. A dense smoke
herrings obtain the desired flavour and colour, is now
This part of the process generally lasts about one hour.

Denmark, added that when using the German-type
ln it was generally difficult to avoid getting too much smoke
ng room. One had to use a special fan arrangement to
‘oom was kept fairly free from smoke. There was

“ween the product produced in the so-called Born-
called German kiln, although the public seemed
repared in the former. This might, however, very
¥ ces in raw material.

<ed in relatlon to hot smoking, whether it would
fore tdrying or whether it was necessary
‘ "Hv tatily done.

fhat it ds ordinarily necessary to-
¥ because if it were left to coagu]ate
be so soft that it would break

it would be possible to do
and only dry and smoke the
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s

emed to be essentially
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herrings ‘(about 4% oz. per 10 1b.) is used. The boxes are dispatched
and sold upside down. This results in a plesant appearance of the
fish when the box is opened later in the shop. The salt imparts a
bright, shiny surface to the herrings.

Smoked herrings from Bornholm are generally packed in the way
they leave the smoke oven, attached to one another by the gill cover.

Research in Denmark.

From Bramsnes’ and Petersen's paper:

Hot-smoked herrings with about 12 per cent fat contain 50 per cent
water and 2—3 per cent salt. The keeping quality of this product is
4—5 days at 18—20° C. (64—68° F.). After this period growth of
mould appears on the skin of the herring. Under the storage temperatures
mentioned above, mould appears before the fish meat is appreciably
infected by bacteria, i.¢, before the fish is tainted.

The above mentioned keeping quality of 4—5 days has so far been
considered sufficient for normal retail distribution. During recent years,
‘however, producers and idealers have felt that the trade would involve
less inconvenience if the keeping quality could be prolonged by a couple
of days.

When the herring is packed in boxes lined with parchment paper
the mould seems to start on the wood and then spreads to the paper
which is partly dissolved. _

It has often been discussed whether brining the herrings before
smoking would be better than sprinkling them with salt in the hoxes
after the smoking. Laboratory experiments seem to indicate that the
salt content of the smoked product in both cases will be only 2—3
per cent calculated on the basis of the total content of salt and water
and that the keeping quality in either case will be approximately the
same. - One might think that the salt would concentrate in the skin,
especially when the salt is sprinkled in the boxes. Analyses of the skin
have, however, shown only the same 2-—3 per cent. Not only the
method of salting, but also salting on the whole seems to be of minor
importance to the keeping quality. Salting is dome, first of all, to
improve the flavour as experiments indicate that the smoke flavour
will be reduced if salting is omitted.

Knowledge of the temperature in German kilns is somewhat fimited ;
it is known that the drying temperature is about 30° C. (86° F.) and
maximum temperatures of 100—120° C. (212—248° F.) have been
measured. In the kilns on Bornholm the temperature of the smoke
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arotnd the fish has been mieasured in detail. The drying is done at a
temperature of about 35—40° C. (95—104° F.), the smoking at about
60° C. (140° F.) the temperature gradually rising towards the end of -
the treatment. Just before finishing, the dampers are opened again and
the smoker lets the temperature rise to about 90°

No doubt, some day one ought to look into what could be obtained
in the form of better keeping quality by extending the last quite brief
part of the process, where the temperature is about 90° C. (194° F.).

It is the impression at the Technological Laboratory of the Danish
Ministry of Fisheries that an effective cooling of smoked herring before
packing is of great importance to its keeping quality. Experiments are,
therefore, going on to find an inexpensive method of cooling in air with
a low count of microorganisms.

Treatments with chemical preservatives have been tried by

1) salting the unsmoked herning in a brine to which the preservative
has been added, -

~ 2) dipping the smoked, still hot herring, for a few seconds in a solution
of the preservative, and

3) powdering the smoked therring with the preservative or in the case
of unbrined herring, sprinkling with salt to which the preservative

has been added.

So fa1".sod'ium nitrite, benzoic acid, acetylsalicyllic acid and some
antibiotics have Dbeen used as preservatives. Some improvements have
been noticed but not enough to justify, from an economical point of
view, the use of any of the examined chemicals. Nitrite, perhaps, COl’lStl-
tutes an exception, but further experiments are necessary.

On Bornholm packing materials other than the porous wooden boxes
with an inside liner of grease-proof parchment paper have been tried,
for instance cellophane bags, but apparently so far without obtaining a
better keeping quality. A single experiment with packing of smoked
herring in cellophane showed curiously enough that the packing material
became mouldy on the outside after 4—35 days’ storage at about 20° C.
(68° F.). Further experiments are necessary.

The laboratory has tried disinfection of the box wood by dipping it
in a 3 per cent solution of sodium hypochloride. After 3 days’ storage
of the smoked herring no mould was observed on either dipped or undip-
ped wood, but the paper in the boxes where the wood had not been
dipped was apparently somewhat dissolved. After 2 days’ further storage
there was a heavy mould formation on wood, paper and fish in the
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undipped boxes, while in the dipped boxes only a faint mould was noticed
on the fish and nothing on the paper and the wood.

Lowering of the storage temperature of course enhances the keeping
quality of smoked herrings. At about 5° C. (41° F.) they will keep for
1—2 weeks. However, there are two disadvantages in this procedure.
One is that humidity is formed on the herrings when they are taken
out of the chill-oom, thus giving ample possibilities for mould formation,
and the second is that there is a marked loss of flavour during storage.

Lately experiments with freezing of hot-smoked herrings have been
taken up. The quality of the product survives the freezing itself better
than could be expected, although some loss in flavour has been noticed.
The influence of storage still has to be determined. It s, of course,
necessary here to change the type of packaging from wood to some
moisture-vapour-proof material. )

. Mechanical Kilns for Hot-Smoked Products

From Bramsnas' and Petersen’s paper:

In Denmark one type of mechanical smoke kiln has been tried experi-
mentally in order to lower the cost of production and to secure a more
uniform product. A great deal of effort was put into these experiments.
So far the results have mot been satisfactory. A reasonable quality of
hot-smoked herrings can be produced in the type of kiln used, but the
herrings so far cannot compete in flavour and texture with the smoked
product made in the traditional manner.

From Cutting's paper:

Although in United Kingdom there has been less experience with hot-
smoked fish than with cold-smoked, at least one factory has been using
the Torry Smoking Kiln for smoking sprats prior to canning. There
seems no obvious reason why it should not prove equally successful for
bucklings and similar products.

Possibilities from Using Newer Types of Kilns

From Cutiing’s paper:

The types of smoked fish product that have been developed have beea
dictated by the type of kiln employed. With the adoption of the newer
horizontal-flow controlled type of kiln, new and improved products might
become possible. Thus, in a traditional kiln with a vertical updraught,

18 — FAOQ
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fish have to hang vertically on sticks or hooks. The flesh, therefore, has
to support the whole weight of the fish and usually head or bones are left
on the fish to provide strength. Thus, fillets suspended from hooks or
rods sometimes tear the flesh and fall off. They are, therefore, often laid
flat over pairs of sticks or rods. They cannot then be smoked evenly,
because of the damp patches where the fish touches the stick and because
the smoke does not deposit as quickly on the uppermost surface of the
fish as on the underneath. This is perhaps why smoked fillets are usually
dyed, to give a superficial uniformity of colour.

Hot-smoked fish would tear even more easily since cooking softens
the flesh. Thus, headed and cleaned white fish, in which the vertebral
column is stronger than in the case of herring, can be tied together by
the tail and laid over a stick. Buckling on the other hand cannot be
smoked with the heads off or gutted and washed.

With smoke flowing horizontally, however, fish can be smoked lying
on trays as long as the smoke is not prevented from getting at the under-
side. The trays should be constructed so that mesh marking is minimised, -
~ but the pattern left would be no more unsightly than the holes left by
tenters and speats. Tentering, too, is about the only step in the smoking
chain that still requires individual handling of the fish. Placing fish on
trays for smoking, which is quite common procedure in America, should
be more amenable to mechanisation than tentering or speating. - By this
means it is quite possible that new cures could be developed which would
cvercome some of the disadvantages of the older ones, in the same way
that, for example, completely boneless kipper fillets might displace kip-
pers, even although it deprives one of the particularly succulent part under
the bone. Thus, for example, it is possible that gibbed or gutted and
cleaned and headed fish, or boned fillets might yield palatable cold- or hot-
smoked cures while at the same time overcoming the disadvantages of
lessy viscera or troublesome bones.

Marketing Possibilities jor European-type Products

Trom Cutling's paper :

A fair quantity of kippers are exported from United Kingdom to
various parts of the British Commonwealth. These are usually frozen in
wooden boxes, although a proportion is now quick-frozen. They have to
be cold-stored on the ship where cold-storage teperatures are often as
high as —10° C. (14° F.), which causes noticeable deterioration owing
to rancidity, desiccation, efc., during mormal voyages to, say, South
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Africa and Australia. Better quality, and perhaps consequently greater
consumption, would result from a general lowering of cold-storage temp-
eratures aboard ship and at depots at each end. ‘ '

This product can, however, only penetrate relatively expensive mar-
kets, owing largely to cold-storage charges. ' o

From discussions: o .

Bramsnes, Denmark, felt that the marketing possibilities for hot-
smoked herring were limited and probably could not be extended much
beyond the areas where these products were already in use, namely, Den-
mark, Northern Germany, Sweden, efc. Hot-smoked products should
be eaten within a few hours after smoking to be at their very best.
However, they may keep for some days. The prospects for wider use
of smoked products were much better when it came to cold-smoked
products, as these kept far better than hot-smoked.

Heen, Norway, felt that there were further possibilities for marketing
smoked products in the frozen state.

Fromotion of Sales
From Bramsnes’ and Petersew’s paper:

The Technological Laboratory of the Danish Ministry of Fisheries
has prepared a recipe for smoked-herring paste. The herring can be used
directly after being skinned and boned because it has already been cooked
in the kiln. :

In the laboratory’s test kitchen the possibilities for using smoked her-
ring in the household have been gone through. The resulting recipes have
not only been published in print, but have also been the subject of a short
moving picture.

SMOKING, DRYING AND DEHYDRATION OF HERRING
FOR TROPICAL CONSUMPTION

"Hard” Smoking
"Rea” Herrings
Trom Cutting's paper:
The British output of “reds” in recent years has been of the order
of 10 000 metric tons, almost all of which has been exported.
The Netherlands and Norway also enter into the export market.
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Manufacture of “Red” and "Silver-Cured” Herrings

From Cutiing’s paper:

For the manufacturing of ’red” herrings ungutted herrings are laid
in vats with dry salt, which extracts fluid from the fish, forming a brine
pickle. When sufficient salt has been absorbed they can be taken out and
smoked. In one experiment, the salt content of the whole fish containing
about 10—12 per cent of fat after 1%, 3% and 5 days’ salting respectively,
was 6.3, 11.0 and 13.1 per cent, that of the flesh being somewhat less.
If left in the vats, the flesh ultimately becomes permeated with a saturated
salt solution provided that sufficient salt is present. At this stage they
can be kept covered with pickle for several months. Such "vatted” fish,
however, have to be desalted prior to smoking by soaking in water,
otherwise the drying would result in salt crystallising in the form of a
white powder on the outside of the fish. The salt contents in one instance
after 0, 5, 11 and 17 hours soaking were 18.3, 13.5, 10.6 and 9.3 per cent.
They are then hung up on rods in kilns and smoked in cool smoke for
several weeks in the case of a full cure, which is hard, shrivelled and
dark brown in colour. Too rapid drying results in “casehardening”. A
softer, more golden-coloured product is now mainly exported to the
Mediterranean region. The average accumulative percentage losses of
weight for nine successive days’ smoking in one commercial test were:
8.0, 10.5, 12.5, 14, 16, 17, 18.5 and 20 per cent. Fish that are too
fatty do not make good “reds”. The East Anglian autumn herring (with
10 to 15 per cent of oil) are ideal, but the North East Scottish fish at
the beginning of the season when they contain 20 per cent or more are
too oily (Lovern, Wood 1937).

”Silver-cured’” herring (not, of course, to be confused with the much
more recently patented “’s@lvsild”) which have a more restricted, although
growing market, are only smoked for a muoh shorter period and are
therefore dried up less than "reds”, giving a bigger yield, and take on
practically no colour. They have consequently to be salted for a somewhat
longer minimum period than is the case with “reds”. They have to be
‘washed to remove the brown scum and dirt before smoking.

The proximate composition of both “reds” and “silvers” is in the
region of 40 to 45 per cent of water, 15 per cent of salt and 15 to 20
per cent of fat (see also Shewan 1944, 1949 A),

Problems of Exponding the Market for ~Reds”
From Cutting's paper:

It ought to be technically feasible for the relatively limited market
for red herrings to be extended both in depth, so as to penetrate wider
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sections of the community in the present importing countries, and also
in breadth, so as to embrace other countries with the storage problems
associated with warm climates and poor communications, e.g., South
America and tropical Africa. They are already being sold in West Africa
and East Africa. As always, prices must be commensurate with incomes.

Packaging in the tropics must be adequate to resist average summer
temperatures in the region of 35° C. (95° F.) and relative humidities
of 85 to 95 per cent of saturation (Centre Nat. d’Inf. Econ. 1948;
Cutting 1949), and also the inroads of insects such as protein-eating
beetles, mites and ants. The only type of container which is certain
to fulfill these requirements is the open-topped can with seamed-on
lid, but more research is required on the behaviour of less-expensive
forms of packaging at high temperatures and humidities.

Samples of ordinary commercial red herrings when stored for nearly
a month in air in sealed cans at a temperature of 45° C. (113° F.) are
still quite palatable, and they would probably keep for several months
without serious deterioration, although the product is slowly cooked at
this excessive heat and a quantity of brine collects in the can. Packing
in carbon dioxide would be expected to increase the storage life and
inhibit mould growth; trials of this are at present underway.

It is interesting to note that in a similar preliminary trial with the
dried salt cod of commerce, which has much the same salt and water
content (20 per cent and 35 to 40 per cent, respectively) although, of
course, it contains practically no fat, keeping quality at an elevated
temperature was considerably worse in a sealed can than in the open.
This appears to be due to the fact that unless the product is dried to
well below the commercial average water content, say down to 20 per
cent, the high equilibrium relative humidity (probably about 85 per cent)
maintained in a closed space encourages mould growth (“dun”). After
a month’s storage at 37° C. (98° F.) there was considerable darkening
in ocolour, breakdown in texture and development of “off” odour and
flavour which was far less noticeable in samples stored in a waxed paper
wrapper which prevented appreciable further drying from occurring.

From discussions:

Hanson, United Kingdom, felt that the results from this experiment
was surprising considering the fact that some countries, for instance,
Norway, export salted cod in sealed tin-can containers. The water
content of this product is generally around 33 per cent and the salt
‘content more or less the same as in the products mentioned by Dr. Cutting.

A participant from Norway said that it was correct that such ship-
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ments of salted cod packed in tin-lined containers generally arrived in a
satisfactory condition in, for instance, the Argentine. It did, however,
occur that some decomposition took place due to the high temperature
during transit and the humidity in the container itself.

From Cutting’s paper: )

Although “reds” can be eaten raw occasionally and in smallish
amounts, for such salty and highly flavoured commodities to form an
important part of the diet, they would often, presumably, have to be
desalted, e.g., by soaking or boiling in water, or else incorporated into
dishes where the overall salt content is not thereby rendered excessive.

Improvement of “Red” Herrings
From Cutling's paper:’ ‘

There are only two Brir‘ui-sh home outlets for “red” herrings. They
are made into “bloater pastes”, on account of their potent flavour, and
as “delicatessen” they dfigure in minute total quantitjes in thors
d’oevres, etc. ’

A milder cure of red herrings can result in a product which is not
too salty when eaten raw and is not vastly dissimilar to smoked salmon.
If suitably developed and not too expensive such a process might help
to'engender the taste for this type of product amongst broader sections
of the community. Whereas dry salting extracts fluids from the tissues
of the fish, and thus commences the curing, hefore brine begins to flow
back from the pickle produced, salting in concentrated brine, which is a
quicker and more uniform method, does not normally result in any
change in weight. The fish is somewhat plumper and heavier in conse-
quence, although if the brine is kept up to strength, saturated salt solution
as in dry salting finally penetrates all the tissues.

If the fish are smoked in a mechanical kiln, such as that developed
at Torry Research Station (Hardy, Cutting 1942; Cutting 1942, 1950),
the relative amounts of smoking and drying can be subjected to a measure
of independent control.

There is a field here for the study of the physics and engineering
aspects of the preparation and of the keeping quality and acceptability
of this type of product.

In preliminary experiments to develop a satisfactory mild cure, the
following analyses and observations were made. Dry salting of round
herrings with a fat content of 15 to 20 per cent for 16 hours, resulted,
according to size, in a loss of weight of 4 to 7.5 per cent, and an uptake
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of about 3.5 per cent of salt; after 48 hours, the loss was 12 to 19 per
cent and the uptake was 5.5 to 8 per cent of salt. Brining for 134 and
2 hours in a 20 per cent salt solution (about 70 per cent of saturation)
resulted in no loss of weight and 2.3 and 2.9 per cent of salt respectively.
The fish were then smoked for 6 to 8 hour periods. during the days
only in the kiln at a temperature of about 20° C. (68° F.) and at an
air speed of about 3 ft. per sec. (0.9 m. per sec.) with a fairly low,
uncontrolled relative humidity. The 16 hours’ dry-salted and brined fish
lost by weight in evaporation, respectively, after 1 day, 15 and 10 per
cent; 2 days, 20 and 17 per cent; 3 days, 24 and 20 per cent; 5 days,
29 and 25 per cent; 6 days, 30 and 27 per cent.  Obviously the rate of
drying falls off very rapidly. The final salt content of the smoked fish
was 4.25 per cent for the dry-salted and 2.5 per cent for the brined fish
These products, although quite attractive to eat, were probably too
“green” and not cured enough to keep for more than a few days. Dry

‘salting for 48 hours, followed by 5 days’ smoking resulted in a loss of

30 per cent by weight and a salt content of 6.5 per cent, and the product
was a much more likely cure. ‘

These times could probably be reduced by smoking for 24 hours
per day, or if the product benefited by intermittent smoking and hanging,
two or more batches could be smoked and hung alternately, thus
increasing plant output. : :

Such milder cures might require chilled storage if they are to be
widely distributed, particularly in warm countries. Storage tests at
controlled temperatures and humidities would, therefore, be required, and
once again packing in cans in carbon dioxide might be investigated as a
means of extending storage life. :

Experiments might also be made to produce a red-herring cure from
herrings {illeted before salting and smoking, in which the absence of guts
and bone might be an improvement. However, laying bare the flesh may
accelerate the development of rancidity in- the fat, and the guts may
themselves contribute soniething essential to the characteristic flavour
of red herrings. :

Various Combination Methods

Smoking of Salt Herrings
Irom Cutting's paper:

Salt herrings, a cured product of as venerable a lineage as “reds”
could, of course, be taken from the pickle, desalted to the necessary
extent and then speated through the eyes and smoked. This is not
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usually done, however, perhaps partly owing to the difficulty of speating
a “gibbed” herring and also to its uglier apperance. The fish may also
go rancid at any break in the flesh when exposed to air.

Pickled herrings can, of course, be desalted to4a salt content at which
they are tolerable to ordinary palates (about 3 to 4 per cent in the case
of a cooked product, somewhat more if eaten raw), but this takes several
days even in running water. Large numbers of tanks are thus required
for desalting on a commercial scale. Moreover, the characteristic bitter
flavour is never completely washed out, and the protein is denatured
by the long exposure to salt. The flavour and appearance of the product
is not, therefore, such as to recommend itself to people accustomed only
to fresh fish. Nevertheless, desalted herrings have been canned experi-
mentally and during World War IT numbers of commercial attempts were
made to split and smoke them in the kipper fashion.

There was no need, of course, to brine the fish after splitting and
absolutely no glossy cut surface could be obtained. Moreover, it was
difficult working with fair-sized batches to desalt the fish uniformly to
a tolerable level without some of the fish going "off”. The commercial
tendency was, therefore, to produce too salty an article. The result was
generally speaking in any case unsuitable to British palates, although
some such product might well be acceptable in many parts of the world.
It should thus be possible to transport the fish in the salted condition
in barrels and to desalt and smoke on the spot as required.

Drying of Salt Herrings Without Smoke

From Cutiing’s paper:

It is understood that small quantities of herrings are dried without
the use of smoke or salt in Iceland at certain time of the year by the
combined action of wind and sun. Such a product would be expected to
be extremely rancid. Salted herrings exported from Canada and New-
foundland to Hong Kong and the West Indies are reported to have been
dried (but see also Chapter 9, pp. 226—228). Samples of those re-
shipped from Hong-Kong to Britain in ordinary and refrigerated storage,
when analysed contained respectively 40 and 42 per cent of water (indi-
cating perhaps that the former had dried out during reshipment); 21
and 17 per cent of salt; and 15.5 and 18 per cent of fat. There is little
evidence in these figures to substantiate the statement that the fish are
dried at all. The sample shipped in refrigerated storage was by far the
better, and even if it had not suffered much deterioration since it left
Hong-Kong, it must be quite a palatable cure. This product is sold very
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cheaply, so that only slight processing costs could be borne in any process
intended to imitate or improve it.

Information on the types of local product accepted by native po-
pulations is also of interest in considering whether suitable products
could be made from herrings.

Samples were obtained from Aden of sun-dried whole anchovies
{Stolephorus indicus) and of split, salted, sun-dried mackerel (which
appeared from their shape to have been horse mackerel). When soaked
in water for 24 hours, a whole fish only picked up about 1.2 and 0.7 g.
water per g. of fish, respectively. When steamed for 30 minutes, the
anchovies tasted very rancid and rather tough, as well as sandy, and
were generally unpalatable. The mackerel was not quite so disagreeable,
but was tough and had no fishy characteristics. The water contents for
an anchovy and mackerel, respectively, were 15 and 22 per cent; salt,
2.4 and 18.1 per cent; oil, 2.9 and 4.7 per cent. The mackerel oil had
a high peroxide value of 23. These samples nevertheless seemed to be
acceptable in South West Asia and East Africa.

The British Herring Industry Board has been making commercial
experiments, with a view to developing the export of cheaply "dry-cured”
herrings to colonial markets (Herr. Ind. B. 1948). Ordinary dry-salted
herrings' used for making “reds” could probably be dried satisfactorily
enough for an export product of this type in the usual kilns to produce
something like a "silver cure” by using fires which give little or mno
smoke, e.g., coke braziers. There would be the usual difficulties in
obtaining uniformity of drying which could be overcome by using a
special dryer. The best air speed, temperature and relative humidity
for maintaining the most satisfactory conditions for evaporation and
avoiding “casehardening” would need investigation.

Smoking and Drying of Herrings Withoui Salt

From Cutting’s paper:

Without the use of salt, natural drying in the sun and wind is bound,
even in suitable climates, to be so slow that noticeable spoilage is liable
to occur before the water content throughout the fish is sufficiently low
for bacterial action to be retarded (about 20 to 30 per cent) (Shewan
1949 B). Exposure to air and sunlight, too, would be expected to result
in the development of considerable oxidative rancidity in the fat. Artifi-
cial dryers might speed up the process sufficiently to prevent advanced
decomposition during drying. Nevertheless, a good deal of native-caught
fish is consumed in this form.
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In British West Africa, salt fish is apparently not relished. Nor-
wegian produced “stockfish”, i.e., sun- and wind-dried, unsplit cod, is
much preferred, about 30 000 metric tons anunually being imported at
one time.

The British West African natives themselves smoke ungutted, un-
salted fish, cut into pieces if too large, for upwards of a week in a mud
oven or an iron drum or over an open fire, resmoking from time to time
whenever the onset of putrefactlon demands it until the product is per-
haps months old.

A sample of “bonga” from West Africa was examined at Torry
Research Station. This appears to be a horse mackerel, with an inter-
mediate oil content, hot-smoked, it is believed, at a very high temperature,
with the head on, round and ungutted. The sample examined may per-
haps have deteriorated, or dried up or oxidised further during transport
to this country. It was dark brown and very hard, almost like wood,
and although the fish was not at all oily in appearance or feel, there was
a decidedly “off” oily odour. The flavour, although unpleasant and not
at all fishy, was not repulsive. The reconstitution properties were very
poor, only 0.8 g. of water being picked up per g. of fish when soaked
overnight. One sample contained 14.4 per cent of fat (corresponding
to perhaps about 4 per cent in the fresh fish); 12.4 per cent of water
(which is below the level at which moulds will grow, viz., 16—18 per
cent on a fat-free basis) (Shewan 1949 B); and only 1.3 per cent of
sodium chloride, showing that the fish had not been salted. The peroxide
value of the fat (expressed in ml. 0.002N Na2S20; per g. fat) was 11.0,
indicating that considerable oxidation had taken place, although it is
doubtful whether the peroxide value necessarily gives a true measure
of fat oxidation in cases of advanced oxidation, when the peroxides
themselves might have broken down into further products of oxidation.

Another sample of bonga obtained through another channel from
the same source, had a similar fat content (13.0) but the water content
was very much lower, only 0.75 per cent, possibly as a result of storage
m dry conditions. Or alternatively, the moister sample might have plcked
up water vapour from the atmosphere.

Tt should not be difficult to produce a product at least as palatable as
this from herrings. However, they would have to be rather lean, "’spent”,

r "off season” fish with a fat content of not much more than 5 per
cent if they were to be at all comparable with bonga. In addition, the
higher the fat content, the longer the drying would take, and the greater
the danger of fat oxidation rendering the resulting product, revoltingly
Vpainty”. It is perhaps worth remembering that, although natives may
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Table 3. Drying of whole round herrings

per sec.), and a low relative humidity of only about 5

Temperature Net drying Sample analyses
(°C.) time (days) % H,0 | 9%, Fat
55—63 1 56 8.9
» 2 53 9.4
Hard Soft Hard Soft
30 4 36 50 6.4 12.2
» 41/, 39 10.5
» 5 26 41 10.1 11.2
102 6 5.4 29 17.1 13.1
» 7 1.8 7 16.1 —
» T, 0.5 4.5 15.9 18.5

acquire some peculiar tastes, they will not necessarily tolerate advanced
fat oxidation, which is peculiarly unpleasant.

Some lean herrings were obtained in the middle of February, 1949,
speated through the eyes without splitting or gutting, and hot-smoked
for 6 hours at a temperature of about 55—63° C. (131—145° F.),
which was considered to have conferred sufficient smoky flavour and
colour. Drying without smoke was then continued in the kiln for several
days at the same temperature with an air speed of 7 ft. per sec. (2.1 m.
to 10 per cent

owing to the small load of {ish in the kiln.- The fish then were still far
from dry and, owing to evident “casehardening”, it was felt that nothing
further -was to be gained by continuing at such a high temperature. The
temperature was, therefore, reduced to 30° C. (86° F.) and the fan kept
on for five days to sweep away moisture as it diffused through the fish
to the surface. The fish was left to stand overnight on the last three
days in order to equilibrate. The moisture content was thus reduced
to between 25 and 40 per cent. The drying was then finished in an air
oven at 102° C. (216° F.) for a further two days, during which a
sample of harder fish lost a further 28 per cent and of softer ones 41
per cent before. evaporation ceased. The progress of drying can be
followed from Table 3.

The product, whilst not very attractive, and rather fattier than the
bonga, would probably be quite acceptable. The time required for the
thorough drying of round herrings is a major problem, but it might be
possible by experiment to reduce the time to 2—3 days. Fillets would
be much quicker to dry than whole fish, and the product would be
superior even if dearer.
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Sxperiments in Warm Climates

From Cutiing’s paper:

Several experimental attempts have been made in warm climates to
improve upon native cures. These are of interest because they have had
to contend with difficulties of storage as well as of preserving the fish
satisfactorily in the first place. United States experiments on the salting
and smoking of fish in Puerto Rico (Jarvis 1932) and the Virgin Islands
(Fiedler, Jarvis 1932), applying the experience previously obtained in
preserving river herrings in warm climates on the mainland (Tressler
1920; Taylor 1921, 1922), worked out the best smoking procedure for
fish up to about 1 1b. (0.45 kg.) in weight. Great importance was
attached to extremely careful washing to remove all traces of blood and
membranes, which spoil at a lower temperature and taint the rest of the
fish. This point may require consideration in developing a relatively
lightly salted and smoked product for storage under tropical conditions.
The fish were first gibbed (i.e., their throats were cut and the intestines
removed through the incision, as for salt curing of herring), dry-salted
for two hours, rinsed, air-dried for two hours, followed by smoking in
a dense smoke (whether hot or cold is not clear) for 9 hours. 35 per
cent by weight was lost, and the product kept in good condition for
4 days without refrigeration. Dry salting for 2 hours followed by cold
smoking for 18 hours resulted in a loss of 53 per cent and the product
kept for 6 days at ordinary temperatures and was unspoiled after a

month at —2° C. (28° F.). ‘It is not kown how fatty these fish were,

but obviously something similar to these products of a relatively high
grade, much superior to bonga according to western palates, could be
produced from Atlantic herrings, although chill-storage might be re-
quired for transportation and buffer depots.

In the Gold Coast during World War II, a satisfactory process was
worked out for sun drying and then hot smoking fairly heavily salted
fish (Johnson 1941, 1943, 1947). The most satisfactory final composi-
tion of the cured fish was 9 per cent of salt and 25 per cent of water.
Sardinella species (similar to herring) were first split, gutted and washed
thoroughly without scaling; left for about 18 hours in a 15 per cent-by-
weight salt solution; rinsed quickly in water and sun-dried for 3 days;
and finally smoked for cne day at about 60° C. (140° F.). The fish
kept in fairly good condition for 2 or 3 months, after which spoilage
began to be evident, due not so much to bacterial putrefaction as to pink
halophilic bacteria, moulds, smut fungi, and to insects, particularly mites.

"Herring” layered with half their weight of salt in tanks and kept




285 .

covered with saturated brine could be held for as long as 16 months.
When soaked in water overnight to remove excess of salt, sun-dried for
3 days and smoked for one, as before, they still gave products with a
satisfactory flavour even if they were rather brittle.

In Aden where the climate is hot and dry, an improvement on the
ordinary sand-dried "sardine” (see earlier) which is rancid, sandy and
infested with beetles, has been made by salting with one third by volume
of salt, and keeping under the blood pickle for 48 hours, followed by
washing in clean sea water and shade drying for 4 days until hard. After
2 weeks the fish exuded a film of oil and developed a distinct rancid taste.

Gas Storage of Dried, Swmoked, Slightly Salted Herring Fillets

From Cutting’s paper: ;

As has been stated, it is a slow and difficult process to reduce the
water content of whole fish below about 30 per cent, and although f{illets
are thinner and therefore dry more quickly, the time consumed is still
excessive, Although a moisture content of 30 per cent is not low enough
to prevent mould growth and other types of deterioration, it is quite a
normal figure for the products on sale, for example, in the Indian mar-
kets. An experiment was, therefore, carried out with the object of deter-
mining whether fish could be preserved at this water content by packing
in sealed cans filled with carbon dioxide without the presence of a high
concentration of salt.

Herring fillets (containing 22 per cent fat) were taken because the
sturface area is about double that of whole fish, and because water can
diffuse to the surface more readily in the case of a thin slice, so that
drying is quicker. The fillets were given a 5 to 10 minute dip in strong
brine, in which they would take up about 2—3 per cent of salt, more
to add a condiment than to assist preservation. The fish were then hot-
smoked at a temperature of 70° C. (158° F.) above which it is known
from experience with dehydrated fish (see later) that fish begin to scorch.

The moisture content was reduced to between 25 and 30 per cent
(at which, of course, it was very tough and never reconstituted properly)
i1 about 8 hours, which is probably a reasonably economic length of
time from the point of view of output from a given capital expenditure on
dryers. It would almost certainly have taken more than twice as long
to reduce the water content to the safe level of less than 15 per cent.
When stored in ordinary boxes, the product became mouldy, inedibly
tough and bhad-flavoured owing principally to atmospheric oxidation of
the fat within a few weeks at ordinary temperatures. In cans containing
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100 per cent carbon dioxide, they were still edible and much superior to
native cures such as bonga, even although not very palatable according
to our tastes after 6 months’ storage at 32 to 38° C. (90 to 100° F.)
which covers average tropical summer temperatures. The bacteriological
aspect, particularly the possibility of anaerobic growth, in this type of
process would require investigation and control. It should not be difficult
by cleanliness, hygiene and reasonable care to ensure a safer product
than many native cures at present marketed. Obviously, there is quite
a field for exploration here.-

Possibility of Mild Cures for Marketing in Warm Climates

From Cutting's paper:

An experiment was carried out to see whether products little more
dried or smoked than our mild smoke cures could be stored in cans in
carbon dioxide for at sufficient period to-permit exports to the tropics
without refrigeration. Such products would perhaps be more attractive
than the fillets dried to 25—30 per cent described previously which were
tough and unreconstitutable.

Split and. gibbed” herrings containing 14 per cent of fat and 65 per
cent of water were brined in saturated salt solution for three hours and
then smoked for 10 hours at about 35° C. (95° F.) at a low relative
humidity of about 25 per cent. They lost, respectively, about 30 and 13
per cent by weight. " The final salt contents of samples of the products
were 7.5 and 5.8 per cent; the water contents 42 per cent and 60 per
cent;-and the fat contents 19 and 13 per cent. When stored in cans with
earbon dioxide, they wére still quite passable in flavour and texture,
although much too salty for British tastes, after two. weeks at 37° C
(98° F.), four weeks at 19° C. (65° F.) and 14 weeks at 09 C. (32°.F.).

Dehydration

From Cutting’s paper:

Dehydration as practised during wartime, presents a cooked mmced
flesh, which can include head and bones if softened by cooking. - This
product, although not likely to be much esteemed in Western Europe
except in an emergency, seems eminently suitable for undeveloped coun-
tries, and preliminary tests on acceptance have been promising.

The problem was to prepare for emergency-feeding purposes a dried
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Fig. 4. Fish emerging from volary washer in herring dehydva-
tion plant. (U.K. Ministry of Food, Crown Copyright).

product tthat kept well and was compact, and could be quickly made into
a dish which tasted tolerably similar to fresh fish, and at least had no
cured or “off” flavours. As already pointed out, raw whole fish or fillets
take far too long to dry satisfactorily by normal processes. Only by
cooking and mincing could an open-structured material be obtained that
could be spread uniformly on wire-mesh trays and so could be dried
sufficiently rapidly for bacterial and oxidative deterioration to be inap-
preciable (Cutting, Reay 1944).

In the Torry Research Station in Aberdeen, herring fillets were
cooked in steam in ordinary cooking retorts under 0.14 to 0.42 kg. per
em? (2 to 6 Ib. per sq. in.) pressure for 30 to 20 minutes, respectively,
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Fig. 5. Herving filleting machine in use in dehydvation plant. (U.K. Ministry of
Food, Crown Copyright).

so that the juice runming out of the fish (25 to 30 per cent, depending
on the fattiness of the fish) drained away through perforations in the
cooking trays and left a drier product in consequence, which minced well
to give open, fluffy pellets which dried quickly and reconstituted well.
The mince was then spread evenly, on wire-mesh trays, without packing
down, at a tray loading of about 10 kg per m? (2 Ib. per sq. it.). The
loaded trays were put into an overdraught truck-and-tray-dryer and air
at 80° C. (176° F.) was blown over them at a speed of about 3.7 m.
per sec. (12 ft. per sec.). The relative humidity was controlled during
the first hour only by means of wentilators, so that the wet-bulb tempera-
ture to which that of the fish would approximate whilst it was still wet
did not fall below 50° C. (122° F.); this because of bacteriological con-
siderations, bacteriology obviously playing a large part in a process such
as this (Shewan 1945 B). As the material dried, the dry-bulb tempe-
rature was lowered to meet the actual temperature of the fish which was
never allowed to exceed 70° C. (158° F.) above which slight scorching
begins to be apparent.

The drying normally took between 4 and 5 hours, depending on the
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Fig. 6. Retorts in which the herving ave cooked about half an howr prior to dehydration.
(U.K. Ministry of Food, Crown Copyright).

fat ‘content of the fish and the dried product was then shaken off the
trays and packed in tins which were closed by seaming and then evacuated
in a vacuum cabinet, filled with nitrogen and sealed up again.

From discussions:

Reay, United Kingdom, added some details of the process of de-
hydrating herring in the Torry Research Station. The herring was taken
from the washer to a splitting and boning machine of a type very com-
monly used in Great Britain and throughout Germany, very similar to a
machine manufactured by “Nordischer Machinenbau”, Liibeck, Ger-
many. After cooking the fillets were cooled in an air cooling tunnel. This
was done to reduce the temperature to a safe bacteriological level and
also because it facilitated the mincing of the product and also reduced
the water content somewhat. The air-drying kiln was actually a modi-
fication of the Torry smoke-curing kiln, which has been described in the
literature. One of the advantages of that kiln is that it gives very uniform
drying throughout the cross section. Adaptation of the smoking kiln for

FAO — 19
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Fig. 7. Tunnel in which the cooked herving are cooled under forced aiv civculation.
(U.K. Ministry of Food, Crown Copyright).

drying only required arrangement for some additional heating and insula-
tion. The fish were packed into metal cans, about 4 1b. (about 2 kg.)
of fish to each can. The cans were fitted with a hopper facilitating filling;
a small hand press was used to press the dried fish down to the level of
the top of the cans. These were then double-seamed and gas-packed.
For this purpose 12 cans were put on a tray and punched. The tray was
placed in a vacuum cabinet. The air was then removed from the cabinet
and nitrogen was led in at a slightly positive pressure. The positive pres-
sure made it possible to remove the cans from the chamber and solder
them wup without any appreciable exchange of air. By this process four
8 stone boxes (total 203 kg.) fish were reduced to ten 4 Ib. cans (total
18.2 kg.).

From. Cutling's paper:

Herring yields a darker dehydrated product, stronger in flavour than
white fish which was generally preferred during consumer tests in Great
Britain. Dehydrated herring is, of course, very oily, since the fat content
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Fig. 8. Mincing the cooked and cooled herving fillets. (U.K.
Ministry of Food, Crown Copyright).

oi’ the undried fish is oftenn higher than that of the protein and other
solids. No appreciable quantity of fat is lost in the process so that the
dried fish can contain more than 50 per cent of fat. ‘
After earlier trials during- World War I (Tressler 1923), it was
considered to e practically impossible to dry and store fatty fish success-
tully. However, the process described above yields a product that; with
careful preparation, makes quite a palatable savoury dish which has-on
numerous occasions met with a favourable reception, altllouoh tannéd
herring would generally be preferred. o
In its dry, granular state, the product does not much resemble fish
and whereas minced meat, for example, is an accepted’ dish in Great




Fig. 9. Spreading of minced hevving on wive-mesh drying trays. ,(U.K. Ministry
.. of Food, Crown Copyright).

Britain, dried fish can only be utilised in secondary, composite dishes,
such as fish cakes, which many people regard as decidedly inferior to fish
in a more recognisable forn.

Although texture and flavour are noticeably altered by the drying
process, and the water reabsorbed during reconstitution is probably held
only by capillary forces, nevertheless some fishy flavour is retained and
also fishy texture if the particles are not broken down.

"Dehydrated fish can normally be kept without becoming too unpala-
table at tropical temperatures (25 to 37° C. [77 to 99° F.1) for about
6 to 9 months; at ordinary British temperatures (10 to 15° C. [50 to
59° F.1) for a year or two; and at freezing temperatures (0 to —10° C.
[32 t0 14° F.1) for several years.

" "During storage the product develops an unpleasant flavour and odour
<oniewhat resembling cabbage water, and toughens and darkens con-
siderably.” The rate of deterioration is increased by raising the temp-
erature, but seems to be independent of water content hetween about
2 and 14 per cent on a fat free basis, above which mould growth develops.
" Dehydrated smoked herring (“kipper”) is generally preferred, be-
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cause the smoke tends to mask the oiliness and also storage changes,
so that dits “life” is therefore somewhat longer. Small anrounts of >smotkt;"
mtroduced during drying impart significant antioxygenic propér"cieé_
{Banks 1950). .

Dehydrated fish possesses all the usual advantages of dehydrated
foods in economy of space and weight carried; whereas dehydrated white
fish consists almost entirely of protein, dehydrated fatty herrings, of
course, have a higher energy value. Under suitable conditions it cam
be compressed to provide an extremely compact food. '

Following on the laboratory trials in 1944, 25 tons of dehydrarted
herring .and kipper was made in Aberdeen in a pilot scale batch-truck-
and-tray-dryer based closely on the smoke kiln previously mentioned;
The product was packed in cylindrical cans 157 mm. (6%/1¢ in.) diam
and 232 mm. (9Ys in.) tall, each holding 1.8 kg. (4 Ib.) in woodes]
crates holding 6 tins, and delivered to the service departments (Anon;
1944). A larger repeat order was received for 1945, but only aboué
50 metric tons could be produced in the pilot plant.

In tests of the dehydrated products in various parts of the Brmsh
Commonwealth (such as Hong-Kong, Sarawak, West Africa, efc.), a
favourable reception was given to dehydrated minced whole herring
including guts, which required precooking at 0.43 kg per cm?® (6 Ibs.
per sq. in.) for one hour in order to soften the bones. This product
would obviously be more economical to make than dehydrated fillets.

From discussions:

Reay, United Kingdom, related that the dehydrated products prepare:
at the Torry Research Station, both the one prepared from whole
herring and the one prepared from filleted herrings were test-marketed
in Africa. It seemed that in general, the population there rather preferred
the more highly-flavored product made from whole herring, which has
a slightly more meaty taste, to the other product. However, it was a
difficult problem to judge the reaction of the native population in some
territories if a marketing study was not carefully carried out. The
natives have a tendency to give whatever answer they think will please
the person asking. Also, they seem inclined to eat anything if they get
it free. The dehydrated herring product test-marketed in West Africa
was actually sold from a shop at a price of 6 d. ($ 0.07) for a ”Gold-
flake” cigarette tin canful. It appeared that a “Goldflake” cigarette tin
can was the normal measure for volume in that particular area. The
products were sold very rapidly and the supplies exhausted quickly. One




Fig. 10. Dryer for herving dehydration. The aty intake and exhaust ducts ave visible.
The smoke genevator is seen in front of the aggregate. (U.K. Ministry of Food, Crown
Copyright).

had to keep in mind, however, that-this was in Sierra I.eone during
the war where, due to war-shipping etc., salaries and wages undoubtedly
were somewhat higher than normal. The product was generally eaten
just as it came, without preparation of any kind. The product had also
been tested in Borneo and the reception had been quite favorable. (FFor
further information see Hickling’s statements pp. 128—31).

Fost Considerations
IFrom Cutting’s paper:

The costs of production are determined principally by the cost of the
raw material. The average ratio of weights of input to output for
herring fillets was about 6:1 and for whole herring about 3.5:1.

"In the United Kingdom herrings cost between $§ 0.068 per kg. (at
$ 2.80 to the £ 1) (234 d. per 1b.) for freshing and $ 0.023 per kg.
(1%1¢ d. per 1b.) for fish meal and oil. The actual processing costs for
dehydrating herring on the pilot scale amounted to about $ 0.256 per
kg. (11 d. per Ib.) of product, of which about § C.0¢4 (224 d.) was for




Fig. 11. Dehydvated minced herving wnatevial -being unlbaded into storage bins.
(U.K. Ministry of Food, Crown Copyright).

Jabour and § 0.077 (3 d.) for tins and crates, while steam power and
water amounted so & 0.013 (%5 d.) and 'depréciation $ 0.026 (1 d.).
Dehydration  of whole herring would involve certain ¢conomies in pro-
cessing, but not in packaging, unless-some cheaper method than cans and
crates could be devised. All in all the cost of dehydrating whole fish
might be $ 0.31 per kg. (Is. per 1b.).

Samples of dehydrated herring sent to West Africa were reported
to be capable of fetching between $ 0.31 and 0.42 per kg. (Is. and 1s. 4 d.
per 1b.) so that the process is on the verge of possibility. Cheaper
herrings, more mechanised processing and cheaper packing with com-
pression might just make the process pay.

It might be considered that some much less elaborate method of
processing might be more sensible than dehydration as described above.
Tn fact, it has in the past sometimes been suggested that ordinary fish
meal or herring meal, in sacks at about $ 0.066 per kg. (214 d. per Ib.)
(say $ 70 [£ 25] per metric ton), which is pratically speaking a
by-product of oil manufacture, or some similar product, might well be
just as acceptable and good enough in protein-deficient areas. Whilst
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Fig. 12. The dehydvated herving wmaterial is packed under
pressure into the cans. (U.K. Ministry of Food, Crown
Copyright).

this may be so, the fuel, power and water costs of the present dehydration
process are relatively a small proportion of the total cost, so that a
thermally more efficient process would not result in a great advantage.
Secondly, the major processing cost is that of.tins and crates. Pre-
sumably even a lower-grade product such as fish meal would require
the same measure of protection against oxidation of fat, insect attack,
etc., whilst a cheaper pack, 4f successful, could be used equally well for
dehydrated fish. '

The labour costs of $ 0.064 per kg. (2%4 d. per 1b.), which might
well be reduced in large-scale production are really the only component
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Fig. 13. Appavatus in which cans with dehydrated hevving ave gas-packed. The

closed cans ave pievced and intvoduced into a vacwum chamber wheve the aiv is vemoved.

Nitrogen is then let in at a slightly positive pressuve, and the cans ave closed by soldeving

immediately aftev theiy vemoval from the chamber. (UK. Ministry of Food, Crown
Copyright). :

B

that might be reduced. But even if the labour costs of a fish-meal type
“of process were only $ 0.013 per kg. (¥4 d. per 1b.), the much higher
quality of the dehydrated product might more than justify the $ 0.053
per kg. (2 d. per Ib.) difference in cost between say $ 0.206 and $ 0.256
per kg. (8 d. and 10 d. per 1b.).

From discussions:

Reay, United Kingdom, mentioned that the cost of the product
obtained by dehydration, as carried out in Aberdeen, is about the
maximum price which one could expect native populations in economi-
cally underdeveloped areas to pay. He called attention to the fact that
by far the largest cost factor in the production of cheap dehydrated
herring products was that of the herring itself. If one, for instance, were
to take ordinary fish meal, packaged in such a way that it could he
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vetailed as food, one would probably arrive at a cost which could not
be much reduced. He felt that the difference in cost between a product
manufactured according to the more refined method and a crude ordinary
fish- meal would be about 2d. per 1b. The conclusion was that under
no circumstances could. one produce anything which would cost much
less than 10d. to.a shilling per pound. In the production of dehydrated
herring one could use a much higher degree of compression” when
packaging the product in the cans than in the method prev1oualy
described. This might reduce the cost somewhat..

From Cutting’s pape1

Another 1mport’1nt point is that the dehydratlon ‘process. 1% all ready
for large-scale development.

The pilot-scale stage of the World War II pq oduct has been passed.
Much useful data and experience was obtained, and specifications for
proeess and producL have been worked out. It should not, therefore, be
difficult to'get into full-scale production quickly. Supplies of raw tnaterial
should certainly present little difficulty, since the bulk of the world herring.
catch at present goes for fish meal and oil, and only a small diversion
would be sufficient to establish an industry.

From discussions:

Hanson, United Kingdom, called attention to the fact that there was
one method of dehydrating fish without cooking and mincing it. This
was the vacuum-drying method developed by the “Atlas Company”,
Copenhagen, Denmark. This method was at the moment being tried out
in the United Kingdom by the Ministry of Food. It was being tried on
"white” fish but would of course later be tested on herring.

Sigurdsson, Iceland, mentioned that the products he had seen pro-
duced according to the Danish vacuum-drying method, the so-called
"press fish”, had actually heen subjected to such a high temperature
that they showed definite signs of coagulation.

Hanson, United Kingdom, stated that the pilot plant for vacuum
dehydration, which was being set up in Aberdeen, would be capable of
producing a higher vacuum and, therefore, a lower drying temperature
than that obtaining in the plant which had been in operation in Norway
and to which Mr. Sigurdsson was probably referring.

Elliott, United States, referred to three papers on the dehydration of
fish published in American periodicals during World War II (Hamm
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¢t al. 1944; Shockey et. al. 1944; Stansby 1944). The papers dealt
with work carried out during the war in an effort to find a product
which could be used in military rations. Quite satisfactory products
were obtained by methods very similar to those described by Dr. Reay.
'The products were used experimentally for the preparation of chowders,
fish cakes, etc., after reconstitution. They kept well in nitrogen, but
did not keep in air. The difficulties encountered were that production
was not too successful from an economical point of view, and that there
was a certain amount of flavor deterioration in storage. Lean products
had a tendency to become toughened on storage.

Recommendations for Future Research

Tt was concluded that the main field of development of the trade in
smoked and dried herring products lay in the development of products
which would be acceptable to low-income population groups and that
the action most needed, therefore, was the one recommended in chapter
4. Other topics for research as regards smoked products were:

1. The development of consumer packs.
2. The extended use of refrigerated transport.
3. Means of prevention of mold growth.
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Chapter 12
HERRING CANNING

This chapter includes:
HERRING CANNINGY, a paper presented by J. G. Huntley, Research Division,
The Metal Box Company Limited, London, England;

Part of DRY SALTING AND CANNING OF HERRING IN BRITISH
COLUMBIA, a special contribution by P. 4. Sunderland, British Columbia
Packers Limited, Vancouver, B. C., Canada;

and information from the discussions at the meeting.

Development of Herring Canning

From Huniley's paper:

Fish was probably one of the earliest foodstuffs to be preserved in
meta! containers by heat sterilisation and mention has been made of the
packing in tin cans of salt and kippered fish, which may well have been
herring, in the year 1800. Herring canning was begun in England on
a commercial scale about the middle of the nineteenth century, and it
is recorded that canned sardines were prepared in France in 1834 and
that small herrings were packed into cans in Maine on the east coast
of America in 1877.

However, since those -days other fish such as salmon, tunny and
pilchards have proved also to be very suitable for canning and they now
surpass the herring (Clupea harengus) in the volume of canned product
packed annually. For example, the following figures have heen given
for the 1949 production (FAO 1950):

Canned salmon .. .. .. .. .. .. 151 866 metric tons
Canned tuna .. .. .. .. .. .. .. 101084 —»—
Canned herring and allied species .. 261879  —»—

Of the last figure in this table I would estimate that Clupea harengus
probably does not account for more than about 90 000 tons.

1 Published in Danish in “Konserves”, Feb. 1951 (Huntley 1951).
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Tt will be seen, therefore, how great is the quantity of canned fish
manufactured in the world today; when one considers that this quantity
is consumed by only a small portion of the world’s population, it is
obvious that the potential consumption of canned fish is enormous, if
products appealing to the particular tastes of all the various peoples
could be prepared and if all the economic limitations which restrict the
consumption of the desired products could be overcome.

From Sunderland’s paper:

When in 1903 the canning of herring began on an experimental scale
in British Columbia, - Canada, it was undertaken because one of the
canners had a surplus of salmon cans left over from a poor season which
it was thought might as well be put to some good use. There was 1o
well-considered plan to develop a.new market and canned herring has
never been a popular dish in Canada. The pack during World War I
was also very small as compared to the enormous pack produced during
World War II. It was then that the British Columbia fishing industry
undertook to make as much herring as possible available to United King-
dom. The war had reduced the supply of canned fish while the demand
was increasing. Herring had always been a popular food in the British
Isles so it was natural that they looked toward. British Columbia for
their supply of the canned product, especially since the fishing operations
there could continue uninterrupted by enemy action.

The World War T peak-production year was 1919, when the pack
amounted to 64 002 48-1b. cases. Between the wars the production was
only small. But from a production figure of 23 356 cases in 1938 the
pack increased to between 1.1 and 1.5 mill. cases in each of the years
1942 to 1947. In 1949 it was back again to 75 342 cases.

Erom Huniley's paper:

At the present time each country seems to have its own particular
techniques, firmly rooted in tradition, for treatment of fish for canning,
but there is no doubt that many modifications of and improvements to
these methods are possible whereby new and better canned foods could
be prepared. '

Methods of Manufacture

From Huntley's paper:
This paper is only concerned with the technology of the preservation
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in cans by heat of products prepared from the herring (Clupea harengus),
found in the Northern Atlantic, the North Sea and adjacent waters.
However, other clupeoid fish such as the pacific herring (Clupea pallassii)
found between Japan and the Pacific Coast of North America and the
true sardine (Clupea pilchardus) found off the west coast of France,
the Iberian Peninsula and Morocco, the Californian pilchard (Clupanodon
coeruleus) found off the Pacific Coast of the United States and Japan,
and the sprat or brisling (Clupea sprattus) found in the North Sea, are
processed and canned by methods very similar to those used for Clupea
harengus and the essential details of these methods will be mentioned
in this paper. ‘ :

If, therefore, we consider those products resulting from the preserva-
tion by heat treatment in metal containers of the Atlantic herring (Clupea
harengus) they can be divided, I think, according to their methods of
preparation into four distinct groups: ' '

1. ‘Large herring packed in brine or various sauces or kippered herrings

_as produced in the United Kingdom.

2. Small herring packed in oil or sauce as produced on the East Coast
-of the United States and sold under the name of “"Maine” Sardines.

3. Small herring packed in oil or sauce as produced in Norway and
- sold as ’sild”.

4. Large herring packed in a variety of flavoured sauces as produced
in Germany.

While this classification does not include all heat-processed canned
herring products packed in every country, it does, I think, cover all the
basic principles of pretreatment and methods of canning which are now
used in various parts of the world.

United Kingdom Methods
From Huntley's paper:

The bulk of the large herring canned is packed in the United Kingdom
where the annual production is of the order of some fifty million 14-oz.
(397 g.) and 7-oz. (198 g.) cans. The greater part of the pack consists
of fish with tomato sauce or with no added sauce or liquid and a smaller
quantity of kippered herrings and herrings in mustard or spiced vinegar
satices. For all products except kippered herring the process is briefly as
follows:

On landing the fish are placed in boxes, sometimes mixed with a little
salt, and carried to the canneries. These are usually situated close to a
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fishing port and although at certain times fish are carried up to some
hundred of miles, this practice is not generally considered a very desirable
one. Fish may also be placed in cold store or frozen and held for varying
periods beforé canning ; means for extending the canning season of good-
quality fish are extremely desirable and necessary and need further
development. (See also page 209).

Some years ago the normal practice on receipt of the fish at the
cannery was for them to be well mixed with dry salt and allowed to stand
for 16-—30 hours. This procedure has now, however, been superseded by
treatment of the fish in saturated brine after behéading and eviscerating.
In the British canneries eviscerating machines are now almost always
used from which the fish are conveyed along an inspection belt where the
few badly-cleaned fish which pass the machines are dealt with by hand.
Next the fish are washed in machines of the rod-washer type in which
they are tumbled together underneath powerful water sprays. The fish
after being washed are placed into baskets or conveyed automatically into
wooden tanks filled with saturated brine where they are left for a period
of about half-an-hour. This process gives a final wash to the fish and
imparts enough salt to give an adequate salt flavour to the finished pack.
So far, in United Kingdom, no mechanical method of brining herring
has been found satisfactory but there is no doubt that such an item of
equipment would meet a great need. The fish are then removed from the
brine tanks by hand scoops and placed into baskets in which they are
allowed to drain for perhaps 15 minutes. They then pass to the filling
tables. These usually consist of a central conveyor belt and two outer
belts. On to the outer belts are fed empty cans which prior to reaching
the belt are passed through a saucing machine which, if the pack requires
it, places a measured amount of sauce into the can. The actual packing
of the fish into the can is a hand operation done by teams of girls, some
selecting and weighing out a suitable assortment of fish and others
packing them into the cans and placing the filled cans onto the¢ central
belt of the packing table which conveys them to the closing equipment.

At the present time in the United Kingdom two methods of closing
are in use, either clinching, exhausting and seaming or vacuum closing.
The former is, however, generally preferred. Admittedly vacuum seainers
show a great saving in space but they are more complicated to maintain
and the models at present available do mot run at the high speeds of
which non-vacuum seamers are capable. There is also less consistency
with regard to the final vacuum produced in the finished pack since it
depends to a great extent on the manner of packing the fish and the
amount of air trapped in them. Heat exhausting on the other hand gives

FAQ — 20
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a more uniform product and a somewhat higher final vacuum provided
proper times and temperatures are used. Normally the cans pass through
a clinching machine hefore going through the exhaust box which is steam
heated. Times of about 15 minutes at a temperature of about 205° F
{96° C.) are usually employed and the exhausted cans then pass directly
to the seamers. The filled cans are washed before being retorted. For
the 14-0z. (397 g.) oval can a process of about 60 minutes at 240° F.
. {116° C.) is generally used as this gives a product of reasonable texture
as well as providing an adequate lethal margin for the destruction of
spoilage organisms. Pressure cooling in water is usually practiced.

In the production of canned kippers the fish are split, brined and
smoked in the normal manner, placed in flat oval cans holding 1 Ib.
{0.45 kg) with a paper disc between each fish. No liquid is added and
the cans are exhausted with a clinched cover for about 12—15 minutes
at about 210° F. (99°.C.). They are then closed and processed for 70
minutes at 240° F. (116° C.) and pressure cooled in water. Somehmes
vacuum closing is used.

United. States Methods
TFrom Huntley's paper :

The small herring of the Atlantic coast of North America are treated
somewhat differently. The fish which are caught when the smaller sizes
predominate  in the shoals are held in the water for sufficient time to
free them of “feed” (Editor’s note : "impounded”) and are then transported
to the cannery. - Salt is usually sprinkled in with the fish as they are
loaded into the boat, but if this is not done they are brined in tanks in
saturated salt solution after they reach the cannery. Some packers behead
and eviscerate the fish as soon as they are received hut most packers
enstire that the fish are free from feed and then behead them immediately
hefore packing into the.can. Whichever way the fish are handled the
next step is for them to be placed in a thin layer on wire-mesh trays or
”flakes” on which they are either steamed or fried. Steaming is the method
of precooking most widely used, but it is admitted that the flavour and
texture of the finished product could be improved and that the frying
miethod gives a hetter quality. In the steaming process the flakes are
placed on trolleys and are then steamed at atmospheric pressure for 10—
20 minutes in large chambers. After steaming the trolleys are moved
into a tunnel with a current of warm dry air flowing through it and are
left there for the fish to cool and dry out on the surface. This takes about
two hours.
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If the fish are to be fried, the chief objection to which is the high
cost of the oil, the flakes are conveyed through a bath -of oil, heated to
about 225° F. (107° C.). The frying time varies from 3-—6 minutes.
After frying the flakes are placed on trolleys and, as for the steamed fish,
are dried in warm dry air. From time to time attempts have been made
to 'mechanise these whole series of operations and combine them ifito a
continuous process, but until receutly little success has heen achieved.

- When the fish are cool they are filled into the cans by hand, the size
mostly used being the %4 Dingley; if the fish have not already been
beheaded this is now done by the packing operator. Care must be taken
to see that the fish are roughly sorted so as to use only fish of a uniform
size in any one can. After filling, heated oil or sauce is added  -to the
cans by passing them through a filling machine, and they are closed
immediately without any exhaust or vacuum sealing.

The cans are processed in vertical retorts for about half-an-hour at
240° F. (116° C.); in some canneries they are conveyed from the seamer
by belt and allowed to drop into the retort through a small opening in
the top, the retort containing enough water to prevent damage to the
cans. After processing the retort is emptied by opening a door in the
hottom and allowing the cans to fall out onto another belt which conveys
them through a washing and cleaning process. :

Norwegian Methods
From Huntley's paper: '
The process of canning small herring normally used in Norway is
typical of another form of treatment applied in the production of canned
herring. In this method the fish are starved so as to get rid of feed
before they reach the cannery. On arrival they are descaled and washed
in a strong brine solution either mechanically in a continuous operation
or by a batch process and are then strung through the eyes on metal rods
hy which means the fish are supported on racks which are used to convey
them - through the smoking ovens. The ovens may be either of the
continuous type, or hand-operated batch ovens. After thé completion of
the smoking process the fish are allowed to cool; the bodies are -then
removed from the rods on which they have been smoked by severing the
head at the neck by a band knife. The packing of the fish into cans is
entirely a manual operation and is usually- carried out on expressly desig:
ned filling tables fitted with conveyor belts for carrying the empty and
filled cans, and trays of prepared fish. During the filling operation thé
fish are trimmed and graded according to size and the most popular size
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of can is the % Dingley, 14 Club and ¥4 Oval. Oil or tomato sauce is
normally added to the can prior to the packing of the fish. The cans are
then closed without heat exhausting or vacuum seaming and processed.

German Methods
From Himtley's paper:

" Certain rather specialised techniques are also employed in Germany
in the preparat10n of a range of herrings in flavoured sauces. Largeé
lerrings are used and aré eviscerated and filleted by machine. The fillets
ane thén brined usually in wooden tubs or brick tanks for about 10
mmutes in 4 10 per cent salt solution. On removal fr om the brine which
15, of course, a hand operation, the fish is cooked in either steam or
water. This cooking is usually done mechanically by placing the fillets
on Wire-inesh trays which are Then conveyed through a tank of hot
watér, of alternatively, the frays are placed onto trolleys which can be
wheeled into large chests where cookmg in steam takes place. An
additional treatment sometimes used is to dry the cooked filléts in hot
air to which smoke can ‘be added if desired. Mechanical equipment is
available for carrying out this operation continuously. After these treat-
ments the fillets are packed in cans by hand and oil or sauce added.
They are then closed without exhaust or vacuum seaming and processed.

British Columbia Methods

From Sunderland’s paper:

" Prior to World War II most of the herring canned in British
Columbia, Canada, was packed in 1-1b. (0.45 kg.) tall cans, and salmon
canning ‘equipment was generally used with the exception that heading
machines and continuous scaler-washers were used. The "round” fish
was allowed to remain in salt for 12 to 15 hours, using from 150 to
200 1b.(68 to 91 kg.) of salt per ton of fish. This salting of the fish
was used for two reasons. (1) It tended to produce a firmer texture
and tougher skin in the fish and (2) it was the means of obtammg
salt taste for flavour.

" After remaining in salt overnight, the fish was either headed by
liand or by machines, leaving the roes and the milts in the fish. It then
passed through a scaler-washer and was packed into one-pound tall cans
which were conveyed through an exhaust box for about 12 minutes or
longer, top end up, and closed on four-spindle closing machines after
the addition of about 2 oz. (57 g.) of hot tomato purée. Some of the
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plants used the regular cannery retorts for the pre-cooking or exhaust
instead of exhaust boxes, the time and temperature varying somewhat
in the different plants. The pack was then cooked for 70 to 75 minutes
at 240° F. (116° C.).

During World War II special canning lines were installed to handle
the 1-1b. oval cans, and the plants were engineered to obtain a maximum
production. Most of the pack during that period was packed in an oval
container with tomato sauce or in natural oil. The pack was produced
mainly from fish caught in the Gulf of Georgia in close proximity to
the plants engaged in the canning operations. The larger plants had
mechanical unloaders for the fish, which was landed from boats or
scows. The fish was always transported in bulk and no ice was used
for preservation. Some of the smaller plants did not have mechanical
unloading equipment, as their capacities did not warrant the cost of
installation, Where “marine legs”, i.e., continuous unloading equipment
was used, the equipment could unload up to 50 tons per hour. The fish
was weighed automatically through a continuous weighing machine. In
some of the plants the fish then passed through a continuous rotary
grader which selected the largest fish for smoking as kippered herring.

Quality control of the pack began as soon as the vessel landed: at
the plant and before unloading commenced. The fish in every load
was carefully examined to insure that it was of good quality for canning
and, above all, to make certain that it contained no “red feed” or
“belly burn”, which would ruin the pack. ”Belly burn” is.induced by the
presence of large quantities of a shrimp-like organism (Euphasia pacifica)
which is one of the main food items of the herring, particularly during
the summer months. Usually, however, the fish do not feed during
the fall run. When on rare occasions this trouble did occur, it was the
duty of the sampler to detect it and make certain that the fish was-not
canned, since the rapid spoilage, usually within a few hours, made
the fish entirely unfit for canning. Such fish had to be diverted to the
reduction plants for oil and meal; during the war, permission for this
had to be obtained from the Department of Fisheries, as regulatjons
required that all of the fish {from certain areas had to be canned.

While the storage bins, which had a capacity of from 10 to ZQ tons
of fish, were being filled, salt was mixed with the fish as it spilled from
the conveyor or by having another conveyor spill the salt contmuously
over the fish before or while it entered the bin, The latter method resnlted
in the most uniform salting. The amount of salt ranged from about
160 to 225 1b. (73 to 102 kg.) per ton of fish and the fish was .l(j,f\t in

the bins for 15 hours or more.
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- In some plants the herring was flumed to rubber belts which carried it
to the heading machines. Two girls operated each machine, feeding
the fish- belly down in a series of wooden buckets fastened onto a
conveyor chain. In the case of the oval pack the head was cut off
the fish by a circular knife, just back of the ventral fins, as the fish
advanced. A stationary scraper bar pulled off the head with the gut
attached to it, leaving the milts and the roes in the fish. For the 1-Ib.
tall pack the machines were equipped with two knives which cut a piece
off the tail as well. The length of the cut was 4 in. (10 ecm.). Two
girls feeding one machine headed from 900 to 1100 1b. (410 to 500
kg.) per girl per hour. After inspection of the cut fish at these machines
the fish was flumed to. the rotary scaler-washers and then conveyed to
the filling tables, while the waste continued on to the reduction plant.
The filled cans were placed on a belt conveyor after inspection and
carried to the end of the filling table where they entered a disappearing
frame, about 50 cans at a time. When this frame was filled with cans
an inverted wire-bottom tray was placed over them, and the disappearing
frame was lowered. The tray with the cans underneath was then pushed
into a tray-inverter. The trays were turned over upside down so that
the fish in the cans rested on the wire screen. The trays were stacked
4 or 5 high and carried on chain conveyors through an exhaust box.
- The time of exhaust varied from 15 to 30 minutes and the temperature
was usually maintained at 212° F. (100° C.) where exhaust boxes
were used. Where ordinary retorts were used higher temperatures were
someétimes used. Some of the exhaust boxes were equipped with automatic
temperature controllers and recorders, insuring uniform cooking and
good vacuum, since vacuum-closing machines were not used. The pre-
cooking removed from 12 to 16 per cent oil and water, mostly water.
The oil and water flowed to settling tanks where the oil was recovered.

From the exhaust boxes the trays passed into a tray-inverter again
and were returned gently to an upright position. Then the trays were
removed and chain conveyors carried the cans to the closing machines.
Along the conveyors inspectors checked the filling weights and the
quality control department removed samples at frequent intervals for
acid value test of the oil, to insure that the quality of the entire pack
was as high as possible. Here, too, the temperature of the product
hefore closing was checked regularly since it governed the vacuum in
the' final product. :

" .. Before the cans entered the closing machines 2 oz. (57 g.) of hot
tomato sauce were added, either as straight tomato purée or as tomato
paste diluted slightly with salt brine, the strength of the brine depending
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on how long the fish had been salted. In some of the plants tomato paste
and purée were mixed, for instance, one part of paste to two parts of
purée. A
When the temperature of the exhaust box was carefully controlled,
and the temperature of the sauce was kept above 195° F. (91° C.), it
was not difficult to maintain an average vacuum of 4 in. (0.13 atm.) or
more. Overfilling had also to be guarded against, as it would natur-
ally reduce the headspace in the container and would cause bulged ends
and buckling when lowering the pressure in the retorts. In the case of
the 1-Ib. tall pack vacuum machines were used by all of the canners during

World War II, and the tomato sauce was often added to the cans before

filling. Salmon filling machines were also used to some extent, but
resulted in a slice being removed from one or several fish by the cutting
knife. It was also difficult to avoid cross-packing. When packing herring
in natural oil, i.e., without addition of oil or tomato satice, some of the
plants added brine where the pre-cooking was rather prolonged. In other
plants, where the pre-cooking was brief, it was not considered necessary
to add brine. The cooking times varied for both 1-lb. tallsand 1-Ib. ovals

“from 60 to 80 minutes at 240° F. (116° C.) followed by air cooling.

Lower cooking temperatures have been successfully used in overcoming
difficulties with buckling of the ends during the cooling of 1-1b. oval cans.

New Developments

From Hauniley's papet:

Naturally enough all these processes which have just been described
have various disadvantages and difficulties as well as points in their
favour, and fish-canning technologists throughtout the world have con-
stantly been trying to improve them. Recently, their endeavours have
been directed mainly along three lines:

1. To effect an improvement in the quality of the finished product by
modifications of canning techniques while maintaining its essential
characteristics.

2. To reduce the cost of the pack by variations in the manufacturing

processes and by increasing the degree of mechanisation.
To develop entirely new and different packs.

-b.)

It would be convenient, therefore, to discuss each of the canning
operations in the light of the methods used in the various existing com-
mercial canning techniques and to point out what is being done to try
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and improve them and if I may venture to do so, make some suggestions
for discussion as to possible future profitable lines of approach to some
of the problems.

Handling the Row. Material
From Funtley's paper:

Before speaking of the developments which are going on in connec-
tion with the canning itself and of the problems which still remain to be
solved, there is one rather obvious comment that must be made. It is,
that no matter what improvements are effected in methods of handling
the fish and in the treatments and processing to which they are subjected,
the ultimate quality of the canned product will depend to a great extent
on the quality of the raw material used in its preparation. Unless, there-
fore, the fish are entirely satisfactory when caught and are so treated
that they reach the cannery in good condition it is not likely that the
herring canning industry will be able to increase and expand its markets.
Improvements in manufacturing technique and the development of new
recipes never enabled inferior raw materials to be turned into good
finished products.

From discussions:

Le Gall, France, stressed the importance of the control of the raw
material when received at the cannery. He understood that several
countries had such control and that in others private canners maintained
close inspection, but he suggested that control methods should be
standardised and uniformly adopted, possibly even on an international
scale.

Copeman, United Kingdom, said that owing to the very soft and
oily nature of North Sea herring, considerable attention had to be given
to the handling of this fish at sea, as the condition of the fish when
arriving at the cannery was one of the most important quality factors.

Haraldsvik, Norway, mentioned that in Norway there is official
control of the size of sprats and small herrings to be used for canning.
Both must he above a certain minimum. The sprats must, in addition,
have a fat content above a certain minimum. All sprats and herrings
used for canning shall be completely free from feed. The fish has, there-
fore, to be impounded, 7.e., kept in the net for some time after capture.

Aglen, United Kingdom, described how the Herring Industry Board,
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Scotland, had the rule that where a boat stayed out for two nights or
more at a time, the herrings may only be used for certain purposes- if
they are landed later than 24 hours after capture unless they have been
properly iced aboard. Normally, it may only be used for oil and meal
manufacture. However, it was rather seldom that the boats stay out for
two nights; icing is therefore not carried out to any appreciable extent.
The feeling is that such icing aboard introduces several problems with
regard to the layout and construction -of the boat and the handling of
the fish at sea, etc.

Trom Heen and Karlsew's paper “Freezing of Herring” (pp. 190—216).

In Norway effective icing of sprat just after catch, and during
transport to the factory had been tried experimentally. This method
has been compared with the usual practice of simply placing a scoop of
ice on top of the boxes. The difference was striking. Testing of the
canned goods showed a imarked improvement both in appearance, taste
and flavor. By effective chilling it was possible to cold-store the sprat
for about 5—6 days or about 2 days more than by usual icing, before
the quality of the canned product was noticeably reduced.

From discussions:

Sigurdsson, Iceland, had done some work on the storage of small
herring for brief periods, i.e., a few days prior to canning. He had done
the work in connection with the Maine sardine industry in the United
States, and similar work had been carried out with the California pilchard
industry. He had found that small herrings with about 12 per cent fat
after storage in refrigerated brine for several days gave a quite satis-
factory canned preduct. Certain factors had to be considered very care-
fully, such as the temperature of the brine and its salt concentration. The
experiments had also shown that it made a tremendous difference whether
the brine was kept at a temperature of about + 1° C. (34° F.) or say
—2 or —3 C. (283 or 26%° F.). He felt that this method of storage
would be an excellent way of taking care of the gluts of raw material
which sometimes occurs. One place where this method might be used
was for the storage of the herring aboard the boats, as well as for storage
in tanks at the factory after landing.

Davis, United States: The possible extension of the storage time
for pilchard prior to canning was of primary importance in California,
United States, because in California the atmospheric temperature was
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around 75 to 85° F. (24 to 29° C.) and the temperature of the fish
when delivered to the cannery might be as high as 60° F. (16° C.).
Chlorination of seawater for this purpose had been used quite
extensively in the sardine plants, at Terminal Island in California. It was
used mainly because the seawater, which the plant had access to, was
badly polluted.

Chlorinated water was for instance used for fluming the fish through
the plant. It was found that fish flumed in chlorinated seawater would
keep two to three hours longer than other fish. He mentioned that the
chlorination was a comparatively simple operation. The prolongation
of the keeping time of the pilchard by the use of chlorinated water was
not due to any active chlorine in the water, because this is prohibited in
the health laws of California. The water is dechlorinated with sulphur
dioxide before it comes into contact with the fish.

Le Gall, France, mentioned that he had heard that in one instance
large amounts of sardines had been transported successtully over longer
distances to a Californian sardine cannery. The sardines were transported
in trucks, preserved in a mixture of ice and salt.

Crowther, United States: The incident Dr. Le Gall referred to was
a case where pilchards had been transported some 250 miles (some
400 km.). The fish were packed in large watertight trucks; salt and
ice was added to the fish. The temperature in the fish was close to the
freezing point when the fish arrived at the plant.

The fish appeared to be in fair condition when received at the plant
and were inspected and passed by local authorities. The product which
resulted from canning these fish could be classed as only fair in quality,
especially after several months in storage. However, there is no record
of the condition of the fish when loaded into the trucks at the beginning
of the 250-mile trip. It is possible that prime fresh fish, properly handled,
may be successfully transported by this means.

- Huntley, United Kingdom, said that it was a not uncommon practice
in his country to transport herrings from the ports to the canneries over
distances of upto 200 to 300 miles (320 to 480 km.). They were generally
preserved in ice or in ice and salt. Ile believed that the same procedure
was used in I'rench Morocco. :

Davwis, United States: Experiments were going on in his country
which seemed to indicate that if one stored in inert gases, one could
use storage at considerably higher temperatures than normally used. He
felt that this might well be cheaper than the icing of fish, considering
the labor, efc., involved in icing.

Copeman, United Kingdom, suggested that technologists work on
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possibilities: of salt-curing herring for storage purposes in such a way
that it later could be reconstituted and used for canning. This. would
allow continuity of operations and might make production cost consider-
ably lower. '

Freezing of Herring Prior to Canning
This subject was discussed quite extensively, see pp. 209—13.

Eviscerating
- Mr. Huntley stated in his paper that with the large herrings packed
in the United Kingdom eviscerating is now normally done by machine.
However, for small fish, no satisfactory eviscerating machine has yet
been constructed. While better machines are being developed, improve-
ments could be effected in the organization of hand operations and better
design of other equipment for handling fish and offal.
Information on discussions of eviscerating and boning machines will

be found in a special chapter, pp. 186—&9.

Brining
From Huntley's paper:

This operation sometimes is done before eviscerating, sometimes
after, but whenever it is done it offers great scope for improved methods
of handling the fish. The old method of mixing the whole fish with
dry salt for a period of some hours has now been largely abandoned in
favour of immersion of the fish in strong brine, but at the present time
nearly all canned herring are, I think, brined by batch methods in which
the fish are placed in tanks or tubs made of wood, concrete, slate or other
material and allowed to stay there for periods of about half-an-hour.
They are then removed from the brine by hand, and placed in baskets or
boxes to drain before going to the packing tables.

Mechanised continttous briners have been used, but in England, at
least, they have now been abandoned. They operated on the principle
of a conveyor carrying baskets full of fish through a through of brine;
the main ohjection to them was that because a mass of fish was held
tightly together uneven absorbtion of salt resulted. It should not be
impossible, however, to design a machine in which the fish are not packed
together but are conveyed through the brine either by a screw type of
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mechanism similar to that used in vegetable blanchers or by a slatted
belt. In fact, the blancher type of machine has been used satisfactorily
for some fish. Since the volume of fish to be handled is large and the
immersion time is of the order of half-an-hour such equipment would
necessarily be bulky but it would certainly effect considerable savings
and give a more uniform product than do the present hand methods.

A further suggestion which might prove to be of value would be the
elimination of the brining process altogether and its replacement by the
addition of salt directly to the sauce or to the fish itself. Certainly this
would be a less costly method and probably a more accurate one than
that of soaking the fish in brine. The value of this method <oes, however,
depend to some extent on the pretreatment of the fish and needs careful
investigation to determine the best means of application.

From discussions;

Searraz Bournet, France, felt that there was no difference between
the brining in brine or salting in vats with dry salt. It would be very
valuable if a continuous process could be worked out for the salting
operation, may be some form of conveyor-belt arrangement, as suggested
by Mr. Huntley, allowing the fish to stay in the brine for approximately
15 to 20 minutes.

Copeman, United Kingdom, also felt that brining or use of dry salt
could be alternated in most cases, but that some {ish in certain stages
of maturity seemed to give the best results in brine. The British manu-
facturers were very interested in developing a continuous brining process.

Addition of Hardening Chemicals During Brining
EFrom Huntiey's paper:

In addition to getting salt into the fish the brining operation has also
sometimes been used as the means of trying to harden the flesh and the
skin of the fish by the addition of other substances to the brine. The
main efforts have been made in connection with the packing of raw fish
since it is in such packs that disintegration of the skin is most noticeable,
but so far there is little evidence to show that any beneficial result is
obtained. Such chemicals as calcium salts, alum, tannins, acetic acid and
starches have been tried experimentally by private firms, but the results
have not bheen too promising. There is undoubtedly scope here for
more work. '
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From discussions: ‘
¢ Copeman, United Kingdom, felt that any steps which could be taken
- improve the firmness of the canned North Sea herring to avoid
ushiness, especially as it developed during transport were very im-
This and other problems were being investigated by an experi-
iy -at Port Glasgow, operated by the Herring Industry
tion with the United Kingdom fish canners. He felt
the one used for pilchard in the United States might
o out for the North Sea herring. ’ ‘
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on wire-mesh trays or baskets; known as “flakes” in the United States

r grilles” in France. This has meant in many cases handling each
fish individually in order to place it in the hasket; it is suggested that
the principle employed in the canning of pilchards on the Pacific Coast
of the United States might with advantage be adopted in European
herring canneries. This is to pack the fish into the cans raw after evisce-
rating and brining and then to heat the can and contents by one means
or another sufficiently to cause the bulk of the free liquid to separate
from the fish, and then to drain off this liquid, add a suitable oil or sauce
and close the can. During the last few years improved plant of this
nature has been developed in Europe originally for use in the sardine
industry of France and Morocco but now being tested in other countries.
This equipment takes the can filled with raw eviscerated fish, adds brine,
gives a preliminary cooking of 8—10 minutes in steam and drains off the
resultant liquor. The cans are then conveyed through a hot-air oven at
about 320° F. (160° C.) and again the can is drained. Oil or sauce is
then added and the can exhausted and delivered to the closing machine.
All these operations are performed mechanically and continuously on
the one machine and its use is increasing steadily in the sardine canning
industry (Cheftel 1950). Experiments have also been carried out to
adapt it for use with large herrings, but so far no commercial production
of this fish has taken place by this method.

Seme way of removing water from the fish'is of particular importance
if improvement is to be sought in the sauces which are added to the canned
product, for if any great quantity of liquor is going to separate from the
fish after it has been closed in the can with the sauce, then a pack with
a poor appearance on outturn-is likely to result and in any event the
types of sauce which can-be used are limited.”

It should perhaps be pointed-out that the method of packmg the fish
into the can raw, adding sauce and closing, gives probably a product of
minimum cost and that the adoption of any of the above methods of
pretréatment since they involve a loss of water will, everything else being
equal, increase the cost of the pack. However, if the improvement results
in an increased demand this differenice might be more than equalled by
decreasing costs through improved methods of handling and in othet
directions. R

From discussions: :

Huntley, United Kingdom, related that in the sardine industries of
Morocco and France some 30 machines of the above-mentioned kind are
now in operation.
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Le Gall; France, mentioned that there were several different ways of
cooking fish. Ie felt that this problem should be studied further. In
Spain and Pottugal the sardines were cooked in brine while the California
pilchard was cooked in dry air after it was packed in the can. Further

‘experiments with drying by infrared rays were also needed. So far

unsatisfactory results were obtained with drying due to the separation
ol water in the final product.

A communication from Carter and Bailey mentioned that the time
required to preheat filled cans prior to closing in order to secure a vacuum,
can be greatly reduced by using a bank of infra-red lamps as a heat source
(Roach, Harrison 1949). ‘

Huntley, United Kingdom, had no direct experienice with the use of
infrared drying of fish packed in cans but he felt that it was likely that
the process would be uneconomical and inefficient as the infrared rays
would mainly act on the exposed surface of the fish.

Sarraz Bournet, France, said that in France the fish was dried after
brining. This was considered one of the most important phases of the
manufacture. It was known that British and American manufacturers
had adopted the process of packing the fish in the cans before drying, but
experience in France had shown that the quality of the product definitely
was better if the fish is dried before packing. For instance, otherwise the
skin gets loose and separates from the {lesh, resulting in an unsatisfactory
appearance. In France the fish was placed on wire-mesh trays and dried
in‘hot air. Herring is generally canned without cooking except for some
factories in Belgium. After the herring was packed in cans, it was placed
on conveyors which passed by a saucedispenser. The cans were then
exhausted and then closed. They were processed and cooled in an auto-
matic cooler under circulating water under counter pressure. Sardines
were sometimes, even in France, placed directly in the cans before drying,
but Mr. Sarraz Bournet felt that that always gave cause to some water
separation, '

Copeman, United Kingdom, also felt that an important problem was
to find ways of eliminating surplus moisture and oil in the cans.

Crowther, United States, described some of his own experiments
with electrostatic smoking intended for use in the Maine sardine indus-
try. The fish was placed in small flat cans and exposed to electrostatic
smoking. As expected the smoked flavour was deposited on the top layer
only. However, the flavor would penetrate to the lower layers during
processing and storage. The results of these tests were not entirely satis-
factory. A smoked flavor was obtained but the color deposited on the
fish was not very attractive. This principle of smoking fish is not in
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commercial use in the United States at the present time, but it may have
definite possibilities for certain types of smoking.

Borgstrom, Sweden, felt that electrostatic smoking should, when
properly adapted, be able to give a fairly even distribution of the smoke
flavor. _

Crowther, United States, said that the method of handling the fish in
the experiment with the electrostatic smoker is somewhat different from
that used in the normal canning operations. In Maine, for example, the
fish are generally placed on trays or racks for smoking. In this particular
experiment the object was to design a method for smoking the fish after
it was packed in the can. One disadvantage of the electrostatic-smoking
process, as used in this experiment, was that the film of smoke which
was deposited. on the surface of the fish was black, resembling soot. This
condition may have been due to a hasic fault in the smoke-generating
system.

“A communication from Carter and Bailey mentioned directions for
smoking lierring prior to canning were given by Sidaway (1942); the
product thus prepared had a much better appearance than the usual
raw pack.

From Huniley's paper:

At the present time the majority of herring canned in the world are
either packed in oil or tomato purée; there exists, I am sure, considerable
scope for ingenuity in the development for new and attractive-looking
sauces. A range of herrings in various sauces is packed in Germany, and
many of these are extremely palatable and appetising.

The sauces used are of many types and flavours such as mustard,
mushroom, shrimp, tomato, wine, beer, mayonnaise and cream. Basically
they consist of milk, flour, oil, vinegar and water with some stabilizer
and flavouring ingredients.

Development on these lines offer also means whereby the canned
herring could perhaps be made to appeal to markets in those parts of the
world  where it has not hitherto found acceptance. Here a close study
should be made of local preference for flavours. Tests should also be
carried out to find the best ratio of sauce to fish in the can and also
the total net weight which gives the best appearance and the greatest
resistance to damage during transport to the consumer. Whether the
sauce should be added to the can before or after the fish is another
small point which needs testing but it is, of course, bound up with
method of treatment of the can after filling. The composition of sauces
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in relation to their physical properties also needs further study, the degree
of dispersion of the solids and the stability of the emulsions produced
by homogenising being of particular importance. '

Exhausting and Vacuum Closing
From Huntley's paper;

The technique of closure used for heat-processed canned herring pro-
ducts varies widely throughout the world. Some packers close the cans
immediately after adding either cold or warm sauce or oil, as for instance
many  brisling canners. Some pass the cans through a steam-heated
exhaust box for varying periods either with or without the cover loosely
cliiched ‘onto the can, e.g., the large herring as canned in the United
Kingdom; again, others close the cans on a vacuum-sealing machine
usually with the contents filled cold. There exist considerable differences
of opinion as to the advantages and disadvantages of the various methods,
but in actual practice, when fish are packed raw and get no subsequent
heat treatment before closing it is the majority view that vacuum sealing
does not give a very satisfactory product. The final vacuum in the can
is likely to be variable due to the different amounts of air that may be
" trapped in the fish during packing and the result may be a slack-filled
pack. For this type of product, therefore, particularly when packed in
large cans, it is usual to exhaust the can in steam before closing. In order
to get a higher final vacuum and to prevent contamination of the pro-
duct by condensed steanl the 11d is generally first clinched loosely on
the can.

Where, however, the product has had some form of pretreatment,
which enables trapped air to be avoided during packing, then vacuum
closing can be used. With small-size cans this- is probably adequate,
to give a commercially satisfactory -paclk, even if the product is closed on
a non-vacuum seamer. ' o ‘

This question of the final vacuum in the can is of 1mportance parti-
cularly in relation to cans for export to tropical countries since, if the
vacuum is low, it is probable that under warm storage conditions and
partmularly if the barometric pressure is low as well, the ends of the can
may bulge and give rise to suspicions of bacterial spoilage. In addition,
of course, the presence of air in the can will lead to internal corrosion of
the containers.

21 — FAO
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TFroni discussions:

- Copeman, United t{mgdon“' Mr. Sunderland’s paper mentioned that
one factory in Canada tried tc obtain a vacuum in the can of at least
4 inches (0.13 atm.). In United Kingdom one aimed at a vacuum of
at least 8 inches (0.27 atm.).

Processing Tumes and Temperatures

“From Huntley's paper:

It'is generally agreed that the heat treatment given to canned herring
should be kept as low as possible consistent with the prevention of spoil-
age. This treatment, of course, will vary with the type of product and
s1z¢ of can and should be determined by heat-penetration measurements
‘and heat-resistance studies. In the United Kingdom the effect of short
times at high temperatures has been compared with that of longer times
at lower temperatures ‘and at least from experience with the British pack
-of large hetrrings in tomato there appears to be little difference in the
flavour and appearaiicé produced by the two methods.

Canned Herrmg as an I'xj‘ort Article

Prom H mzlleys paper

As regards the acceptance of canned herring in export markets I can
really only speak in relation to the pack of British-canned herring sold
either in tomato sauce or as “fresh”. Of this pack some 6700 metric
tons were exported in 1949; the bulk to Australia and New Zealand.
Other countries taking smaller quantities were the United States, West
Indies, Fiji and Malaya, but very little trade was done with any European
country, largely due to economic limitations of one sort and another
(U. K. Min. Agr. & Fish. 1949). Experience in these overseas markets
has shown that in many cases the herring is preferred to other packs
of allied fish but that it is essential that it should reach its destination
having a good texture and appearance and that the fish in the can should
remain whole. It is to attain this end and to make the fish more resistant
-to the mechanical hazards of transport that much of the experimental
work described above has been dome. It is recognised that there is a
considerable variation in the texture and firmness of the different species
of herring landed at the various ports in Great Britain, and the oil and
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water content and the state of maturity of the fish is taken into considera-
tion when determining firmness of fish suitable for export packs.

Early landings of herring at the Scottish Moray Firth ports during
the summer fishing are usually small and, before roe formation com-
mences, have an oil content of up to 25 per cent. These fish are usually
very soft and unsuitable for the transport conditions that are likely to
be experienced when shipping to many export markets. It has been
found that the most suitable fish for export are those which have matured
to the state of filling or are full of roe. Even so, it has not been found
practicable to ship them until some considerable time after canning, which
time depends on the type and actual condition of the fish used. Experience
has shown that the "firming-up” period in the can takes anything from
2 to 6 months; if shipped earlier the appearance of the contents is likely
to be adversely affected, some of the fish being broken and, in some
instances, the whole contents of the can turned to mush. It has even
been found that labelling and cartoning will adversely affect the condition
of the fish. When it is considered that the fish are sufficiently firm, a
range of samples — taken at random from each day’s production —
should be put through an agitation test to determine the suitability of
the fish in respect of firmness for labelling and despatching. Similar
precautions are necessary with fish landed at N orth Shields, Clyde, and
some other ports. The herring landed from the autumn fishing in East
Anglia are usually much firmer, and generally are suitable for shipmient
in a shorter period after canning.

Canned kippered herring is not subjected to this long storage as
during the process of kippering the moisture content is reduced and the
fish are sufficiently firm after canning to be shipped after a normal
incubation. period.

Another important factor in relation to the suitability of canned
herring for export is the degree of vacuum in the can which it is con-
sidered should be at least 8 in. (0.27 atm.) before shipment.,

Quality Control of Canned Product
From Swunderland’s paper:

During World War II all of the canned-herring pack in British
Columbia, Canada, was inspected by the Canned Fish Inspection Labora-
tory and the pack was graded according to the acid value of the oil,
as follows:
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“Average acid value of oil Grade Size of s:.ample
. : . examined
Les than 2.25 ....% e ~ A ] 6
G 225.40295 . G B 12
- Greater than 2.75 ............ condemned 12

This’ test was: extr emely useful to the canners as it meant that there
was n6 -excuse for packing anythmg but Grade A herring. The Labora-
tory also introduced the carbon-dioxide test which was carried out on
the raw ground tissue, The latter test in particular demonstrated clearly
how rapidly the herring deteriorated on’ storage.

" The Dominion of Canada Specifications for the Packing and Inspec-
tion of Canned Herrmg also included specifications for the tomato sauce,
net we1ght vacuum and firmness. A pack showing a greater percentage
than 25 per cent mushy or pulpy cans were graded B.

The* following is ‘an analysis of canned British Columbia herring,
‘caught in the Gulf of GeOrgla about the mlddle of November and canned
in tomato sauce: :

2 v

» One—pound ta.ll One-pound oval
S ' EE : ~ herring herring
Moisture .......... . oot 649 9% . 64.4 %,
Crude fat (oil) ................ 1599% . 13.0 % -
Crude protein (Nx6.25) ........ . 16.6 9%, 18.6 9%,
Crude fibre ..... e 0.19% 0.19%
N 2.9 9 4.6 9,
Calorific value ................ - 980 B.T.U. per Ib. 895 B.T.U. per 1b.
{544 Kcal: per kg). (497 Kcal. per kg)

A communication ffom Bolten, Canada,  called attention to work
carried out by Charnley and Davies (1944) concerning estimation
of the freshness of canned herring from determinations of the acid value
of the oil.

Recommendations for Further Investigations

It appeared from the papers presented at the meeting and from the
discussion that further technological research was particularly desirable
in the following fields:
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1. Improvements of the quality of the raw material for herring canning
through chilling, freezing and better methods of handling.

2. The various methods of removing water from the fish and of ob-
taining a firmer texture of it, both through brining or dry salting,
cooking, drying or smoking before or after the fish is placed in
the can. A method for mechanization of the brining operation was
desirable.

3. Development of new sauces which would appeal to new markets and
a study of the behaviour of sauces in relation to their chemical and
physical properties.
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Chapter 13

MANUFACTURE OF HERRING
OIL AND MEAL

This chapter includes:

THE PRODUCTION OF HERRING OILY, a special contribution for the
meeting by J. A. Lovern, United Kingdom Department of Scientific and
Industrial Research, Torry Research Station, Aberdeen, Scotland;

NEW REDUCTION PROCESSES, a paper presented by Gudmund Sand, The
Herring Oil and Herring Meal Industry’s Research Institute (Sildolje- og
Sildemelindustriens Forskningsinstitutt), Bergen, Norway;

and information from the discussions at the meeting.

Importance of Production’ of Herring Oil

From Lovern’s paper: . :
The major producing countries for herring oil are Norway, Iceland,
Canada and the United States. With such a markedly fluctuating fishery
as that for herrings, an estimate of the average annual production for
any country can only be a very rough one, based on examination of the
figures over a considerable number of years. In certain years the produc-
tion in one area may be virtually nil, and on the other hand, there may
be years of unusual abundance of fish. With this qualification in mind,
the average annual production (in thousands of metric tons) of herring
oil by the above countries may be given as Norway, 30; Iceland, 20;
Canada, 15; United States, 10 (Fats, Oils & Price Div.,, OFAR 1946;
FAO 1949). The Norwegian and Icelandic production is entirely from
the species Clupea harengus, the Canadian and United States production

1 This paper has been prepared as part of the program of the Food In-
vestigation Organisation of the United Kingdom Department of Scientific and
Industrial Research. PPaper for Publication No. T. 50/26. Published in The
Fishing News” (Lovern 1951). British Crown Copyright Reserved.
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mainly from the closely-related Pacific herring Clupea pallassii. Thus,
of the United States production, only about 500 tons is made in Maine
irom Clupea harengus and the rest in Alaska from Clupea pallassii. Pro-
duction from Clupea harengus in the Canadian province, of Newfoundland
is steadily increasing, but does not yet appear to -have passed the 1000
tons per annum miark, and production in the province of New Brunswick,
Canada, is probably at about the same level as that in Maine, United States,
being in both cases almost entirely associated with cannery operations.

In addition to these major producing countries, all countries having
herring fisheries produce small amounts of herring oil. ' In the United
Kingdom it has been the policy to encourage the herring fishermen to
land as much fish as possible, with the surplus over direct food outlets
being converted into oil and meal. The effect of this policy, for: the.
implementation of which the Herring Industry Board has been . made:
responsible by the Government, is clearly shown by the increasing scale
of herring-reduction operations. In 1946, the first year of the scheme,
some 2 000 metric tons (11 800 crans) of herring were sent for reduc-
tion. In 1947 the figure was 6.000 tons (40000 crans), and in 1948
it reached 12000 tons (68000 crans). The 1949 figure was 22 000
tons (124 000 crans), and the estimated targets for 1950, 1951 and
1952 are 44 000 metric tons 71 000 tons and 142 000 tons respectively
(250 200 crans, 400 000 crans and 800 000 crans). When the scheme
is fully developed, the estimated annual tonnage of herring going to
reduction should be about 200 000 (Gr. Brit. Herr. Ind. Bd. 1946, 1947,
1948, 1949, 1950). Assuming an average oil yield of 10 per cent,
which is probably a little on the low side taking into account the main
British catching seasons, it can be seen that this developmént will even-
tually put the United Kingdom in a prominent position among the major
producers.

Quality and Preservation of Raw Material

¥rom Lovern’s paper:

One of the most difficult aspects of the herring fisheries is the uneven
nature of the landings — alternating scarcity and glut are the rule rather
than steady supplies. Therefore a reduction factory must either have
sufficient capacity to deal with maximal rates of supply (i, glut
landings), or else there must be storage arrangements for the surplus
at periods of heavy landings. The latter raises two additional problems
— the public-nuisance problem and the deterioration in the yield and
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quality of both oil and meal. North American practice seems to be to
install adequate capacity to deal with all raw material within 24 hours
of receipt at the plant, whatever the rate of landing (Lovern 1948). This
results in good quality products and permits the factories to operate
fairly near urban areas, but means that for much of the season:the plant
is partly idle. In Norway and Iceland, storage of raw material, perhaps
for weeks, is the general practice, and the plants are kept operating
continuously over a lengthy period. The fish are usually kept in Jarge
bins or pits with no preservative other than a little salt, and putrefaction
goes on rapidly. “Fortunately, in the case of Norway, the main season
is during the winter, when the low temperature markedly retards putre-
faction. In the development of the industry in the United Kingdom an
attempt is being made to avoid the undesirable features of both these
types of practice — the aim is to avoid unpleasant smells, to store glut
landings without deterioration in oil yield and quality, and to keep our
plants operating at-a steady rate over a.lengthy period: It is believed
that it can be done, as I shall describe later.

Further consideration ‘to ‘problems of preservation of raw material
is . given: in' the section on addition -of coagulatmg agents during the
cookmg process on page 339. o :

F rom .Sands paper

" In Norway we, feel that more time should be devoted to the problems
connected with preservation and storage of herring for non-food pur-
poses. I trust that those sharing my interest will present this question
in the discussions.

T'rom Loverw’s paper:

It has been mentioned that salt is used as a partial preservative for
herring stored at reduction plants. Some of this salt is removed in the
press-water, but part of it remains in the press-cake and it lowers the valus
of the resultant meal. For processes involving direct drying of the fish,
followed by solvent extraction, the use of salt will obviously have a far
more serious effect-on the value of the meal. In any case, salt in the
small proportions used is far from being a complete preservative, and
it does little to retard the development of free fatty acid from the oil
in the stored fish. (It has less effect on the lipolytic enzymes of the-
fish than on bacterial growth).
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From discussions:

Hanson, United Kingdom, drew  attention to the statement that
preservation with salt, the common Norwegian practice, had been
examined in the United Kingdom and had been found satisfactory so
far as inhibition of bacterial decomposition was concerned. It had,
however, less effect, in the concentrations normally used, on the fish-
enzyme systems and so, for example did not prevent lipolysis of the
fat to fatty acids.

. Notevarp, Norway, referred to quite extensive exper1ments in Nor-
way with the various types of preservatives. It had been proved in
these experiments that salt was one of the most satisfactory preservatives
for herrings. Especially the formation of free fatty acids was studied
and it had been found, contrary to the results just quoted, that salt was
one of the most effectlve means for reducmg the activity of fat-splitting
enzymes,

From Lovern’s paper:

The best general preservative would seem to be formaldehyde, and
both laboratory experiments and full-scale factory experiments have
been made with it. Its use demands the provision of sealed storage
chambers instead of the cheaper open pits, and it is, in addition, an
unpleasant substance to handle on a large scale. Its toughening action
on the fish is, however, an asset in facilitating pressing (Bjarnason 1941).

The use of formaldehyde ‘as a preservative was also’ discussed in
relation to its as a coagulating agent, see page 338.

From a communlcatlon1 from Carter and Bmley, Canada:

Herring can be preserved for use as bait by a method involving the
use of 10 per cent salt brine containing 0.5 per cent of formalin
(Tarr 1943)..

From discussions:

Notevarp, Norway, mentioned that a Norwegian preservative treat-
ment which was said to give a very long-keeping quality of the herring,
had mainly been known from newspaper articles.  He had no information

1.”A Review of the Technology of British Columbia Herring Products In-
vestlgated at the Pac1f1c Fisheries Experimental Station of the Fisheries Research -
Board of Canada”, a paper prepared for the Meeting by Neal M. Carter and
Basil E. Bailey, Pacific Fisheries Experimental Station, Vancouver, B. C., Canada.
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about what chemical had been used. At any rate the information given
seemed to indicate that the preservative was so expensive that the method
would hardly have any practical value. However, large-scale experi-
ments, in which another chemical was used, were now being carried out
in Norway under the sponsorship of the Norwegian Government. It
had proved to be possible to keep herring for five or six weeks before
processing. Feeding tests had been carried out with meal made from
such preserved herring and with meal manufactured from fresh herring;
no differences had been found in nutritive value between those two
meals. These experiments were carried out on swine by the Norwegian
College of Agriculture, at Aas, and on chicks by the Herring Oil and
Herring Meal Industry’s Research Institute in Bergen.

Olafson, Iceland: One problem related to the preservation of the
herring in connection with solvent-extraction processes was that of
preventing enzymatic action. This could be done by heating but it
would be preferable to find simpler methods. He felt that more research
was needed with regard to those autolytic processes.

The Orthodox Wet-rendering Method

From Lowerw's paper: :

In all the main producing countries, herring oil is mostly made by
essentially the same process. The raw material (whole fish, or processing
offal, or a mixture of the two as the case may be) is passed through a
continuous cooker to a screw press, in which a mixture of oil and water
is squeezed out through openings in the press casing, and a press-cake is
obtained containing still about 50 per cent of water and some 5 per
cent of oil. The press-cake is dried to a meal, without further oil
recovery. The oily and aqueous phases of the press-liquor are separated
centrifugally. Several features of this process merit further consideration.

The cooking of the herring before pressing is a critical operation,
and either over-cooking or under-cooking leads to poor performance of
the press. The experience of the foreman is the best practical guide of
proper cooking, the extent of which varies with the condition of the
raw material. Apart from the degree of cooking, the aim is generally
to feed the fish to the press as hot as possible, and without too much
pulping-up having occurred in the cooker. Notevarp and Tornes (1943)
have studied various conditions of cooking before pressing, and shown
the desirability of high temperature and of avoiding undue comminution
of the fish. Their results are in complete agreement with unpublished
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observations made at the Torry Research Station, Aberdeen, Scotland.

1t has been mentioned that, in addition to some 50 per cent of water,
the press-cake contains about 5 per cent of oil. No second pressing is
given, but experiments at Torry Research Station (unpublished) have
shown that only a small part of this oil can be recovered by allowing
the press-cake to absorb water or various aqueous solutions, followed
by re-pressing. Since the original herring vary very widely in oil content,
it follows that the efficiency of oil recovery by the traditional cook-and-
press procedure also varies with the quality of the raw material. For
example, with fish containing 20 per cent of oil, recovery would be 90
per cent, but with fish containing 10 per cent of oil recovery would be
only 80 per cent. (Assuming a vield of 20 per cent of meal containing
10 per cent of oil and disregarding processing losses). With still poorer
raw. material the yield falls off sharply, e.g., herring containing only
5 per cent of oil would give a yield of 60 per cent, the rest being left
in the press-cake.

Drying
From discussions:

Sand, Norway, referred to the question of various types of dryers.
It is generally believed that flame dryers do not give the meal as high
a digestibility as that obtained by vacuum or steam dryers. He felt that
more important than the type of drying method used was the extent
to which the meal is dried. Meal is generally dried to a moisture content
of 5 to 7 per cent in the United States, while the permissible water
content in Norway is 12 per cent. Most Norwegian meal contained
about 10 per cent.” He felt that the damage due to overheating mainly
occurred where the last percentage of moisture was removed. Quite
extensive experiments carried out by the Agricultural College in Norway
with the feeding of sheep had shown that the biological value is essentially
the same in steam-dried and flame-dried meal. Preliminary experiments
carried out at the Herring Oil and Herring Meal Industry’s Research
Institute in Bergen had failed to show any appreciable difference between
these meals.

Lassen, United States, also felt that there was a considerable correlation
between the degree of final moisture content in the fish meal and its
digestibility. Such results had also been obtained in California; his
experiments had shown a great difference between meal dried with
steam dryers and meal dried in flame dryers, even if dried to the same
moisture content. It might be that the differences in results obtained
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in the United States and in Norway: were due to differences in
the methods according to which- the digestibility was determined. In
pepsin-digestibility tests flame dryers definitely gave lower digestibility
than ordinary steam or vacuum dryers: - Still higher digestibility was
obtained: with a new type of dryer, the so-called ”airlift dryer”, where
the meal is dried in a current of air at a low and carefully-controlled
iemperature. :

A note from Sand, Norway:

Recent experiments (1951) at the Herring Qil and Herring Meal
Industry’s Research Institute, Bergen, Norway, show practically no
correlation between the ‘pepsin-digestibility method  and ch1ck—growrh
methods. Heated meals of w1dely differing pepsin digestibility were
found of about equal value as' protein supplements to growing chicks.
The rations contained about 13.5 per cent true protein.

From discussions:

~ Noteyvarp, Norway, felt that another question was that of proper
operation of a flame dryer; the air leaving the flame dryer should not
have a temperature higher than 100° C. (212° F.). Under these con-
ditions, the meal will not at any point be heated ahove 100° C., as the
meal in the earlier stages, while it still contains a considerable amount
of moisture, cannot be heated over that temperature due to the evaporation
which must take place. Also, the drying time should be considered. In
a correctly operated flame dryer the drying time should be only 10 or
15 minutes, as compared with several hours in the manufacture of
stick-water by multiple evaporation, at a temperature which may be
something like 50 or 80° C. (122 or 176° F.). He felt that more
effort should be made to achieve. proper deawns of flame dryers and that
there was no  justification for concludmg that flame dryers were not
satisfactory. He felt that experiments should be carried out with flame
dryers, measuring the temperature throughout the dryer and with outlets
at various points in the dryer in order that samples might be taken out.

From a communication from Carter and Bailey:

The scorch and ignition temperatures of herring meal show a fairly
uniform tendency to rise with decreasing oil content and increasing
particle size of the meal (Mahadevan, Carter 1948).
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Obnoxious Gases

From discussions: S
Lassen, United States, said that the best way of dealing\ with the
obnoxious odors in gases from herring-reduction plants was that of
leading the gases th1ough a gas-fired oven. ‘
Bramsnes, Denmark;’ confirmed this by referring to experlments in
Denmark, only there coal ovens had been used.
 Hanson, United ngdom mentioned that some dryers had asserted
that they could not afford the fuel necessary to ”burn” the gases in an
oven. He referred to the completely successful use of chlorine gas and
the less efficient use of bleachmg powder in the deodorization of gases
from fish-meal factories operating in towns in the United Kingdom.
Offence could still be produced by stocks of fish awaiting processing, and
in Aberdeen, for example, there was a time limit on 511611 storage.

New Hering-reduction Processes

TFrom Sand’s paper: : .

Until recently only few processes existed for the manufacture on
non-food products from oily fish.. In fact, only one reduction process,
the one ordinary referred to as the cooking process or the wet-rendering
system, was of practical importance. Althoughthere were minor differ-
ences in the design and construction of the machinery, the method on
the whole was the same in most factories.

Even today the old wet-rendering method is by far the most
important, but thanks to increased research activity within the fish
industry a number of new methods have been suggested in recent years.
Some of these have shown quite promising results and are gradually
being put into full-scale operation. Others are still in a very early
developmental stage — ex1stmcr only on paper, or tried 'out on laboratory
or pilot-plant scale.

Some methods which introduce entlrely new prmc1p1es and require
machinery quite different from that ordinarily used, will he’ of interest

only in connection with the building of new factories. Others are trying

to use the elements found in the usual factories and are actually a
mod1f1cat10n or a refinement of the old wet plocess

General Criteria for Evaluation of Methods - - k
From Sand's paper: ) -

Before starting a discussion of the various methods 1 should like to
stress that a correct evaluation should no longer be based on strictly




334

technical data of yields, etc. While the industry’s attention has been
primarily directed toward increased capacity and efficiency, the buyers
of the products, realizing the great variety of grades found on the market,
have become more interested in quality. Therefore, the merits of a
method should be apparent in favorable technical data as well as in high-
quality end products. As to the last point we are far behind in research,
and know very little about the influence of manufacturing conditions on
quality. Also only little systematic work has been reported on the
composition of the available raw materials. It is obvious that complete
information on the raw material is essential for planning a sound
production. _ ‘

There is no reason to believe that one method eventually will prove
superior under all conditions. Local circumstances should be carefully
considered before a decision as to method, storage facilities and machinery
is made. Among factors of importance in this connection one might
mention:

a) Length and stability of the operating season which in turn will decide
whether most attention should be paid to the fixed or the variable
costs. '

b) Climatic conditions during the season, determining how long the
raw material could be stored.

¢) Type of raw material, and

d) Market and distribution problems.

The last point should, of course, be considered first, because it is
the buyer who eventually decides which products can be successfully
marketed. - '

From discussions: . ‘

Lassen, United States, called attention to an excellent paper prepared
by a Swedish research worker, Agren (1944), and the work by some
Americans (Dunn, Camien, Eiduson, Malin 1949; and Neilands, Sirney,
Sohljell, Strong, Elvehjem 1949). In these works concerning the com-
position of fish protein a surprisingly high similarity in the composition
of the proteins of various species was found. He felt, however, that it
would be of minor importance to devote too much. time to find out in
detail the composition of the proteins of various raw materials. More
important would be an investigation of the influence of the freshness
of the raw material on the results obtained by the various reduction
processes. For instance, he had found in his laboratory that the amount
of stick-water protein which was obtained in the reduction process and
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which was still more or less a loss, varied as much as 50 per cent,
depending on whether one used entirely fresh or partly decomposed
raw material. He suggested that this problem be added to the important
points mentioned by Mr. Sand. '

" Sparre, Norway, stressed that one should especially consider the
problems mentioned in Mr. Sand’s paper, one of them being the influence
of the raw material, as mentioned by Dr. Lassen. -Secondly, one should
consider whether it would be more advantageous to make whole meal
containing all the matters originally present in the herring or possibly
be better to make more or less traditional herring meal and then the fish
solubles. Thirdly, was the time coming where it was advantageous to
prepare a herring meal which was substantially free from fats? Tradi-
tional methods give about 10 per cent of fat, but this could be extracted.
This did give a better meal, but at a higher cost. It also provided a
certain amount of fats, which looked somewhat like- pitch or coal tar.
He felt that the content of this fat in the meal was certainly of no
advantage to the animals. it might even be detrimental. Some of the
methods mentioned in Mr. Sand’s paper (see later in this chapter)
would accomplish this, either for instance the Nygaard’s method or the
wet-extraction method. These methods also gave a higher recovery of
oil. For instance, the amount of oil lost in meal in Norway through
the use of the traditional reduction method was in a normal season
I0,000 tons. This amount would be recovered by any of these processes.

Modifications or Improvements of the Orthodox Cooking Methods

From Sand's paper:

Although years of experience have made the old cooking or wet-
rendering method reliable for the usual raw materials, I am quite
convinced that systematic investigations could still considerably improve
many steps in the process. However, this paper is not intended to deal
with details, but more with general features of the various methods.
Therefore, presuming that the audience is familiar with the orthodox
procedure, I shall just make a few comments on some of the weak
points of the method.

Indirect Cooking -
From Sand’s paper:

The main objections that can be raised against the old method could
be met, first by the introduction of indirect cooking, thus reducing the
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amount of stick-water by at least. 20 per cent and secondly by the
utilization of the stick-water in one way or another. As the latter point
will be more thoroughly discussed elsewhere (see pp. 337-—38) I shall
here mention only briefly the problems ‘of indirect cooking of herring,
that is cooking methods where any dlrect contact between steam and
raw material is avoided. q : ‘

- Although the advantage of indirect cookmg shouId be obv10u> where
the stick-water solids are recovered, little work-in this direction is reported.
In Norway we consider the solution of this problem a key to a number
of methods for stick-water utilization, and, therefore, during. the last
season our institute has conducted qulte extenSlve experlments on pllot-
plant scale. S

Indirect Steam Cooler
Erom Sand’'s paper:

An ordinary cylindrical sfeam-Jacketed cooker -has proved quite suc-
cessful when certain precautions are taken. In order to increase the
heating surface, steam was also supplied through ‘the screw. _conveyor.
The main difficulties with this type of cooker, low heat transmlssmn
and scaling of the heat surfaces, were overcome by using press -liquid
as heat-transmitting medium. As it. was essential to keep the -cooker
well-filled with liquid, the cooked herring had to be d1scharged by a
screen conveyor placed at a suitable inclination, through which the
surplus liquid was allowed to drain off. There was some evidence that
oil would prove even better as heat transmitter.

Indivect Cookmg Wzth Fuel Gases

‘-,I*rom Sands paper ‘ .

 Another interesting type of indirect cooker, deswned by Mr. G.
Bojner of ”AB.Torkapparater”, Stockholm, Sweden, has given quite
promising results, although further experiments are needed before a
conclusive statement can be given. The cooker is principally a boiler
where the water is replaced by the herring. The fuel gases pass through
a rotating set of tubes, which during the rotation pass through the
mass of herring. No scaling of the tubes has so far been observed. This
cooker requires somewhat more space than a steam ccoker, but has the
obvious advantage of saving bhoiler capacity. Most. likely, the heat
-economy will also be improved by this more direct use of the fuel gases.
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Direct Cooking With Fuel Gases

From Sand’s paper: ;

Still better heat economy might be expected if the herring could be
cooked by direct contact with fuel gases. If parallel flow is used, diffi-
culties will be encountered in attaining sufficiently high temperatures in
the raw material to bring about coagulation. Increasing the initial
moisture content of the gases, for instance by recirculation, would retard
dehydration and thus raise the temperature to some extent. However,
countercurrent methods should offer greater possibilities of raising the
temperature.in the raw material. The capacity and heat economy might
be vastly improved, as water evaporated in one end of the cooker could
be more or less condensed in the other end, thus returning latent heat
that would be lost in a parallel-flow cooker. Such methods as herz
outlined have merely been suggested, and no reports on results with
them have yet become available.

Recovery of the Stick-water Solids
From Sand’s paper:

The main: disadvantage of the old method, the waste of considerable
amounts of valuable dry matter in the stick-water, has in the United
States been eliminated to a.great extent by condensation to fish solubles.
Due to market and distribution problems this is not quite as attractive
a proposition in Norway as in the United States. Efforts have, therefore,
been made to achieve a successful admixture of the stick-water to the
press-cake, and thus by subsequent drying arrive at a so-called ”whole
meal”. This designation is given to indicate that the meal contains all
the constituents of the raw material less the major part of oil and
water. A great advantage of methods of this type is that they utilize
the machinery ordinarily found in a reduction plant, with the only
reservation that the dryer capacity must be tripled to enable the factory
to process the same amount of raw material. ‘

The method is also well justified even with normal dryer capacity,
when in periods of limited and uneven supplies a reduction of the
capacity to one third is of no importance.

One factory in Norway, “Lysgsund Sildoljefabrik A[S”, seems to
be working successfully along these lines, the stick-water being thoroughly
mixed with sufficient press-cake.

Personally, I am inclined to believe that straight evaporation of the
stick-water to say one fourth of the original amount would facilitate
the absorption in the press-cake and greatly simplify the process. Such

22 — FAO
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an arrangement would also leave open the possibility of making solubles,
if the market should be in favor of this product. A further discussion
of these questions will be found in the following chapter.

Use of Coagulating Agents
From Sdnd’s paper:

The use of coagulating agents must be mentloned if only in a few
words, as the use of formalin both as a coagulant and a preservative
has attracted considerable interest. There is strong evidence that formalin
is very active in-both respects and, especially for bad raw material, greatly
facilitates pressing. However, to my knowledge, few really convincing
experiments have yet been reported to prove that the reagent is entirely
or practically harmless to the protein and other nutrients in the products.

From discussions:

Lassen, United States, mentioned that the use of formaidehyde as a
coagulating agent had been tried out some fifteen years ago in the
United States. It had béen very successful, both as a coaoulent and, even
more important, as.a preservative.

Crowther, United -States, referred to expenments which in 1936
resulted in a patent’for the use of formalin for coagulating and especially
for the preservation of fish proteins. The experiments were particularly
aimed at the préservation of such fish as herring, menhaden, etc., aboard
hoats before reduction. ‘There were no difficulties with the preservation
itself, but the fact that bulkheads often were not completely watertight,
etc., caused many complications. The scope of the work had later been
changed. The experiments were concentrated on adding the formaldehyde
to the material.‘where it is introduced into the cooker, especially for
the coagulation of herring, efc., in poor condition. By the addition of
only small amounts of formaldehyde, a normal reduction procedure could
be followed. Tests were made to check on the nutritional aspect of this
treatment. Herrings were preserved in a very strong solution of formal-
dehyde by the former Bureau of Fisheries, which is now the Fish and
Wildlife Service ‘of the United States Department of the Interior. The
preserved fish were later put through a regular reduction process and
converted into meal and oil. TFeeding tests with meal produced indicated
that the treated meal was equal to or superior to untreated.mieal in
nutritive value. He himself did not have the complete documentation
regarding this problem but felt that the ”Aquacide Company” which
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handled this particular process in the United States had sufficient in-
formation on- file to substantiate that the formaldehvde gave no toxm
effect on the final protein. S

Lassen, United States, reported' on some test on the influence of
formaldehyde on the digestibility and toxic action of casein. Ordinary
commercial casein was submerged for -various lenghts of time in a 10
per cent formaldehyde solution. The casein vas then dried in a' vacuum
oven, and fed to rats for a period of two months. Tt was found that
the digestibility of the casein decreased as the time of contact with the
formaldehyde increased. However, the decrease in ‘dige%tibilit} was not
vety pronounced. No evidence of any’ ‘toxic éffect was found in “the
organs of the rats at the conclusion of the experiment.

Thorbjarsiarson, Iceland, mentioned that formalin had been used quite
extensively in Iceland since 1941. Tt had principally been used as a
coagulant” to facilitate the processing of a’ partly-spoiled raw materlal
and it had been found that the formalin was very useful in increasing
the capacity of the presses when pressing fresh herring, especially when

-the herring was very fat. Fat herring was considered difficult to process

while entirely fresh; it was, therefore, customary .to store it a short
period before processing. The use. of formalin as a preservative agent for
herring had been used in Iceland with fairly good results, but to his
knowledge it was not being used for that purpose at that moment.

Hanson, United Kingdom, said that he had tried one small experi-
ment on the preservation of herring with formalin. He found that the
herring kept well without any putrefaction. The flesh was toughened
so that it could be pressed more easily, but it was also found that the fat
was oxidized. He felt that this might be the main difficulty when: that
chemical was used for preservation:

Crowther, United States, mentioned that the normal use as re-
commended by the ”Aquacide Company” and described in its patent
was that of adding a very small amount of formalin to the fish where
they are introduced into the cooker. The quantity added was extremely
small, and through several experiments workers had not been successful
in finding any trace of the chemical in the fish as it leaves the cooker.
He felt that in that case there would be no need for considering its
possible effect as a pro-oxidant. When formaldehyde was used for the
preservation of fish stored in bins there was no detectable oxidation
of fats as long as the material was kept completely submerged in the
preservative solution. The chemical was sometimes used in combination
with other chemicals for the preservation of cod livers. Tt had been
used for keeping cod livers for as long as three years. The free-fatty-
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acid content of the cod-liver oil was then approximately 0.3 per cent.

Sand, Norway, did not feel that the documentation he had received
from the ”Aquacide Company” had been sufficient to prove conclusively
that the addition of formaldehyde does not have any detrimental effect
on the protein. However, recent experiments in Norway, in which
differences in raw materials and manufacturing conditions had been
eliminated, failed to show any differences in nutritive value between
fresh and formaldehyde-preserved herring meal.

Crowther, United States, felt that when formladehyde is used according
to the directions given by the "Aquacide Company”, it did not leave
any toxic effect. He felt that the company probably had further evidence
which it might submit to Mr. Sand and anyone else interested.

Notevarp, Norway, mentioned that it was not sufficient to consider
the possible toxic effect of the addition of the formaldehyde. It might
affect the nutritive value of the proteins which should be studied in
feeding tests.

Methods Effecting Different Degrees of Dehvdmtzon
Prior to Oil Extraction

From Send’s paper:

In order to avoid waste of water-soluble matters a number of methods
are designed to prevent or reduce stick-water formation by more or less
extensive dehydration of the raw material prior to extraction of the
oil. The more moisture one removes from the herring, the higher
pressure will have to be applied to effect a satisfactory yield of oil.

In this connection T would like to mention a few typical methods
arranged in the order of increasing dehydration of the herring.

The Notevarp Method (dehydration to 40—355 per cent of water)
From Send’s paper:

This method was developed during the war in an effort to recover
the dry matter of the stick-water. Like the previously mentioned Lysg-
sund method, the process can, with some minor changes, utilize ordinary
reduction machinery, requiring, however, 3-fold dryer capacity to
maintain the same level of meal production. :

The herring containing around 70 per cent of water is dehydrated
to about 50-—55 per cent of moisture in directly-heated rotary dryers.
The exact moisture content ensuring successful operation depends on the
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age and freshness of the raw material. To prevent its sticking to the
drum walls, the herring is thoroughly mixed with press-cake before
entering the dryer. The partly dehydrated mass leaving the dryer at
60—65° C. (140—149° F.) is then passed through a steam-jacketed
preheater and heated to about 90° C. (194° F.) before treatment in
ordinary screw presses. At a moisture content in the material of the
order stated, the major part of the oil can still be expressed at the
relatively moderate pressures obtained in the ordinary screw presses,
yielding a meal which is sufficiently low in fat contents. Although
laboratory investigations point to the use of modified screw profiles,
- ordinary screws have been used successfully. The recirculation of press-
cake might have been expected to represent an extra load on the presses.
However, this is not quite the case, as the filtering properties of the
mass is vastly improved by the admixture of more press-cake and the
amount of oil to be expressed remains constant, independent of the
recirculation.

Due to the dehydration of the herring, the press-liquor will contain
only about one third to one fourth of the stick-water ordinarily obtained,
which means a corresponding relief of the separators. The stick-water
is returned to the process, mixed with press-cake and dried together with
it to a whole meal.

Whether this direct drying of stick-water and press-cake adversely
affects the vitamins still remains to be settled. There is, however, little
reason to expect any appreciable destruction, when the dryer is properly
operated.

The method has been successfully used for large winter herring. For
small summer herring the method as here outlined has failed, presumably
becanse of the less fibrous material, causing difficulties in the press.
There is some evidence that coagulation of the herring bhefore entering
the first dryer would eliminate or reduce this. difficulty.

The Pehrson Method (dehydfation to 20—40 per cent of water)

From Saend’s paper:

Another dehydrating process, the Swedish Pehrson method, should
be mentioned for the sake of completeness. Briefly, the method comsists
of the following steps: dehydration' of the raw material ordinarily to
25—-30 per cent of moisture with subsequent :extraction of the oil in
screw presses. (Dehydration to less than 20 per cent moisture will
result in an unduly darkened oil). I presume that at these low moisture
contents significantly higher pressures will be needed than can be obtained
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in ordinary screw presses, On thé other hand, it is likely that all the
moisture is retained in the press-cake. The press-liquor consisting of
moisture-free oil needs only ”polishing” in a centrifuge to remove
suspended solids. Thus there is no tick-water to take care of.

. As I have only very slight information about this method, I am
not in a position to make further comments on it.

The Nygaard Method -

From Sand’s paper: : :

“+ This' method has attracted great interest in the last years in the
lierring industry as well"as in the whale industry. The method effects
complete dehydration of ‘the herting, that is to say to a moisture content
that assures a stable product, of the order of ten per cent based on fat-
free solids. The dehydration is cafried out in a specially-designed
apparatus, a horizontal cylinder with revolving steam coils. To secuié
good heat transmission and avéid coating of the'coils, a liberal amount
of oil is' addéd to the herring.” The bulk of ‘water is then evaporated
under vacuum. So¢ far only operation in batches has been used, but
continuous two-step dehydration has been suggested.

The dehydration is discontinued at a moisture content of about 10
per cent based -on fat-free solids, and the “frée” oil’ removed. Con-
tinuously - working Oliver “filters' have been tried for the removal of
surplus oil. The. filter worked satisfactorily on certain raw materials,
yielding as low as 40 per cent fat in the filter cake at a reasonable
capacity. In other cases, however, the résults were very dlsappomtmg,
and filtering has now been given: up as niot “sufficiently reliable. Settling
in tanks by means of grav1ty seems to be the most reliable separation
method so fat; the oil’ bemg‘ ﬂoated off on top and leavmg a sediment
with about 50 per cent fat. ’

I understand that the method is still being modlhed and further
developed, but leave it to the inventors to supply further information.

One of the most fascinating features about this method, is that this
oily intermediary product has excellent keeping properties. Consequently,
the final pressure or solvent extraction of the remaining oil can be
carried out when the season is over, either in' the individual plants or
in a central plant receiving dehydrated herring from cooperating factories.

The remaining oil can be removed cither by pressure or by solvent
extraction. In the former case rather high pressures will have to be
applied to give a satisfactory meal. Expellers have been given up on
account of excessive scorching of the meal. Hydraulic presses give quite
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satisfactory results at pressures of 3—400 kgjem? (43—5700 Ib. per
sq. in.), leaving 8—10 per cent of fat in the meal. They have. however,
low capacity, and require much manual labor.

Solvent extraction seems to be the most promising method for the
final treatment of the intermediary product. Of the solvents in question
the hydrocarbons seem preferable to the chlorinated solvents, yielding
a lighter oil than the latter. One of the main obstacles encountered in
the solvent extraction is the formation. of finely suspended solids in the
miscella (fines) ; therefore, systems with the least possible stirring are
to be preferred. The formation will be most troublesome with autolyzed
and very small herring which is less fibrous than larger, unspoiled
herring.

If the dehydrated herring is to be stored with about 50 per cent
of oil left, the process will require a minimum fat content of the herring
of about 20 per cent in order to be self-supplied with oil. There will be
a temporary consumption of oil in raw.material of lower fat percentage
and “outside” oil will have to be added. This is a rather. serious draw-
back, as a considerable amount of oil will be necessary, resulting in
additional capital investment. IHowever, other methods for further re-
duction of the oil content of the intermediary product are being tried.

It is hard to evaluate the method at this time, as no complete plant
is as yet in operation. One plant in Iceland has so far been lacking
raw material. Another plant is being built in Norway and will most
likely be operating next year. It appears from preliminary tests that
the method yields a high-quality meal. ’ ‘

Extraction Processes

From Lovern's paper: . L i

Several other processes of herring reduction are in operation in
various localities, and some of ithese are designed to, recover the total
oil of the fish by solvent extraction. These processes are usually either
regarded as to some extent secret,. or-else-have been patented. Solvent
extraction is preceded by drying the fish, usually under vacuum; in special
equipment, to such a low moisture content that direct extraction in a
continuous solvent extraction plant is possible. Oil extracted by solvents
is commonly somewhat darker in colour than that recovered by steaming
and pressing, although the nature of the solvent used also affects the
colour of the oil, e.g., hexane will extract fewer impurities than will
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triclorethylene, and so gives a paler oil. Any serious overheating during
the drying of the herring will also darken the oil, hence the use of
vacuum equipment,

From Saend’s paper:

Solvent-extraction processes are preferable to pressure extraction as
far as oil recovery is concerned, the former yielding a meal with 0.5—2
per cent of fat against 6—10 per cent with the latter. As high amounts
of marine fat in feeds are apt to cause off-flavors in various agricultural
products, a reduction of the fat content of the meal might mean an
appreciable expansion of the market. Furthermore, such low-fat meals
could most likely be sold at a premium.

Most: solvent-extraction methods require very extensive dehydration
before the raw material is exposed to the solvent. However, by the
use of solvents with boiling points significantly higher than that of
water, dehydration and extraction may be carried out in one operation.
Such systems are now being advertised by a number of firms. When
a mixture of oily fish and the high-boiling solvent, for instance, per-
chlorethylene (”per”; boiling point 121° C., 250° F.), is heated, the
major part of the vapor leaving the apparatus will be water. As the
dehydration proceeds, the oil is gradually extracted by the solvent, and
when the moisture content is reduced to only a few per cent, the
extraction is fairly complete. The miscella is then removed, and the
residue washed with more solvent.” The miscella is distilled and the
meal freed from solvent in the ordinary way. As high temperatures are
destructive to essential nutritive factors present in raw material, the
operating temperatures may advantageously be reduced by the use of
vacuuni.

This method has the advantage common to all extraction processes
of yielding a low-fat meal. As to the quality of the meals manufactured
by extraction methods, there is no reason to expect any detrimental
effects on the protein. The fate of the vitamins, however, may be
expected to depend somewhat on the type of solvent. Some of the
vitamins are soluble in the organic solvents, and will in that case pass
over from the meal to the oil, where they ordinarily are of no value as
they are not used for feeding purposes. It could be mentioned that
vitamin Bys is easily soluble in a number of polar-organic solvents, but
not in non-polar omes. Solvent-extracted meals could, of course, in
contrast to ordinary meals not be considered as sources of fat-soluble
vitamins.
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As previously mentioned, the type of solvent has a deciding influence
on the quality of the oil. For instance, chlorinated solvents tend to
dissolve coloring matter and thus yield an oil of inferior quality.

The direct-extraction method is still being investigated, and a more
detailed discussion should probably await the results of such further tests.

As a number of the fat solvents also act as preservatives, it has
been suggested that methods like the one outlined above could be com-
bined with preservation of the raw material with a suitable solvent.
Whether or not this is a practical proposition has not been proved.

Dewatering and oil-extraction with solvents miscible with water,
¢.g., acetone and ethanol, has been suggested, but there is little reason
to expect this to be a practical solution. More interesting, but equally
impractical is a method suggesting extraction of the minced and frozen
raw material with solvents un-miscible with water.

From discussions:
O lafsson, Iceland, mentioned that in the discussion regarding tradi-
tional cooking-reduction processes versus more modern methods one

“should keep in mind that the operation of a modern extraction plant

required much more skilled labor than the other type of plant. On the
other hand, less total labor was required. It was believed that the
solvent-extraction method was likely to give an inferior oil as compared
with the traditional reduction process.. This was due to the fact that
in' the traditional process a considerable amount of oil was left in the
meal. This part of the oil contained the highest amount of free fatty
acids. He felt that the less oil is left in the meal or press-cake after
extraction the more free fatty acids it contains. For instance, if there
was 1 to 2 per cent fat left in the meal, the content of free fatty acids
in it might be up to 20 per cent or higher. This oil also seemed to be
quite different from the ordinary fish oil. He felt that more knowledge
was needed regarding this question. He also felt that solvent extraction
of wet herring was much to be preferred to a process where the herring
was first dried in oil, which to a considerable extent would have to he
recirculated depending on the fat content of the fish, and the cake then
extracted by filtration or some other process. Observations which he
had made had indicated that direct extraction of wet herring was not
as difficult a process as was generally felt. The whole field of solvent
extraction offered very important promises for the herring preservation
and reduction. In the first place it gives a 100 per cent recovery of the
product. Secondly, it is possible to preserve the herring in the same
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solvent which is later used for extraction. No preservatives would be
left in the product:. The solvent could be recovered and re-used. The
preserved herring could be stored in tanks which also could be used for
storing oil or even meal. The herring had to be disintegrated which
made it possible to pump it and thus simplify its handling and trans-
portation. e mentioned that those advantages had been stressed by
Professor Notevarp, Norway. Certain of these processes were capable
of bandlmg very large quantities.

Methods Effecting ”Solubilization” of the Solids

From Sand’s paper:

A number of methods which convert the raw. mater1al entlrely to the
liquid state have been suggested and developed; they result in either
true solutions or finely dispersed suspensions. The purposes of work
along these lines have been different. :

The.” Liqgua Fish” Process
From Sand’s paper: :

This process was undoubtedly 1nsp1red by the success of fish solubles;
in a similar fluid product, it tries to preserve all the nutritive factors
originally present in the raw material. I gather from the descriptions
and claims in the Norwegian patent application that the method so far
is used primarily for lean fish. The method consists essentially of a
solubilization of the minced fish by treatment with steam in autoclaves
at pH 2.8—3.7; and subsequent concentration in ordinary tube
evaporators to about 50 per cent solids. - :

When carried out on oily fish, the process involves the following
steps: After addition of acid to pH 4.5, the raw material passes through
an ordinary steam cooker. Then the major part of oil and water is
removed either in ordinary screw presses or in suitable centrifuges. The
press-liquor is separated, and the stick-water mixed with the press-cake
to form a suspension. By the addition of further amounts of acid, pH is
reduced to 2.8—3.7, and the suspension is subjected to treatment with
steam under pressure and violent stirring. This treatment is continued
until all solids are either entirely solubilized or, according to the claim,
reduced to particles near the colloidal size (max. diameter 50 microns).
The resulting free-flowing liquid is finally concentrated to about 50
per cent total solids by ordinary vacuum evaporation.
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" The product "Liqua Fish” is claimed to remain homogeneous under
storage. without any sedimentation of solids. It is also claimed to be
in possession of vitamin-like factors not found in the raw material or
only in reduced amounts. Although considerable quantities of liquid fish
seem to be produced and marketed in the United States (Boston area),
some of the larger feed companies state that feeding experiments have
not shown the product to offer any advantages over fish meal and fish
solubles. (For lean fish I can see that this method which recover also
the water-soluble components, may yield a product superior to ordinary
fish meal where the major part of water solubles have been expreSS&d
and wasted}.

Even if there were a market for such a product, one may raise the
objection that shipment of 50 per cent water seems quite uneconomical.
From a Norwegian point of view the distribution and use would also
present quite serious practical problems. Altogether it seems more logical
to convert the original 80 per cent of insoluble dry matter into a meal
as ordinarily practised.

Having no data on plant and operating costs, I find it difficult to
give the method a fair evaluation. I feel, however, that the low pH
must introduce quite serious corrosion problems, making expensive stain-
less-steel. apparatus necessary. Also, comparing the method with the
classical one, I find that the Liqua Fish process requires all the usual
machinery, except that the driers are replaced by the more expensive
press-cake acid-stick-water mixers, -acid-resistant autoclaves for the sol-
ubilization, and stainless-steel evaporators. It should also be noted that
the use of direct steam in the autoclaves means an increase in the amount
of water to be evaporated. Everything taken into consideration it is
hard to believe that the method can offer any advantages for use for
oily fish, compared with an improved cooking method, indirect cooking
and stick-water evaporation being used.

The British Alkali Process

From Sand’s paper:

Another interesting ”11qu1d process”, the use of which may be justified
under special circumstances, is the alkali process developed in the United
Kingdom. The process is chiefly designed to secure a satisfactory oil
recovery from glut landings with the least possible nuisance to the
neighbourhood of the plants. In the first instance less attention has
been paid to protein recovery. The general features of the process are:
solution of the herring in caustic soda, which due to the high pH, also
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acts as a preservative when the raw material has to be stored. From
this solution the oil is satisfactorily recovered by separation. As to the
utilization of the dissolved protein, the major part may be precipitated
by the addition of acid. The technical performance of the protein recovery
is still in the developmental stage. The question of possible reduction
in the nutritive value of the dry matter, destruction of vitamins and
racemization of amino acids, still remains to be settled. I am inclined
to believe, however, that the alkaline conditions are not very beneficial
to the vitamins. Otherwise, as far as preservation of the raw material
and recovery of oil is concerned, the method should have the advantage
of being extremely simple and cheap.

From Lovern’s paper:

In this development in the British industry (by the Herring Industry
Board, on behalf of the Government) much thought has been given to
the question of preservation of glut landings. The authorities were from
an early date impressed with some of the advantages which seemed to
be offered by the application of the well-known alkali-digestion
technique, widely used in the production of fish-liver oils, to the
recovery of oil from whole fish or fish offal. Some experiments on the
adaptation of this process to reduction of salmon cannery offal have been
published (Anderson 1945; U. S. Fish and Wildlife Service 1949).:
As a means of oil recovery it is superior to the traditional cook-and-press
method since it gives a nearly theoretical yield, regardless of the oil
content of the raw material. Moreover, the oil is very pale in colour
and contains virtually no free fatty acids. Even stale herring, which
would give a dark, strongly-smelling, highly-acid oil by the usual process,
yield a pale, almost odourless, neutral oil by the alkali technique. True,
the free fatty acids present in the fish are lost as soaps, but although
recovered in the oil fraction by the usual process they are subsequently
lost if the oil is refined.

As mentioned above, it has been found possible to combine the alkali-
digestion process with simple storage conditions for raw material, and
both laboratory tests and full-scale plant experience have shown that this
process can deal with glut landings without the need to install plant of
excessive daily-throughput capacity. The process itself and the storage
arrangements are {ree from the customary offensive smell of a herring-
reduction factory, and the oil is uniformly of first quality suitable for
use in the edible-fat industry (Herr. Ind. Board 1949). We may say,
in fact, that from the aspect of oil recovery the process has everything




349

to commend it. It has been realised from the beginning, as indicated
previously, that meal recovery by the alkali process is another matter.
Obvious drawbacks are the destructive action of alkali on protein quality
(racemisation, destruction of certain amino acids, e.g., methionine and
cystine, and possible production of toxic by-products) and the fact that
the protein must be recovered from solution. Research on these matters
is going on actively, and in the present stage of this development I do
not feel I can say more than that T am confident that the process of
alkali digestion will play a valuable role in the future British herring-
reduction industry.

The Sharples Method
From Sand's paper: ‘

This is another process which reduces the raw material to the liquid
state. The process is really ordinary cooking with the presses and screens
replaced by centrifuges — in this case, the continuously working ”Super-
D-Canters”. After coagulation of the protein and liberation of the oil, the
cooked mass is supended in sufficient stick-water to give a consistency
suitable for the centrifuges. The continuously discharged solids are dried
in the ordinary manner, and the liquor separated into oil and stick-water,
the latter being partly returned to the process. The amount of stick-water
to be recirculated is not known. To my knowledge the resulting meal
has a fat content of the same order as that in pressed meal.

~ As the centrifuges certainly are no cheap equipment, I do not think
that the method is justified for normally available raw materials. For
autolyzed and small herring, however, containing too little fibers to
allow satisfactory expression of the oil in the continuous screw presses,
centrifuges might offer certain advantages.. The process is still not
beyond the experimental stage, and one should, therefore, await further
information. '

TFrom. discussions:

Thorbjarnarson, Iceland, felt that in order to evaluate the Sharples
reduction method one had to know the capacity of the ”Super-D-Canters”
when working on liquidized herring. He understood that the ”Super-
D-Canters” when working on stick-water had a capacity of around 10
tons per hour. He felt that it was reasonable to expect that the capacity
would be lower when the centrifuges were working on whole herring.
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Sand, Norway, said that he had just received information regarding
this point, One part of ‘herring for one part of stick-water was used in
the process.. This gave some idea of the capacity of the “Super-D-
Canters” for this purpose.

Acid Preservation
Front discussions:

Hanson, United Kingdom, felt that he might mention a liquid process
additional to those described by Mr. Sand. The whole fish or fish offal
was minced and mixed with acid. In an older form, attributed to A. 1.
Virtanen, mineral acids were used; after stirring up, the mixture had
a pH of about 2.0 to 2.3. It had to be neutralized by the farmer before
use in feedingstuffs, an obvious disadvantage. There were also corrosion
difficulties. More recent developments involve the use of organic acids
which mloht be used by a farmer-fisherman in a remote community or
mixed (hrectly into feedingstuffs and corrosion is much reduced. With
the addition of only some 2 per cent of reagent, the product has, in
effect, the composition of fish, and the process was normally used for
white fish or perhaps herring of the lowest fat content. Dr. Lovern is
now undertaking experiments on its application to fat herring. A special
feature of the method was its simplicity, the equipment required being
limited to a mincer and containers. An account of the processes has
been published by Hanson and Lovern (1951).

Harms, United Kingdom, felt that the method Juet referred to was
especially mterestmg because of its simplicity. It was a type of process
which might be used by a farmer fisherman in a remote community or
in a small township. Use of this method might be very important
because small fish-processing plants often had difficulties in getting rid
of the offal from, for instance, white-fish filleting. Farmers in the
vicinity of the plants would be able to use directly the material preserved
according to this method. He mentioned that this was a process that
would not at all compete with the normal production of fish meal, but
felt that it might be effectively used in parts of the world where fishing
was carried out on a smaller scale, and where transportation of the offal
to a fish-meal producers center was not practical. The process was said
to have been developed by a Danish concern.

Crowther, United -States, mentioned that there had been rumors
about a similar process in North America. He had attempted to get
some information from the manufacturer but had so far not 1ecelvbd
any definite data.
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Autolysis of the Herring

From Sand’s paper:

The rapidity with. which autolys1s or self- dlgestlon of the herring
takes place is entirely dependant on the amount of protein-splitting
enzymes present in the fish when caught. The amount of enzymes in
turn seems to depend on the condition of the fish, feeding fish containing
considerable amounts, non-feeding fish very little. Tn small feeding her-
ring, like the Norwegian fat summer herring, sufficient amounts of
enzymes are often secreted to effect solution of the herring in the course
of a very short period after capture, making the raw material entirely
unfit for ordinary reduction machinery. For such raw material it seems
logical to convert the whole fish into a liquid by means of its own
enzymes. The oil could then be recovered by separation and the water
phase evaporated to “liquid fish”.

For livers:it has been suggested that the lipases could be 1nh1b1ted
by the addition-of alcohol, and undesired bacterial action by some of the’
lower” fatty acids, benzoate, etc. The usual methods suggested for the
control of the autolysis of livers would hardly be economical for herring,
but it may well be that work along these lines eventually will be
successful, :

Nutritive Value of H erring Ol
The nutritive value of herring meal is discussed p. 368.

From discussions:

Lassen, United States, answered a question posed by Mr. Sarraz
Bournet, France, regarding the possibility of continued use of herring
oil for food purposes to the effect that he did not feel that polymerized
herring oils had a great future in human nutrition. He felt that sufficient
work had not been done to determine how this oil was metabolized.
One thing that one did know, however, was that when polymerized oils
are fed to rats, a considerable amount of high-molecular fatty matter
appears in the feces of the rats. He did not feel competent to say
whether that was detrimental or not, but it was of course an abnormal
condition to have large amounts of fats pass the intestinal without being
absorbed. It was probably not a very desirable thing especially if one
considered the relationship between such an amount of high-molecular
fat to the bacterial flora. Many important biological processes did take
place in the intestinal tract. For instance, many of the bacteria present
in the secum and colon, produced very valuable vitamins, some of which
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were fat-soluble. Vitamin K, for instance, was produced in sizeable
quantities in the colon of normal human being. If the person does not
have a large intake of vitamin K, it might be that the amount produced
in the intestinal tract became critical. It would then be very undesirable
if parts of it were removed by being dissolved in non-digestible fatty
matter. Ie felt that the polymerized oils had been very useful as an
oil substitute where vegetable oils were scarce. They were also very
good from a taste point of view, although not as palatable as high-grade
olive oil or other vegetable oils such as cottonseed- or soy-bean oil.

Notevarp, Norway, related that the production of polymerized herring
oils in Norway started at the beginning of World War II. It was very
stuccessful because Norway at that time had a shortage of fat. The oil
was not used only for canning of sardines, it was also used as frying
oil and as an edible oil for other purposes. He agreed with Dr. Lasson
that too little knowledge was available regarding the nutritive value of this
oil, although several experiments had been carried out. He felt that the

“question was how much oil of that kind was used. The digestible part
of polymerized herring oils may be 85 to 90 per cent. The rest of these
fats are not being metabolized. But, for instance, in the case of sardines,
the intake of oil by a consumer is very small, probably much less than
5 or 10 grams in one meal. He felt that the amount of digestible fatty
matter in this small amount of oil would be too small to have any
noticeable effect. He felt that further development of the industry would
depend very much on the development of the price of vegetable oils. Tn
the future it might often be more profitable to use herring oil for purposes
where use was made of its specific properties, for instance, as drying
oils, or for extraction of cholesterol or vitamin D.

Lassen, United States, said that as long as the quantities of po-
lymerized herring oils actually consumed were as low as those mentioned
by Mr. Notevarp, it was very likely that the misgivings he had mentioned
would be only of an academic nature.

Conclusion and Recommendation for Future Research

Irom Sand’s paper:

Before concluding I again stress that comparatively few plants use
methods other than the classical. Some of the methods are still in the
laboratory- or pilot-plant scale, or exist only as possibilities, and much
research remains to be done before definite statements as to mierits and
disadvantages can safely be given.
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In the above paper and during the discussions it was stressed that
all experiments regarding the evaluation of reduction processes, should
take into account not only products in efficiency but also quality anid
nutritive value of the finished products. As these factors are discussed
in the following chapter, the recommendations for future research in
this field have all been placed at the end of that chapter.
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Cha pler 1 4
FISH SOLUBLES WHOLE MEAL ETC

"This chapte1 includes :

FISH SOLUBLES, a paper presented by 71ygve Spdrxe, The Herrmg 011 and
Herring Meal Industry’s Research Institute (Sildolje- og Sildemelindu-
striens Forskningsinstitutt), Bergen, Norway; ‘

NOTE ON PROTEIN PRODUCTS FROM HERRING, a special contribution
for the meeting by J. 4. Lovern, United: Kingdom Department of Scientific
and Industriai Research, Torry Research Station, Aberdeen, Scotland

and mformahon >from the dlscuss;ons at the meetmg~ e

Introduction.

From Sparre’s paper:

The subject of this chapter unfoxtunately sfall has a flavour of sen-
sation about it. The newspapers devote headlines to it, telling the
public about the millions of kroner, dollars or pounds that are going
to waste. Of course it is good that we now .all realize what is being
wasted, and do our utmost to recuperate these values, But there has
been a little too much talk about the millions that are being wasted, and
too little talk about the practical difficulties and the expense involved
in the recuperation. We have seen the estimates compared with the still
more fantastic speculations ahout the quantities of ice that are being
wasted in Norway, and that could be exported to Africa at a good
price. Such calculations give even more astronomical figures!

You all know that the waste I have referred to is due to the loss of
the glue-water (stick-water, Norwegian: Limvann) resulting from the

I This paper has been prepared as part of the program of the Food In-
vestigation Organisation of the United Kingdom Department of Scientific and
Industrial Research. Paper for Publication No. T. 50/27/2. Published in "The
Fishing News” (Lovern 1951). British Crown Copyright Reserved.

2 Due to mechanical failure of the 1ecord1ng equlpment about one hour of
thé. discussion ‘on' this subject:was -lost. : S
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“orthodox” herring-reduction processes. These processes consist, as has
already been fully explained in the previous chapter, in cooking the
herring, in order to coagulate its protein, and break the fat cells, in
short to render the mass pressable. After pressing, the oil is separated
from the press-liquor in centrifugal separators, and it is the resulting
practically fat-free liquid, which at present is run to waste, that is
known as glue-water. '

The name glue-water, incidentally, is something of ‘a misnomer. The
liquid, it is true, contains gluey substances, but not a pure glue such
as can be obtained from purified raw materials. It would yield a very
impure fish glue indeed, and attempts to utilize the glue-water for this
purpose have all been abandoned.

- Composition of Stick-water
From § pafre"s -pa'pe'r:‘ » L . e
Tt has, of course, long been known that with the glue-water, practically
one fifth of the solid matter in the herring is lost. A typical Norwegian
herring glue-water is composed as follows:

Dissolved solids.. .. .. 52 %
Suspended solids .. .. 08 »
Fat .. .. .. .. .. .. 05 »
Total.. .. .. .. .. .. 65 %

Watér .. .. .. .. .. 935 »

Possibilities for Manufacture in Europe

From Sparre’s paper:

No harm is done in calculating the potential production of ”solids”
from this glue-water. Norwegian factories during the 1950 winter
season handled 6.7 million hectoliters of .fish, about 600 000 metric tons.
In the usual reduction process, one obtains ahout 70 per cent of this
weight as glue-water, in other words 420000 tons. With an average
total content of solids of 6.5 per cent (including sediment and fat) this
gives us 27 000 tons of solids or nearly 55000 tons 50 per cent con-
. centrate, so called fish solubles. v
We will not calculate any hypothetical sales value for such a production,
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even assuming that this enormous quantity could be marketed at current
prices. But the above figures amply explain the interest being taken in
Norway in the utilization of the glue-water. :

Earlier Efforts in Norway
From Sparre’s paper:

As a matter of fact, efforts to utilize glue-water are nothing new in
Norway. As far back as 1912, in a factory in Svolveer, and later in
other establishments, the glue-water was concentrated on an industrial
scale. But the enterprise proved a commercial failure, for obvious reasons.
The resulting sticky mass was very difficult to handle in transport and
difficult to apply. Its protein content was of inferior nutritive value, and
its value as a source of B vitamins was not appreciated at that time:
Some of the concentrate was re-incorporated into the fish meal — in
other words "whole meal” was manufactured., but this meal suffered a
reduction in price proportional to its content of water-soluble protein.
This contrasts markedly with today’s premium for whole meal, with a
minimum of 20 per cent soluble protein. Under those circumstances it
is small wonder that efforts to utilize the glue-water were abandoned.

Present Situation
From Sparre's paper:

Real interest was not awakened in Norway until it was learned at
the end of World War II that glue-water from herring, or rather
pilchard, was being concentrated and marketed in the United States
because it contains a whole series of vitamins of the water-soluble
B complex, I have always felt that much credit for this development
is due to Dr. Sven Lassen. One of the motives for concentrating the
glue-water was undoubtedly an endeavor to get rid of a most troublesome
waste product. But Dr. Lassen was among the first to carry out actual
determinations of its growth-promoting factors, start a successful manu-
facture, and establish regular sales.

From discussions:

Sparre, Norway, explained that in Norway there were some 70 to
72 herring-meal-and-oil factories spread along the coast. Most of the
plants lay quite far apart, except around Haugesund and Stavanger
where from 4 to 7 factories are situated close together. Here one
might conceivably build one large installation for treatment of the stick-
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water from all plants. Most of the plants had a capacity of what was
normally referred to as “one aggregate”, meaning that they could take
between 4 000 and 5000 hectoliters herring per day. He felt that any
plant of that size should be able to afford a fish-soluble installation of
its own, provided the installation was reasonably cheap. A few plants
were smaller and would probably not be able to make the necessary
investment for a stick-water-processing plant of their ow1L. However,
they were few and meant little in the total production.

Borgsirom, Sweden, felt that it might sometimes be academic to talk
about the large amounts of nutritive substances which were “available”
in the stick-water. For instance, large amounts of stick-water were ’a'vail.—
able along the’ Norwegian coast. But it was spread about among the
various factories, and it was doubtful whether all those factories wotld
be w1lhng to invest in stick-water-utilization plants where the Capltd,l
investment often may be h1gher than the total investmerit in the orlgmal
herring-meal-and- oil plant. Therefore otte could really not say that all
the stick-water is “available”. One should also keep in mind that theré
was a considerable difference between the fishing 1ndustry of Furope
and that of the United States. In Europe the industry is far more
spread out along the coast lines and waste products do not normally
cccur in large quantities in any one place. He was wondering whether
this might bring in a new aspect of the problems involved in the
manufacture of fish solubles and whether there were any minimum size
of plant under which operation would not be feasible.

Manufactwc of ]*1.911 S olubles

From Sptmes paper: B »

When the actual manufacture of fish solubles is con51dered it may
be asked what it is that makes this such a problem. The concentration
itself should be simple enough, and indeed, much of the evaporating
equipment used in other industries has proved entirely satisfactory for
the concentration of glue-water. In selecting the equipment that is best
suited for the purpose, one has, of course, to take into consideration
the special characteristics of the glue-water. The routine analysis already
given shows a sludge content of about 0.8 per cent. In concentrating
the diluted liquid to {7 or /s of its original weight, the suspended matter
may form some 6 per cent of the finished product, and thits considerably
increase its viscosity.  The reduced flow: creates difficulties during the
concentration -process, and the heating surface -betomes ¢oated -with
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scorched 'material, thus reducing the heat transmission, impairing the
quality of the product and making it difficult or impossible to attain
the accepted standard of 50 per cent total solids.

Acidulation and Sludge Remowval

From Sparre’s paper:

For the reason mentioned above, one of the original processes
developed in the United States employs a continous sludge-removing
centrifuge to clarify the glue-water before concentration. The glue-water
is acidulated with sulphuric acid to a pH of about 4.5. At this pH the
solubility of the sludge is at a minimum, and it is claimed that the
subsequent centrifuging is able to reduce the sludge content by about
one-half (to 0.4 per cent). Excess fat is also said to be liberated by
this acidulation, so that the content can be reduced to about 0.3 per
cent, The acidulated liquid is very corrosive to the evaporating equipment.
It has been difficult to verify these results on Norwegian raw materials.

We have in Norway tested and successfully carried out glue-water
concentration without previous acidulation and sludge-removing. A
further reason for the acidulation is that the vitamins are less likely to
be destroyed by heat at the lower pH. Even in this respect it appears,
however, that acidulation is superfluous when certain precautions are
taken. To avoid the difficulties of coating indicated above, we have in
Norway carried out the concentration with rigorous stirring or forced
circulation of the liquid.

The fish solubles must in any case be acidulated after concentration
to avoid putrefaction. It has generally been the practice to acidulate
to a pH of about 4.5 as at this degree of acidity no putrefactive bacteria
can develop and the product keeps “indefinitely”. There is the question,
however, of whether such an acidity is not creating difficulties during
the subsequent handling and shipping of the product.

From discussions:

Sparre, Norway, mentioned that it ‘was very costly to separate the
last solids from the stick-water, as very costly centrifuges, efc., were
required.

Lassen, United States, agreed that one of the most expensive items
in the cost of any fish-solubles plant nowadays seem to be equipment for
separation. He felt that it was essential that as much oil as possible
be removed from the stick-water before processing. Further, he felt that
also as much of the suspended solids should be removed.
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High-temperature Evaporation
From Sparre’s paper: .

It is here an advantage to evaporate at temperatures as high as
possible without causing damage to the vitamins. The viscosity of the
concentrate in the evaporator is thereby reduced. When working in
multiple-effect evaporators, where a considerable saving of steam is of
course attained, it is advantageous to conduct the flow of liquid under-
current so that the most concentrated liquid boils at the higher temp-
erature in the first body of the aggregate. The concentration can very
effectively be carried out in a so-called heat exchanger, in which the
liquid circulates with great velocity, but with little difference between
the temperatures of the two sides of the heat-transmitting surface. The
actual liberation of 'steam takes place in-special expansion chambers and
coating or incrustation is avoided. In all these cases a concentration of
50 per cent can he attained, but the concentrated material is not very
fluid at room temperatures, but rather paste-like. We have, however,
noted that a decided liquifaction takes place after some time, so that
the product becomes easier to handle.

Pressure Evaporation
From Sparre’s paper:

An interesting principle is evaporation under pressure at temperatures
sometimes as high as 150° C. (302° T.). In this case no difficulty is
encountered due to surface coating, and the resulting product is much
more fluid. This is due to the dissolving effect of the high temperatures
on the sludge, and also the breaking down of the original soluble protein
to simpler, less viscous products. As the steam, after having heen utilized
in a multiple-effect evaporator, is taken out {from the last effect with a
temperature high enough to be used for cooking in the reduction plant,
this process is very economical so far as fuel consumption is concerned.
The effect of such drastic conditions on the vitamin content of the fish
solubles remains to he investigated.

I'rom discussions :

Sparre, Norway, mentioned that with the use of pressure evaporators
one could go vp to 70 per cent solids in the solubles instead of the
usual 50 per cent. Fish solubles with 50 per cent solids were quite
liquid, with a 50 per cent concentration in the product derived by
pressure evaporation the resulting solubles were so liquid that one would
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have a considerable separation. Most of the sediment would settle quite
quickly. Tt therefore looked as if by using this inexpensive way of
separation one might get a product which was substantially. free from
insoluble materials. This was, however, just a thought ; more investigation
would be needed before it could possibly be put into practice.

Sparre, Norway, said that a quotation which he had received from
the Sharples Corporation indicated a cost of 8 Norwegian kroner per
ton of fish solubles. According to his calculations, however, one would get
a very substantial steam saving by using pressure- or high-temperature-
evaporation equipment. According to fairly large-scale tests the steam
consumption would be in the neighborhood of 6.80 Norwegian kroner,
that is, less than one tenth. The total variable cost with the use of that
type of equipment would only be 12.80 Norwegian kroner as against
113.80 Norwegian kroner for the Sharples process. In addition, one would
save boiler capacity because only one boiler was needed for producing
steam for both evaporation and cooking, the same steam being used for
both purposes.

Lassen, United States, said that one of the advantages of the pressure
evaporation mentioned by Mr. Sparre was that the steam coming out
from the last effect of the multiple-effect evaporators was of such a
high temperature and pressure that it could be used for cooking. He
was doubtful about whether it was possible to obtain a higher evaporation
per pound of steam at those higher temperatures than at the usual low
temperatures. In the multiple evaporators in use, one worked under
slightly reduced pressure in the first effect, 15-in. (0.50 atm.) vacuum
in the second effect, and 28-in. (0.93 atm.) vacuum in the third effect.
This insured a fairly low temperature of evaporation. In this process
there was evaporated about 2.4 1b. of stick-water per Ib. of steam originally
put in, which was considered a fairly good steam economy. This economy
was of great importance in as much as the major cost of producing fish
solubles is that of steam consumption.

Ettrup Petersen, Denmark, mentioned that his company had made
quite large experiments on pressure evaporation of stick-water. It had
been found that the steam consumption for the evaporation of 1 kg. of
water was 0.2 kg. of steam. His company had installed plants using
this principle for the concentration of stick-water and the cost was not
more than 25 per cent of the cost of a triple-effect vacuum-evaporation
plant. In the pressure evaporation a final dry-matter content of 70
per cent had been reached, which was a higher concentration than that
obtained in triple-effect vacuum equipment. The reason was that the
glue material is broken down by the higher temperature.

24 — FAO
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 Sparre, Norway, agreed with Mr. Ettrup Petersen, Denmark, with
regard to the cost of the pressure-evaporation equipment as compared
with the mutiple-effect vacuum equipment. Mr. Ettrup Petersen had
said that it cost about 25 per cent of the other equipment. In the
calculation carried out at the Norwegian Herring Research Institute
they had arrived at a cost for thé orthodox . Sharples-Lassen method

of 1 560 000 Norwegian kroner for ‘evaporation equipment. - To this

must be added that for the orthodox. vacuum stick-water method one
needs an additional boiler which is calculated at the price of 180 000
Norwegian kroner, while for the pressure-evaporation method, no extra
equipment is needed. '

Thus, the total cost, including buildings, etc., for pressure-evaporation-
method equipment is 800 000 Norwegian kroner as against 2 100000
for the Sharples-Lassen method. He stressed the fact that this is
particularly important for a country like Norway where stick-water in-
stallations can only be used for a period of about 30 days, due to the
shortness of the seasom.

Hanson, United Kingdom, felt that these figures should not stand
unqualified. As indicated in Dr. Lovern’s paper, methods of concen-
tration should perhaps be compared also in terms of, for example,
racemization of amino acids, destruction of vitamins, and production of
toxic substances. Tt had just been mientioned that pressure evaporation
produced a highly concentrated, but liquid, material owing to hydrolysis

of the proteins. Was' it not likely that vitamins were hydrolised at the

same time? :

o Ettrup Petersen, Denmark said that -the sole purpose of the project
he had referred to had been to recover the dry matter.” His company
was' quite aware of the poss1b111t} that a destruc‘uon of the v1tam1ns
m1ght be takmg place

Spray - Evaporation
From Sparre’s paper:

Besides the previously “mentioned, more orthodox concentration
methods, an entirely different principle has also been employed. Here
the glue-water is concentrated in direct contact with fuel gases. The
liquid is broken up into minute droplets which are exposed to very
hot gases, with a temperature of 400° C. (725° F.) or more. In spite
of this high temperature, the operation can be carried out in such a
way that no over-heating occurs. The temperature of a moist surface
will tend towards a condition of equilibrium, the wet-bulb temperature,
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which can be kept quite close to the adiabatic saturation temperature
of the initially very hot gas. It should be possible, therefore, to conduct
the concentration in such a way that the temperature of the 11qu1d does
not rise too high. Besides, the fuel gases are of such a reducing nature
that no oxidation of the vitamins or the unstable amino acids (lysmk,
methionine) takes place. An advantage of this method is the relatively
fow capital investment needed. The need for both steam boilers 'and
expensive multiple-effect evaporators is eliminated; this may compénsate
for the less satisfactory heat economy which characterizes a one-stage
evaporation. The heat economy is, however, somewhat 1mproved by
the elimination of heat losses through steam production.

From discussions:

Notevarp, “\To'rway, was under the impression that the RenneburO'
process had not been too successful when put into practical opera‘clon
and did not know whether it was in use anywhere at that moment:

Lassen, United States, said that he had been informed that i 1948
there were three plants in operation in the United States using the
Renneburg process for stick-water concentration, while at the time of
this ‘meeting there was ‘only one. He had not been able to check this
information’ himself, however. He understood that one of the d1ff1cul’c1es
encountered was in the spray-drying operation. ' .

Sparre, Norway, understood that the Renneburg process has met some
difficulties due to the fact that it attempts to carry out the evaporatlon
in two steps which seem to cause serious difficulties.” He understood
that the company now made use of one-step evaporation - wh1ch, of
course, is' much more fuel consuming. He:felt that the . process ~had
not ‘been worked through vet to such an extent that' it was toi"be
recommended for use in Nerway.. He felt that it mlght be a- com:
paratively simple matter to manufactire equipment for such a proceS$
locally in Norway, utilizing traditional spray dryers, etc. At the Not*
wegian Herring Oil and Herring Industry’s Research Institute a very
simple spray evaporator-had been used for the concentration of ‘stick-
water with 6.5 per cent solids to-a fish soluble with about 50 ‘per cent
solids. Tt was done on: a small scale’ but did not cause any difficulties
whatever. The spray evaporator itself was 274 m. (8.2 ft.) in diametet
Expenments on the nutritive value of the product manufactured in ‘this
expemmental evaporator had been carried out and it seemed that. it ihad
not lost any of its nutritive value. He therefore felt that the datahe
had given for the Renneburg process might apply to other spray:
cvaporation processes.
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Low-temperature Evaporation, Vapor Condensation

From discussions:

Olafson, Iceland, recommended that one considered the possibility of
vapor compression in addition to multiple-effect evaporators.  He under-
stood that this particular process was more widely used in Europe than
in the United States and that it was getting grounds in the salt industry
and the cellulose industry. He understood that so far there was no
information available regarding the possibility of the use of this method
for the manufacture of fish solubles.

Lassen, United States, assumed that what Mr. Olafson meant by
vapor compression methods was what in the United States was generally
designated the Goldschmidt process. This system was used extensively
during the war and his company had been able to acquire such a surplus
plant on very favorable conditions after the war. It had been tested
by his company for one week, but was then abandoned, as the results
were not favorable. However, the main reason for this may have been
the design rather than the principle itself. e felt convinced that it
was possible to build a plant which could be used economically, but the
design would have to be entirely different from the design of the plaat
he had tested, the evaporators of which had been designed for the
evaporation of sea water.

Cost Considerations
From, Sparre’s paper:

"As has been seen in the preceding paragraphs, fish solubles can be -
manufactured according to various methods. It is not claimed that all
manufacturing difficulties have been overcome. It must be mentioned
that difficulties of quite a different character present themselves, these
difficulties account for the {fact that fish solubles have not yet been
manufactured on a large scale in Norway.

First of all the economical side of the question must be considered.
Supposing for the moment that there were a fairly stable market for fish
solubles, an installation for treating the output from a medium-size
herring-oil factory might cost anything up to 2 million Norwegian
kroner. Last year the Herring Oil and Herring Meal Industry’s Research
Institute in Bergen, Norway, carried out some comparative cost estimates,
based on a factory treating 4800 hectoliters (430 tons) of herring
every 24 hours. The corresponding quantity of glue-water is 300 tons,
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of which quantity 260 tons of water must be evapvoxrated,r yielding nearly
40 tons of fish solubles. Over a 30-day period, the total production
would aniount to some 1170 tons. ‘

i'rom discussions:

Sparre, Norway, gave some cost figures for various installations for
the manufacture of fish solubles. He said that these figures mainly
apply to Norway and felt that they also may apply to the other Scan-
dinavian countries and the United Kingdom. The figures he had based
his calculations on were quotations obtained from companies manu-
facturing the installations. He had made some slight alterations, but
none that would alter the total picture. He gave the installation cost for
three methods: the Sharples-Lassen method, the Renneburg method, and
a method utilizing the high-pressure evaporation principle. The essential
differences between the three processes to which his calculations applied
were that onie used mutiple-effect equipment, the other spray-evaporation
equipment, and the third pressure concentration. The figures were
converted at one United States dollar equal to 7.20 Norwegian kroner.

It was estimated that the building cost was the same in the three
cases, or that the difference at least would be immaterial. Thé cost of
the Sharples-Lassen installation was 1.56 million Norwegian kroner.
The cost of a Renneburg installation was 855 000 Norwegian kroner,
that is a little more than half, and a high-pressure evaporation installation
quoted from “Rosenblad” in Sweden would cost not more than 530 000
kroner. To this may be added that the last installation ecliminates
the need for an extra boiler. If one calculates the total cost, including
buildinig, extra boilers, efc., the cost is 2.1 million for the Sharples-
Lassen process, 1.1 million for the Renneburg process; and 800 000 for
the Rosenblad process. The variable cost was the same for the Sharples-
Lassen and Renneburg processes and amounted to about 114 and 111
Norwegian kroner per ton, respectively, while it was 12.80 kroner for
the high-pressure evaporation. The fixed cost was, of course, very
much higher with the Sharples-Lassen process. If amortization cost
was calculated at 15 per cent — which probably might be considered
too low for a project of this nature — it would be 430 000 kroner for
the Sharplés-Lassen process as against 270 000 for the Renneburg and
only 175000 for the Rosenblad process. He had assumed that 500
kroner per ton could be obtained for the product. He then got a sales
value of 571000 kroner for the product from the Sharples-Lassen
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method, because the yield is slightly less than by the other metheds. On
the other hand, that method does yield a little. more oil and meal.
Sales values were estimated at 585 000 kroner for a 30-day season for
the two other methods. Subtracting the cost of the Sharples-Lassen
method from the sales value gives a net profit of 16 000 kroner, which,
of course, is a very small margin, hardly justifying the investment. The
net profit for the same 30-day period would be 185 000 kroner for the
Renneburg process and 395 000 kroner for the Rosenblad process.. The
relation between these figures would of course change considerably if
the duration of the operation could be extended beyond 30 days. For
instance, for 60 days operation the net profit is 462000 kroner for
the Sharples-Lassen process; 640 000 kroner for the Renneburg process;
and practically 1 million kroner for the Rosenblad process. Mr. Sparre
stressed ‘the point that he in these calculations had considered. the cost
guestion only and had not gone into the question of possible differences
of -quality of the final product.

A note from Sand, Norway:

Recently (1951) a Norwegian firm has started offering large vacuum
€vaporation equipment at a price considerably below the figures mentioned
above.” An evaporator of the above mentioned capacity would, ‘in ac-
cordance with this, cost 220000 to 250000 Norwegian kroner only,
bcnler not included.

From :Sparre’s paper:

~In a country like Norway where the season is so hectic, and 11m1ted
to such a short period, it is necessary, in order to cope with the flood
of raw material, to install equipment with a capacity seemingly out of
proportion to the yearly output. This same state of affairs makes the
building ‘of new reduction plants very difficult, and in our opinion it
rules out any solubles plant requiring a heavy investment, let aloné one
that needs dollar expenditure.

It will be readily understood, that if an installation for treating-the
glue-water from say 150 000 hi. (13400 tons) of herring during one
season costs anything between 1 and 2 million Norwegian kroner, the
total investment for installations to cope with the total Norwegian output
of glue-water might easily reach 50 millions ore more. Nobody could
seriously consider such-a program before a very thorough market survey
had been carried out.
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r 10m d1scu5510ns

 Sand, Norway, mentioned that one would not have to take into
account, separately, the quality of the product, or the installation and
operating costs, but rather both factors judged together to estimate the
possibilities for such processes in various places.

Sparre, Norway, stressed that he entirely agreed that one could not
judge one system as compared with the other on account of the cost of
operation and of capital equipment alone. One ceértainly ‘had to take
into account the quality of the finished product. Tt was well known
that the capital cost involved in the Sharples-Lassen process was quite
high. But on the other hand, fish solubles manufactured according to
the Sharples-Lassen process were a weli-established and well-recognized
product. Anyone who mstlgaled the powblhty of using cheapel methods
should keep this in mind.

Manufacture of Whole Meal

From Sparre’s paper:

. The difficulties of finding suitable ways of shipping the corrosive fish
solubles have led to studies regarding the possibility of drying - the
solubles paste down to a dry powder. With modern spray-drying
equipment this offers no technical difficulties. The Norwegian Herring
Oil and Herring Meal Industry’s Research Institute has had several
large lots prepared by manufacturers of such equipment, and has also
carried out spray-drying in its own pilot installation with complete
success. Tests on the biological value of such a powder have not as yet
heen completed, and such tests are, of course, essential. However, judging
from the experience gained in the manufacture of spray-dried milk pro-
ducts, there seems to be little danger of damaging the vitamins present.
Such a dry powder should theoretically be much easier to handle. It
has, however, the disadvantage of being very hygroscopic. It must be
packed in absolutely moisture-proof containers, impregnated bags or
.drums, or else the contents will harden and be next to 1rnp0931b1e to
handle in the feed mills. :

We might in this connection also mention other ways of handling
fish solubles, namely to absorb them in some porous material preferably
:one that is itself a feed product. A mixture of 40 per cent solubles
plus 60 per cent dried alfalfa meal is said to give a free-flowing powder
-without any tendency to cake or to deteriorate. Such a solution might
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be practical in other countries, but hardly in Norway. The possibility
of absorbing the sotubles in dried, ground seaweed ought, however, to
be examined.

This leads us also to consider the poss1b1hty of mixing the powdered
solubles back into the herring meal, obtammg a "whole meal”. A 20 per
cent admixture to powder seems to give a product that remains quite
free-flowing. without caking tendency even in damp weather. Such
whole-meal ‘mixes could also be prepared by spraying the concentrated
50 per cent solubles directly into the herring-meal dryers, together with
the wet press-cake. Several other ways of carrying out the admlxture
and blending are, of course, also feasible.

Nutritive Value of Herring Meal, Fish Solubles and Whole Meal
Herring Meal

From discussions:

Dawis, United States; bad not heard of any case where the oil in fish
meal was detrimental, except in cases where extreme oxidation had taken
place. He felt that that tied up with the problems involved in advances in
the methods for drying the meal. He mentioned that agricultural colleges
in Norway and particulatly in Sweden had advanced a theory that meal
produced by traditional reduction processes lacks some of the very
desirable quality which it could have if dried at lower temperatures and
with less oxidation. He felt that if one could eliminate the oxidation, the
oil left in the meal would have the same feeding value as any other fat.
He added that particularly in the feeding of cattle and swine the oil
was a very desirable part of the feed. It, of course, depended also on
economic questions whether it would pay more to sell the oil separately
or to leave it in the meal. He felt that more research should de done
on the question of feeding value of the finished product, in order that
the techniques could be adapted appropriately.

Bramsnes, Denmark, referred to Danish experiments carried out a
few years ago. Here pigs were fed with herring meal. The rancidity
of the oil was detectable in the fats in the meat. It is not so objectiotiable
in unsalted pork, but when the pork was salted, the off-flavor became
very distinct. The general feeling was that due to these reasons, feeding
with fish meal should be stopped two months before slanghtering.
However, the latest experiments had shown that this is not sufficient
in bacon production. In the experiments other meals were also used, one
with 2 per cent fat and one derived from the Nygaard method where
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the fat had been extracted. The meat was judged by large taste panels.
The only meat that scored as high as the one derived by the ordinary
feeding method, that is, by the uses of skimmed milk, was the one
where Nygaard meal had been used, i.e., meal with about 0.5 per
cent fat. Even feeding with this meal had to be discontinued two
months before slaughtering. ' , '

Sparre, Norway, mentioned that it is very difficult to avoid thé
oxidation of fats in the fish meal. Meal may contain 10 per cent of fat,
extractable with ethyl ether or benzene. After two months one may find
that only two thirds of the fat can be extratcted by the solvents, and
after a long period there will hardly be any extractable fats left. The fat
is quite black, looks like tar. He understood that it went through the
intestine tract without being digested at all, and did not know whether
it was actually harmful but it was at least well-known that oxidized
fatty acids Have a considerable laxative effect. In addition the oxidized
fat may cause an off-flavor of the flesh or the fats of the animal fed
with the meal, of to the eggs where the meal is used for poultry feeding.
He did not feel that this was only a question of economics, but that it
was up to the manufacturer to have the farmer properly educated as to
~ the relative value of the various meals. In addition, it was quite obvious
that the fat content in the meal was not paid for at all, because meal was
sold entirely on the basis of protein comntent.

Hanson, United Kingdom, referred to some experiments related to

gas-packing of milk powder. It had been shown that oxidized milk pow-
ders led to gastro-intestinal troubles. There were a number of fatalities
among children which could be traced back to such causes. He also
referred to a discussion regafdmg the use of paper bags for the storage
of fish meal as contrasted to the ordma1y storage in textile bags. It
had beeri proved in that work that a considerable heating of the meal
takes place due to oxidation of the fats. One should keep in mind
that if the fats were removed by solvents, one was at the same time
removing the fat-soluble vitamins.

Lassen, United States, had found that the determination of d1gest1-
bility through aiimal experiments were too costly and too time con-
suming. He found that suspending a certain amount of fish meal in
water and adding to it a standard solution of pepsine gives results
which, at least to a sufficient degree, corresponded with those obtained by
animal-feeding tests. The method had the great advantage that it was
inexpensive and tests could be concluded in a matter of hours. '

Notevarp, Norway, mentioned that some experiments had been
carried out with chemical digestibility determination of fish meal ac-
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cording to the method referred to by Dr. Lassen. Both flamed-dried
and steam-dried meal and also the press-cake itself were tested to
determine whether any of the drying methods had any influence on
the digestibility. All experiments were carried out with meal made out
of the same raw material. Very small differences were found in
digestibility. Tt was possibly slightly less for the meal than for the
press-cake, but the difference was only slight. This was in spite of the
fact that the flame dryers here used were not of the best construction.

Lassen, United States, recommended that the method of chemicai
digestibility determination be tested elsewhere, for instance in the Nor-
wegian experiments, as it would be very interesting to see how the
results compared with those obtained in the United States. -

Sand, Norway, stressed the importance of having exactly comparable
raw: material and an exact description of the manufacturing method
involved when feeding tests or digestibility tests on herring meal were
carried out. He gave reference to an article published in Poultry Science
(Clandinin 1949). In this various meals had been prepared and it had
heen found that meal dried in flame dryers had very low digestibility.
Few data had been given regarding the conditions of manufacture. He
had written to the author asking for such further information. The
answer was that the meal which had been reported to be of inferior
quality had a moisture content of 5 per cent while the other meal had a
moisture content of 7 per cent. This excessive dehydration rather than
the drying method probably caused the damage.

Mjelde, Norway, called attention to a paper by Brelrem ( 1950), in
which, is discussed the nutrition value of herring meal and the use of
this product for dairy cows. Up to 4 to 4.5 Ib. (1.8 to 2.0 kg.) of
herring meal was fed per cow per day with good results. It is, however,
cconsidered preferable to use oil cake and herring meal together. The
daily amounts of herring meal will then seldom exceed 2 to 2.5 Ib. (0.9
to 1.1 kg.). Norwegian experiments and practical experience have shown
that there is nc risk of a deleterious effect on the flavor of milk and
butter when feeding herring meal in daily amounts of 2.2 to 3.3 Ib.
(1.0 to 1.5 kg.). The paper concludes with a feeding plan for dairy
cows, incorporating herring meal.

Fish Solubles and W hole Meal

From Sparre’s paper: - «
It is appropriate in a general survey to examine a little more in

detail the composition of fish solubles which is the accepted commercial
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name for a glue-water concentrate with approximately 50 per cent total
solids content. A routine analysis gives approximately the followmg
result:

Crude protein .. .. .. .. .. .o vt i o oo ... .. 38—40 %D
Fat .. o0 o e e e e e e e e e e . 3—5 0
Salt.. .. . e e e e e e i e e e e e 3 »
Phosphates. . .. .. .. e e e e e e e e e 1.5 »
Total ashes.. .. .. .. v .. . o e el e e e 6 »
WWater .. .. i et e e e e e e e e e 50 »

But - this ‘analysis tells us very little about the real value of the
product ; the quality of the various items. must be considered. .

A table is reproduced below giving the main constituent amino, acids
of the glue-water protein, calculated as percentage of the crude protein
or, which is the same, in grams per 16.0 grams of nitrogen. The table
is taken from American data (Block and Bolling) as data on Norwegian
products are as yet incomplete. Furthermore, the picture is not entirely
reliable in all details. Data differing from those given below will be found
inthe literature. Discrepancies will especially be found in the figures for
the leucines (the last three components in the list below) where higher
figures are often quoted, and also for cystine.

Arginine .. .. .. .. .. .. 54 Methionine .. .. .. .. .. 15
Histidine .. .. .. .., .. .. 26 Threonine.. .. .. .. .. .. 23
Lysine.. .. .. .. .. .. .. 41 Glycdine .. .. .. .. .. .. 63
Tyrosine .. .. .. .. .. .. 08 DLeucine .. .. .. .. .. .. 2
Tryptophan .. .. .. .. .. 08 [Isoleucine.. .. .. .. .. ... 1
Phenylalanine. . .. .. .. .. 1.9 Valine.. .. .. .. .. .. .. 3
Cystine .. .. .. .. .. .. 4+

Unfortunately, the protein contained in fish solubles is not a “com-
plete” or “balanced” protein, as it is rich in glycine and the basic amino
acids, and poor in tryptophan and cystine. Indeed, actual tests have
shown it to have a biological value of only 40 per cent of that of a
complete protein. Therefore, fish solubles are deficient as a sole protein
source, but they may well supplement other proteins, making up' for
their deficiencies, thus becoming a very valuable nutrient. This does
not alter the fact that judged by its protein quality alone, this product
must be a low-priced feedstuff.

" The following table of accessory components, ‘is based ‘on analyses
of Norwegian products.




Microgram per gram
of dry matter

Riboflavine .. .. .. .. .. .. .. .. .. .. .. ... 30
Pantothenic acid.. .. .. .. .. .. .. .. .. . .. L. 200
Nicotinic acid (niacin).. .. .. .. .. .. .. .. .. .. 350
Pyridoxin.. .. .. .. .. .. .. .. .. .0 0 0 L. L. 25
Choline .. .. .. .. .. .. .. .. o oo 6000
Vitamin Bie.. .. .. .. .. . o o o o 1.5

It will be seen from this table that the vitamins constitute only a
very small fraction of the concentrated fish solubles. However, the
vitamins are such highly active substances, that even these minimal
doses are significant. The above table thus shows fish solubles to be
an uncommonly rich source of these vital compounds. This has been
fully demonstrated by a very great number of feeding tests. Here 1
shall, however, not enter into further details regarding the biological
significance of the vitamins.

This short survey on the composition of fish solubles would not be )
complete without mentioning the important minerals or trace elements
it contains. While vegetable feedstuffs often lack these elements, due
to the gradual washing out of the soil, the fish products contain them
in optimum proportion; during the reduction process, they are partly
concentrated in the glue-water and consequently recuperated with the fish
solubles. Some of them are listed below, the figures bemg based on a
product with 50 per cent total solids.

TIron .. .. .. .. .. .. . L o s 0025 %
Copper .. .. .. .. .. i e e e e 0 0007 s
Manganese .. .. .. .. .. .. i iioieoer o .o .. .. 0.0004 »
Todine.. .. .. .. .. .. .. .. .. . e oo e o L 0007
Aluminium .. .. .. .. .. .. .. .. .. .. oo oo .. .. 0005 »

From discussions:

Sparre, Norway, understood that fish solubles contained matters
which were very important for chickens but not so important for cows
and similar animals. He felt it desirable that further information be
obtained as to the nutritive substances which fish solubles contain and
their effect upon the various animals.

Lassen, United States, felt that in the process of concentrating stick-
water any higher temperatures were detrimental to the vitamins which
were the most important part of this product. He felt that the high-
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temperature multiple-effect evaporation, which Mr. Sparre had referred
to in his paper, would not be practical as it would destroy too much
of the vitamin content in the product unless the evaporation could be
carried out extremely fast. It was his experience that very high vitamin
retention was made possible in the vacuum-evaporation method. e was
wondering whether the vitamin retention in the other processes men-
tioned by Mr. Sparre was similar. \

Sand, Norway, mentioned that the Norwegian Herring Meal and
Herring Oil Industry’s Research Institute had been interested in deter-
mining the stability of the vitamins in the stick-water at various temp-
eratures. A treatment of stick-water of the order of 3 hours at 135—
140° C. (275--284° F.) showed no destruction of niacin and choline
and very little of riboflavin and vitamin Bi2. Further investigations
regarding this matter were under way. pH was a very important factor in
relation to this problem. He felt that the importance of reducing pH
to a fairly low level had been exaggerated but that this question also
was one which merited further investigations. '

Notevarp, Norway, mentioned that when ore evaporates at a high
temperature, one may have some racemization or may get a change in
the amino acids. He did not feel that sufficient knowledge was available
on this point.

Bartz Johannesen, Norway, said that feeding experiments both in
Norway and abroad had shown that especially for pigs and chickens it
gave much better results than ordinary herring meal.

Notevarp, Norway, mentioned that ordinary herring meal contains
6 to 7 micrograms per gram of riboflavin, while whole meal contained
10 to 11 micrograms per gram. The content of water-soluble vitamins,
of choline, and of water-soluble minerals were also much higher for
whele meal. This higher nutritive value should certainly justify a
higher price.

Sand, Norway, answered a question from Dr. Lassen to the effect
that so far not very extensive experiments had been carried out in
Norway with regard to the nutritive value of the fish meals prepared
according to the various methods mentioned in his paper. A few ex-
periments had been carried out at the Norwegian College of Agriculture.
They indicated a higher nutritive value of the whole meal. However, the
experiments were designed in such a way that the main- factor had been
probably the riboflavin content. In some experiments a direct relation-
ship had been found between the riboflavin content and the growth
response. Some experiments had been carried out on pigs, with meal
prepared according to the Nygaard method and the results were excellent,
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both with regard to gain and flavor of the bacon. A special shortcoming
of many of the experiments was- that there had not been complete
comparability between the raw materials used. The quality of the raw
material was a particularly important one to take into account in all
such experiments. This was especially true in Norway where the herring
may have been stored for three or four weeks, or even longer. Also, in
Norway, essentially different types of herring were used; some of them
contain roe and milt, others are taken after spawning. That might, of
course, result in quite appreciable differences of the meal. A shortcoming
of many experiments similar to those mentioned had been that the meal
used in the experiment had not been sufficiently well-defined to make
it possible to draw any definite conclusions.

Notevarp, Norway, said that Norwegian experiments seemed to have
shown that there was no material difference between the nutritive value
of feeds containing either ordinary herring meal combined with fish
solubles or whole meal. He also felt that the effect of temperature by
the drying of herring meal was likely to be exaggerated, and called
attention to the fact that the reduction of nutritive value by exposure
to high temperatures was effected not only by the actual temperature,
but also by the time of exposure. One hour or more in an multiple-
effect vacuum evaporator at 50 to 90° C. (122 to 194° F.) may be as
detrimental to heat-sensitive substances as 5 to 10 minutes in an direct
meal dryer at about 100° C. (212° F.) which is likely to he the maximum
temperature which the meal will reach in such a dryer as long as the
meal is moist. The small differences found by feeding tests made whole
meal dried in direct dryers and in vacuum dryers should also indicate
that the destruction of heat-sensitive nutrients in direct dryers, that is
flame dryers which are properly designed and properly run, is of
negligible practical importance.

Sand, Norway, said that it was too early to say whether the vitamins
were just as well preserved in the form of whole meal as they were in
the form of fish solubles. The evidence so far obtained had not been
sufficient, as the experiments carried out had not considered all factors.
He felt reason to believe that some of the whole meal processes did not
destrov the vitamins but ‘so far he lacked evidence. Whole meal may
be manufactured accordmg to a great many different processes. - The
drying procedure deserves further attention.

Lassen, United States, supported the view of Mr. Notevarp that the
destruction was dependent both on time and temperature of exposure.
Vitamins would be destroyed just as much by being kept at a lower
temperature for a longer time as at a high temperature for a brief
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period. He had no 1nformat10n on the time- temperafture relat1onsh1p,
however ‘

Notevarp, Norway, agreed with Mr. Sard that the evidence was
not sufficient, although quite a few experiments had been carried out:
They had not indicated any appreciable destruction of the vitamins or
of the other essential nutrients from the stick-water contained in
whole meal.

Bramsnes, Denmark, recommended that one should also include for
study the question whether whole meal and fish solubles are of any
value at all. In comparison with ordinary fish meal, some Danish
experiments had so far not shown any beneficial results from the use
of either. This might apply to other European countries as well. The
work he referred to had been carried out on pigs and chickens. He felt
that agricultural experimental stations should be encouraged to do more
work on this problem, as this would be most valuable to the fishing
industry. '

Lassen, United States, mentioned that the results reached in th¢
Danish experiments might partly be due to the fact that Denmark was
in a different position from that of most other countries. In most
countries there was a definite shortage of animal proteins. It seemed
that in Denmark the opposite was the case. Fish solubles were, of
course, to be considered as a vitamin concentrate; one of its distinguish-
ing features was that besides its vitamin B complexes it contains a
large amount of animal protein factor. The explanation to the surprising
results obtained in the Danish experiments might be due to this difference
in basic diet. If one already used a diet rich in animal protein factor
and B complex vitamins such as obtained when meat meal, fish meal
and milk were used, there was really little extra that condensed fish
solubles -could add. Furthermore, when experiments were carried out
with condensed fish solubles, they should be fed in normal amounts. In
the United States one used 3 to 5 per cent fish solubles in feed mixtures.
He understood that in the Danish experiments one had used an amount
of {fish solubles of about 20 g. per pig which is a much smaller amount
than’ is usually added to the ordinary pig feed mixtures in the United
States. This also might explain why the results so far obtained in
Denmark were in contradiction with the results obtained elsewhere.

Bramsnes, Denmark, confirmed that the pigs were fed only 20 g.
of fish solubles per day. This was due to consideration which had been
given to the fat content which, it was felt, limited the amount of fish
solubles which could be used. As far as chickens were concerned, the
amounts used were 1.25 to 2.5 per cent. The results were still negative.
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Some additional information on the influence of the various pro-
cessing methods on the nutritive value of the end product is given in
the sections where these methods are discussed, both in this and in the
previous chapter, :

Standardization of Products

From Lowern's paper:

‘The typical protein product from herring is, of course, herring meal
intended for use in animal feeding stuffs. In this connection, it is
important, to note that, in addition to protein, herring meal contains
numerous other substances of significance in.animal nutrition — fat,
vitamins and minerals. The relative value of two different samples of
herring meal when added to any particular diet will depend on the
net effect of all these factors in relation to the composition of the rest
of the diet, and in relation to the particular nutritional requirements of
the animal to which the diet is-fed. All this, of course, is well known,
but I feel it deserves to be stressed since it introduces so many difficulties
into any attempt to evaluate the quality of herring meal as affected by
processing conditions, and also raises acute problems in advisory work.

To take one outstanding e;\ample of this — the relative values in
a practical ration of herring meal and herring solubles. This is an item
which we have found to be associated with much confusion in the minds
of many would-be users of herring solubles. Each product contributes
protein, vitamins and minerals useful to the animal, but in very different
proportions, and the effect of addition to the diet is going to be markedly
dependent on the composition of the rest of the diet, and on the species
of animal in question. Thus, if the rest of the diet is deficient in total
protein, but adequately supplied with the so-called animal protein factor,
APF, or if the animal itself possesses adequate reserves of animal protein
factor, the addition of herring meal is likely to be far more effective
than the addition of an “equivalent” amount of herring solubles. Con-
versely, if the animal’s own reserves, andfor the diet, are critically low
in APF rather than in protein, herring solubles are more likely to be
of value than anx”equivalent amount of herring meal.

The foregoing paragraph raises another outstanding practical quest1on
— "equivalence” of different dietary supplements. Equivalent in what?
If we make additions on the basis of nitrogen content, we at once come
1ip against the relatively high ration of non-protein nitrogen in such
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products as herring solubles. If we take the hasis of total protein content,
we have the problem of protein quality, which is different not only as
between solubles and meal, but probably also from one meal to another
if for instance processing conditions (e.g., drying tempefatures) have
been very different. Even the analysis of the amino acids contained in
the protein may be misleading, as part of the protein may be so altered
by heat (e.g., in flame-dried meals) as to be indigestible (March, Stupich,
Biely 1949). Moreover, any one feature, such as nitrogen or protein
content, fails to take into account the value of the other dietary factors
also present.

The answer to these difficulties would appear to be the selling of
feedstuff supplements, such as herring meal or herring solubles; on the
basis of a guaranteed and very full specification. This might be met in
practice either by blending or, if necessary, by fortification with synthetic
or concentrated factors. The specification should cover all those items
which the product contributes in significant amounts and which are
likely to interest the user, to enable him to use it intelligently in com-
pounding his rations. Tt may be noted that there is a growing demand
for such standardisation in many quarters, ¢.g., in the United States,
and our experience at the Torry Research Station in the United Kingdom
in dealing with queries on the subject has strongly emphasised the
practical value of standardisation.

When a completely new product is being developed and tested, in
addition fo determining its detailed composition and its intelligent use
in test diets, it is essential to test it on the species of animal for which
it is intended, and for the particular purpose, ¢.g., growth, egg laying,
hatchability of eggs, milk production and so on. This has heen brought
out very forcibly in some experiments now going on with protein
products recovered from alkali digests of herring in the process mentioned
on p. 347 ff. As regard this product, no-one on present knowledge can
predict how many species will respond to a partly racemised protein,
and it is quite clear that different species are able to make use of the
d-amino acids with widely differing efficiencies. If toxic by-products
are produced — as we have reason to believe may be the case under
certain conditions — the effect of these is very different from species
to species. Also, the essay of the product itself for various factors, e.g..
amino acids, extent of racemisation, content of various vitamins, efc.,
must always be related to the processing conditions, since quite small
change, e.g., in alkali strength, temperature or time of heating, may
have marked effects on composition.

25 — FAO
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To sum up these few remarks, may I call them a plea for fuller
information as to the composition of various products relating to herring
meal, for standardisation of composition, and for adequate planmng and
control in their evaluation in animal nutrition?

From Sparre’s paper: : e

The problems confronting anyone who contemplates the establishment
of a fish-solubles or whole-meal industry in Europe are thus by no
means exhausted by considerations of processing techniques. Those who
want to establish such an industry, based mainly on overseas export
must first of all carefully ascertain the type of product the market
actually requires. One then has to secure, from a bewildering variety
of raw materials, a product as uniform as possible, and find means of
standardizing and controlling the quality. A very intimate contact with
the prospective buying market is therefore a necessity. In Norway, we
feel that essential information is lacking in this respect. We do know,
however, that the market wants a product with the highest possible
content of accessory food factors, .and more especially of the APF
(animal protein factor) complex. It is consequéntly indispensable that
we continue investigating the infliilence of all the manufacturing con-
ditions on the preservation of these factors. What is the maximum
temperature the variots vitamins can stand? Is acidulation before con-
centration necessary, would it perhaps permit the use of higher temp-
cratures during the process? What compromise could be made in order
to secure a satisfactory product under the most practical opefati11g con-
ditions? Much research has already been carried out along these lines,
but many questions remain to be settled.

The market would presumably require solubles with a low oil content,
in otder to avoid any possible influence on the flavor of eggs and pork.
During rush operations in the herring-meal factories, it may well happen
that the separation of oil leaves much to be desired. In such cases the
fat content of the solubles might even reach 10 per cent. How can
this be avoided? ‘

The market would require a product that is easy to handle. So far
it has taken a 50 per cent concentrate; this should be of a free-flowing
consistency so that it is easy to apply in the feed mills. The question
arises whether a concentrate with a fairly high percentage of insoluble
matter will be sufficiently fluid at 50 per cent concentration. Or, if a
thinning takes place during storage, will the solids stay in suspension
or will they form troublesome sediments.
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Above all, the market weuld require a uniform product, and again.
the problem of standardization would arise. Herring oil and meal is
being manufactured from a great variety of raw materials. In Norway,
we have the “great herring”, the ”spring herring” and various kinds of
”summer herring”. Some of these fish are processed quite fresh, some
after weeks of storage under varying conditions. Some are unsalted,
other parts have been salted before processing. Now even other pre-
servatives may come into regular use. Some of the fish contain milt
and roe, and some are empty. It is difficult to predict the effect on the
quality of the fish solubles of all these factors. Besides, if both the fat
and the salt content may vary from say 3 to 10 per cent, it is unreasonable
to expect the market to comtinue stipulating 750 per cent total ‘solids”
only. The buyer is mainly interested in getting his full vitamin value:
He would therefore want to know the exact nutritive value of the
solubles. 'Not only do we have here an immense field for furthef
systematic research, but as feeding tests are hoth costly and tirne-
consuming, tests must be devised that will permit quick assays and thus
make possible an efficient control of all exported goods.. It would seem
that continued scientific research is the most “practical” way of attacking
the fish-solubles problem. B

From discussions:

Lassen, United States, stressed the importance of obtaining' some
standardization of the various products now sold under the designation
of fish solubles. - ‘ ' cl e

Notevarp, Norway, mentioned that the usual way of distinguishing
analytically hetween whole meal and ordinary herring meal was through
a determination of the content of water-soluble proteins. This, however,
did not mean that these water-soluble proteins had a higher nutritive
value than the other proteins; it was merely a useful analytical method.

Sparre, Norway, said that a content-of 20 per cent water-soluble
protein is generally used as an indicator for whole meals, but he felt
that this might be a very poor indicator indeed. For instance, nothing
was stipulated about the vitamin content. Thus it was nct a true indicator
of ‘the nutritive value of the whole meal at all and it was such a poot
method that another, more scientific method should be devised. He feli
that this had to be developed before it would be possible to obtain. a
substantially higher price for whole meal.

Lassen, United Statés, recommended that the various products sold
under the name of fish solubles be standardized and properly tested. He
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felt that it should be done by the various government authorities who
are concerned with feed-stuffs. Such standardization would give the
user the protection to which he is entitled. In the United States three
types of fish solubles were recognized, namely herring solubles, sardine
solubles and menhaden solubles. Very little work had been done on
comparing the biological value of these three products. Very little also
had been done regarding the biological value of products produced ac-
cording to one method compared with those produced according to
another. He mentioned that fish solubles were, of course, mainly used
because of their vitamin content. Nevertheless, in his laboratory he had
catried out a considerable amount of work to find the composition of
the protein available in the fish solubles, and he had found a very great
variation among various solubles. In some, up to 25 per cent of all
the protein were amino acids. In somé cases large percentages of the
total nitrogen was present in the form of amine or ammonium salts
which had small value as a protein for animals. Such a composition of
the solubles indicated that the raw materials used had been badly de-
composed. It was not known what effect such decomposition of the raw
material had on the nutritive value of the final product. This was a
question that was probably worthwhile looking into further.

I'rom discussions:

Sand, Norway, said that some preliminary experiments to determine
the influence on the fish solubles of the quality of the raw material
whether fresh or pattly decomposed had been carried out. The amount
of simple nitrogen compounds in stick-water made from fresh raw ma-
terial was about 15 per cent of the total nitrogen; this increased to
about 20 per cent in stick-water from herring which had been stored .
during winter time for three weeks. It seemed that the Byo, vitamin
content had increased so that it was 45 per cent higher than in that
made from fresh raw material. This vitamin content was determined
microbiologically. It might be that this increase in vitamin Bi2 cor-
tesponded to a decrease in vitamin-Bia content in the meal. However,
it might also be due to bacterial action. This whole question was being
investigated further in Norway and results here mentioned were only
to be taken as preliminary.

Aglen, United Kingdom, recommended that FAO should undertake
to encourage agricultural research to look further into the question of
fish solubles, whole meal, etc. '
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Muarketing of Fish Solubles and W hole Meal

Fish solubles

From Sparre’s paper:

The marketing possibilities for fish solubles still a.ppear somewhaxy
obscure. While it has been stated — based on calculations of the total
quantity of feed mixes produced — that there will be an “unlimited”
demand for the product, it has been difficult for us in Norway to verify
such a statement. It should of course be pointed out that the fish
solubles with their growth- and health-promoting principles are mainly
of value in the development of chicks and pigs. The ruminants are
capable of producing the various B vitamins, including the Animal
Protein Factor, the so-called APF, in: their own intestines, and an
admixture of fish solubles to their rations would therefore be of less
importance.

The replies to a questionnaire, circulated by the Herring Oil and
Herring Meal Industry’s Research Institute, Bergen, Norway, to some
30 feed mills in the United Kingdom and the United States have been
rather vague. None have, for instance, been prepared to enter into long
term contracts. There has also been a certain anxiety as to the influence
of the new synthetic vitamins, and, more especially, the APF con-
centrates on the price of the solubles. We have lately seen a decided
drop in the price quotations from America, and we therefore do not
know what selling price to use in our estimates. It is to be hoped that
discussions at this conference will help to clarify the marketing problems.

From a communication? from Carter and Bailey, Canada. »

The “condensed solubles” prepared from the stick-water in British
Columbia, Canada, is now an increasingly important commochty Shghtly
over 1000 tons were produced in 1948,

T'rom discussions :

Lassen, United States, felt that it might be of interest to know that
on 10 August 1950 five tank cars of condensed fish solubles, produced
on the West Coast of the United States, were sold at 514 cents per
ib., which was close to the price level at which fish solubles had been

1 ”A Review of the Technology of British Columbia Herring Produets In-
vestigated at the Pacific Fisheries Experimental Station of the Fisheries Research
Board of Canada”, a paper prepared for the meeting by Neal M. Carter and
Basil E. Bailev, Pacific Fisheries Experimental Station, Vancouver, B, C., Canhada.
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sold for the last one or two years. Therefore, he did not feel that any
drastic decline in prices had taken place.

Sparre, Norway, mentioned that one should also consider the pos-

sibilities of competition that might derive from the developments in the
manufacture of the whole vitamin-B complex and the animal protein
factor by synthetic processes.
.. Lassen, United States, related that just when fish solubles first were
brought on the market, concentrated riboflavin had been brought on the
market. Two years later riboflavin was synthetized and the price was now
down to 12 U. S. cents a gram. At least 5 or 6 of the many vitamin-B
complexes which were discovered in the subsequent years had been
synthetized, and the price of them has come down, bringing them within
the reach of the feed manufacturer. In spite of this, the price of fish
solubles have remained steady. We, therefore, felt that a natural product
like fish solubles would always be able to retain enough popularity to
make it demand a good price in spite of many synthetic products put
on the market. Another prospect was the competition from other types
of manufacture of products such as the animal protein factors, etc. He
had.tried synthetic product in experiments within the last six months,
Tn these experiments a basic ration was fed containing vegetable proteins
only and either synthetic APF or solubles were added. Chickens were
used in this experiment. They grew considerably faster on the ration
contalnlng fish solubles than on the one to which the synthetic APT
had been added. This led one to believe that fish solubles not only
contained the factors that one already knew about and which have been
isolated and identified, but also others that are still unknown.

Crowther, United States, said that the United States market for
fish solubles was strong and stable for the moment. One should keep
in mind ‘that the whole menhaden industry recently had begun the
manufacture of fish solubles and undoubtedly in the future would supply
very large amounts. He felt that the European manufacturers should
look not only to the United States market but also to potential markets
in Europe.

Sparre, Norway, mentioned that there were some indications that
the Dmted States market for fish solubles might soon be saturated and
Lhe Umted State$ be able to supply its own need. Therefore, European
manufaoturers should investigate very carefully the marketing possibilities
in Lurope

' Frarms, United Kingdom, felt that the fish solubles might be used
ﬁqr: human nutrition in, for instance, the Far East.
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Possible Competition from Whale Solubles

From discussions:

Lassen, United States, mentioned that the amount of proteins avail-
able in fish solubles was very small; their main value was derived from
their content of vitamin Biz and other factors. The amount of fish
solubles used in a feed ration seldom exceeded 5 per cent, thus the
protein content, which generally was about 35 per cent in fish' solubles,
was of minor importance. In this respect the product was different from
a product which was coming to the fore at that moment, namely solubles
made in the processing of whales. These solubles have an entirely
different function; they do not contain the vitamin-B complex factors
in any appreciable amounts except the animal protein factor itself. But
whale solubles were a very valuable protein supplement. It had been
possible to add 20 per cent whale solubles to a ration and thereby
supply more than half the total protein requirement, and without ex-
periencing any decrease in growth rate when this mixture was used for
young animals. He felt that it was likely that large amounts of whale
‘solubles would be put on the market in the near future, but they would
not represent any real competition to fish solubles. -

S hipment

From Sparre’s paper:

Another problem that merits most careful consideration is that of
handling and shipping. In the United States a product with 50 per cent
moisture has been definitely established. This is a thick, viscous liquid
which seems to be transported mostly in tank cars. The problem con-
fronting FEuropean producers is not so simple. To ship concentrated
solubles in tank ships hardly seems feasible. . Even if shipping space
could be found, there is the danger connected with the shipment of a
corrosive fluid. The smell of the product is decidedly “fishy”, making
it difficult to clean the tankers for other cargo. Big storage tanks would
need to be erected at the receiving end to hold the product when it is
discharged and before it can be sent inland in tank cars. A load of say
5000 tons would require perhaps 200 such tank cars, which possibly
would have to be used exclusively for this trade. Due to these con-
siderations, shipments of fish solubles might have to be effected in
drums or barrels and consequently at quite high shipping costs.
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From discussions:

Thorbjarnarson, Iceland, said that export of fish solubles seemed to
be out of the question for Iceland unless the product could be shipped
in tank ships. He was under the impression that fish solubles had been
shipped in tank ships from Alaska to the United States for several
years. He was wondering whether any serious corrosion difficulties
had developed. '

Lassen, United States, said that condensed fish solubles were sent
from Alaska to Seattle in tank ships. These boats were also used for
fuel oils. There were no particular corrosion problems, but the tanks
should be coated on the inside before they were filled with fish solubles.
This coating might be done with herring oil. Tank cars have also been
used extensively and while it was possible that some corrosion did take
place it certainly was extremely limited, as he had never heard any
complaints from transport companies or anyone else about it

Whole Meal
From Sparre’s paper:

In Norway whole meal is at present sold at a premium, but it is
doubtful that this is possible on the export market. Whole meal and
ordinary meal cannot readily be distinguished by the buyer. The criterion
in Norway is, as mentioned above, that whole meal contains 20 per
cent of its protein in water-soluble form. One might fear that by
disposing of the fish solubles as an integrating part of herring meal one
would lose the advantage of its higher value as a vitamin source.

From discussions: :

Notevarp, Norway, felt that whole meal represented a good solution
of the problem of stick-water utilisation and that a good-quality whole
meal should obtain a premium price on the feeding-stuff market. The
added cost of installation when one wants to manufacture whole meal
instead of ordinary herring meal was small, compared with what was
needed for the manufacture of fish solubles. The total cost of the
additional equipment might not be more than 20—25 per cent of the
cost of the total machinery already required for a traditional herring-
meal plant, and the cost of production was very low. It seemed that
experience in Norway had shown that manufacturers get at least 30
Norwegian kroner more net profit per ton of raw material when manu-
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facturing whole meal than when they manufacture ordinary herring
meal. This included a premium price on the whole meal of about 10
kroner per ton more than ordinary meal. This net profit would pay
off the whole installation in one year, if one calculated as Mr. Sparre
did, with a productlon of 15000 tons of herring a year, in a plant
having a capacity of 4—500 tons a day.

Bartz Johannesen, Norway, mentioned that he felt it qu1te logical
that a special price- would develop for whole meal.

Comparison
From Sparre’s paper:

It is felt that with the present prices of fish solubles, their reconversion
into whole meal would be a half-measure. The most flexible solution
would still be to prepare fish solubles as a separate product with 50
per cent moisture. It could then be sold as such, or subsequently spray-
dried and sold as a powdered product or eventually be added to the
herring meal, as demands arose.

From the paper "New Reduction Processes” by Sand, Norway:

Tt is likely that the industry would be better off with a variety of
products, designed, on the basis of market analysis, to meet specific
needs in the different parts of the world. A variety of products, but
with uniformity of each type and satisfactory guarantees for the buyer,
would probably be the most satisfying solution.

From discussions:

Bartz Johannesen, Norway, felt that one should try to develop markets
both for whole meal and for fish solubles. He did not see that one
needed to exclude the other.

Davis, United States, mentioned that it was more a matter of
economics than technology to figure out whether one should make
whole meal or ordinary fish meal and solubles, as it depended on
marketing conditions. He felt that it is better economically to have two
products. One product might help if the market for the other, for some
reason, is declining.

Lassen, United States, said that in his country there was no question
as to whether one should manufacture whole meal or herring meal as a
separate item and fish solubles. The feeling in the industry was definitely
that fish meal and fish solubles individually have specific qualities and
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should not be mixed. Lately, between 100 and 150 million 1b. of con-
densed fish solubles had been sold in the United States each year. He
felt that Mr. Sparre in his paper possibly had been a little too pessimistic
about the market outlet for this product. He felt that there was quite a
stable market for condensed fish solubles, and the price had not varied
very much. There was a decrease in prices for fish meal as well as fish
solubles late in 1949 but while the decrease in fish-meal prices had been
very considerable, the price of fish solubles had varied only a fraction
of a cent per pound.

Other Methods of Utilizing Stick-water

From discussions: )

Roskam, Netherlands, suggested that as long as it was only the
vitamins one was after in the fish solubles and as long as the cost of
evaporation was the biggest item in the manufacturing cost, one might
consider whether it would be possible to separate the vitamins by ab-
sorption methods, for instance by the use of fuller’s clay, bentonit, etc.

Lassen, United States, mentioned that several efforts had recently
been made towards finding some way of separating and utilizing the
vitamin complexes in stick-water through absorption methods. Tt seemed
possible to obtain a 10- to 100-fold concentration. He had made some
very early experiments with fish stick-water and fuller’s earth. A con-
siderable amount of the B-complex factors were actually absorbed on
fuller’s earth. However, one ran up against the problem of the so-called
filtrate factor. An important part of the B-complex factors would not
absorb on fuller’s earth at all. This discovery had also been made by
other centers and might in fact lead to the discovery of certain additional
vitamin-B factors of a non-absorbable nature.

Cholesterol Recovery
From discussions:

Lassen, United States, gave reference to some experiments and cal-
culations regarding recovery of cholesterol from fish oil or fish meal
The experiments that had been done primarily with the purpose of
obtaining complete removal of the cholesterol in the fish oil were only
partially successful. Tt was found that by the use of a liquid-extraction
method using methyl alcohol it was possible to remove up to 75 per
cent of the cholesterol content which was between 0.5 and 1 per cent
in usual sardine oil. Such solvent-extraction method removed also
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the free fatty acids, which of course was only an advantage, but, in
addition, sizeable amounts of the neutral oil were also removed. This
solubility of the oil itself in methyl alcohol, is a serious objection to this
method. A high concentration of cholesterol was obtained in one frac-
tion, however, and he felt that if work in this field were continued one
might very well eventually arrive at a practical method for the removal
and recovery of cholesterol. There was similarly a possibility of re-
covering cholesterol from the herring meal. He had found by analyzing
various types of fish meal such as mackerel meal, tuna meal and sardine
meal that there apparantly is from 3 to 5 1b. (1.4 to 2.3 kg.) of cholesterol
per ton of meal. The highest content was found in mackerel meal.
Cholesterol was assuming an increasing importance in the synthesis of
hormones and similar products. One should keep in mind that large
amounts of cholesterol were being produced from other sources such as
spines, brains, etc. He understood that Mr. Thorbjarnarson, Iceland,
recently had succeeded in proving the presence of considerable amounts
of cholesterol in the testes of cod.

Lassen felt that it was possible that the extraction processes for the
manufacture of fish meal could be combined with the extraction of
cholesterol, and, that even the extraction from ordinary fish meal might
have possibilities. The price of cholesterol at that moment was about
6 United States dollars per Ib. Therefore, a ton of fish meal would
contain about 30 dollars worth of cholesterol. This was really a very
substantial amount considering the total value of a ton of fish meal.
The extraction will, of course, cost somewhat, but it seemed that the
margin was sufficient to merit investigation to try to find economical
extraction methods, so much the more as one at the same time would
improve the quality of the fish meal by removing all fats from it.
Unfortunately, extraction plants were very expensive. He understood,
however, that prices for such plants were coming down as simpler methods
were being developed. It might well some day prove possible to carry
out such an extraction. This would, of course, be of interest mainly
in the case of meal from fatty fish.

Notevarp, Norway, related that in Norway some experiments had
heen carried out under him regarding extraction of cholesterol from
herring oil. The method worked satisfactorily as far as free cholesterol
is concerned, but about 24 of the cholesterol was found as esters of fatty
acids which were very difficult to extract. He added that it was a
question whether the extraction of cholesterol from herring oil was
profitable when the amount of cholesterol was for instance around 34
per cent,
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Recommendations for Future Research, Etc.

In summing up a few of the most important problems, the solution
of which will make it easier to sort out or design sound processing
methods, the meeting called attention to the following points:

1. More research is needed with regard to the preparation of the raw
material and to the relative merits of the various manufacturing
processes, both for fish solubles, whole meal and possibly both. One

- should keep in mind the advantages of as flexible a production as

- possible, and the quality of the products obtained, when comparing
the cost of production.

To establish needs and desires in different regions; perhaps also
education of the buyers. More analysis is needed of the marketing
possibilities for the various products.

3. There is a great need for additional work on methods for evaluation

and standardization of the products.

Agricultural-research institutions should be encouraged, possibly

through FAO, to undertake more studies of the question of the

nutritive value of fish solubles, whole meal, etc., keeping in mind
the need for carefully controlled experimental conditions and also
the need for complete data regarding the composition of the raw
material and the method used in the manufacture of the product tested.

N

:.[;x

REFERENCES

Brrirom, K.: Herring Meal for Dairy Cows. Farming (Norwich, England), No. 5,
1950 pp. 151—154, 1950.
ButLER, C.: Paper Bags for Fish Meal. Commercial Fisheries Review (Fish and
1946 Wildlife Service, United States Department of the Interior, Washington,
D.C, US.A), Vol. 8, No. 1, pp. 9—12, January 1946.
CranpiNIN, D. R.: The Effect of Methods of Processing on the Nutritive Value
1949 of Herring Meals. Poultry Sciemce, (Columbus, Ohio, U.S.A.), Vol. 28,
p. 128, 1949. ;
Harrison, R. W.: Chemical and Biological Aspects of the Manufacture and Dis-~
1940 tribution of Fish Meal. Proceedings of the Sixth Pacific Science Congress,
Berkeley and Los Angeles, California 71939 (University of California, Ber-
keley, Cal., U.S.A.), pp. 309—315, 1940-—43.
LoverN, J. A.: Note on Protein Products from Herring. The Fishing News (London,
1951 England), No. 1990, 9. June, p. 14, 1951.
MarcH, B. E.; SturicH, D. and BieLy, J.: The Evaluation of the Nutritional
1949 Value of Fish Meals and Meat Meals. Poultyy Science (Columbus, Ohio,
U.S.A)), Vol. 28, No. 5, pp. 718—724, Sept., 1949.




LIST OF PARTICIPANTS

Belgium

Dr. Cu. Giis, Technicien & la Péche, Ministére des Transports, Administration
de la Marine, Service de la Péche Maritime a Ostende, Belgium.

Dr. CH. vaN GoerueM, Docteur en Sciences Chimiques, Délégué du Ministére
des Colonies, Société de Péche Maritime du Congo, Matadi, Belgium Congo.

Dr. E. Leroup, Directeur, Institut d’Etudes Maritimes (Zeewetenschappelijk
Instituut), Rue du Midi, 16, Ostende, Belgium.

Mr. G. MoreL, Président du Groupement des Industries du Poisson, 55 Rue de
la Loi, Bruxelles, Belgium.

Canada
Dr. A. W. H. NEEDLER, Director, Atlantic Biological Station, St. Andrews, N. B.,
Canada.
Mr. Dovcras W. SouTeR, Northern District Manager, British Columbia Packers
Limited, Vancouver, B. C., Canada.

Denmark
Mr. Frope Bramsnzas, Director, Fiskeriministeriets Forsggslaboratorium, Oster
Voldgade 10, Kgbenhavn K, Denmark.
Dr. ErtrRup PETERSEN, A/S Atlas, Baldersgade 3, Kogbenhavn N, Denmark.

Finland
Mr. O. OxEr-BroM, Finska Fiskeri A/B, Helsingfors, Finland.

France

Mr., Jean LE GaiL, Directeur de L’ Office Scientifique et Technique des Péches
Maritimes, 59, avenue Raymond Poincaré, Paris, France.

Mr. P. F. Lours, Administrateur de I’Inscription Maritime, Fonctionnaire de la
Direction des Péches au Ministére de la Marine Marchande, Paris, France.

Mr. F. Sarraz BOurNET, Président de I’'Union Interfédérale des Armateurs &
la Péche, (Union address: 59 rue des Mathurins,. Paris 8¢, TFrance)
Fitablissements Vidor Sarraz and Cie., 12 rue d’Orléans, Boulogne sur
Mer (Pas de Calais), France.

I (:el(md

Mr. PALL (rarsson, Chief Chemist, SfldarverksmiSjur Rikisins (The Icelandic
State Herring Oil and Meal Factories), Siglufjérdur, Iceland.




390

Dr. G. J. Sicurpsson, General Manager, Fiskidjuver Rikisins (Icelandic State
Fish Packing Center), Reykjavik, Iceland.

Dr. THORDUR THORBJARNARSON, Director of Laboratories, Fiskifélag Islands,
(Fisheries Association of Iceland), Reykjavik, Iceland.

Netherlands

Dr. C. J. H. va~ pEN BRroexk, Head, Departement of Fish Technology and Refri-
geration, Central Institute of Nutrition Research, T.N.O. (Centraal Insti-
tuut voor Voedingsonderzoek, T.N.O.), Catharijnesingel 61, Utrecht, The
Netherlands.

Dr. D. J. van Diyx, Chairman and Director, Marketing Board for Fishery Products
(Bedrijfschap voor Visserijproducten), Wassenaarseweg 20, den Haag,
The Netherlands.

Mr. R. TH. RoskamM, Rijksinstituut voor Visserijonderzoek, den Helder, The
Netherlands.

Norway

Mr. OLE LARSEN AANDERUD, Chemical Engineer (Sivilingenier), A/S Thor Dahl,
Sandefjord, Norway.

Mr. JomaN ANDERSEN, Section Chief (Byrasjef), Knarrevik via Bergen, Norway.

Mr.  TRYGVE ANFINDSEN senior, Exporting Merchant (Kjgpmann, eksporter),
J. Anfindsen og Senn A/S, Fisk- og Sildeksport (Fish and Herring Ex-
porters), Bryggen 4, Bergen, Norway. ‘ )

Miss V., Ascarnouc, Research Manager (Forskningsleder), Head of Bacteriological
Division, The Research Laboratory of the Norwegian Canning Industry
{Hermetikkindustriens Laboratorium), Niels Julsgate 50, Stavanger, Norway.

Mr. K. BARKEN, Scientific Adviser (Konsulent), The Chemical-Technical Research
Institute of the Directorate of Fisheries (Fiskeridirektoratets Kjemisk-
Tekniske Forskningsinstitutt), Lars Hillesgate 26, Bergen, Norway.

Mr. J. H. BerrxEes, Section Chief (Byrasjef), Department of Fisheries (Fiskeri-
departementet), Oslo, Norway.

Mr. J. W. Buich, Secretary, Directorate of Fisheries (Fiskeridirektoratet),
Bergen, Norway.

Mr. B. M. BratrLaND, Export Merchant, Chairman of the Association of Norwegian
Winter Herring Curers (Norske Vintersildsalteres Forening), Leppen,
Bergen, Norway.

Mr. OLa BryYNJELSEN, Director, Noregs Sildesalslag (Norwegian Herring Sales
Association), Strandgaten 18, Bergen, Norway. :

Mr. RagNAR BorrRESEN, Mechanical Engineer (Sivilingenigr), Head of Mechanical
Department, ‘Research Laboratory of the Norwegian Canning Industry
(Hermetikkindustriens Laboratorium), Niels Julsgate 50, Stavanger,Norway.

Mr. Finy Devorp, Scientific Adviser (Konsulent), Institute of Marine Research
of the Directorate of Fisheries (Fiskeridirektoratets Havforskningsinstitutt),
Bergen, Norway.

Mr. Orav Eimpsvik, Engineer, Chief Manager, Construction and Mechanical
Engineering Division of the Direétorate of Fisheries (Fiskeridirektoratets
Bygnings- og Maskintekniske Avdeling), Bergen, Norway.




Mr.

Mr.

Mr.

391

KarL Evang, Director-General of Public Health (Helsedirekter), Directorate
of Public Health (Helsedirektoratet), Oslo, Norway.

. MorTEN FLADMARK, Engineer (Diplomingenier), Bygde Alle 94, Oslo, Norway.
Mr.

Y. GILBERG, Scientific Assistant (Vitenskapelig Assistent), Chemical-Technical
Research Institute of the Directorate of Fisheries (Fiskeridirektoratets
Kjemisk-Tekniske Forskningsinstitutt), Lars Hillesgate 26, Bergen, Norway.

. P. HaraLpsvik, Chief Inspector, Herring Control, Directorate of Fisheries

(Fiskeridirektoratet), Bergen, Norway.

. Eirix Heen, Chemical Engineer (Sivilingenigr), Direcfor, Chemical-Technical

Research Institute of the Directorate of Fisheries (Fiskeridirektoratets
Kjemisk-Tekniske Forskningsinstitutt), Lars Hillesgate 26, Bergen, Norway.

. @vstEIN HrEN, Technical Adviser (Konsulent), Directorate of Industry

(Industridirektoratet), Skippergaten 33, Oslo, Norway.

SvERRE HjorTH-HANSEN, Scientific Adviser (Vitenskapelig Konsulent),
Chemical-Technical Research Institute of the Directorate of Fisheries
(Fiskeridirektoratets Kjemisk-Tekniske Forskningsinstitutt), Lars Hilles-
gate 26, Bergen, Norway. :

Isax IsakseN, Exporting Merchant, Export Committee, Fresh Herrings,
Bergen, Norway.

. AAGE JacoBsEN, Chemical Engineer (Sivilingenigr), Chr. Bjelland & Co. A/S,

Stavanger, Norway.

. Nirs JanGcaarp, Director, State Refrlgeratlon and Cold Storage Plant (Statens

Kjolanlegg og Fryseri), Aalesund, Norway.

. JENs W. Jessen, Chemical Engineer (Kjemi-Ingenigr), Chemical-Technical

Research Institute of the Directorate of Fisheries . (Fiskeridirektoratets
Kjemisk-Tekniske Forskningsinstitutt), Lars Hillesgate 26, Bergen, Norway.

. ARNULF JouANsEN, Engineer (Ingenigr), Freezing Plant Laboratory (Fryseri-

laboratoriet), Bode, Norway.

. S. BarTz JoHANNESSEN, Manufacturer, Postboks Nr. 8, Bergen, Norway.
. OLAF KARLSEN, Scientific Adviser (Sivilingenior), Chemical-Technical Research

Institute of the Directorate of Fisheries (Fiskeridirektoratets Kjemisk-
Tekniske Forskningsinstitutt), Lars Hillesgate 26, Bergen, Norway.

. R. Kvawm, Chief Inspector (Overvraker), Kirkegaten 4, Aalesund, Norway.
. S. B. Kvince, Commercial Adviser (Konsulent), Department of Fisheries

(Fiskeridepartementet), Oslo, Norway.

. Haaxkon Larsen, Exporting Merchant, Fr. Nansens Pl. 9, Oslo, Norway.
. TrOR LEexow, Technical Adv1ser (Teknisk Konsulent), Nygaten 5, Bergen

Norway.

Gustav LorRENTZEN, Chief Engineer (Overingenigr), Construction and
Mechanical Engineering Division of the Directorate of Fisheries (Fiskeri-
direktoratets Bygnings- og Maskintekniske Avdeling), Lars Hillesgate 20,
Bergen, Norway. .

. ArnBygrRN La&ERDAL, Director, Stavanger, Norway.
. ErRLING MaTHISEN, Director, Research Laboratory of the Norwegian Canning

Industry (Hermetikkindustriens Laboratorium), Stavanger, Norway.

. MagNE MIpseM, Section Chief (Byrasjef). Department of Fisheries (Fiskeri-

departementet), Drammensveien 20, Oslo, Norway.

. OLe MJjELDE, Secretary, State Council of Nutrition (Statens Ernaringsrad),

Kronprinsgaten 10, Oslo, Norway.




Mr.

Mr.

Mz,

Mr.

392

. OLav Notevarp, Professor, Institute of Technical Organic Chemistry, Royal

Technjcal College of Norway (Institutt for Teknisk Organisk Kjemi, Norges
Tekniske Hogskole), Trondheim, Norway. .

Per RoGsTaD, Permanent Secretary (Ekspedisjonssjef), Department of
Fisheries (Fiskeridepartementet), Oslo, Norway. .

GupmunD SanD, Chemical Engineer (Sivilingenigr), Herring Oil and Herring
Meal Industry’s Research Institute (Sildolje- og Sildemelindustriens Forsk-
ningsinstitutt), Damsgérd, Bergen, Norway.

CoNrRAD ScHJELDERUP, Director, Norwegian Herring Oil and Herring Meal
Manufacturers’ National Association (De norske Sildolje- og Sildemel-
fabrikkers Landsforening), Post Box 190, Bergen, Norway.

. RoLF ScHODER, Executive Secretary, Norwegian United Nations Association,

Kalvedalsveien 12, Bergen, Norway.

. Emnar Sora, Scientific Adviser (Konsulent), Chemical-Technical Research

Institute of the Directorate of Fisheries (Fiskeridirektoratets Kjemisk-
Tekniske Forskningsinstitutt), Lars Hillesgate 26, Bergen, Norway.

. T. Sparre, Director, Herring Oil and Herring Meal Industry’s Research

Institute (Sildolje- og Sildemelindustriens Forskningsinstitutt), Damsgard,
Bergen, Norway.

. Kraus Sunnani, Director of Fisheries (Fiskeridirekter), Department of

Fisheries (Fiskeridirektoratet), Bergen, Norway.

-, K. SvENDSEN, Chief Inspector, Department of Fisheries (Fiskeridirektoratet),

Bergen, Norway.

. S. SEByorNsoN, Engineer, Borgenvei 28, Vinderen, Oslo, Norway.
Mr,

TorLEIV TAARLAND, Scientific Manager (Forskningsleder), Head of Chemical
Department, Research Laboratory of the Norwegian Canning Industry
(Hermetikkindustriens Laboratorium), Niels Juelsgate 50, Stavanger,
Norway. B

ELir TorNES, Chemical Engineer (Sivilingenisr), Lysgsund Herring Oil and
Meal Factory (Lysgsund Sildolje- och Kraftforfabrik A/S), Tautragate 1,
Trondheim, Norway.

Rorv Vesteruus, Chemical Engineer (Sivilingenier), The Industrial Labora-
tory (Industrilaboratoriet), Kristiansund N., Norway.

Sweden

. GEORG BORGSTROM, Direktor, Swedish Institute of Food Preservation Research

{Svenska Institutet for Konserveringsforskning), Villa Solhem, Kallebick 1,
Go6teborg, Sweden.

. JouN GILLBERG, Section Chief (Avdelningschef), Swedish Co-operative Federa-

tion (Kooperative Forbundet), Stadsgirden 6, Stockholm, Sweden.

. Knur HEDBERG, Manager (Disponent), Gravarne, Sweden.
. Joun HormBERG, University Lecturer, Research Laboratory LKB (Forsk-

ningslaboratoriet LKB), Postfack 14, Appelviken, Sweden.

. Akr KjeLrson, Manager (Disponent), United Canneries of Sweden (Sveriges

Férenade Konserviabriker), Grebbestad, Sweden.

. Ewarp Luckey, Manager {Direktor), Lysekil, Sweden.
Dr.

M. LunpBorg, Chemist (Laborator), Marine Fish Laboratory, Directorate
of Tisheries (Havsfiskelaboratoriet, Fiskeristyrelsen), Lysekil, Sweden,




393

Mr. FREDRIK NORDENHAM, Auditor, President of the Federation of Swedish Can-
ners (Svenska Konserviabrikernas Riksforening), Vistra Hamngaten 14,
Goteborg, Sweden.

Mr. Lars AxeL Norring, Mechanical Engineer (Civilingenigr), AB Separator,

. Stockholm, Sweden.

Mr. GUNNAR STENSBY, Manager, A/B Brodrene Ameln, Gravarne, Sweden.

Mr. STtEN WEHLIN, Director, Swedish Co-operative Federation (Kooperativa
Forbundet), Stadsgarden 6, Stockholm, Sweden.

Mr. MARTIN STENSTROM, Chemical Engineer (Civilingenior), Swedish Canned
Foods Control, Swedish Institute of Food Preservation Research (Svenska
Konservkontrollen, Svenska Institutet f6r Konserveringsforskning),
Kallebick 1, Goteborg, Sweden.

Western Geymany

Mr., WaLTER Banrs, Manufacturer (Fabrikbesitzer), Chairman of the Fish Canning
Group of the Fish Manufacturers’ Association (Fachabteilung Fishdauer-
waren im Fachverband Fischindustrie e.V.), Museumstrasse 18, Hamburg-
Altona, Germany.

Mr. Juiius DEGENER, Ship-owner (Reeder), Association of the. German Deep Sea
Fisheries (Verband der Deutschen Hochseefischereien e.V.), Bremer-
haven ¥, Germany.

Mr. Paur GErRDzEN, Merchant (Kaufmann),  Fresh Herring Import Association
(Frischhering Import Verband e.V.), Schenkendorfstrasse 21, Hamburg —
Gr. Flottbek, Germany.

Dr. Fritz LiickE, Administrative Director (Verwaltungsdirektor), Federal Fisheries
Agency, Institute of Fish Processing (Bundesanstalt fiir Fischerei, Institut
fiir Fischverarbeitung), Elbchaussee 92, Hamburg-Altona, Germany,

Dr. GeruarD S. MEsEck, Ministerial Councilor (Ministerialrat), Federal Ministry
of Food, Agriculture and Forestry (Bundesministerium fiir Ernadhrung,
Landwirtschaft und Forsten), Bonn/Rhein, Germany.

Mr. HeinricH Nicker, Importer (Importeur), Association of Canned Fish Im-
porters (Fachverband der Fischkonserven-Importeure e.V.), Catharinen-
strasse 5, Hamburg 11, Germany.

Mr, Hans Rour, Importer (Importeur), Chairman of the Klipfish, Stockfish and
Salted Fish Manufacturers’ Association (Fachverband Klippfishe, Stock-
fische und Salzfische e.V.), ¢fo Bruno Peters and Co., Alstertor 14—16,
Hamburg 1, Germany. .

Dr. HEinz WACHTENDORFF, Fish Merchant (Fisch-Kaufmann), Chairman of the
Association of the Fish Manufacturers and Wholesalers at the Coast (Ver-
band der Kiistenbetriebe fiir Fischbearbeitung und Grosshandel-e.V.},
Fischereihafen, Cuxhaven, Germany.

United Kingdom

Mr, A. ]J. Acizn, Fisheries Division, Scottish Home Departement, Edinburgh,
Scotland.

Mr. G. E. CoreMaN, Messrs. Crosse and Blackwell Ltd., Peterhead, Scotland.

Mr., S. W. F. Hawnson, Ministry of Food, The Experimental Factory, Greyhope
Road, Aberdeen, Scotland.

26 — IFAO




394

. A. J. Harwms, Chief Chemist, Hull Fish Meal and Oil Co. Ltd., Hull, England.:

. J. G. HuntLEY, Research Division, The Metal Box Company Ltd., Kendall
Avenue, Westfields Road, Acton, London, W. 3., England.

. G. A. Reay, Superintendent, United Kingdom Departement of Scientific
and Industrial Research, Torry Research Station, Aberdeen, Scotland.

. G. A. Framrron, Technical Director, Sharples Centrifuges Ltd., Woodchester,
Stroud, Gloucestershire, England.

United States

. Harorp E. CROWTHER, Chief, Technological Section, Branch of Commercial
Fischeries, Fish and Wildlife Service, U.S. Department of the Interior,
Washington 25, D.C., U.S.A.

. HerBERrRT C. Davis, President, Terminal Island Sea Foods, Ltd., 241 Fish
Harbor Wharf, Terminal Island, California, U.S.A.

. R. Paur Erriort, Fishery Technologist, U.S. Food and Drug Administration,
Federal Office Building, San Francisco 2, California, U.S.A.

. SvEN LassEeN, Director, Van Camp Laboratories, Terminal Island, California,

U.S.A.

International Council for the Explovation of the Sea

. GUNNAR ROLLEFSEN, Director, Sea Research Institute of the Directorate of
Fisheries (Fiskeridirektoratets Haviorskningsinstitutt), Bergen, Norway.

FAO
. G. M. GERHARDSEN, Chief Economist, Fisheries Division, Rome, Italy.
. M. J. GirarD, Regional Fisheries Officer for the Near East, Roms, Ttaly.
. IMBERT, Interpreter.
. MogeENs Jur, Chief Technologist, Fisheries Division, Rome, Italy.




SUBJECT INDEX

A

Acceptability,
dehydrated herring, 293
sun-dried anchovies, 281
sun-dried salted mackerel, 281
testing, 293
Acid preservation of fish scrap, 350
Acidulation of stick-water, 359
Age distribution of herring stock,
48—50
Alewives, nomenclature and occur-
rense, 75
Alfalfa, mixture with fish solubles, 367
Alkali process for fish reduction, 348,
349
Amino acids in glue-water, 371
Anchovies,
dried, prices in the Philippines, 145
nomenclature and occurrence, 75
Anchovy, Scandinavian, 246
Animal protein factor,
in fish solubles, 372, 381
in stick-waters, 42
Antioxidants, use for freezing of her-
rings, 199, 200
APF, see Animal protein factor,
”Arenco” eviscerating machine,
188
Ascorbic acid, use as antioxidant, 200,
206
Autolysis,
fish paste, 156
fish sauce, 142, 144
raw material for reduction, 351
Availability of fish products, Asia, 104

B

Bacteriostatic agents (see also Preser-
vatives, chemical), 204

187,

Bait, use of frozen herring, 192
Bibliographies, see Literature referen-
ces,
Bloater,
paste, 265
manufacture, 259, 264
Block freezing, 194—195
Boats for herring fishing, 222
Bornholm smoking kiln, 266
Boxes for icing of fish, 180
Brewoortia tyramwus, occurrence, 58, 75
Brine freezing, 191—195
Brining prior to canning, 315—316
Bucklings, manufacture, 259, 265
C
Canned fish,
prices in the Philippines, 146
production, 82—83
shipping weight, 147
trade, 88, 114—117
Canned herring,
description of various products, 304
for tropical markets, 322
manufacture, 302—324
possibilities for shipping, 149
Canning,
disposition of landings for, 78—79
kippers, 306
Canning industry, development, 69—70
Canning methods,
Canada, British Columbia, 308
Germany, 308
new developments, 311
Norway, 307
United Kingdom, 304
United States, 306
Carbon-dioxide packing,
dried herring, 285
mild-cured herring, 277, 279
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Catch, see Landings
Cheap herring products,
dehydrated whole herring, 31, 281
Chemical composition,
Canadian. salted herring, 280
dried products, 281, 282
fat content, 27, 38, 40
fish sauce, 141
French fish paste, 156
mineral content, 38
“nuoc-mam”, 141
oils, 43
protein content, 27, 38
raw material for reduction plant, 334
salted products, 281
seasonal variation, 165—166
stick-water, 356
vitamin content, 38
Chemical hydrolyzation, 156, 160—162
Chemical preservatives, see Preser-
vatives
Chlorination of seawater, 314
Cholesterol, 43, 386—387
Choline, 41—42
Closing of cans, 305, 321
Clupea harengus, occurrence, 57, 58, 74
Clupea pallassii, occurrence, 58, 74
Clupea pilchardus, occurrence, 58, 74
Clupeidae, nomenclature and occur-
rence 74—75
Coagulating agents, 338
Composition, see Chemical composition
Consumer acceptance, see Acceptability
Consumer preferences, see Accepiabi-
lity and Food habits
Consumption ,
per capita, Asian countries, 105—109
per capita, urban versus rural, 108
salted and dried fish, West Africa
128 {1,
salted herring, Europe, 232
Cooking methods, Asian, 102, 123—126
Costs (see also Prices),
brine freezing- versus dry freezing,
195
fish-solubles manufacture, 361, 364
fish-solubles plant, 359, 364
fishing operations, 63—64, 89
manufacture of dehydrated minced
herrings, 294

Costs (continued)
manufacture of meal, 63
pressure evaporation, 361
raw material for fish paste, French
"Terres Rares” process, 159
shipping from North Europe to Far
East, 147
shipping - frozen herring from Den-
mark to India, 214
unit value to fisherman, 89
vacuum evaporation, 362
Crustaceans, trade, Asia, 114—117
Cured fish, prices, Thailand, 146
Curing methods native, 284

D

Deboned salted herring, 239
Decomposition of fish solubles, 380
Dehydrated, see also Dried
Dehydrated herring, acceptability, 129
--130
Dehydration plant, 287—297
Delicatessen, 246—252
shipping possibilities, 149
Deodorization” of obnoxious gases in
flues, reduction plant, 333
Dessication of frozen herrings, 208
Digestibility of fish meal ~
chemical determination, 369
comparison between flame-dried,
steam-dried meal and press-cake 370
correlation with moisture content, 331
Digestibility,
of "nuoc-mam”, 141
of polymerized herring oil, 351
Direct cooking with fuel gases, 337
Disposition of landings, 78—81
Distribution of fresh herring, 170 ff.
Drag-net fishing, 221
Dried fish,
manufacture in Asia, 125-—128
prices in the Philippines, 145
processing methods in Indochina, 134
Dried herring,
prices in the Philippines, 145
manufacture, 281
Dried mussels, use in Asia, 126
Dried and salted fish,
prices in Singapore, 120
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Dried and salted fish (continued)
processing methods, Indochina, 132
trade in India, 118

Dried and salted herrings, manufacture,
280

Dried, salted, smoked fish, trade, 114—
117 ;

Drift-net fishing, 221

Dry-cured products for the tropics, 281

Dry ice, use of, 171, 181

Dry salting, British Columbia, 226

Drying of fish meal, 331, 340

Drying, salting, smoking,
disposition of landings for, 78—79

Dyeing of kippers, 262

E

Eating habits, see Food habits
Electrostatic smoking, 263, 264
for canned herrings, 319
Enzymatic hydrolyzation, see Protein
hydrolyzates
Evaporation of stick-water, 360
Eviscerating machines, 186—189
Evisceration, effect on quality of fresh
herring, 182
Exhausting, 305, 321
Exports, see Trade
Extraction methods, in fish reduc-
tion, 345

F

Ifat content,
Canadian salt herrings, 280
fish solubles, 371
herrings, 27, 38, 40
meal, 335, 344
menhaden, 38, 40
pilchards, 38, 70
Yred” and “silver cured” herrings,
276
sardines, 38, 40
smoked products, 259, 271
stick-water, 356
Fat-free meal, 335
Fatty acids in oils, 44
Feeding with herring meal, 338, 370
Fermented fish,
manufacture in France, 154

Fermented fish (continued)
manufacture in Asia, 134-—144, 151
—152
prices in Thailand, 146
use in Asian cookery, 126
vields, 146
Films related to fisheries, 13—15
Fish condiments,
manufacture in Indonesia, 138 ff.

TFish flour, 129, 144, 293297
Fish meal,
manufacture, 326—346
nutritive value, 376
production statistics, 83
use in fish sauce manufacture, 151
use in human nutrition, 129, 144,
293—297
Irish paste,
French "nuoc mam” substitute, 155
French "Terres Rares” product,
156—158
from smoked herring, 265, 275
in Asian diet, 100
keeping qualities, 136, 138, 159
manufacture in Indochina, 134—138
mixture of fermented fish and bre-
wery yeast 155
nitrogen content, 138
prices in Singapore, 120
prices in Thailand, 146
vields, 146 ‘
Fish pickles, manufacture in Indonesia,
138—144
Fish-processing methods in general,
Asia, 109—111
Indochina, 131—144
Ifish sauce,
in Asian diet, 100
keeping qualities, 144
manufacture in France, 154—163
manufacture in Indonesia 138 ff.
manufacture in Indochina, 138—144
manufacture in Fhailand, 121— 124,
138—144
nitrogen content, 141
on fish-meal basis, 151
preparation through autolysis, 142,
144 '
prices in Thailand, 146
yields in Far Eastern processes, 146
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Fish solubles,
comparison with whole meal, 383,
385—386
manufacture, 356—367
marketing, 381—382
nutritive value, 368—376
shipping, 383—385
standardization, 377—380
Fishing boats, 61, 222
Fishing costs, 89
Fishing fleets, 61
Fishing gear, 60
Fishing grounds and areas,
for different species, 74—75
of various countries, 57—59
Tishing seasons, 57—59
Flame drier, 332 -
Floating trawl, 223
Fluctuations in stock, 47
Fodder, herring meal for cows, 370
Food habits (see also Acceptability),
Africa; 95, 128
Asia, 100, 102, 123—126
general, 28, 30
. India, 102, 106, 148
Indonesia, 148
salt-water-fish tabu, 152
West Africa, 128
Formaldehyde (formalinj.
as coagulating agent, 338
effect on nutritive value of proteins,
339
preservation of raw material for reduc-
tion, 329, 338
Freezer storage, 197
Freezing, 190—214
disposition of landings for, 78—79
hot-smoked herrings, 273
kippers, 274
methods, 191—196
raw material for canning, 209
Freezing point of fish, 177
Freight rates, North FEurope to Far
East 147
Fresh fish,
disposition of landings for marketing
as, 78—79
prices in the Philippines, 145
prices in Singapore, 120
trade, 114—117

Fresh and frozen herrings, exports of,

84—85
Fresh herring, 164—183

cleaning, 172, 182

evisceration, 186—189

export prices, 90—91

handling aboard and in ports, 166—

170, 172

inland distribution, 170 ff.

keeping quality, 170—173

storage temperature, 174—182
Freshness tests, fresh herring, 175—176
Frozen herring,

gas storage, 198

glazing, 198

keeping quality, 197

rancidity, 196, 208—209

storage temperature, 197

transportation, 214

use as bait, 192

use for canning, 212

use of antioxidants, 200—208
Frozen products, production statistics,

65
Frozen sardines for canning, 211
Frozen sprats for canning, 209
Frozen storage, 197 ff.

G

"Gaffelbitar”, manufacture, 247
Gallates, use as antioxidants, 200
Gas storage (see also Carbon-diovide
packing),

frozen herrings, 198

raw material for canning, 314
German smoking kiln, 269
Glazing of frozen fish, 198
Glycerides in oil, 44
Grading,

canned herring, 324

salted fish in Asia, 126—128

H

Handling of fresh herrings, 181

Hardening chemicals, use in canning,
316

Herring, description of various types,
37
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Herring species, nomenclature and oc-

currence, 74
High-temperature evaporation of stick-

water, 360
History of industry, 28

bloaters, 264

canning, 302, 303

catching facilities, 56

delicatessen and semi-sterile products,

243

freezing in Norway, 190

salted herring, 217

smoked herrings, 257

stick-water utilization, 357

Swedish anchovy, 247
Holds,

capacity, 167

pressure on fish, 167, 181

stowage, 166—169, 179-—180
Hot-smoked herrings,

freezing of, 273

manufacture in Denmark, 266—270

packaging, 272

use of mechanical kilns, 273274
Hydrolyzates, see Protein hydrolyzates
Hydrolyzation process,

chemical, in France, 154—160

use of enzymes, 160—161
Hydroquinones as antioxidant, 200 ff.

I

Ice-and-salt mixtures, use for chilling,
314
Ice, use of,
ice: fish ratio, 170—171
inland shipments of fish, 170, 180
stowage of fish, 169
Icelandic herring, description, 37
Icing,
during transport, 170, 180
raw material for canning, 313
Icing at sea,
Denmark, 167
Netherlands, 167
United Kingdom, 179
Imperts, see Trade
Indirect cooking in reduction plants,
335, 336

Infrared heating, use in canning, 317,
319

Insulated vehicles in fresh-fish distri-
bution, 171, 181

Todine values of oils, 44

K

Keeping quality,
canned herring, 222—223
carhon-dioxide-packed, smoked,
slightly salted herrings, 285, 286
dehydrated herring, 292
delicatessen, 244, 249
fish hydrolyzate, 162
fish paste, 136, 138, 159
fish solubles, 359
fresh herring, 173
frozen herrings, 197, 208
herring fillets, brine-packed in plio-
fitm bags, 241
kippers, 259
marinated products, 253
mild-cured, smoked herrings, 279
native-cured products, 284
"nuoc-mam”, 144
salted herring, 241242
smoked products, 259, 271, 273
Kilns, see Smoking Kilns
Kippers,
canning, 259, 306
dyeing, 262
keeping quality, 259
manufacture, 258, 260
smoke-liquid treatment, 262
fillets, manufacture, 259

L

Landing ports in United Kingdom, 165
Landings of herrings, etc., 35, 55,
76—77

disposition of, 78—81

Europe, 34

by fishing areas, 57—59

Japan, 34

North America, 34

Norway, 47, 53

Spain, 34

Union of South Africa, 35, 59
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Landings of Herrings, etc., (continued)
U.S.S.R,, 59
World, 27, 29, 36, 55
Leas's formula, 50
Light-cured herrings, 239
'Liqua Fish”,
nutritive value, 347
process, 346
Literature references,
canning of herring, 325
fish processing in Asia, 110
fish solubles, whole meal, 388
fishery products of Indochina, 131
freezing of herring, 215
fresh herring, 184
herring a$ raw material, 45
herring-stock fluctuation, 54
marketing in the tropics, 153
oil and meal manufacture, 353
smoking, drying and dehydration of
herrings, 299
utilization of herring, 33
Loss of weight,
hot smoking, 269
smoking of bloaters, 264
smoking of kippers, 256, 259, 261
smoking of “red” herring, 276
Low-fat meal made by solvent extrac-
tion, 344
Low-temperature evaporation of stick-
water, 364
Low-temperature freezer storage, 197 f.

M

"Mam's”, manufacture, 134
Manufacture,
bloaters, 264
bucklings, 265
canned herring, 302—324
dehydrated herring, 287
delicatessen, 246
fish pastes, 134—138, 157
fishery products in Asia, 109—111
fishery products in Indochina, 131
fish solubles, 356
fried marinades, 253
herring meal, 326—346
herring oil, 330
hot-smoked herrings, 266
kippers, 238, 260

Manufacture (coniinued)
marinated products, 252
matjes herring, 248
“red” and “silver cured” herring, 276
rollmops, 254
salted herring, 264
Scandinavian anchovy, 247
smoked herring, 258—59
spiced herriﬁg, 229
"Terres Rares”’ paste, 157
tidbits, 247
whole meal, 367 ff.
Marinated products, 252—253
Marketing possibilities,
Africa, 95, 98, 128130
Asia, 98
canned herring, 322
fish solubles, 376, 381, 385
French “Terres Rares” paste, 158—
159
fresh herring, 170171
herring meal, 376
“red” herring, 276
salted herring, 235—236, 242
smoked herring, 274—275
West Indies, 128—130
whole meal, 384
Marketing problems, fish solubles and
whole meal, 378
Matjes herring, manufacture, 225, 248
Meal and oil, disposition of landings
for, 78—79
Mechanization of salting process, 230
Menhaden,
chemical composition, 38, 40
nomenclature and occurrence, 58, 74
—75
Metal traces, influence on rancidity, 208
Mild cures, 278
Milt, chemical composition, 38
Mineral content,
fish solubles, 372
herrings, etc., 38
Moisture content,
dried herring, 283
fish meal, 331
"red” and “silver cured” herring, 276
salted herring, Canadian, 280
smoked herring, 259, 271
Molluscs, trade, 114—117
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N

"Nam-pla”,
factory, illustrations, 121—124
use in Asian cookery, 125
Native products (see also Fermented
products, Fish paste, Fish sauce,
" Maw’s”, ” Nam-pla”, " Nuoc-mam”,
> Pra-hoc” ),
improving of curing methods, 284
sun-dried anchovies, 281
sun-dried salted mackerel, 281
West African, 282

NDGA, use as antioxidant, 200
Nitrogen content,
fish paste, 138
fish sauce (“nuoc-mam”), 141
North Sea herring, definition, 37
Norwegian fat and small herring, de-
finition, 37
Norwegian winter herring, definition,
37
Notevarp method, 340

“Nuoc-mam”,
chemical analyses, 141
enzyme studies, 142
keeping qualities, 144
microbiology, 143
preparation, 138—141
preparation as autolyzate, 142, 144
substitutes, 155
irade, 141
yield in manufacture, 146

Nutritive value (see also Chemical
composition),

fish solubles, 371, 376

fish solubles after high-temperature
evaporation, 373

{ish solubles after pressure evapora-
tion, 362

fish solubles after spray evaporation,
363

herring meal, 368, 376

herring meal from alkali process, 348,
349

herring meal made from formalde-
hyde-treated material, 338, 340

herring meal from “Liqua Fish” pro-
cess, 347

herring meal made by solvent extrac-
tion, 344
herring oil, 351 ff.
whole theal, 374, 376
Nygaard method, 342

O

Obnoxious gases from reduction plant,
333
Occurrence of herring species, 57-—59
Off-flavor in bacon, 368
Oil,
cholesterol content, 43
fatty-acid contents, 44
glyceride content, 44
iodine values, 44
manufacture, 330
nutritive value, 351
production, 83
recovery in reduction, 331
trade, 114—117
vitamin content, 43
Oil and meal, disposition of landings

for, 78—79
Qil and meal industry, development,
70—76

Organization of the fisheries industry,
60
Overheating of fish meal, 331
Oxidation (see also Rancidity),
of fish meal, 369

P

Packaging,
block freezing, 195
dehydrated minced herrings, 293
delicatessen, 244
salted dried herring for the tropics,
277
salted herring, 232
salted herring in retail packages, 240
semi-sterile products, 244
smoked herrings, 270, 272
Paste, see Fish paste
Pehrson method, 341
Pilchard, occurrence, 58
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Pliofilm, retail package for salted her-
rings, 241 ‘ ’
Polymerization of oil, effect on nutritive
value, 351
Population figures, Asia, 103, 107
”Pra-hoc”, ' ~
keeping qualities, 136
manufacture, 134—137
Precooking, in canning process, 317—
. 318
Preservation of raw material for reduc-
- tion, 327
Preservatives, chemical, 204
for hot-smoked herrings, 272
in delicatessen, 245
in marinated products, 253
use in reduction plants, 327
Pressure evaporation of stick-water,
360, 362
Pretreatment of fish for canning, 317
Prices (see also Costs),
canned fish, 146
canned fish in the Philippines, 146
dried fish in the Philippines, 145
fresh fish, 90—91
fresh fish in the Philippines, 145
paste made by French "Terres Rares”
process, 159
salted fish, 90—91
significance for tropical markets, 96
Singapore, 120
smoked fish, 90—91
Thailand, 146
Processing, see Manufacture
Production statistics (se also Landings),
canned herring, 82—83, 302
canned herring in British Columbia,
303
canned herring in the United King-
dom, 304
delicatessen, 250
domestic production in Asia, 104
fish meal, 29, 83
fish oil, 29, 83, 326
frozen products, 65
salted herrings, 66, 82, 218—220
stick-water, 356
Protein content,
of fish solubles, 371
of herring, etc., 27, 38

2

4

Protein decomposition in delicatessen,
249
Protein hydrolyzates,
French "Terres Rares” process, 156
Germany, 160
keeping qualities, 162
Norway, 161
United Kingdom, 161, 162
"Viking Eiweiss”, 160
Proteins in raw material for reduction,
334
Proteolysis, 157, 160
in delicatessen, 249
in fish pastes and sauces, 134—144
in marinated products, 255
Purse-seine fishing, 221
Pyroligneous-acid treatment of kippers,
262

Q
Quality control,
canned herring, 323
dried salted hering, 228
fresh herring, 175—176
whole meal, 379
Quality of fish meal and fish solubles,
334, 368—80 :
Quality of fresh herring, seasonal varia-
tion, - 16566

R

Rancidity of frozen herrings,
brine freezing, 192
desiccation, 208
mechanism, 196
Raw material for reduction,
amounts in United Kingdom, 327
preservation, 327
Raw material, handling before canning,
312
Recovery,
© of oil in fish reduction, 331
of stick-water solids, 337
Recipes, Asian dishes, 123—-126
”"Red” herrings,
manufacture, 259, 276, 278
production estimate, 275
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Reduction, disposition of landings for,
78—79

Reduction plants in Norway, 357

References, see Literature veferences

Refrigeration on boats, 167, 169

Regulations, see Quality control

Renneburg process, 363

Retail packages, see Packaging

Retail prices, see Prices

Riboflavin content in herring meal, 373

Ripening of semi-sterile products, 244,
249 ’ :

Roe, chemical composition, 38

Rollmops manufacture, 254

S

Salt, content,
delicatessen, 245
fish pastes, 136
fish solubles, 371
matjes herring, 248
"red” and “silver cured” herrings,
276
smoked products, 259, 271
qualities, 224—225
Salt preservation of raw material for
reduction, 328

Salted and dried herrings, manufacture,
259, 276, 278

Salted and dried fish,
manufacture in Indonesia, 132
prices in Singapore, 120

Salted fish,
Asian cooking methods, 125
grading in Asia, 126—128
manufacture in Indonesia, 131
trade, Asia, 114—117

Salted fishery products, world produc-
tion, 66

Salted herrings,
exports, 86, 87
export prices, 90—91
manufacture, 224—230
production statistics, 82, 218—220
shipping possibilities, 149
trends of development of industry,

67—69

use for canning, 315

Salting, 224—227, 229—230
disposition of landings for, 78—79
dry salting in British Columbia, 226
in canning process, 305—309, 315—

316
matjes cure, 225, 248
use of iced herring, 179

Sardinella melanosticta, occurrence,
59, 74

Sardines, California,
chemical composition, 38
fat content, 40

Sardinops caerulea, occurrence, 58, 74

Sardines, _
canned, prices in the Philippines, 146
fresh, prices in the Philippines, 145
occurrence, 58, 59, 74

Sardine oil, cholesterol content, 386

Sardine; species, nomenclature and oc-
currence, 74

Sauces, see also Fish sauce

Sauces for canned herrings, 320

Scottish herring, definition, 37

Season, effect on costs of fish-soluble
plants, 366

Seasonal variation in quality of fresh
herring, 165—166

Seasons for herring catch in Europe,
57—59, 231

Self-digestion, see Autolysis

Shad species, nomenclature and occur-
rence, 74

Sharples method, 349

Shipment of fish solubles, 383

Shipping costs, North Europe to Far
East, 147

Shipping possibilities, Europe to Asia
and Africa, 149

Shrimp-paste
factory, illustrations, 110—112
use in Asian cookery, 125

"Silver cured” herrings, manufacture,
259, 276

Sliminess of delicatessen, 250

Stludge removal from stick-water, 359

Smoked and dried fishery products, 283
286

Smoked fish,
manufacture in Indochina, 134
trade, 134
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Smoked herring,
export prices, 90—91
gas storage, 275
manufacture, 257—273, 277—285
marketing, 274—276
packaging, 270—271

Smoked salted herring, manufacture,
279, 281

Smoke-liquid treatment, kippers, 262

Smoking, 257—286

bloaters, 264

bucklings, 265

comparison of various cures, 258—

259

Danish methods, 271

disposition of landings for, 78—79

hot smoking, 265—274

kippers, 260—263

mild cures for consumption in the tro-
pics, 286

mild cures for European consump-
tion, 260—263

"red” herrings, 275—276, 278—279

salted herrings, 279-—-280

tropical methods, 281—285

without use of salt, 281—284

Smoking kilns,
Danish type, 266
illustrations, 267, 269
mechanical, 263, 273
Torry type, 263, 265
Smoking temperature,
. in Bornholm kiln, 268, 272
in German-type kiln, 271
in hot smoking, 265
in kippering, 261
Smoking time, 258, 263, 268
Smoke-woods, 263
Solids content in fish solubles, 359, 360
Solubilization of fish solids, 346
Solvent-extraction processes, effect on
quality of meal, 345
Species, nomenclature, 74—75
Species of herring, 37
Species, occurrence, 57—59, 74—75
Species used in canning, 304
Spiced herring, manufacture, 229
Spray drying of fish solubles, 367
Spray evaporation of stick-water, 362

Sprats, nomenclature and occurrence,
75 :
Steam. drying, comparison with fiame

drying, 331
Stick-water,
availability for processing, 358
composition, 356
content of Animal protein factor, 42
various methods of utilisation, 386
Stick-water solids, recovery, 337
Stock,
age distribution, 4850
fluctuation calculation, 50—52
tagging experiments, 34
“Stockfish”, import to British West
Africa, 282
Storage at temperatures below freezing
point, 176—177, 313
Storage quality, see Keeping quality
”Storsild”, definition, 37
Stowage in holds, 167, 181
”Super-D-Canter”, 349
Supply of herrings, 55

T

Taste preferences, see Acceptabiliiy,
and Food habits

Temperature, effect on quality of fresh
herrings, 174 ff.

Temperatures in smoking process, 261,

265

Bornholm, kiln, 268, 272
German kiln, 273

Temperatures slightly below 0° C
(32° F), 176—77

"Terres Rares” process, 156

Thawing, 213

Tidbits, manufacture, 247

Torry kiln, 263, 265

Trade,
exports, Asia, 114--15
exports, canned fish, 88

exports, dried and salted products,

India, 118
exports, fresh and frozen fish, 84—85
exports, salted fish, 86, 87
exports, salted herring, 233
export-import balances, Asia, 104
fish products, 65




405

Trade (continued)
imports, Asia, 116—17
imports, canned fish, India, 119
imports, dried and salted products,
India, 118
imports, preserved fish, India, 119
imports, salted herring, 235
market development, Africa, 95
market possibilities, Africa and Asia,
98 ff
“nuoc-mam” (fish sauce), 141
prices of fresh, dried, salted fish, and
of paste in Singapore, 120 .
processed fish, Asia, 113 {f.
salted products, 66, 68
Transportation,
of fish solubles, 383
of frozen herrings, 214
Transportation costs,
for [rozen herring from Denmark to
India, 214
from North Europe to Far East, 147
Trawl fishing, 221
Trimethylamine in fresh herring during
spoilage, 174
Tyrosine crystals in delicatessen, 249

U

Utilization,
of fish in India for various purposes,
113
of herring, amount used for human
consumption, 36
of landings, 78—79, 80—S81

\%

Vacuum closing, 305, 321
Vacuum in cans, 321, 3223
"Varsild”, definition, 37
Vessels, 222
"Viking Eiweiss”, 160
Vitamin A content in herring oil, 43
Vitamin Bz, 42, 272, 381
Vitamin content,
D content in herring oil, 43
fish solubles, 372
herrings, 38
Vitamin retention in fish-solubles manu-
facture, 373

\\4

Water content, see Moisture conlent
Water removal, in canning, 317
Water-soluble proteins, whole meal, 379
Whale solubles, 383

XYZ
Yields,
cold smoking, 259
edible flesh, 37
fillets, 37
fish paste, Far East, 146
fish paste, French “Terres Rares”
process, 157, 159
fish paste, German process, 160
fish sauce, Far East, 146
fish solubles, manufacture, 364, 366
hot smoking, 269
oil from herring, 327
"red” herrings, 276






