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1. INTRODUCTION 
Fish, alone among the major items of food, is susceptible to virtually no 
control before harvesting or slaughtering. Other animals, as well as fruits 
and vegetables, offer to geneticists opportunities for developing breeds and 
varieties with standard, desirable characteristics; and farmers, horticulturalists 
etc. have the means for controlling the development of the "crop" and en-
suring its adequate nourishment, standard, optimum condition at slaughter 
or harvest, and freedom from disease. The fisherman throughout the world, 
however, excepting fish-farmers, whose contribution to the global production 
of fish is negligible, must to a large extent merely accept or reject not only 
what fish the sea, lake or river makes available, but also where and when it is 
made available. 

In view of this background of uncontrollable raw material, and of contribu-
tory factors such as the almost "cottage industry" nature of much of the 
fishing industry of the world, even in Europe and North America, and the 
great multiplicity of distinct species of fish with very different physical, 

* Present address: Meat Research Institute, A.R.C., Langford, Bristol. 
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chemical and sensory characteristics (Borgstrom1 lists over 500 species of 
common food fishes while some 35 are listed in the British official statistics2»3), 
it is not surprising that until relatively recently quality control of fish has 
been mainly on a rule-of-thumb basis, despite governmental control and 
inspection offish for centuries. The increasing technological level of the world 
fishing industries, particularly in Europe, North America and Japan, which 
results from the growing size of the commercial units and the association of 
processors offish with processors of other foods, is now leading to the applica-
tion of the basic principles of quality control and of the techniques developed 
during the past 20-30 years in a number of laboratories throughout the world 
devoted to fisheries science and technology. 

A. The Catching of Fish and its Spoilage at Sea 

The catching of marine fish, about 90 % of the total world fish catch, is 
concentrated to a large extent on the continental shelves in the cold and tem-
perate regions of the world, particularly in the northern hemisphere, and some 
especially fertile areas in the tropics. Currently, more than 60% of the marine 
fish catch is from the east coast of Canada, the north-east Atlantic and 
adjacent seas, and the Pacific off Japan.4 The areas nearest to land tend to 
have been overfished, and, so far as many European countries are concerned, 
during the course of this century fishing vessels have had to travel further and 
further from their home ports to fish economically. The larger British vessels, 
carrying up to 200 tons of fish, travel some 1500-2000 miles to the fishing-
grounds off Greenland, Iceland, Norway and Russia. A round trip may take 
20-25 days, of which the first 4-6 are spent travelling to the grounds; hence, 
fish may be landed by one vessel between 4 and 20 days after being caught. 
The vessels on the North American eastern seaboard make somewhat shorter 
trips and the fish are landed correspondingly more quickly. To retard spoilage 
as much as possible, it is usual, in vessels making trips in excess of a day or 
two, for the temperature of fish to be lowered by storing them in crushed 
ice after they are eviscerated and washed. Mechanical refrigeration may be 
used as an adjunct to ice. Pelagic species such as herring are usually found 
near land and are generally not iced at sea. Their appearance in any particular 
area is usually seasonal and related to their spawning habits. 

Many of the enzymic and microbiological changes taking place during the 
storage in ice of fish such as cod, haddock and plaice, are well established.5 

Suffice it to say here that the normal microbiological flora of fish caught in 
arctic and temperate regions is psychrophilic, and thus able to multiply 
relatively rapidly at temperatures around 0°C, and is primarily responsible 
for the chemical changes that lead to the development of unpleasant odours 
and flavours in the fish and its eventual spoilage. The precise nature and 
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speed of these changes vary with species of fish, and within one species with 
fishing-ground, season, size and sexual maturity, among other factors. An 
increase in the numbers, or alteration of the types, of bacteria on the fish, 
resulting from inadequate gutting and washing or by contamination on the 
vessel, will accelerate spoilage, as will an increase in the activity of the bacteria 
by storage at a temperature higher than 0°C, due, for example, to using in-
adequate ice or unsatisfactory icing practices. The stage in spoilage at which 
fish are considered inedible depends on the personal views of the consumer, 
but 16 days at 0°C under the best conditions of handling may be taken to 
be an average "shelf-life". It should be noted that this is considerably less 
than the shelf-life of mammalian flesh stored at similar temperatures. 

B. The Processing and Distribution of Fish on Land 

Although there is a small but increasing number of factory vessels process-
ing fish in various ways at sea shortly after they are caught, fish are usually 
landed whole, except that larger fish are normally eviscerated. They are then 
displayed on a fish market and sold to processors and distributors. This is 
generally the first opportunity of applying quality control measures, but 
already "quality" will be highly variable, the lack of uniformity of the spoilage 
changes on the vessel being superimposed on the natural variability of the 
fish themselves. 

There is an immense variety of practice in disposing of the world's 
50 million tons annual fish catch, but the main ways, at least in European 
and North American countries, are as virtually unprocessed, i.e. wet or 
fresh, fish and shellfish; as frozen, smoked or canned fish; or as pre-
cooked fish, i.e. fish cakes and fish sticks. Some is converted to fish-meal for 
feeding of animals. Some of these processes, such as freezing and cold storage, 
canning, and production of fish cakes and fish sticks, are amenable to a 
considerable measure of "process control". Others, such as smoking by 
traditional means, are less amenable. Methods for the determination of 
relevant product variables, sensory, chemical and microbiological, are 
frequently available and the promulgation of specifications and standards is 
increasing. One important gap in the over-all application of quality control 
is in distribution and retailing; these are often uncontrolled, particularly in 
regard to temperature conditions of both fresh and frozen products,6» 7 and 
considerable losses in quality have been shown to occur. 

Although, no doubt, there are problems in controlling the quality of such 
products as salt-cured fish (both pickle- and dry-salted), marinades, the 
fermented fish products popular in many countries in Asia, dried fish, and 
such articles as fish sausages, the contents of this paper will be limited to the 
more important ways listed above of disposing of the catch. 
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2. THE VARIOUS ASPECTS OF QUALITY AND 
ITS MEASUREMENT 

A. Introduction 

The word "quality" is widely used in relation to fish and with many 
meanings. Such expensive species as halibut and turbot are often termed 
"quality fish" and, no doubt, one aspect of quality control can be to ensure 
that less expensive fish do not masquerade after processing as more expensive 
species: that is, the problem of identity. The suitability of fish for a certain 
trade or process is another meaning of quality; fish considered by a processor 
to be of poor quality may be too small or too large, too firm or too soft. The 
great innate biological variation in fish has the result that some fish in a 
catch, or the fish in a certain area at a certain time of the year, are of "poor 
quality" or "out of condition" because of pathological conditions or seasonal 
variations in chemical composition and physical properties. Most often, 
however, quality is synonymous with freshness, or the degree of micro-
biological spoilage which the fish has undergone, although the level of fresh-
ness at which "good quality" becomes "poor quality" is obviously subjective 
and is highly variable. Once the fish has become processed, quality will relate 
to other characteristics: nutritional aspects, such as the amount of fish in 
fish cakes, fish pastes, etc. ; sanitary aspects, such as the numbers and types 
of bacteria, occurrence of parasites and presence of preservatives ; processing 
aspects, such as size, texture and weight; and finally, those aspects involved 
in consumer acceptance, the texture of frozen fish, the colour and gloss of 
smoked fish, and the flavour offish sticks. 

Many properties of fish and fish products related to quality are innately 
unmeasurable and can only be defined in terms of an attribute that each fish 
or unit (fillet, fish stick, pack) does or does not possess. Thus, a fish may be 
classified as a "stinker" or a "non-stinker" (see p. 313), or a fillet as "blood-
stained" or "unstained". The general terms for these classifications are 
defective and non-defective, whatever the particular criterion may be, and 
the quality of the product as a whole can be defined as the proportion of 
defectives present in the sample examined. The appropriate statistical tech-
niques for dealing with these situations are dealt with in Vol. 1 of this Series. 

Such aspects of quality as weight, size, and concentration of a particular 
substance in the flesh are measurable, and together with counts such as 
number of bacteria per gram, constitute the class of properties known as 
variables, for which, again, statistical techniques are available. There are few 
if any characteristics of fish and fish products of relevance to quality control 
that cannot be treated as attributes or variables. Even the odour of fish is 
amenable to treatment by these techniques. 
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B. Identity 
Apart from the use of anatomical features to identify and differentiate 

similar fish (such as the black lateral line of haddock Gadus aegle-
finus), which differentiates this species from cod (Gadus callarías), the dis-
tance from the dorsal fin to the tail, which has been used to distinguish 
canned brisling (Clupea sprattus) from sild (Clupea harengus)* and the myo-
mere patterns of the muscle, which can be used to identify fillets9), certain 
components of the muscle proteins are species-specific. This was first shown 
by Connell10 using moving boundary techniques and Nikkilä and Linko11 

using paper electrophoresis. More recently starch-gel electrophoresis has 
been used for this purpose with considerable success.12-14 

C. Biological Quality 

/. Chemical Composition 
Apart from the considerable variation to be expected from species to 

species of fish, within any one species of fish there is a considerable natural 
variation, as distinct from that due to processing, in many constituents, 
both major (such as water and protein15) and minor (such as vitamins and 
nitrogenous extractives16), depending on such factors as season and nutritional 
state. For example, the water content of the flesh of cod caught round the 
British Isles varied from 79-5 to 83%, with one value recorded as high as 
87-2 %,i7 and for haddock the water content of 30 analyses varied from 79 
to 84% and the protein (coagulable nitrogen x 6-25) content varied from 
134 to 17-7% (mean 15-5%, standard deviation l-25%).is This variability is 
of particular importance in connection with statutory standards for the mini-
mum fish content of such products as fish cakes and fish pastes, 35 % and 
70 %, respectively,19» 20 particularly where the content of cooked fish forms 
the basis of calculation.* The loss of liquor, especially from crustaceae, 
varies considerably during cooking and can greatly affect back-calculations 
from a Stubbs and Moore procedure of the amount of cooked fish to be added. 
Thus, in one experiment the losses of weight in boiling 72 lobsters varied 
from 5 to 24%, with a mean of 14-1 % and a standard deviation of 3-7 %.21 

Twenty-four crabs similarly showed 3-7-11-5% loss of weight, with a mean 
of 6-6 % and a standard deviation of 2-3 %.18 

Fatty fish such as herring, mackerel and sprats undergo a considerable 
seasonal variation in fat content, and thus water content, related to nutri-
tional state and the reproductive cycle, and the fat content influences 
markedly certain processing and consumer-acceptance aspects of quality, 

* A report on the Nitrogen Factor for Cod Flesh has been issued by the Fish Products 
Sub-Committee of the Society for Analytical Chemistry in 1966 {Analyst 91, 540). 
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particularly with herring. For this species, analyses as different as 50% 
water/30% fat and 80% water/1 % fat have been recorded. Many of the early 
data of this nature have been analysed and regressions calculated by Reay, 
Cutting and Shewan.22 More recently Brandes and Dietrich23-25 have made 
a further detailed examination of the relationship between fat and water, 
and to some extent protein, in herring. The existence in a shoal of a number 
of races of herring with different spawning times means that fish in a quite 
different stage of maturity, and thus of widely different fat content, can be 
caught at the same time. 

The importance of variations in minor components, apart from vitamins, 
is that these often play a part in chemical indices of freshness. Trimethyl-
amine, one such index, is derived by bacterial action during spoilage from 
trimethylamine oxide, which varies in cod over a tenfold range.26 

2. Diseases 
Although fish are susceptible to many diseases, of viral, bacterial, fungal, 

protozoal and other agencies,2?. 28 few of these are transmissible to man, 
exceptions being certain tapeworms and liver flukes. Also, with the exception 
of fish, such as trout, reared artificially, nothing can be done to control the 
diseases; diseased fish can only be rejected. In some cases, however, the 
incidence of diseased fish is so great that either the area cannot be fished 
economically or the fish need individual attention when caught. An example 
of the first situation is the infestation of hake in North African waters by a 
sporozoon, Chloromyxum.29 This parasite encysts in the muscle and liberates 
a proteolytic enzyme which digests the muscle tissue, making it soft and white. 
Fish thus affected are of no commercial value. In this area 40% of fish may 
be infested. Other species of fish, particularly sword-fish and pilchard, may 
be infested by this or similar sporozoa, although the incidence does not 
appear to be as high as in hake.^o, 31 

An infestation of fish which has assumed considerable economic importance 
is that by nematode worms in the west and east North Atlantic and adjacent 
waters. The incidence of nematodes in a population of fish can vary con-
siderably between adjacent fishing-areas. In the main areas fished by the 
British fleet the rate of infestation (percentage of fish infested) varies from 
22%, with a degree of infestation of 1-6 worms per 100 lb fillets, in cod from 
Bear Island, to 37 %, with 2-5 worms per 100 lb fillets, in cod from the Barents 
Sea. Fish from Iceland have an infestation rate of 31 % but 100 lb of fillets 
from such fish contain an average of 6-7 worms.18 On the Canadian fishing-
grounds the position is much more serious and the rate of infestation of cod 
caught in the gulf of St. Lawrence is as high as 91 %, with over 200 nematodes 
per 100 lb fillets.32"34 It appears that the rate of infestation increases as the 
age of fish increases but that the degree of infestation is higher in younger 
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fish, because the majority of the worms parasitize the fish when the fish are 
young, and small. Also, because of the asymmetry of the alimentary tract, 
there is a higher degree of infestation in left-hand than in right-hand fillets. 

Data on the rate and degree of infestation of fish from different grounds 
allow certain highly infected grounds to be avoided, and for the remaining 
grounds may permit the development of a sampling scheme to detect when 
the degree of infestation of a particular batch offish is above a predetermined 
level.18 

3. Other Defects 
Apart from infections and infestations, fish are susceptible to many 

metabolic defects that make them unsuitable for commercial use. Fish such 
as cod usually have white flesh but in some individuals the flesh is coloured 
pink by the accumulation of the carotenoid, astaxanthin.35-37 American plaice 
are sometimes caught with the flesh in a peculiar jelly-like condition. This 
has been attributed to protein emaciation and is associated with, on the 
average, a 25 % reduction in the protein of the flesh. An extreme value of 
2-83 % protein (total nitrogen x 6-25), with 96-18 % water, has been recorded. 
This is well outside the normal range for healthy fi.sh.38 Other species of fish 
may show this condition.39 

Fish caught in certain areas in the north-east Atlantic, off Spitsbergen, 
sometimes have tainted flesh with an odour often described as "iodiney" or 
"sea-weedy" and this may affect whole vessel-loads of fish. This condition 
arises when the fish feed on a pteropod mollusc, Limacina.40 A further type 
of "sea-weediness", possibly of enzymic origin, has been reported.41 A 
condition in Pacific halibut in which the flesh is soft and flabby and assumes 
a chalky white colour is associated with a marked increase in fat content, 
from a normal figure of less than 0-5 % up to 5 %.42» 43 

4. Defects in Shellfish 
The main defects in shellfish are enzymic and the most important one is 

the oxidation of phenols to melanins by tissue phenolases, particularly the 
oxidation of tyrosine by tyrosinase. This results in a darkening or blackening 
of the flesh. It is particularly prevalent with shrimp and is known as "black-
spot".44' 45 It also occurs in lobster46 and crab.4? The darkening of the meat 
of scallops has been ascribed to a disease of the shell caused by a boring 
sponge.48 Other enzymic defects of shellfish are a yellow discoloration of 
frozen lobster meat, particularly in the fat-rich region in the tips of the claws, 
associated with the oxidation of certain red pigments by fat peroxides;4^ so 
a blue discoloration of crab meat due to breakdown of the copper-containing 
blood pigment, haemocyanin, and enhanced by deficient bleeding at slaugh-
ter;51 and the deterioration of the cooked tail-meat of crayfish, previously 

http://fi.sh.38
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frozen raw, resulting in a soft texture and much exúdate, which has been 
ascribed to the proteolytic action of visceral enzymes diffusing into the flesh, 
possibly during thawing.52'53 

D. Freshness 

Once the fish has been caught and killed, autolytic changes start, the micro-
organisms associated with the fish invade the tissues, and after a brief lag 
period multiplication commences, with all this involves in terms of metabolic 
activity. Also, the circumstances of storage cause physical changes in the 
surface of the fish. Many of these changes are responsible for what is known as 
"loss of freshness" or "spoilage", and those that are continuous can be used 
to determine, with different degrees of precision, at what stage between 
absolute freshness and absolute putridity a fish is. Such changes fall into 
three categories : bacteriological, chemical and physical, and sensory. 

1. Bacteriological Methods of Assessing Freshness 
Although the numbers of bacteria on the surface and in the flesh of the 

fish increase during spoilage under commercial conditions, to the order of 
5x 107/cm2 and 5x 106/g, respectively,54 a count on either the skin or flesh 
of whole fish is generally considered to provide only an imprecise measure of 
freshness55-57 and to be of even less value with fillets which have been subjected 
to contamination during processing.58»59 The use of the bacterial count 
after a period of incubation of the fish at 15°C to indicate potential keeping 
quality at lower temperatures has been recommended by Tarreo Farber and 
Lerke61 have suggested that the measurement of changes in the types rather 
than in the total numbers of bacteria may be of value. Blanchard, Pantaleon 
and Prudhomme,62 and Wittfogel63 have used a direct, microscopical, 
counting technique. This, however, seems only to be of value in the later 
stages of spoilage, when the bacterial numbers are approaching 105/g. The 
indirect estimation of bacterial activity by the reduction of tetrazolium com-
pounds and méthylène blue has been attempted64-71 also by other enzymic 
activities, e.g. of catalase, phosphatase71 and succinic dehydrogenase.72 

2. Chemical and Physical Methods of Assessing Freshness 
A great variety of chemical products, either specific chemicals or groups of 

compounds, resulting from the degradation of fish muscle constituents have 
been suggested as valuable objective indices of freshness: indole;73 hydrogen 
sulphide;74 tyrosine;58» 74-77 lysine ;78» 79 hypoxanthine;80-82 histamine;83.84 
volatile acids, singly or as a group;85-93 volatile reducing substances;57» 94~ioo 
volatile bases; and reaction of a tissue homogenate with /?-quinone.101 

A number of physical and physico-chemical changes have been investigated: 
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birefringence of muscle extracts;102 the electrical properties of the 
muscle;103"106 EH of the muscle;71 the opacity of the eye or refractive 
index of the eye fluid ;107-in the buffering capacity of the muscle and pH of a 
composite sample or fillet surface;112-114 fluorescence of an extract on excita-
tion by ultraviolet light;115-116 precipitability of an extract by mercury117»118 

or formalin;119 and ability of the protein to combine with iodine.120 

Comparisons have been made of a number of methods to establish their 
reliability or to provide indices of freshness for various species offish, marine 
and freshwater, or conditions of storage.57»71» 74» 121~136 

Few of the above methods have been generally adopted. Those based on 
volatile bases have been most investigated and have proved of greatest 
value. The volatile bases include ammonia, and di- and trimethylamine. The 
ammonia is probably derived from proteins and trimethylamine from tri-
methylamine oxide. Because this latter compound is absent from freshwater 
fish, trimethylamine as an index of freshness is only applicable to marine 
fish. The precursor of dimethylamine is not known. These compounds may 
be estimated as a group, i.e. total volatile bases, or trimethylamine and 
dimethylamine may be estimated specifically. Little attention has been given 
to dimethylamine since Shewan showed its potentialities in 1938.137 A variety 
of basic techniques and modifications are available for the estimation of 
ammonia and trimethylamine, including steam and vacuum distilla-
tion,91» 92» 138-143 microdiffusion,!44"!46 and colorimetric methods.147"155 

Prior incubation of the sample before estimating trimethylamine, to indicate 
the potential keeping quality, has been suggested.156 Comparisons of various 
methods have been made.157» 158 

Volatile bases, and particularly trimethylamine, have been found to have 
general applicability as indices of freshness to a variety of species of fish 
caught in various fishing-areas in the world, although the actual values which 
indicate a certain level of freshness are somewhat variable.56»61»67» 95»159'164 

Much work has been done on the detailed correlation of trimethylamine 
with sensory methods of estimating freshness (see below). 

3. Sensory Methods of Assessing Freshness 
The sensory evaluation of fish quality has usually been made by methods 

based on either hedonic scales56»133»165 or on descriptions of the various 
sensory attributes of the fish—appearance of the eyes, gills and skin; texture 
of the flesh; odour of the raw and cooked fish; and flavour. These descriptions 
may be limited to the general changes distinguishing fresh fish from spoiled 
fish, either whole or as fillets166-169, or may be highly detailed descriptions of 
the whole gamut of changes from absolute freshness to putridity, grouped 
and assigned scores so that statistical methods of analysing the data may be 
used.170-172 The most intensive investigation of this type of sensory evaluation 
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has been that by Shewan and co-workers, who devised a detailed descriptive 
scheme;173 examined its validity and reliability;174'175 and its correlation 
with the total volatile bases and trimethylamine content of the flesh; and 
examined the effect of fishing-area on these correlations, and other chemical 
indices of quality.65»67»163»176»177 This scheme, devised for cod, is applicable 
to haddock and whiting,178 and a similar scheme is being developed for red-
fish.81 Apart from its use in laboratory work, the scheme of Shewan and co-
workers has been used to examine the quality of wet and frozen fish on sale 
to the public in Britain7»179 and forms the basis of the quality control scheme 
applied on the Hull fish market by the Hull Fishing Vessel Owners' Associ-
ation in conjunction with the Ministry of Technology (see p. 337). 

Castell has investigated a further approach to the sensory evaluation of 
fish freshness, of both whole fish and fillets, which is now being used by the 
Department of Fisheries of Canada in its country-wide quality control 
scheme (see p. 339). This approach, based originally on the judgment of 
experienced fish-plant foremen, results in the classification of fish into three 
groups or grades, viz. no spoilage evident, signs of early spoilage evident, 
and spoiled. These grades correlate well with the trimethylamine content of 
the flesh,180*183 although the nature of the mathematical relationship depends 
on the season and species.184 

A final approach to the sensory evaluation of fish freshness has been that 
of Jellinek with red-fish,185»186 using the flavour-profile method developed by 
Cairncross and Sjöström187 (see Caul188). 

4. Methods of Assessing Freshness of Shellfish 
In general, shellfish are more susceptible than vertebrate fish to bacterial 

deterioration because of the large amounts of free amino acids their tissues 
contain. Many of the chemical tests for fish freshness have been used for 
assessing the freshness of shellfish, although their applicability depends to a 
very large extent on the particular variety of shellfish. None, however, has 
been as well evaluated as has trimethylamine with fish. 

Unlike the pH of most marine animals, that of oysters falls progressively 
with spoilage, owing to the breakdown of glycogen, in which they are rich, 
and pH appears to be the best chemical test of freshness,189-193 although 
there appear to be seasonal fluctuations in the pH of the flesh, both fresh and 
during loss of freshness.194 Other chemical tests proposed for oyster freshness 
have been indole and trimethylamine.93» 193»195»196 Although the pH of 
oyster meat falls during loss of freshness because of the production of 
volatile acids, the concentration of volatile acids is not a reliable index of 
freshness.197 

Much attention has been given to the development of freshness tests in 
the American shrimp, Penaeus.19*~215 Indole, pH, trimethylamine, ammonia, 
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volatile reducing substances and volatile acids, together with bacterial plate 
counts or indirect methods of determining bacterial numbers, and recently 
the degree of opacity in a filtrate after treatment of an ethanol homogenate 
of shrimp with picric acid, have all been investigated. Some tests, trimethyl-
amine and plate count, are only useful in indicating the onset of spoilage. 
Others, the picric acid turbidity test and total volatile base, show some pro-
mise of value as an index of freshness before obvious spoilage commences. 

Freshness tests of possible use with other shellfish are pH,216»21? total 
volatile bases 2ls and picric acid turbidity219 with crab; total volatile bases220 

with squid; and indole197 and pH192 with clams. 

5. Unusual Microbiological Spoilage 
In occasional fish in a catch a peculiar condition occurs which is charac-

terized by the presence of a highly offensive odour, particularly just under the 
skin and often on only one side of the fish. Such fish may be quite fresh by 
other criteria. This condition is known in both Britain, where the fish are 
known as "stinkers", and Canada, where the term used is "bilgy". It has 
been shown in both countries that this condition is due to the fact that the 
fish were in close contact with structural surfaces in the fish-hold, particularly 
dirty, wooden surfaces.221» 222 Under these conditions the limited oxygen 
available is rapidly utilized, the EH falls, and sulphur-containing compounds 
are reduced to hydrogen sulphide, which can accumulate to a concentration 
of greater than 1 mg/100 g muscle.223 Apart from the importance of this 
condition in individual unprocessed fish, if it is not detected in filleting and 
the fillets are frozen in large blocks for the manufacture of fish sticks, the 
odour can permeate an entire block weighing many pounds and, hence, 
affect large numbers of fish sticks. 

E. Wet Fish 
1. Processing Aspects of Quality 

(a) Defects. Either before final sale or for certain processes such as smoking 
or freezing, whole fish frequently undergo some form of simple processing, 
to remove the flesh from the head and skeleton, to remove the skin from the 
flesh, or to open-up the flesh, in order to produce such articles as skin-on or 
skinned fillets, block-fillets, or finnan haddocks. The standard of workman-
ship in cutting these articles is important; the standard of trimming (and 
avoidance of rough, ragged flesh), and the removal of the black peritoneal 
lining, bones and bruises, as well as nematode worms, can influence the value 
of the article, particularly where the more expensive smoked and frozen 
products are concerned. Such defects can result in an article's being down-
graded or even rejected for a particular purpose. Some of these operations, 
e.g. filleting and skinning, are capable of being carried out by machines and 
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the correct machine setting for the size or texture of the fish is of obvious 
importance. Fish of a poor, soft texture, due either to spoilage or biological 
defects, may be incapable of providing a satisfactory product, particularly by 
machine processes. 

Defects such as those noted above may be considered as attributes and the 
appropriate, standard, statistical techniques applied for sampling, the use of 
control charts and decision-taking. The detection and removal of fillets con-
taining bones can be automated.224 

(b) Yield. The operatives carrying out such processes as filleting are fre-
quently paid on & piece rather than a time basis, or are paid a bonus for above-
average performance. The rate of pay will depend not only on the amount 
of fish filleted, but also on the absence of defects and the yield of fillets 
from a given amount of fish. This aspect of yield is of considerable eco-
nomic importance. The maximum amount of flesh which can be removed 
from the head and backbone of a particular species, as a percentage of the 
total weight of the gutted fish, varies with the size of the fish and its biological 
condition. A greater proportion of a large fish is removable flesh and a fish 
in poor condition—"slinky"—may have relatively little removable flesh. 
The maximum amount of flesh (with skin) removable from a large cod in 
good condition is in excess of 50%: an experienced filleter may have a yield 
of 46% after some trimming, a less experienced one, several per cent less. 
Although perhaps not coming strictly within the category of quality control, 
such quantity control activities assume importance in the efficient running 
of a factory and may, to some extent, come within the province of a quality 
control department. 

2. Distribution and Retailing of Wet Fish 
It is difficult for much control to be exercised over the distribution and 

retailing of wet fish. The processor may distribute in his own transport but 
he may have to use the railways or a public carrier for road transport, and a 
consignment of fish may pass through several hands before reaching the 
retailer. The most important factors in distribution affecting quality are the 
time the product is in distribution and its temperature; and much information 
is available on the hazards fish undergo in these respects during distribution 
in the United Kingdom,6 and the effects of these hazards on the quality of 
the fish.225 Fish must be maintained at a temperature of as near 0°C as possible. 
For this purpose adequate ice must be used and it must be distributed correctly 
among the fish for its full cooling effect to be utilized.226 On long journeys it 
may be necessary for a consignment of fish to be re-iced, particularly during 
the summer months.227 

The factors of time and temperature are equally important to the retailer 
but the problem of temperature control is complicated by the need of the 
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fishmonger to display his wares. This may be done in a refrigerated cabinet, 
although on the whole the effect of the cabinet is likely to be marginal.6 Prob-
ably the most valuable means of achieving minimal loses of quality at the 
retailer's is efficient stock control. As little fish as possible should be displayed ; 
the remainder should be stored in ice in a chill-room; and fish should not be 
kept from one day to the next before sale. The development of the resistance 
spear thermometer has facilitated temperature control of wet (and frozen) 
fish.228 

3. Standards and Specifications for Wet Fish 
Few objective standards of freshness for wet fish seem to have been estab-

lished on an official basis anywhere in the world. The Argentine requires that 
fish, to be fit for use, should not have a pH greater than 7-5 or an ammonia 
content greater than 125 mg nitrogen/100 g dry material. In Japan the follow-
ing criteria are applied to fish of several species: pH, less than 6-5 micro-
equivalents; volatile basic nitrogen, less than 30mg/100g muscle; tri-
methylamine nitrogen, less than 3 mg/100 g muscle.229 Many countries, how-
ever, have compulsory inspection of fresh fish based on an organoleptic 
examination using defined characteristics.169"173 In English ports all fish is 
examined immediately after landing by the qualified representative of the 
Port Health Authority, who has the power to condemn any fish he considers 
unfit for human consumption. Approximately 1 % on average of the landing 
is condemned in this way. Similar arrangements apply in such countries as 
France, Norway, Denmark, Sweden and Canada. Fish for export—for 
example in Denmark—is often subjected to a further similar examination 
before being packed. Conditions of handling fish on the vessel and on shore, 
such as slaughter, chilling and packing, may also be specified.229"231 

F. Frozen Fish 

Freezing and cold-storage was designed to preserve food over long periods 
from the activities of micro-organisms and not to improve its quality, although 
some of the contaminating micro-organisms will be killed by the process. 
Many of the psychrophilic organisms associated with fish grow below 0°C 
and it is necessary for frozen fish to be held at or below about — 10°C for all 
microbiological activity to cease. At this temperature, and even considerably 
below it, deteriorative changes still take place in the fish, either due to fish 
enzymes or as a result of the physico-chemical changes occurring during 
freezing and/or cold-storage. These deteriorative changes are accelerated by 
higher temperatures of storage; hence, control of the temperature of the 
product during storage, distribution and retail sale is most important. Thus, 
the problems of the quality control of frozen fish involve primarily the quality 
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of the raw material, the deteriorative changes during freezing and cold-
storage, and controlling the temperature of the frozen product during cold-
storage and distribution. Questions of hygiene and sanitation will be dealt 
with in Section 2H. 

1. Freshness of Raw Material 
The freshness, i.e. degree of spoilage, of the wet fish will obviously have a 

marked influence on the reaction of the consumer of the frozen fish. The 
various aspects of the freshness of wet fish and the methods for determining 
these have been dealt with. It should be realized, however, that the process of 
freezing and thawing under even the best possible conditions, and without 
further cold-storage, results in some deterioration of the fish, particularly 
the texture, and the appearance of the surface and eyes, of the whole fish 
when such fish are frozen. Also, when the fish are not for direct consumption 
but are to be subsequently processed by, for example, smoking, the fish to be 
frozen needs to be particularly fresh, less than 3 days in ice for cod, to ensure 
an ideal appearance of the smoked fish.232 

Shortly after being caught, fish goes into rigor mortis, but under normal 
commercial conditions fish is well beyond this stage before it can be frozen. 
Where freezing is carried out at sea, however, there is the problem of whether 
pre-rigor fish should be frozen or stored for a period before freezing to allow 
rigor to be resolved. Fish frozen pre-rigor is considered in some quarters to 
exhibit after thawing several features that lessen its acceptability, notably 
much exudation of liquor and shrinkage, with associated changes in texture. 
Love233 has shown that cod frozen pre-rigor is less denatured under a wide 
range of conditions than cod frozen post-rigor, denaturation being measured 
by loss of salt-solubility of the protein, and that the shrinkage and loss of 
liquid are due to a phenomenon known as thaw rigor, which can be prevented 
by holding the muscle rigid during thawing. This is done on the whole fish 
by the bony framework, and to some extent in slowly thawed fillets by the 
residual column of ice in the centre of the thawing fillet. Thus, there would 
appear to be no objections to freezing whole fish pre-rigor, as is currently 
done, in fact, on freezing trawlers. It has been suggested that pre-rigor fillets 
should not be frozen because their behaviour after thawing is more un-
predictable;233 this, however, is recommended practice in Norway.229 

2. The Deteriorative Changes Occurring During Freezing and Cold Storage 
and their Measurement 

Frozen fish are subject to two types of deterioration during freezing and 
cold-storage. One, protein denaturation, manifests itself primarily as a 
change in texture, the product becoming tough and fibrous to eat, and also 
by the production of free liquor or drip on thawing. The other type of 
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deterioration is oxidative rancidity of the lipids of the fish, manifested by 
characteristic off-odours and -flavours. 

(a) Protein denaturation. It is generally accepted that slowly frozen fish 
suffers more denaturation than quickly frozen fish, and official specifications 
for the freezing rate of fish have been produced: for example, that the tem-
perature at the centre of fish or packages of fish must be reduced from 0 to 
— 5°C within 2hr or less.234 Recent scientific investigations, however, have 
suggested that the rate of freezing may be of less importance than it is gener-
ally considered to be.235-238 

A number of attempts have been made to measure instrumentally the 
changes in texture which cold-stored fish, among other foods, undergo, 
based on resistance to shear or penetration.239"244 There has apparently been 
little success. Changes in viscosity of the protein245 and ability of the acto-
myosin to bind with methyl orange,246 have also been considered as possible 
measures of protein denaturation. 

The property which has been investigated most intensively as an objective 
means of assessing protein denaturation in cold-stored fish is the solubility 
of the protein in a chilled, neutral, 5% sodium chloride solution. As de-
naturation occurs and toughness increases, the solubility of the protein 
decreases,235»238» 247-250 there being a fair measure of correlation between 
solubility of the protein and sensory assessment of toughness on the one hand, 
and solubility of protein and the time-temperature history of the cold-stored 
fish on the other. It has been shown that there is a considerable measure of 
variability in the degree of solubility of the protein in fresh, i.e. unfrozen, 
fish. Much of this can be reduced by dissecting out certain muscle blocks 
free from connective tissue but there is still some residual, unavoidable 
variability due to innate biological variations in the fish.251 

It has been suggested that the correlation between increase in toughness 
and fall in protein-solubility does not hold good at temperatures of storage of 
—20°C and below. At these temperatures toughness increased while protein 
solubility did not change on storage.252'253 It now appears that this divergence 
is only apparent and is due to the considerable variation in protein-solubility 
values and the slow rate of fall of these at such low temperatures.237 

A recently proposed method for the direct estimation of toughness is based 
on the toughness of the individual muscle-cells determined by their resistance 
to maceration in dilute formaldehyde solution under standard condi-
tions.254» 255 The relationship between the values for the extent of denaturation 
obtained by this method and those obtained by the protein-solubility method 
has been determined,237 and the method is applicable to several species of 
fish besides cod. Modifications to the original equipment have resulted in 
less variability in results from laboratory to laboratory.256 

(b) Oxidative rancidity. The development of rancidity in fish during 
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coldstorage is due chiefly to the atmospheric oxidation of the oils, involving the 
formation and decomposition of peroxides; the decomposition products 
include various acids, carbonyl compounds and condensation products. In 
fish the oxidation is assisted by certain tissue enzymes activated by sodium 
chloride and the large proportion of highly unsaturated fats which many 
fish contain partially explains the ease with which fish develop off-odours 
and flavours due to oxidative rancidity. The usual method for estimating the 
degree of rancidity is based on a peroxide value.257 Apart from the difficulties 
of sampling the material, this method is not considered very satisfactory and 
a more promising one is that based on the colour produced by the reaction 
of the entire material with 2-thiobarbituric acid (TBA), thus obviating the 
fat-extraction process necessary with the peroxide value determination. Yu, 
Sinnhuber258»259 and others260 give details of the TBA method and show that 
it is related to sensory measurements of rancidity in various types of fish and 
fish product. This is confirmed for frozen herring by Anderson and Daniel-
son.261 Palmateer, Yu and Sinnhuber262 have proposed the use of the TBA 
method with accelerated oxidation of the product incorporated in diatomace-
ous earth to determine the storage life of the product. 

3. Storage and Distribution of Frozen Fish 
As indicated earlier, the rate of deterioration in quality of frozen fish is 

markedly dependent on its temperature. Not only are the changes leading 
to protein denaturation and rancidity development temperature-dependent, 
but variations in temperature can increase in the product the amount of 
desiccation and freezer-burn, the latter term denoting the whitened, toughened 
and wrinkled appearance of parts of the surface that have been excessively 
desiccated. The texture of the interior of the fish may also be affected. Also, 
although a suitable freezing procedure ensures that the product is at a low 
temperature when it goes into cold store immediately after freezing, the cold 
store itself is not designed to remove heat rapidly from a product. Hence, if 
for any reason the product is at a high temperature when it goes into the cold 
store, it will cool only slowly and suffer an increased amount of deterioration. 

During cold-storage fish tends to lose moisture because of the difference 
between the vapour pressure of the water in the fish and the vapour pressure 
of the ice in contact with the refrigerated surfaces. Besides loss in weight, 
the fish may also suffer freezer-burn. Apart from the correct design and opera-
tion of cold stores, a subject which cannot be dealt with here (but see Eddie26^), 
desiccation can be reduced by the use of tight-fitting wrappings impermeable 
to water-vapour, and by glazing the product, i.e. covering it with a layer of 
ice by dipping the frozen product in water. The ice glaze will evaporate 
first and avoid dehydration of the fish tissue.264 The glaze acts also as an 
oxygen barrier and helps to prevent development of oxidative rancidity. 
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Because fish undergoes appreciable deterioration in time, even at com-

mercial cold-storage temperatures of down to — 30°C, it is necessary to 
exercise some form of stock control so that fish is not kept at a particular 
temperature until deterioration is noticeable or important. Table 1 gives 
British data on the cold-storage life of various types offish at several tempera-
tures of storage. Other data with less stringent quality standards are avail-
able.265 It appears that with a variety of frozen foods the effect on deterioration 
of periods of storage at various temperatures are in general additive, irrespective 
of the order in which the temperatures occur; and that if the relationship 

TABLE 1. The cold-storage life of fish264 

Temperature of Storage 

Fish -9°C -21°C -29°C 

White fish (gutted) 1 month0 4 months 8 months 
(4 months) (15 months) ( > 4 years) 

Herrings (ungutted) 1 month 3 months 6 months 
(3 months) (6 months) (>H years) 

Smoke-cured white fish 1 month 3£ months 7 months 
(3 months) (10 months) (> 1 year) 

Kippers 3 weeks 2 months 4£ months 
(2 months) (5 months) (>9 months) 

a Unenclosed data show approximately the period at the end of which the product has 
suffered virtually no deterioration. Periods in parentheses are those at the end of which the 
product is considered to be approaching inedibility. 

between rate of deterioration and temperature is known, the amount of 
deterioration during a period of varying known temperatures can be calcu-
lated.2^ There is evidence that this principle applies to fish.267 If this is con-
firmed it will be of value for determining the over-all loss of quality when 
fish are stored in a number of cold stores and retail cabinets, and transported 
in refrigerated lorries between these stores. 

In the distribution of fish there is ample opportunity for the temperature 
of the fish to rise during the loading and unloading of refrigerated transport 
and during the journey. Recommendations for minimizing this have been 
made.268> 269 Although in the United Kingdom, but not necessarily in Canada 
or the U.S.A., there is likely to be little deterioration in quality during distri-
bution because journeys of less than 24 hr duration are involved, any 
considerably increased temperature of the product may be maintained when 
the product is returned to cold store, and deterioration and desiccation may 
become of importance. 
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The resistance spear thermometer referred to earlier has been shown to be 
of value in measuring the temperatures of frozen fish2™ and can be used to 
ensure that certain specified temperatures are not exceeded when fish is 
delivered to cold stores after transport. Also, temperature-indicating devices 
may be incorporated in the load to ensure that specified temperatures have 
not been exceeded in distribution.2?!. 272 

Much frozen fish is retailed in the United Kingdom in consumer packs 
through so-called "zero" (Fahrenheit) cabinets installed in grocer's shops, 
supermarkets, etc. Investigations of the temperature of fish from these 
cabinets has shown that temperatures are usually in excess of 0°F ( — 17-8°C); 
in one survey the mean temperature of over 250 samples was — 15°C with 
10% of the samples above — 10°C.179 Examination of the quality of the fish 
in this survey indicated that there had been appreciable loss of quality due to 
freezing and cold storage. Details of the correct use of retail frozen food 
cabinets, with particular reference to frozen fish, have been given.27^ 

4. Standards and Specification for Frozen Fish 
Although, as with wet fish, there are few suggested or operating standards 

for frozen fish quality, excluding precooked fish products, there are a number 
of specifications or regulations for the handling and processing of frozen 
fish. The most detailed standards of quality are those prepared by the United 
States Bureau of Commercial Fisheries (see p. 329). Denmark, France, 
Norway, Iceland and Sweden have regulations governing such aspects as 
the handling of the fish before freezing, the freezing process, glazing and 
packing, and cold-storage temperature;229 and in the United Kingdom the 
White Fish Authority has issued a code of practice.234 The Association of 
Food and Drug Officials of the United States has produced a code of practice 
for frozen foods.274 Australia, Canada and the Union of South Africa have 
regulations governing the freezing of crustacean meat.224 

G. Smoked Fish 

The original reason for smoking fish was to preserve it. The preservation 
effect was brought about by a combination of drying, directly and also by 
salting or brining to reduce the amount of water in the tissues available to 
the spoilage micro-organisms, and by the addition of anti-bacterial smoke 
constituents. There are many varieties of smoked fish products. Table 2 
gives details of a number of these and further practical details of the methods 
of preparing these products are contained in publications by Cutting275' 276 
and Burgess and Bannerman.277 The majority of the products popular in 
European and North American countries are only lightly cured. The salting, 
drying and smoking, although having some preservative action, are mainly 
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important for the role they play in the production of a characteristic article, 
identified by its appearance, odour and flavour. The important aspects of 
quality in smoked fish are concerned with the freshness and manner of 
preparation of the raw material, the salting process, the smoking process, 
and the post-processing history of the article, i.e. its storage, transportation 
and retailing. 

7. The Raw Material 
It is axiomatic that a first-class smoked fish can only be obtained from 

fresh fish in good condition. White fish suffering biological defects, or out of 
condition owing to being caught just before or just after spawning, herring 
which are deficient in fat, fish which have been stored too long at too high a 
temperature and are no longer fresh, or frozen fish which have been badly 
cold-stored and developed protein denaturation or fat rancidity, can only 
make an inferior smoked article irrespective of the care taken during the 
smoking process. The factors which influence deterioration in fresh and 
frozen fish have been discussed earlier and methods for estimating the various 
types of deterioration have been given. As can be seen from Table 2, a number 
of smoked products require that the fish be split or cut open in various ways 
before further processing. This splitting, although a relatively simple opera-
tion, requires a considerable measure of care whether it is done manually 
or by machine, for the appearance of the final smoked article—the absence 
of ragged flesh, the removal of the black peritoneal lining, and the absence 
of broken backbones and viscera in kippers—plays a large part in the over-all 
"quality". 

2. The Salting Process 
The function of the salting process, usually but not always a brining 

process, is to add sodium chloride to the tissues; sometimes as a preservative 
when present in sufficient amounts; sometimes to provide the surface gloss 
which is particularly noticeable after the fish is smoked and which contributes 
to the desirable appearance of the article; and in most instances as a condi-
ment. Also, a brine may include dyes to impart the requisite colour to the 
fish. The desirable salt concentration in the flesh of mildly cured fish is around 
2-4 %, and this is obtained by a brining process of 5-20 min in 70-80 % 
saturated brine. With regard to both white (cod) and fatty fish (herring), the 
time the fish is in the brine, within limits, is of minor importance. The factors 
in brining which most influence the salt concentration in the product are the 
size, the degree of uniformity of shape and, for fatty fish, the fat content of 
the fish, and also the concentration of the brine.179'278 Thus, it is particularly 
important to control the concentration of salt in the brine. The brine 
strength is usually determined by means of a brineometer, which in fact 
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measures the density of the brine. Measurements should be made at frequent 
intervals during the working period, and salt should be added and the brine 
well mixed until the correct concentration is reached. Particular care should 
be taken, when fatty fish are being brined, that fatty materials do not adhere 
to the side of the brineometer and interfere with the reading. Other reasons 
for controlling the strength of the brine are that too strong or too weak a 
brine results in a dullness in the cut surface of the fish, and that the fish tend 
to lose water in a 90-100% saturated brine. Unless this is corrected in the 
smoking process, the over-all yield offish in the curing process will be reduced. 

One other aspect of the brining process is that, as brines continue to be 
used, bacterial contamination builds up in them, which may lead to con-
tamination of the fish with bacteria which might reduce its subsequent shelf-
life.279 To control this, the old brine should be discarded at intervals, the 
containers should be cleaned, and fresh brine should be prepared. 

If attempts are made to control the brining process by estimating the sodium 
chloride in the fish, it should be noted that this can vary markedly within 
one fish, being highest in the thin portions and lowest in the thick. 
Variations of from 2\ to 9% in a cod fillet have been reported.278 An elec-
tronic instrument for estimating the percentage of salt in a sample of minced 
kipper has been developed.18 

In those countries which permit dyes to be added to smoked fish the dye 
is usually incorporated in the brine. In the United Kingdom, amaranth, 
tartrazine and, for kippers, brown FK are used. Dyeing was originally 
introduced to improve the appearance of poor-quality, low-fat herring, which 
if smoked to a natural colour would become too dry. With certain "white" 
fish products, the dye is used to produce the characteristic article, e.g. 
golden cutlets, and does improve the superficial appearance. 

3. The Smoking Process 
Some products are hot-smoked, i.e. the temperature of the smoke is raised 

in special kilns to around 90-95°C while that of the fish may reach 60°C, 
and the fish is cooked. Other products are cold-smoked; the temperature of 
the smoke does not exceed 30°C and the fish is not even partially cooked. 
During cold-smoking two distinct processes occur: drying, which results in 
the characteristic texture; and addition of smoke constituents, which results 
in the appropriate flavour in the product, besides being mainly responsible 
for any preservative effect. The rate of drying will depend on the rate of flow 
of air past the fish and its relative humidity. The rate of deposition of smoke 
on the fish depends, among other factors, on the concentration of certain 
smoke constituents in the air, particularly vapours.280 

Uniformity of drying and smoking is extremely difficult to achieve in 
traditional kilns, particularly for the lightly cured products, which are in the 
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kiln for a relatively short time. Fish at the bottom of the kiln will dry rapidly, 
whereas those higher up in moister air will dry more slowly. Also, the move-
ment of smoke in the kiln may be erratic, bypassing some parts almost en-
tirely. An attempt to secure some uniformity of cure is made by moving the 
fish around in the kiln, the extent of the cure being determined by colour and 
feel. 

Because of the very considerable difficulty in controlling the smoking 
process in traditional kilns, a number of attempts have been made to produce 
a mechanical kiln in which the smoking process can be controlled. One 
successful attempt is the Torry kiln, developed at Torry Research Station, 
Aberdeen, Scotland.281 In this kiln the smoke is made by burning sawdust in a 
series of hearths outside the kiln. It is mixed with the correct proportion of 
air to maintain the desired relative humidity, raised to the correct tempera-
ture by means of thermostatically controlled heaters, and blown by a fan in a 
streamlined manner so that it passes horizontally at a uniform rate over all 
the fish, which are loaded on trolleys. Some of the smoke is mixed with a 
supply of fresh smoke and air and recirculated. The position of the trolleys 
is reversed half-way through the smoking process in order to even out the 
rate of drying of different fish. 

The Torry kiln, when adjusted and used correctly, produces batches of 
fish with small fish-to-fish variations in degree of drying and amount of 
smoking, provided that the fish are of similar size. Batch-to-batch variations 
can be reduced by uniformity of operation. Further control is afforded by 
curing the fish to a specified weight loss, which can be determined on a trolley 
of fish by means of a weighbridge close to the kiln, or on a sample of fish. 
The rate of absorption of smoke under standard conditions is proportional 
to the optical smoke density, which can be determined by a smoke density 
meter, either indicating or recording,282» 283 incorporated in the kiln. A further 
refinement is a smoke density integrator284 which will give a numerical value 
to the cumulative effect of the smoke treatment to which the fish has been 
subjected. The amount of smoke deposited on the fish can be estimated directly 
as a "phenol value", using either Folin's reagent or 4-amino-antipyrine.285 

A recent development in smoking is dip-smoking, which is now permitted 
in the United Kingdom28«* and allows considerable control of the addition to 
the fish of smoke constituents. 

4. From Smoking to Retailing 
It is important to emphasize that most modern smoked-fish products are 

perishable, remaining in edible condition for no more than a week at 15°C 
even when prepared from fresh raw materials. Hence, they should be distri-
buted and sold as quickly as possible, meantime being kept chilled. The 
problems and safeguards in distribution and retailing are similar to those for 

12 
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wet fish; ice, of course, must not be used directly in contact with the fish. 
Because the fish are warm on leaving the kiln, it is particularly important to 
cool them quickly before packing. 

5. The Sensory Measurement of the Quality of Smoked Fish 
Wet fish have been the subject of many attempts to evaluate quality 

on the basis of descriptions of the appearance, odour, flavour, etc. of the 
fish, but few attempts have been made to do this for smoked fish, which 
present much greater difficulties because of the superimposing of the process-
ing factors, such as brining and smoking, on those due to pre- and post-
processing spoilage. Two detailed attempts, however, have been made to 
evaluate sensorily the quality of smoked fish, first with kippers and later with 
smoked white fish. In each case it is possible to some extent to relate any 
defect in the final article to faults in one stage or other of the handling and 
processing of the fish. 

The kipper-tasting scheme18»287 was based initially on a partially descrip-
tive, partially hedonic, scale for raw and for cooked fish, from 10 to 0, where 
in each case 7 was regarded as just passable and 4 as the limit of edibility, 
and the various stages from 10 to 0 were based on carefully defined attributes 
such as appearance and odour of the raw fish, and odour and flavour of the 
cooked fish. This approach was shown to be of considerable value in in-
vestigations on the effect of the curing process on the subsequent spoilage 
of the kipper.288 For commercial use, however, it was supplemented by a 
dichotomizing key, again for raw and cooked fish, in which a sequence of 
steps was used to pin-point specific defects to which numerical values based 
on previous experience were attached.18 Such defects as the development of 
rancidity and microbiological spoilage, under- or oversmoking or salting, 
and bad splitting and cleaning of the herring, were included. This scheme 
was used over a considerable period to evaluate the quality of kippers being 
produced in Hull and is currently being used by the United Kingdom Herring 
Industry Board in its kippering advisory service. 

The tasting scheme for smoked white fish is a more recent development. 
Raw fish are assessed, on a numerical basis, for freshness and smokiness of 
flavour and for such defined features of appearance and texture as softness, 
stickiness, gloss and opaqueness, and flakiness. Fish, after cooking, are 
assessed for freshness and smokiness of flavour, and for the presence of 
certain specific attributes, excessive salt, flaccid texture, and special odours 
and flavours.278'289 In a quality inspection scheme, the acceptance of sampled 
batches would normally be decided on odour (freshness and smokiness) 
alone. Critical levels could be specified for both freshness and smokiness, 
and a fish would have to satisfy both these criteria to be counted acceptable. 
The four features of appearance and texture would be used mainly for tracing 
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faults in the rejected batches. For example, flakiness is found in freshly 
smoked fish that are approaching staleness before smoking, whereas marked 
stickiness and softness without flakiness often indicates spoilage that has 
occurred mainly after smoking. The examination of appearance and texture 
could, in many situations, be dispensed with for fish scoring sufficiently high 
in odour (freshness and smokiness). The present method of assessment was 
designed primarily for inspection of fish in retail distribution. For quality 
control of a high-class smoked product in the factory, more specialized 
criteria would probably need to be added. 

H. Precooked Fish Products 

1. Quality Attributes of Fish Sticks and their Measurement 
(a) Composition. Apart from fish, for which the proposed U.S. federal 

grade standard for fish sticks specifies a standard of not less than 60 %,290 

a fried fish stick contains batter, breadcrumbs, and fat from the frying 
process. Many different formulas of batter mix and breading mix are no 
doubt used by different manufacturers; recommended ones are given by 
Tressler and Evers.291 The characteristics of a suitable frying fat are given 
by Hoyer.292 its free fatty acid value should be checked frequently and it 
should be discarded when the FFA value is 1 %.291 Various characteristics 
in the final product, such as composition, flavour (both pleasant and off), 
colour, and evenness of the coating, are dependent on the nature of the 
batter and breading mixes and the cooking fat, and the way they are used. 
Umpleby, Pincus and Block293 have shown that under optimum conditions 
the raw fish stick increased in weight by about 30 % during battering, bread-
ing and frying; but this can vary considerably with such factors as batter 
viscosity and frying time and temperature.294 Methods for determining the 
fish content of fish sticks are available.290»295 Extraneous material such as 
bones should be absent. Tolerances may be given in specifications, e.g. that 
bones may not be present in more than 10%, by count, of all fish sticks.290 

(b) Appearance. The most important aspect of appearance is undoubtedly 
colour. The hue of the surface of the fish stick is governed by the composition 
of the breading mix; the shade (depth of colour) depends on the time and 
temperature of frying.296 Thus, it is important to standardize the breading 
mix, besides standardizing and controlling the temperature of the fat and the 
frying time. Thermostatic control and continuous frying, in which the sticks 
move through the fat at a constant speed, are usual. The assessment of 
colour is usually subjective and based on descriptions or coloured standards ; 
reflectance spectroscopy can be correlated with subjective grading of colour.294 

Defects in the appearance which may be treated for statistical quality control 
purposes as attributes are cracks and chips in the coating, presence of 



328 C. L. CUTTING AND R. SPENCER 

dark-burnt or carbon specks, breaking of the sticks, and blood spots, bruises 
and skin in the fish. 

(c) Odour and flavour. The components contributing to the attractive 
odours and flavours of the fish stick are the fish, and the batter and breading 
mixes, reinforced by monosodium glutamate. It is important that the fish 
should be fresh. Bilgy fish (stinkers) should be rigorously excluded. Suitable 
recipes, from the flavour viewpoint, for batter and crumbs should be used 
and standardized. Apart from the fish, the component chiefly responsible 
for off odours and flavours is the frying fat. The fish stick may contain up 
to 8 % of fat, which will tend to develop rancidity during cold storage, 
particularly if the fat has a high free fatty acid content content due to in-
sufficiently rapid turnover in the frying process. 

2. Microbiology 
Many of the methods for the microbiological examination of foods are 

applicable to a variety of foods. Some methods have been recommended for, 
or examined in conjunction with, fish and fish products and these will be dealt 
with here. 

(a) Plate count. With many foods a plate count is considered to give a 
useful indication of the microbiological "quality" of the food; Hobbs297 has 
shown that foods with plate counts lower than 105/g are seldom incriminated 
in cases of food poisoning, and this figure has frequently been used with pre-
cooked frozen foods as an upper limit for the plate count. The flesh of fish, 
when landed at the port after a period of storage at temperatures around 0°C. 
may contain more than 105 bacteria/g.54 These bacteria are psychrophilic 
and thus a count of this order has no public health significance (fresh fish are 
seldom responsible for bacterial food poisoning298) nor is it an indication of 
poor sanitation, the fish being as yet unprocessed. A plate count on products 
prepared from such fish without sterilization, e.g. certain fish sticks which 
are cooked on the outside during frying but remain frozen on the inside, 
might thus be expected to be high without indicating a health hazard. 
Consequently, care is needed in interpreting the results of plate counts with 
fish products. 

The plate count is usually made with incubation at one or a combination of 
such temperatures as 37, 30 and 22°C. Mossel and van Diepen299 have 
recommended 30-32°C as a standard temperature of incubation for plate 
counts on all foods. Larkin, Litsky and Fullereo w e re of the opinion that 
for frozen fish a plate count (at 30°C) was of little value. Because the microbial 
flora of uncooked fish is psychrophilic, the maximum count is given by an 
incubation temperature of 20-25°C, not at 30°C, and still less at 37°C.54> 301 

(b) Pathogens and indicator organisms. It is generally considered that in 
frozen fish products, enterococci are better indicators of faecal contamination 
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than coliforms, and that for the enumeration of these organisms, azide broth 
followed by confirmation in ethyl violet-azide broth is a satisfactory method. 
300,302,303 Ingram,304 however, has pointed out that coliforms may be a 
better indication than enterococci of the fate of salmonellae, and where it is 
considered desirable to examine fish products for Escherichia coli, Raj and 
Liston305 have recommended a particular procedure. Fish products may 
contain considerable numbers of halotolerant bacteria, particularly if cured, 
and thus methods for the isolation of Staphylococcus aureus based on high 
(7-10%) concentrations of sodium chloride are probably of less value than 
with other products; plating media containing tellurite with or without egg-
yolk30«^ 307 a r e more suitable. Raj and Liston308 have recommended a method 
utilizing enrichment in a medium containing sorbic acid. 

In considering the microbiological aspects of the quality of fish products, 
mention must be made of Clostridium botulinum type E, which is particularly 
associated with fish and fish products and has the important characteristic 
of being able to multiply and produce toxin at a temperature as low as 4°C309 

Attempts to detect this organism are not likely to be carried out routinely, 
because they usually involve animal protection tests, but it is important 
that the risks associated with this organism are realized and the product 
handled accordingly.310 

(c) Indirect microbiological methods. In common with many other food-
stuffs, precooked fish products have been subjected to indirect methods for 
estimating bacterial numbers, based on either acid production or the méthy-
lène blue and resazurin reduction tests,205'311 with some measure of success. 

3. Standards and Specifications 
(a) General. A number of standards for precooked frozen fish products 

have been prepared by the U.S. Bureau of Commercial Fisheries as part of 
its programme of developing voluntary federal standards and certification of 
products in conjunction with industry. This programme is dealt with on p. 
341 but it should be noted here that a provisional detailed specification for 
frozen fried fish sticks is available. In addition, specifications have been 
prepared by the Bureau of Commercial Fisheries on behalf of the National 
Association of State Purchasing Officials for such products as frozen fried 
breaded fish portions and frozen fried breaded scallops. There are also 
Federal Specifications for cooked frozen crab-meat and shrimps.312 

The above standards and specifications deal with such matters as identity, 
weights and dimensions, such factors of quality as appearance, odour and 
flavour, and the presence of defects. Some specifications for processes, e.g. 
freezing, are included. 

Certain regulations for composition of precooked fish products are in 
force. Details of certain of these have been given. Others are a Canadian 
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standard of not less than 75 % by weight of fish flesh in an uncooked fish 
stick and not less than 66f % in a cooked fish stick; U.S. standards of not 
less than 50 % by weight of shrimp in frozen raw breaded shrimp and 60 % 
of scallop-meat in frozen fried scallops; a standard of not less than 37-5 % of 
fish and a total protein nitrogen content of not less than 1 % in fish cakes 
and fish balls in the Republic of South Africa; and a Canadian standard of 
not less than 70% fish in fish paste.22^ 

(b) Microbiological. The arguments for and against microbiological 
standards will not be considered here. It should be noted, however, that 
certain standards are already in existence or have been recommended, 
either specifically for fish products or for precooked frozen foods, including 
fish products. 

A colony count standard of 250,000/g is being applied to filleted fish in 
Canada as a measure of factory hygiene227 and this would be of importance 
to any plate count (at 22°C) standards applied to fish sticks made from such 
fish. Kachikian, Larken and Litsky313 have suggested a plate count standard 
of 105/g for frozen breaded shrimp. The New York City tolerance for crab-
meat is also 105/g for a plate count, and 103/g for enterococci and 102/g for 
S. aureus.314 In the State of Maryland crab-meat with a most probable number 
of more than 50 E. coli organisms per 100 g are subject to seizure and con-
demnation.22^ Standards for various organisms have been applied to prawns 
imported into the United Kingdom.315 

A number of standards for precooked frozen foods in general set an 
upper limit to a plate count of 105/g.31<s-32o Other requirements, such as limits 
to coliforms and pathogens, may be included. 

I. Shellfish 

Some attention has been paid to such aspects of quality in shellfish as the 
freshness of the raw shellfish, for which various chemical tests have been 
proposed, and the appearance, the flavour and the presence of defects in 
certain frozen processed shellfish, for which specifications are available. 
An important problem in some areas is paralytic shellfish poisoning, but as 
this subject has recently been exhaustively reviewed321 it will not be dealt 
with here. The most important aspect of the quality control of shellfish is in 
their association with typhoid fever and similar intestinal diseases. This 
results from their growth in sewage-polluted water in bays and estuaries, and 
the fact that on occasions some shellfish are eaten raw. Some countries 
exercise control over the harvesting of shellfish by specifying the areas from 
which shellfish for sale for human consumption can be harvested. Microbio-
logical standards for the water in such areas have been proposed.322 In the 
United Kingdom, areas from which shellfish may not be taken are specified 
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in Closing Orders made either by the local Health Authority or by the Ministry 
of Health. Such Closing Orders may be absolute or conditional. If con-
ditional, shellfish may be harvested for human consumption if they are 
suitably treated either by sterilization or by cleansing after harvest by being 
allowed to remain for two overnight periods in clean sea-water, during which 
time, under the correct conditions, they will rid themselves of any contaminat-
ing bacteria.323 Conditions of harvesting, transport and processing of shellfish 
have been recommended.324 As a final safeguard, bacteriological standards 
for the sanitary control of shellfish are enforced. 

Undoubtedly the pioneer work in establishing standards for the sanitary 
control of shellfish was carried out under the auspices of the Worshipful 
Company of Fishmongers, which is responsible for the quality of fish sold in 
the City of London, and the Ministry of Agriculture, Fisheries and Food. 
The requirements of the Fishmongers' Company are that shellfish to be 
satisfactory must be at least 80 % clean, i.e. E. coli type 1 must be absent 
from 0-2 ml of the fluid of at least eight out of ten shellfish examined per 
consignment. Those consignments which are only 60 % clean or less are con-
sidered unsatisfactory and their sale is prohibited.325 

Although standards such as plate counts and coliforms are used, e.g. a 
plate count of less than 5 x 104/g with fewer than 160 coliforms/g for oysters 
under the U.S. Public Health Service Code,326 it is now usual to base a standard 
on E. coli type 1, although the methods used for this vary. Clegg and Sher-
wood327 recommended a colony count on a special MacConkey agar in roll-
tubes with incubation at 44°C±0-2°C and more recent developments in 
this method were described by Reynolds and Wood.328 This method is now 
widely used, not only in the United Kingdom but in several European coun-
tries. It has superseded the original method used by the Fishmongers' 
Company, although they continue to express the results in the original 
percentage clean scale. Boury and Borde32^ give details of a most probable 
number (MPN) method using lactose, brilliant green-bile broth at 44°C, with 
índole confirmation, and claim that this gives similar results to the roll-tube 
method of Clegg and Sherwood, as do Sherwood and Thompson330 using a 
different MPN procedure. Kelly331 recommends an MPN technique using 
lauryl-tryptose broth at 35°C with confirmation of E. coli type 1 at 44-5°C 
followed by the production of characteristic colonies on eosin methylene-
blue agar. Lear332 has shown that considerable care is needed with an MPN 
technique applied to clams to obtain good reproducibility. 

Standards for purity of shellfish recommended by the U.K. Public Health 
Laboratory Service and used in several countries are;330 

grade 1, clean, not more than 5 faecal coli/ml shellfish tissue, 
grade 2, suspicious, 6-15 faecal coli/ml, 
grade 3, unsatisfactory, more than 15/ml. 
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Buttiaux and Mossel333 have recommended that E. coli should be absent 
from 1 g of shellfish; the Netherlands standards for oysters for the domestic 
market is that E. coli must be absent from 0-1 ml.229 It must be emphasized 
that adequate control of the purity of shellfish cannot be based solely on 
bacteriological control of the product, important though this may be. Control 
of the area from which the shellfish are harvested, adequate cleaning when 
necessary, and care in handling and transport are essential. 

J. Canned Fish 

The general principles of the quality control of canned foods will be 
discussed in Vol. 3 of this Series and only those aspects of this subject related 
specifically to fish will be discussed here. 

1. Identity 
Although of importance to various types of processed fish products, the 

problem of identity is of particular importance to canned fish products, 
processing of which may destroy or alter many of the characteristics by which 
a fish might be identified. Furthermore, the product is labelled to show the 
purported contents. The position is further confused by the profusion of 
popular names for any one species, and the use in different countries of the 
same trivial name for different species. There are a number of national 
definitions and standards of identity for canned fish, particularly for clupeoids 
and scombroids, which, with salmon, are the most important canned fish. 

The more usual trivial names in Europe and North America for the three 
important species of clupeoids are334 

Clupea harengus: (mature) herring, (immature) sild, 
Clupea puchar dus: (mature) pilchard, (immature) sardine, 
Clupea sprattus: (mature) sprat, (immature) brisling. 

There are, however, important variations. Maine "sardines" are immature 
C. harengus and Algerian "sardines" are Sardinella aurita, which species is 
also canned occasionally as Portuguese "sardines", although these are more 
usually C. pilchardus. Californian "pilchards" are a further species, Clupano-
don coeruleus. In Denmark any member of the Clupeidae may be designated 
"sardine" or "pilchard", or even a binomial such as "herring-sardine".229 

Guides to the identification of these species when canned are given by 
Soudan335 and Mann.s In other parts of the world, the Pacific and Australasia, 
different species are involved.1»334 

In the U.S.A. a definition and standard of identity has been adopted such 
that only certain designated species of scombers may be canned under the 
name "tuna". Species included are the bluefin tuna (Thunnus thynnus) 
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albacore {Thunnus germa) and the little tunny {Euthynnus lineatus). The 
bonito {Sarda chilensis) and yellowtail {Serióla dorsalis) may not be designated 
as "tuna" and must be labelled "bonito" and "yellowfin", respectively.336 
In France "tunny" refers to the germon, Germo alalunga.229 

Five species of salmon are canned in Canada and it may be necessary for 
the particular variety to be designated.337,338 "Chum" and "keta" salmon 
refers to Oncorhynchus keta, "pink" or "humpback" to Oncorhynchus 
gorbuscha, "spring" or "chinook" to Oncorhynchus tschawytscha, "coho" to, 
Oncorhynchus kitsutch and sockeye to Oncorhynchus nerka. There are no 
true salmon in Australasian waters but a variety of indigenous fish are canned 
in Australia under various "salmon" designations.339 

2. Biological Quality 
As with other processed fish products, the quality of canned fish depends 

to a large extent on the quality of the raw material, its biological quality, its 
freshness and how it has been handled prior to processing. 

Apart from the general importance of ensuring that fish and crustácea are 
not canned immediately after they have spawned, because of their poor 
biological quality at this time, it is important to ensure that the fat content 
of clupeoids is sufficiently high to give a suitable succulence after processing. 
In Norway brisling is not canned until its fat content has reached 7 %.340 

Apart from those defects already referred to, some fish are susceptible to 
other defects that are only manifested after processing. Chum salmon 
caught at a certain time of the year in certain areas of the North Pacific 
have a pronounced petroleum-like odour after processing. It has been shown 
that this is due to the production during processing of dimethyl sulphide 
from dimethyl-jS-propriothetin which accumulates in the muscle of the chum 
salmon as a result of the low liver transmethylase activity in this species, and 
originates in certain algae taken as food by salmon at certain seasons.34i 
Such fish must not be canned. During the precooking of tuna prior to canning 
the commercially desirable pink colour develops. With occasional fish or 
batches offish it fails to develop and the meat takes on a tan-to-green colour. 
Such "green" tuna must be rejected. The green pigment is a haemichrome and 
is probably derived from the pre-existing haemochrome owing to the absence, 
for some reason, of the proper reducing conditions in the flesh.342 it is not 
yet known what these reducing conditions are nor can the fish which are 
going to develop green flesh be detected before the precooking procedure. 

The colour of canned salmon is an important attribute of quality and it is 
usual, and may be required, for the product to be graded according to colour. 
This presents difficulties, because it is necessary for the grade to be predicted 
prior to canning. This may be done by simulating the treatment received 
during processing by dipping a slice of raw salmon in glycerine at 224°C for 
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a few seconds.343 Schmidt and Idler344 have shown that in the case of sockeye 
salmon the colour of the canned product can be predicted from certain 
reflectance spectrophotometric measurements on the raw salmon. 

3. Freshness 
In order to prevent the canned products having an unsatisfactory odour, 

flavour, appearance or texture, it is necessary for the raw material to be fresh. 
Methods for determining the freshness of the raw material have been given 
and, it has been recommended for herring that the fish should be stored for 
not longer than 3 days at from — 1 to 0°C before canning.345 Some chemical 
methods can be used for determining on the canned fish the freshness of the 
original material. Volatile fatty acids seem to be a particularly useful index 
of freshness346-349 and more recently the content of volatile reducing sub-
stances has been recommended.97» 35<> The suitability for canning of the 
texture of the fish, which alters during storage, can be assessed by a texture 
meter: for example, a penetrometer.241 

Apart from the deleterious changes resulting directly from loss of freshness, 
shellfish in particular are prone to develop discolorations as a result of can-
ning. A brown discoloration may result from Maillard reactions due to the 
high concentration of amino acids and reducing sugars present in many 
crustácea, particularly when some measure of freshness has been lost.351 A 
grey-black or blue discoloration is particularly prevalent in shrimps and 
lobsters. The precise cause of this is not known but it is associated with 
incipient spoilage and a high pH in the tissues. The copper of the blood 
pigment in crustácea, haemocyanin, may also be involved. This type of 
discoloration can be prevented by a preprocessing acid dip.352»353 

With some tuna a condition known as honeycombing develops during the 
precooking prior to canning. This condition, giving a pitted and cellular 
appearance to the flesh, makes the fish unsuitable for canning and seems to 
be associated with loss of freshness in the raw fish.354»355 

4. Handling and Processing 
(a) Freezing. Frozen fish often has to be used for canning, either because 

of fluctuations in supply or because of the distance of the fishing-grounds 
from the canning factory, and it is important that such fish should have 
suffered no significant cold-storage deterioration. It has been recommended 
that herrings should be held no longer than 1 month at — 20°C345 Tuna can 
be held for much longer periods.340 The problem of curd formation is particu-
larly acute when frozen salmon is canned. The curd is the soluble protein 
which is cooked out of the flesh during processing and coagulates. Owing 
to the development of drip after freezing and cold-storage, there is likely to 
be more free liquor present, containing soluble protein, when frozen fish are 
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processed. Curd development can be reduced by submitting the thawed fish 
before processing to a 10 min dip in 70% saturated brine.356 

(b) Brining. Although there are minor effects, such as improving texture 
and appearance, reducing curd development and toughening the skin to 
prevent it from sticking to the sides of the can, the main effect of brining is on 
flavour, and it is important to have a uniform level of sodium chloride in the 
flesh. Rowan357 has suggested that for canned pilchards a sodium chloride 
concentration of 1-1-1-6% is the most desirable and has given details of the 
brining treatments which will achieve this. 

It is important that the salt used in brining is relatively pure and, in 
particular, that it does not contain appreciable quantities of magnesium 
salts. Also, sea-water should not be used to make the brine or for washing 
the fish. This is to avoid the formation of struvite, crystals of magnesium 
ammonium phosphate, during processing and subsequent cooling. These 
crystals, although harmless, resemble splinters of glass and may give rise to 
consumer complaints. Apart from ensuring the purity of the salt, leaching 
the flesh, acid dips (struvite is soluble below pH 6-5), the addition of sequester-
ing agents to the pack, and rapid cooling to minimize the size of the crystals 
have been shown to be of value in preventing the occurrence of struvite.358 

(c) Preparation. Depending on the species of fish and the type of product, 
the fish is usually treated in various ways before processing. Herring and 
pilchards are usually nobbed, i.e. the head and viscera are removed, but not 
the gonads if these are approaching maturity. Pilchards, because the scales 
are hard and inedible, have to pass through a descaling process which usually 
involves a certain amount of rough treatment of the fish and, if they are soft, 
may damage them. Some fish, such as tuna, may be precooked before in-can 
processing and large fish such as tuna and salmon have to be cut into suitably 
sized pieces. Oil or sauce may be added to the packs and the amount to be 
added may be prescribed by regulation.229 Many of these processes are 
carried out by machine or may be automatic, and suitable control procedures 
and correct machine adjustment are of obvious importance. 

(b) Processing. The factors involved in the processing of canned foods 
and the controls necessary to ensure that the product is not only safe, but 
has an acceptably low level of spoilage, will be dealt with in Vol. 3 of this 
Series, and fish is no different from other foods in this respect. 

5. Corrosion of the Cans 
Most cans used in the canning of foods are manufactured from tin plate, 

that is mild steel sheet, approximately 0-01 in thick, coated with a very thin 
layer of tin. With many foods the tin is sufficiently inert to be used without 
further protection, but most fish products, especially those containing acid 
sauces, require cans with an additional protective layer. This takes the form 
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of a lacquer, applied to the tin plate before the can is formed, and usually 
prepared from polymerized fish oil. Most cans used for fish are prepared by 
"deep-drawing", in which the body of the can is stamped out of a sheet. This 
imposes considerable strain on the lacquer and tin coating, and often leads 
to cracking and exposure of the underlying steel. In packs with acid sauces 
the steel may be attacked with the production of hydrogen, and the can may 
swell. In non-acid packs considerable solution of the tin and steel may occur 
but without the formation of hydrogen. The precise mechanism of this 
process is not uknown but it is associated with the presence of trimethylamine 
oxide in the fish. 

Some fish products, and more especially crustácea, form volatile sulphur 
compounds during spoilage and during subsequent heat-processing, which can 
cause dark stains on the product due to the formation in the can of tin or 
iron sulphides. Special lacquers are required for such packs. One lacquer 
contains zinc oxide, which reacts with any sulphur compounds to produce an 
inoffensive white stain. 

6. Standards and Specifications Relating to Canned Fish 
In general, the raw materials used for canning must conform to the require-

ments for fresh fish. Notwithstanding this, in Sweden^1 and in the U.S.A.229 

there are specific regulations concerning the quality of the fish to be used for 
canning. A number of countries—for example, Norway, France, Canada 
and the Republic of South Africa—have detailed requirements concerning 
the installations used for fish canning, specifying, for example, the condition 
of, and standards of hygiene in, the factory, the nature of the equipment and 
some details of the various processes.229 Specifications concerning identity 
have been referred to, but in addition there are various specifications relating 
to the colour designation of tuna and salmon, and the designated nature of 
the material in the pack, whether solid, flaked or shredded. Standards of fill 
and amount and nature of oil or sauce added have also been promulgated.229 

There would seem to be few specifications for quality of canned fish. The 
most detailed is that applied to the State of Maine, U.S.A., to the Maine 
sardines. 

3. THE APPLICATION OF THE PRINCIPLES OF QUALITY 
CONTROL TO THE FISH INDUSTRY 

Section 2 of this paper has been concerned with the principles on which 
any quality control scheme for fish or fish products would need to be based. 
The application of these principles in any particular circumstances, and the 
manner in which they are to be fitted together to form a reliable quality 
control scheme, require care. The following examples of well-organized 
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quality control schemes, currently in use in various parts of the world, 
illustrate how this has been done. 

A. The Hull Quality Control Scheme 

1. Introduction 
Each week-day at Hull approximately 1000 tons (1,000,000 kg) of fish are 

landed from, usually, between 6 and 10 trawlers for sale from 7.30 a.m. 
onwards. This fish ranges in quality from very fresh to stale ; a small percentage 
is condemned by the municipal food inspector and the remainder is examined 
under the Hull Quality Control Scheme, administered by the Hull Fishing 
Vessel Owners' Association with the technical assistance of the Ministry of 
Technology. 

(a) Requirements. The scheme is required to remove from sale fish below 
a certain level of quality without removing fish above this level, or rather to 
approach this ideal as closely as is practicable. The level of quality below 
which fish is rejected—the critical level—is that applied by a previous panel 
of fish merchants and will have been determined by more objective measure-
ments during earlier investigations. 

(b) Restrictions. The main restrictions within which the scheme operates 
are the following. 

(i) The staff available is limited to three. 
(ii) The fish have to be examined, and accepted or rejected, in the period 

between the later stages of landing and the sale, i.e. about 1 hr. 
(iii) All the fish cannot be examined individually; the unit of acceptance or 

withdrawal has to be a number of tubs or kits, each holding 10 stones (64 kg) 
offish, in which the fish are displayed on the market and which form the basic 
unit of sale. 

(iv) Although the fish are landed and laid out on the market in order of 
catching, and thus of quality, there is, for various reasons, some variation in 
quality within any unit which increases in magnitude with the size of the unit. 
Hence, a withdrawn unit is likely to contain some acceptable fish and an 
accepted unit might contain some unacceptable fish, and these amounts 
have to be kept within reasonable limits. 

2. Principles 
No physico-chemical method suitable for estimating quality on the market 

is available and thus a sensory method has to be relied on. The sensory 
scoring system of Shewan et al.,113> in particular the odour of the gills, was 
considered suitable for this purpose because of its high degree of objectivity 
and its correlation with chemical indices of quality, and because, using it, 
the critical level can be altered at will if necessary. 
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Because it is necessary to accept or reject whole units, consisting of a num-
ber of kits, on the basis of the quality of a few fish sampled from each unit, 
the technique of acceptance sampling was used. In acceptance sampling the 
decision to accept or reject a unit depends on the number of fish in a sample 
which are below the critical level of acceptance. 

Because of the susceptibility of sensory tests to variation introduced by 
various personal and environmental factors, it was considered essential to 
institute some means of regular checking of the acceptance standard being 
applied, based on a strictly objective measure of quality such as the tri-
methylamine content of the flesh. 

(a) Selection and training of personnel. The three persons who were to 
operate the scheme were carefully selected and trained.359 

5. Procedure on the Market 
There have been several alterations in procedure from time to time. What 

follows is the current (early 1964) procedure in which a double-sampling 
scheme is used. At each vessel the area on the market which contains fish 
approaching borderline quality is delimited by general appraisal of the 
appearance of the fish. Then from each unit of 40 kits, which constitutes a 
square and is a purchasing unit, an initial sample of 4 fish is taken by a sys-
tematic sampling procedure. Each fish is graded as acceptable or unaccept-
able according to whether its raw odour score, determined by one person, is 
above or below the critical level. Depending on the number of unacceptable 
fish found in this sample, either this square is accepted or rejected or, in 
intermediate cases, a further sample of 8 fish is taken from it. In the last case 
the square is accepted or rejected according to the number of unacceptable 
fish in this combined sample of 12 fish. 

Each day some of the sampled fish, whose grade has been noted, are taken 
to the laboratory for subsequent examination. 
4. Checking the Panel 

The fish which are brought to the laboratory are scored for raw odour (RO) 
by each member of the panel, and the trimethylamine (TMA) content of the 
flesh is determined; on occasions they are scored by the panel for cooked 
flavour (CF). The previous investigations into the efficacy of the earlier 
scheme provided data from which a number of regression equations were 
derived,36o such as 

TMA = 2-23-0-242 RO, standard error of prediction, 0-21 
CF = 2-19+0-636 RO, standard error of prediction, 0-368 

where TMA= logio (mg trimethylamine nitrogen per 100 g fish flesh). 
Thus, for each fish the following two sets of data are available; first, the 

grading (acceptable or rejectable), the panel raw odour score, the panel 
cooked flavour score and the trimethylamine value; and second, derived from 
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these, the deviations of the trimethylamine value and flavour score from those 
predicted by raw odour score, with tolerance limits for these deviations based 
on the standard error of prediction for each regression equation. 

Utilizing the above data, a number of control charts are kept which enable 
any serious deviation from the original relationship, either in the form of a 
trend or as an increase in irregularity, to be detected at an early stage, the 
reason to be determined and the deviation to be corrected. The main chart 
shows the TMA of each fish examined in the laboratory and whether the 
fish was accepted or rejected on the market. The expected TMA at the 
critical RO score, according to the regression of TMA on RO, is marked 
together with warning and action limits for accepted fish with high TMA's 
and rejected fish with low TMA's. For accepted fish only the upper limits 
are of interest for detecting high TMA's in apparently good fish; and for 
rejected fish only the lower limits are of interest. Hence, the limits are based 
not on the usual 2 and 3 standard deviations, but on 1-69 and 2-78 standard 
deviations. Other charts include the deviation of TMA from the value 
predicted by RO assessed in the laboratory, and deviation of CF from that 
predicted by RO. The occurrence of fish with unusual odours, or with raw 
odour-trimethylamine value relations dependent on season or fishing-ground, 
has been detected and subsequently allowed for in the checking procedure. 

B. Fresh and Frozen Fish Inspection in Canada 

1. Introduction 
For many years there has been statutory inspection in Canada of various 

fish products for export. Since 1953 voluntary inspection of many fish pro-
ducts for home consumption has been introduced and has subsequently led, 
or is leading, to compulsory inspection. Voluntary inspection of fresh and 
frozen fish was instituted in 1959 and became compulsory in 1967. 

The fishing industry of the Maritime Provinces and Newfoundland is 
different in several respects from that of the Humber ports in England. Not 
only are the vessels smaller, and fishing trips shorter, but the vessels are in 
many cases associated with a particular factory and land their fish at and for 
the use of that factory, unlike the Humber ports, where all the fish landed is 
exposed for sale and may go to any of a number of factories. Also, in Canada 
the factories tend to be isolated from one another. Thus, the problems of 
wet fish inspection in the two countries present a number of differences and 
have been tackled in different ways. 

2. Principles of Inspection 
(a) Plant. A processing plant must be certified as meeting comprehensive 

requirements in respect of construction, equipment, sanitation and operation, 
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the precise requirements for which have been laid down;227 and a continuous 
check is maintained by the resident inspector on the sanitary operation of 
the plant. In addition, weekly to bi-weekly samples consisting of nine packages 
of fish taken at random from the end-of-line production are sent to the 
inspection laboratory from each fresh and frozen fish plant as part of routine 
inspection programme. The total bacterial count and MPN E. coli count are 
determined on the samples. Total counts not exceeding 250,000/g and E. coli 
counts of less than 20/200 g fish flesh have been chosen as an index of 
satisfactory plant sanitation. Should these limits be exceeded on two 
successive occasions, the plants are required to be given a thorough clean-up. 
If the bacteriological results continue to be unsatisfactory, a thorough 
bacteriological survey is made of the plant. 

If the E. coli count on a sample exceeds 250/100 g fish flesh, the lot of fish 
concerned is placed in detention and samples examined for the presence of 
appropriate pathogens. If these are found, the lot in question is condemned 
as unfit for human consumption. 

(b) Fish. It is considered that in general the fish landed can be divided into 
three grades: grade 1, up to 5 days in ice, with no detectable signs of spoilage; 
grade 2, from 4 to 8 or 9 days in ice, signs of early spoilage but merchantable; 
and grade 3, more than 8 or 9 days in ice, spoilage evident. The third grade 
is condemned as unfit for human consumption and the first grade is that 
which the inspection procedure seeks to segregate and officially approve by 
permitting frozen fish to be labelled with the maple leaf symbol and "Pro-
cessed under Government Supervision". Standards of freshness, workmanship 
and other factors have been defined ; inspectors are trained in their application 
and, usually working full-time at individual plants, supervise the landing of 
the fish and its processing. 

3. Training the Inspector 
Inspectors are recruited as trainees and undergo a two-year training 

programme. This starts with an intensive course of 3-4 weeks' duration 
consisting of lectures on the chemistry and bacteriology of fish spoilage, 
hygiene, plant design, etc., and the practical grading offish of various degrees 
of freshness. After this course the novice inspector works for the remainder 
of his training period in the various types of fish-plant under the guidance of 
more experienced inspectors. All inspectors have an annual refresher course 
on all facets of fish inspection. 

4. Procedure of Inspection of the Fish 
When a vessel reaches port the inspector goes aboard, ensures that the 

fish are well iced and that different days' catches are not mixed, and with 
the aid of a stowage chart, giving times of catching and where each day's 
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catch is stowed, grades the catch or portions of it as being in grade 1, 2 or 3. 
Grade 3 goes to fish-meal. 

When the fish is landed and is being processed, it is examined again by the 
inspector for workmanship, presence of nematodes, occurrence of bilginess, 
etc. ; he also ensures that the fish is not mishandled, is kept iced and is not 
kept from one day to the next, and that the vessel is properly cleaned for the 
next trip. 

5. Controlling the Inspectors' Standards 
In order to ensure that a uniform level of quality is applied by the many 

inspectors, and also to aid the training and refresher programmes, recourse 
is made to trimethylamine (TMA) determinations on samples of fish graded 
sensorily by the inspectors. 

It has been found that, in general, experienced plant foremen, and latterly 
inspectors, will assign whole cod and haddock and fillets to grades 1, 2 or 3, 
when the trimethylamine content of the flesh is less than 1*1 to 5, and more 
than 5 mg nitrogen/100 g flesh, respectively,160» 18°»181 although it has been 
suggested by Hoogland183 that 7 mg might be a better dividing line between 
grades 2 and 3. It has recently been shown that there are certain differences 
in the grade-TMA relationship between cod and haddock, and between 
fish caught at different seasons of the year.184 A statistical method for deter-
mining the ability of a grader to judge the quality of fish in relation to its 
TMA value has been developed.183 

On the basis of the grade-TMA relationship, the progress during training 
of the inspector is controlled. When he is subsequently operating in plants, 
he sends to a control laboratory frozen samples of fish that he has graded, 
indicating their grade, and the TMA content of these samples is determined. 
Again, it is on this basis that it is found when an inspector's judgment of 
quality begins to fail. A supervising inspector is sent to re-train the inspector 
in the field in the organoleptic grading of fish to the required standards of 
quality. 

When an inspector finds a lot of fish in the plant to be, organoleptically, of 
questionable quality, he immediately places the lot under detention and for-
wards samples to the inspection laboratory for examination by a trained taste 
panel and for TMA determinations. The findings of the laboratory determine 
whether the fish is released or condemned as unfit for human consumption. 

C. U.S. Department of the Interior Inspection and 
Certification Service 

1. Introduction 
This service was started in 1958 with the object of improving the quality 

of fish products on sale in the U.S.A. It operates first by developing detailed 
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standards for various fish products which the industry can use to guide 
production and for trading purposes; second, by providing inspectors to 
maintain continuous supervision of plants, including the raw material, the 
process, sanitary conditions, and the quality of the final product; and third, 
by providing a lot inspection service for the products of plants not under 
continuous supervision. 

2. Standards 
Standards have been developed for the following products: haddock, 

cod, ocean perch, flounder and sole fillets, frozen halibut and salmon steaks, 
frozen fish-blocks, raw breaded fish portions, fried fish-sticks, raw breaded 
and raw headless shrimp, and fried scallops.312'361 The factors considered 
in the standard are appearance, both of the package and the product; the 
degree of uniformity of the individual pieces within the package; the presence 
of defects such as blemishes, bones, bad workmanship; the texture; and 
finally, the sensory qualities, flavour and odour. The relative importance 
which is ascribed to these aspects of a standard in determining the grade of 
the product varies from product to product. 

3. Inspection 
Plant inspection is voluntary and the producer pays for the service. Finished 

products produced under this supervision, after being examined for com-
pliance with the appropriate standard, are assigned a U.S. quality grade 
which the producer is allowed to display on the package. Three grades are 
used, A, B and substandard, based on a points system for the various factors 
included in the standard. Where some form of analysis is involved, such as 
amount offish in a fish stick, the method to be used is given in the standard. 

The lot inspection service arranges to have samples drawn from plants 
not under supervision and these samples are inspected for compliance with 
U.S. grade standards, or with other specifications as desired. Because the 
conditions of manufacture of such products are not known, they are not 
allowed to carry the U.S. grade seal, but they are certified for compliance 
with the appropriate standard. 

D. The Maine Sardine Scheme 

The scheme started in 1954 on a voluntary basis, financed by a voluntary 
levy on the product. In 1957 it was transferred to the supervision of the 
Commissioner of Agriculture for the State of Maine and became mandatory 
for the 40 or so plants in the State. 

1. Sampling 
Full-time State inspectors are in attendance at each plant. They arrange 

random sampling of each production lot by inserting, one at a time, a number 
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of colour-coded can covers into the cover feed of the closing machines 
during the production of a lot, and subsequently retrieving the coded cans 
when they are ready for packing. These cans are then shipped directly by car, 
to avoid deterioration shown to occur in the post, to the central grading 
laboratory and graded within 24 hr of arrival, the result being teletyped to the 
particular plant. The various production lots cannot be released until their 
grade has been ascertained by the central laboratory. 

A sequential procedure is used for sampling production. An initial sample 
of 15 cans per lot is taken, irrespective of the size of the lot. If one or more 
cans are found to be substandard, a further sample of 30 cans is taken. If 
more than 2 substandard cans are found in these 45 cans, and additional 45 
cans are examined and the final decision is made on the total of 90 cans. Six 
or more substandard cans in the 90 cans examined results in a substandard 
grade for that lot. 

2. Grading 
The cans are first examined to determine if they are overfilled and exhibit 

the characteristics of "flippers" or "swells". Such cans can not be graded 
above "standard". The odour, over-all appearance (including specified 
defects), flavour and texture of the fish are then determined, and they are 
scored appropriately according to certain detailed procedures.^62 in addition, 
the drained weight, the proportions of the liquid phase which are water and 
oil and, when a pronounced salty taste is detected, the sodium chloride con-
centration, are determined. 

The basis for standards is "consumer expectancy" and the weightings 
which are given to the various factors were arrived at both by experienced 
canners and by market survey. These two views largely agreed and the 
weightings are as follows : 

Appearance 45 points 
Odour 15 points 
Flavour 30 points 
Texture 10 points 

Total 100 points 

The grade for each can examined is based first on certain limiting factors 
(for example, an underweight can is limited to the "Standard" grade) and, 
second, on the score. Four grades are used : 

"Fancy" 85-100 points 
"Extra standard" 70-84 points 
"Standard" 60-69 points 
"Substandard" below 60 points 
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Finally, the grade for the lot is determined according to a detailed pro-
cedure based on the grades for the individual cans in the sample. For all lots 
graded, an official certificate is provided which contains all the relevant 
information including the grade designation. 
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