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SECTION 1

SPOIIAGE OF FISH PRICR
TO FREEZING

By Charles Butler, Chief,
Technological Section, Branch of Commercial Fisheriesi
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INTRODUCTION

To the qualified wine taster, there is a wide range of aroma,
bouquet, color, and flavor within the upper and lower limit of accepta-
bility. Small wonder, then, that with a food commodity as diverse in
character as fishery products, there is present a similar range in flavor,
aroma, texture, and color. This fact is forcefully brought out when
restaurant managers and home economists attempt to introduce a new product
or a new method of preparation for an established product. Fishery products
that retain these initial desirable qualities provide the consumer with
each of the essential ingredients for an appetizing and completely nutritious
meal.

The delicate and ephemeral aroma and flavor characterizing each indi-
vidual member of the large family of fishery products as a treat unto
itself is a zealously preserved quality in many countries, such as Denmark
where fish often are purchased alive. The lavish care taken to supplement
and enhance these characteristics with expert cookery accounts in large
part for the '"rave" notices Americans give fish eaten there. Without the
supreme initial quality of the fish, the dish is something less than the
Danes are accustomed to expect. By contrast, we in this country have all
too often been painfully aware of the strong odor permeating the apartment
house or private home where "fresh" fish is being fried for the evening meal.

Extensive tests by the Educational and Market Development Section of
the Fish and Wildlife Service have shown that children at school lunch
rooms will overcome a disinterest in fish dishes, possibly developed at
home through lack of proper preparation of quality raw materials, or even
an unreasoned bias developed through disparagement of fish by parents and
companions, when the servings are from high quality materials, tastefully
prepared, and appealing to the eye.

Adults, likewise, have developed a liking for fish dishes through
demonstrations by Fish and Wildlife Service home economists. For example,
at a class of Army cooks and bakers, three lots from the same purchase
of ocean perch fillets were prepared by three different recipes and served
to a taste panel. Questions were asked regarding the particular species of
fish used for each of the three "different" dishes. The participants
expressed approval of the servings, although they had been emphatic in
their dislike for fish before the taste test.

Family groups participating in taste tests at another laboratory
expressed surprise at the excellence of the entree served from frozen

fillets. The chief question was: "Where can I get fish like that to
cook for my family?"

On another occasion, a group of fishery industry executives were
served a luncheon where frozen fillets were prepared as the entree.



First quality fish, prepared with the proper cooking time, seasoned to
bring out--not to mask--the true flavor, and served attractively were so
well accepted that the cook had several offers for a job to open a
restaurant by men who, although in the fish business, seldom found their
product available in such an appetizing form.

It is thus evident that there is a real need for the encouragement
of highest quality fish production. Persons who now eat fishery products
from habit, or for economy reasons, would without question eat them more
frequently if better raw materials were made available. That large segment
of people who seldom eat seafoods at home could be interested if they were
induced to try pan-ready, high-quality products, with a suggested recipe,
thereby making the ordinary homemaker into a skilled chef. The even larger
group of persons who do not eat fish because they do not like it can never
be won over by offerings of inferior servings no matter at what low price.
They can be interested when there is offered something of sufficient merit
to stimulate their appetites. Then comes the opportunity to open up the
wide demand for tasty variety that fishery products are uniquely able to
supply.

This section is devoted to a discussion (1) of the various forms and
pathways of quality deterioration and (2) of methods of minimizing such
losses prior to freezing, in order to obtain a product with the character-
istically pleasing flavor and aroma of freshly caught fish.

CAUSES OF DETERIORATION

The dictionary defines "spoil'" as "to cause to decay and perish or
to become of less or no use, value or the like." There are, in other
words, several degrees or stages in the process of spoilage. Obviously,
no one would be expected to relish fish that had reached the '"decay or
perish" state. For a marketable product, then, we would expect to deal
rather with the "to become of less use, value or the like" category as
the lower limit of acceptability., In practice, this is actually too often
the case, as there may be wide differences in the quality of fish offered
for sale. They may all be edible in the sense that discomfort or illness
will not result from ingestion. Food and Drug inspection may show no
criterion for declaring them unfit for consumption. Yet--somewhere, somehow
--the top quality has been lost.

To be in a position intelligently to preserve and protect fishery
products from this loss, we must have a knowledge of the factors con-
tributing to it. In this section, factors applicable from the point of
capture to, but not including, preservation by freezing will be considered.

Quality loss in fish and shellfish is attributable to one or all
of three principal causes: (1) enzymatic or autolytic action, (2)
oxidative action, and (3) bacterial action. The order of onset for
these, and their relative importance in causing deterioration, may vary



with such allied considerations as species and maturity, and method used
in the capture and in the dressing and icing of the fish. Bacterial
action is generally recognized as the most important cause, but the
interrelation of all three actions will be described as well.

ENZYMATIC ACTION

All living animals--of which fish, mollusks, and crustacea are a
part--derive essential materials for growth and maintenance through the
digestion and assimilation of plants or of other animals. The animal,
to accomplish this task, must break down the food eaten into a number of
constituents that can pass through the walls of the digestive tract.
After mechanical breakdown, as by chewing, chemical breakdown by the
digestive juices and fluids takes over the task. In these fluids are
agents called enzymes, some of which attack fats, others carbohydrates,
and still others the protein portions of the food. When the combined
physical-chemical process is finished, the food can be absorbed into the
body tissues to furnish construction and maintenance materials, energy,
or fat reserves. Within the tissues, other enzymes are available to
draw upon the stored body reserves for maintenance-——or energy-supplying
materials if food materials are not available to the animal.

When the animal dies, the balance between the processes of body
maintenance is upset. The enzymes, instead of acting on the food nor-
mally taken in, continue actively to digest any of the particular types
of materials—such as fats, carbohydrates, or proteins——-which they are
capable of breaking down. The result is the alteration of complex
body tissue to less complex forms--a reversal of the normal process of
digestion, assimilation, growth, and maintenance. Several names are
used to describe this process of breaking down: autolysis, biochemical
changes, enzymatic decomposition. The effect on the tissues begins at
death; the rate and extent of alteration may be only controlled by some
effective preservation method, such as use of heat, cold, or dehydration.

The chief observed effects of enzyme action are the softening of
the fish flesh. In the case of some species, however, such as herring
taken with food in the digestive tract, the autolytic action is so rapid
that the belly walls may be pierced and the visceral mass converted to
a semifluid state. Salmon under similar conditions may develop the
discoloration called "belly-burn" where visceral organs have been in
contact with the abdominal walls. Alford and Fieger (1952) reported
that the spoilage in shrimp, known as "black spot," is enzymatic in
nature. They reasoned that an enzyme reacts in the presence of air to

oxidize the tissue substances and form melanin, with its characteristic
black color.

These enzymatic reactions are intimately related to the mechanisms
of deterioration that are utilized by bacteria. In fact, enzymes are
secreted by the bacteria which act in the same general manner, and
their attack is facilited by the fish-enzyme actions. The unicellular
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bacteria absorb and assimilate the breakdown products formed from the
body of the host by the secreted enzymes. The bitter flavors and
unpleasant odors, characteristic of spoiled foods, are derived from
the breakdown products not absorbed by the bacteria. Fortunately,

the same general rules apply for the minimizing of autolytic and of
bacterial action in fish prior to freezing. They will be described in
detail as part of the section on bacterial action.

OXIDATIVE ACTION

A second cause for deterioration in quality of fish prior to
freezing results from oxidation and rancidity. Here again there is
overlapping with enzymatic and bacterial activities. The fish contains
fatty tissue that is protected during life by counterbalancing agents.
At the death of the fish, the fat is attacked by the enzymes that are
capable of doing so. Bacterial enzymes likewise react with the fat
in the moist tissue. Usually, however, the bacterial action on the
protein of the fish so rapidly produces undesirable odors and flavors
that those developed as a result of the deterioration of the fat may
be masked or of lesser importance, at the iced-fish stage. If, however,
high quality fish is frozen, the slow but continuing oxidation and
development of rancidity may then become a more serious problem. For
example, even fish of very low oil content, such as cod or haddock,
will develop the so-called "salt-fish" odor in frozen storage. At the
other extreme, very fat fish, such as herring, may exhibit these changes
after only a few days in ice. Once a fatty fish is frozen,the exposure
of fat to the air during storage may result in surface oxidation of
ma jor significance in the development of the bitter flavor, the tallowy
feel in the mouth, and the paint-like or "salt-fish" odor so charac-
teristic of oxidized fish oil.

In summary, the oxidation and rancidity of fats can be caused by
the single or combined action of tissue enzymes, bacterial enzymes, and
exposure to air. The degree of susceptibility among fatty fish varies
with species: mackerel, herring, and some of the salmon are quite
vulnerable, whereas sablefish are quite resistant. Fish of relatively
low fat content, such as cod or haddock, may develop rancidity, although
at a much slower rate. Oxidation, besides causing rancidity, can cause
other changes in fish. The fading of pigments that is observed in
salmon or ocean perch and the development of off-color, such as in the
yellowing of halibut and the browning of haddock, are results of oxida-
tion.

Again, as in the case of enzymatic action, the same precautions—
to be described under the following section on bacterial action--will
serve to minimize the undesirable changes attributable to oxidative
action in fish prior to freezing.



BACTERIAL ACTION

Bacteria are usually the most important causes for deterioration
in fish, as in other protein foods. They are present in air, water,
and soil in innumerable forms, shapes, and species, each with a charac-
teristic method of attacking which, although we do not see the organism
with the naked eye, can be noted by the odors, flavors, or colors im-
parted to material on which they are acting. The effects of bacteria
on fish may be described at three principal stages in the taking and
processing prior to freezing: (1) in the water, (2) aboard the vessel,
and (3) at the shore plant.

Bacteria in the Water

Since bacteria are present in water, the natural environment of
fish, we may expect to find bacteria on exposed surfaces. The normal
fish, for example, may have a heavy population of bacteria on its skin,
gills, and alimentary-canal surfaces. As long as the fish is in robust
health, with no major breach in the skin tissues, which act as a barrier
to attack, the bacteria can be kept from doing any serious damage. At
death, however, the fish ceases to maintain the barriers to bacterial
assaulte. Its tissues offer excellent material upon which the bacteria
can feed. Enzymes secreted by the bacteria begin at once to liquify or
digest the surrounding tissue so that the bacteria can absorb needed
components of the tissue. The type of spoilage observed will be in
large measure that attributable to the changes in the tissue caused by
the attack of specific types of bacteria and from the byproducts gen-
erated by these bacteria when feeding on the tissues. The extent of
spoilage is determined, in large part, by (1) the initial load of
bacteria, (2) the temperature of the fish flesh, (3) the lapse of time,
post-mortem, and (4) the type of sanitary procedures practiced.

Many of the fresh and frozen fish of commerce are taken in water
at temperatures not very far above freezing: for example, cod at 35°
to L4.6° F., haddock at 37.2° to 50° F., and halibut at 32° to 39° F.
The bacteria adapted to these temperatures may be expected to continue
their destructive activities on these fish after death, so long as the
temperatures of storage are not low enough to provide an unfavorable
envirorment. In the case of meat products, the normal bacterial popu-
lation is adapted to growth at temperatures in the range of 101° to
107° F. The use of chill storage at 32° to 36° F. has a more pronounced
retarding effect on these bacteria. The spoilage of fish is, therefore,
a more difficult process to keep in check than is that of fresh meat
productse.

Although shrimp are taken in relatively warmer waters than are cod
and haddock, Fieger, Lewis, and Green (1947) found few bacteria present
as the catch was brought aboard the vessel and attributed spoilage
largely to bacterial contamination and growth on board the vessel and
ashore. Again, on shrimp, Williams (1949) found that cold-loving



bacteria were less abundant but that types normal to bottom muds were
present.

The presence or absence of food in the alimentary tract of fish
may also account for the presence or absence of bacterial populations,
according to studies of some workers. Thus, it is probable that the
bacterial load in the intestinal tract has been, at least in part,
introduced from contact with and feeding on detritus or other animal
life found in the bottom muds.

Studies of fish and other sea animals indicate that the number
and type of bacteria found at time of capture varies with season,
locality, species, water temperature, and method of capture. Analyses
of sea water—taken at the surface, the mid-water, and the bottom
levels in areas of fishery activities--gshow that the heaviest bacterial
population is found in the bottom mud. We would expect that bottom-
feeding species, such as those caught in the trawl fisheries, would
have a large bacterial load. This inference is correct, but the effect
of the gear enters into the problem, too. As the fish are often
squeezed by weight of the mass in the trawl hoisted on deck, the con-
tents of the intestines are expressed, adding to the contamination
contributed by the skin and the gill-surface bacteria. This fact is
corroborated by a comparison of bacterial counts of identical species
of fish, such as cod, taken by trawling and by hand-lining. The
latter, landed singly and with relatively careful handling, have a
lesser bacterial load. Environmental differences may be shown from a
comparison of the high bacterial loads of bottom feeders, such as cod,
with the lower incidence for surface feeders, such as herring.
Seasonal variations within the same species and the same gear category
were found on haddock from the same grounds, the highest bacterial
counts being in mid-summer for five successive years, according to
Reay and Shewan (1949).

Bacterial Problems Aboard the Fishing Vessel

The effects of bacterial action may vary considerably, depending
on the species of fish, the form in which they are landed, and the
methods employed to protect quality. Some fish, such as mackerel or
herring, caught close inshore may be stored on the vessel in the
ungutted condition and without icing. Other fish taken in day fisher-
ies by netting or trolling may be eviscerated, but not iced. Shell-
fish, such as oysters or clams, may be brought aboard and stored uniced
in the shell.

For these round fish, careful washing in clean water, storage in
clean boxes or shallow pans, minimization of damage from exposure to
excessive pressure, and prompt protection from the sun and air tempera-
tures will assist in keeping down bacterial action. Eviscerated fish
can be carefully checked to insure removal of all visceral parts and
blood, thoroughly washed in clean water, and promptly stowed out of the



sun and with the belly cavities down to promote free drainage of wash
water. Shellfish must be very thoroughly washed free of mud and debris,
promptly placed in clean storage space out of the sun, and preferably
kept moistened with clean seawater.

Icing of fish is not a cure-all for quality preservation, but it
does offer a considerable measure of protection from bacterial action.
The importance of prompt and proper icing cannot be overstressed. Iced
cod have been reported by Castell (1949) to spoil twice as rapidly at
37° F. (a common meat-chilling-room temperature) as at 32° F. Since a
temperature drop of 5 degrees can reduce the rate of spoilage by 50
percent, it is very important to bring fish, after capture, rapidly to a
suitable chill temperature of 32° to 34° F. Fish that can be kept for 14
days and still be edible at 32° F. can be kept for only L3 days at 50° F.
and for only 1% days at 69° F.

Another reason for chilling fish rapidly is that the growth of
bacteria goes through a lag phase or induction period, which increases
in duration as the temperature of the flesh is lowered. In the case of
Pseudomonas fluorescens, the lag phase is extended from 1 day at 52° F.
to 4 days at 32° F. and to 6 days at 27° F.

The storage life of fish held at high temperatures for even a short
time before icing is greatly reduced. Fish freshly caught and stored at
69° F. for 16 to 18 hours kept only half as long at 32° F. as did fish
chilled to 32° F. immediately after they were caught.

Fish have different keeping qualities depending on species, season,
and method of catching. Cod, haddock, flounder, and Norwegian winter
herring keep for 12 to 15 days in good condition when chilled to 32° F.
immediately after being caught. Pelagic fish with feed, dead shellfish,
and those bruised and squeezed in catching spoil rapidly, even when iced.

Fieger, Green, Lewis, Holmes, and DuBois (1950) found that, with shrimp
headed and properly washed on capture and then carefully iced, bacterial
loads on the shrimp at the top of the pen section were of the order of 1
as compared with 100 for the shrimp on the bottom of the same pen, after
7 days' storage.

Campbell and Williams (1952) found that, with iced shrimp packed to
facilitate rapid and direct removal of accumulated water from melting ice,
the bacteria present actually reduced in number, after 8 days, but
increased, after 12 days, at which time the quality also began to deteri-
orate.

In summary, icing aboard the vessel can be used to decrease bacterial
action by use of bacteria-free ice for prompt, adequate, intimate, and
continuing contact on all surfaces of the fish. This means, in essence,
reduction of fish temperatures to as near 32° F., as possible, immediately
after capture, and the maintenance of these conditions for as long as the



ice is needed to protect the fish.

Fish frozen at sea and stored under refrigeration have essentially
the most protection possible from the deteriorative action of bacteriae.
The reasons for this effect can be shown by reference to the work of
Bedford (1933). The range of temperature for development of marine
bacteria is 18.5° to 80° F. Optimum growth occurs at 40° to 68° F.
Bedford's extensive report on this subject presents data on 71 strains
of bacteria isolated from sea water. Sixty-five grew at 32° F., 22
grew at 25° F., and 10 grew at 18.5° F. Most of the biochemical
activities of marine bacteria continued steadily as the temperature
dropped to 32° F. Many grew but could not produce enzymes at tempera-
tures down to 21° F. It can therefore be seen that, below freezing,
bacterial activity as a cause of spoilage is somewhat limited.

A differential count of bacterial strains by Haines (1934) showed
that Staphylococci ceased growing below 50° F.; most strains of
Escherichia coli, Bacillus proteus, and Micrococci did not grow at 32° F.;
some strains of Bacillus proteus were capable of growing at 32° F.; many
strains of Achromobacter, Pseudomonas, and various yeasts grew rapidly
at 32° F., and down to 20° F., on unfrozen media. Thus although some
strains of bacteria may continue to grow at the lowest possible tempera-
ture (32° F.) of iced fish, their activity drops off sharply as freezing
takes place. In the freezing-at-sea studies carried on by the Fish and
Wildlife Service laboratory at Boston, Massachusetts, brine at 5° to 10°F.
was employed, with frozen storage at 5° F. for further protection of the
fish en route to shore. Green (1949) reported a 62-percent reduction in
bacterial counts on shrimp after 2 months' storage at 0° F. Although no
direct bacterial counts were made on the fish frozen at sea in Boston,
the organoleptic evaluations of these fish, at intervals over a 9-month
storage period, did show that deterioration from bacterial action was
either slight or nonexistent.

Bacterial Problems at the Shore Processing Plant

Fish protected aboard the vessel by careful handling, thorough icing,
and good sanitation practices are next subjected to hazards of bacterial
contamination during unloading, sorting, and processing ashore. The same
factors need to be considered here: namely, time, temperature, care, and
sanitation. There are, however, differences introduced in degree and kind
at this stage in the handling of the product.

In the transfer from vessel to plant, the use of unclean baskets,
boxes, tanks, conveyors, or other equipment, or the inserting of tines of
the fork into the edible portion of the flesh offers opportunity for con-
tamination. If the fish are allowed to remain longer than the absolute
minimum time unrefrigerated prior to the next processing step--and at all
intermediate stages--bacterial growth is rapid. All equipment coming in
contact with the fish should be kept free of flesh particles and of slime.
The use of a good detergent to remove soil, followed by a wash-down with
water containing 25 p.p.m. of residual chlorine, is an acceptable pro-
cedure.



Fish unloaded from the vessel should be thoroughlg reiced, then held
in a mechanically refrigerated cooler at about 30° to 32° F. in the shore

plant until the trans-shipping or processing can be started.

Processing at the shore plant can result in serious bacterial con-
tamination arising from contact of the fish with wood or metal surfaces,
tools, gloves, or hands of workmen on which bacteria may be picked up
through (1) expressing of liquids from the fish intestines, (2) growth
of bacteria in slime and in flesh particles strewn about the work surface
and not frequently washed away, (3) use of polluted water for washing,
or (4) unacceptable personal sanitation habits of the workers. Castell
(1948) found from studies in filleting plants that the major portion of
bacteria causing spoilage at iced temperatures were brought into the
plant on the fish themselves. Here again, the effective weapons against
bacterial deterioration are low temperatures, cleanliness, and rapid
handling. The following are some of the measures that should be taken
to minimize bacteria in the processing of fish fillets and shellfish.

The processing of fish fillets and steaks.--Fillet-plant operations
to protect the fish against bacterial action have been described by
Hurley (1948). He found that the use of water containing 5 p.p.m. of
residual chlorine at all stages from fish washer through the filleting
line decreased the bacterial load of the fish by as much as 2,000 times
over the previous methods. He also recommended use of water containing
25 pepem. residual chlorine for general plant clean-up at the end of
each day.

Bacterial control in steak-preparation operations would differ
principally in that the skin left on the fish should be even more care-
fully freed of slime and bacteria. Any protracted lag between the cut-
ting of the steaks and the packaging and freezing stages could offer an
excellent opportunity for continued spoilage.

The processing of shellfish.—Shellfish problems with bacterial
spoilage are somewhat different from those for fish. Shrimp, taken
usually many days from port, must be protected on the vessel.

Ashore, continued sanitation, proper reicing, fast handling, and process-
ing by either cooking or freezing is essential to keep the quality of
shrimp landed.

Scallops are usually shucked at sea and require essentially the
same precautions as do shrimp.

Oysters, clams, and mussels are in a somewhat special category,
since the U., S. Public Health Service, in cooperation with the states,
has set up recommended practices for sanitation in the harvesting,
shucking, and packaging of these shellfishe. A manual describing the
approved procedures may be obtained from the U. S. Public Health Service.
Essentially, the problems are maintenance of low temperature and sani-
tation, but with products that grow in inshore areas, the possibility
of pathogenic bacterial contamination is added to that of spoilage.
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Crabs, too, pose serious bacterial problems. The crabs, when
steamed, may be sterile, but good sanitation is essential to minimize
bacterial contamination during the cooling and hand-picking stages.

The use of chlorinated water for plant sanitation, frequent inspection
of workers for health and for compliance with good personal sanitation,
and rapid packing and chilling or freezing of the picked crabmeat can
materially assist in producing an acceptable product.

The packaging of fishery products.--For fish or shellfish that are
to be frozen, the packaging materials must be clean and free of bacteria.

They should be sufficiently watertight to preclude recontamination of
the product once it is packaged. The product to be packed should be at
50° F. or lower when packed, and the packages should be promptly frozen
thereafter, to at least 0° F. at the center of the product.

When packaging fish for the fresh-fish trade, proper care must be
exercised so that all the good work that went before will not be lost
through spoilage at this stage. The fish must be chilled to 32° F.
before it is packaged. MacCallum (1949) showed that the temperature of
fish boxed at 50° F. and stored in ice had dropped to 44° F. only after
18 hours. The primary reason for the icing of fresh-fish shipments is to
maintain the desirable low temperature. The container should, at the
same time, protect the fresh fish from recontamination due to seepage of
ice water or to other possible sources during transport.
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SECTION 2

HANDLING OF FISH ABOARD THE VESSEL

By John A. Dassow, Assistant Chief,
Pacific Coast and Alaska Technological Research#
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HANDLING PROCEDURE

The quality of landed fish depends primarily on the care and
promptness with which they are handled and stored aboard the fishing
vessel. If they are to be held fresh aboard the vessel for more than a
few hours, the fish, whether whole or gutted, should be stored in crushed
ice or other cooling medium. The best procedure for handling is as fol-
lows: (1) remove the fish from the water promptly after catching; (2)
wash trawl-caught fish to remove mud, sand, or debris; (3) sort various
species or sizes, as required; (4) remove gills and viscera from larger
fish (for example, cod, halibut, and salmon) and wash the fish with
clean water; (5) store the fish in sufficient crushed ice or other cool-
ing medium to maintain them at approximately 32° F., allowing for proper
drainage in ice and avoiding excessive weight on the fish. If these
steps are carried out carefully and promptly, fish of optimum quality
are obtained, and subsequent deterioration is minimized. Crowther
(1951) pointed out that the secret of fish preservation is to make sure
that favorable conditions for bacterial growth, such as high tempera-
tures (those above 32° to 36° F.), do not exist.

For the proper production c¢f fish from an offshore resource,
three essentials are necessary: (1) a method of catching the fish,
(2) a vessel for transporting the fishermen and fishing gear to and
from the fishing grounds, and (3) a means of returning the fish to
the dock in marketable condition. As fishing methods have gradually
been developed and brought to a high degree of efficiency, the various
effects of the fishing methods on the quality of the fish have becoms
recognized, There follows a more detailed account of the principal
factors considered of importance in the delivery of fish of optimum
quality by the tirst point of landing by the fishermen.

EFFECT OF FISHING METHODS ON QUALITY

There are two basic commercial methods of catching fish: (1) use
of a net to surround or enmesh the fish and (2) use of a hook with
bait or an attached lure. These gear may be fished at the surface or
in deep water and may be fixed (that is, set at a definite location)
or moving. Many variations of each method are used, but over 90 percent
of the total fisheries catch is obtained by the use of one or the other.
Stansby (1952) has pointed out that methods which permit the least
alteration in the fish during the act of catching provide fish of the
best keeping quality.

In considering the effects of the fishing method on the quality of
the fish, the following are important:

(1) Manner of death. It is well known that an animal killed sud-
denly and cleanly will be in better condition than will one that dies
slowly, possibly struggling a long time in the process. Certain types
of fishing gear are superior to others in this respect. In trolling or
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in tunma-boat fishing with hook and line, the fish is caught and promptly
brought into the boat, where it is killed, bled, and dressed soon after.
In a seine or gill net, the fish may become very excited, struggle, and
die in a frenzy. Such fish go through rigor mortis prematurely, and a
diminished keeping quality is the result.

(2) Interval between time of catch and time fish are removed from
the water. If the interval between the time of catching and the time
the fish are removed from the water is long, the fish will die before
being taken aboard the vessel, and spoilage will have already commenced.
With some types of gear, death may occur shortly after catching; for
example, the fish in a gill net often suffocate. In the trawl fishery,
most of the fish may be dead when brought on deck, owing to crowding of
the fish in the net, especially while the net is being raised to the
surface of the water and lifted aboard the vessel. If the fish are not
crowded in the net, as in a pound net or large seine, they may be held
in good condition and removed at a time when they can be handled con-
veniently or when it is thought to be most suitable. Sardines, for
example, are sometimes left in the net until their intestines are empty.

(3) Water temperature. If the fish die in the gear before their
removal from the water, the temperature of the water is very important.
In southern areas where water temperatures of 75° to 85° F. are common,
fish may spoil before they are removed fram the gear, in instances of
long delay. In the cooler northern waters, where temperatures of 45°
to 50° F. are common, the danger of spoilage, if the fish die in the
water, is not so great.

(4) Selectivity of gear. With seines, trawls, and gill nets,
specific species or sizes of fish may be taken because of mesh-size limi-
tations. The smaller fish of a given species tend to spoil more rapidly
than do the larger ones (Stansby 1952): for example, small tuna spoil
faster than do large tuna. In trawl fishing, the use of a larger mesh
may exclude both young or immature fish and species of small fish of no
commercial importance.

(5) Biological factors. Some types of gear, such as that used in
salmon trolling, are designed to take fish when they are feeding actively.
Other types, such as salmon gill nets, are designed for the same species
but are used in locations where fish are not feeding. Considering the
effect of sexual maturity, and again using salmon as an example, trol-
ling gear will take fish far from the spawning grounds in the open
ocean. Such fish taken by offshore salmon trollers are in prime condition.
The same fish taken several weeks later by a gill net at the mouth of a
river will no longer be of the same high quality.

Along with the effect of the fishing methods on quality, the dif-
ferences among the various species or groups of fish in relation to
handling problems have also been recognized.
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RELATION OF FISH SPZCIES TO HANDLING METHODS

As was pointed out in the section on spoilage, the basic character-
istics of fish make them highly wulnerable to loss in quality during
handling--much more so, for example, than is beef. The resistance of
fish to spoilage and the handling ani storage methods employed on the
vessel vary according to
the species andi to the par-
ticular fishery.

Groundfishes

Cod (Gadus morhua,
Gadus macrocephalus), ocean
perch (Sebastes marinus,
Sebastodes alutus), whiting
(Merluccius bilinearis),
hadidock (Melanogrammus
aeglefinus), flounder
(Pseudopleuronectes and re-
lated genera), hake (Urophycis
sp.), and pollock (Pollachius
virens) are the most important
species of groundfish. These
Pigure 1.-=-Dumping a load of groundfish inhabit the bottom of the
aboard a North Atlantic trawler, ocean and are caught through-
out the year in the New
zngland trawl fishery. Three
of the group--cod, ocean perch, and flounder--are also taken in the North
Pacific trawl fishery.

As a group, the fish
are similar in that they
are lean fish, caught
in a trawl, dumped on deck,
sorted as to size ani spe-
cies, iced in pens parti-
tioned in the hold of the
boat, landed mostly 5 to 12
days after being caught,
and usually filleted and
skinned for marketing.
Some, such as whiting and
ocean perch on the Atlantic
coast and most bottom fish
on the Pacific coast, are
iced in the round, whereas
other fish in the group
are gutted aboard vessel
before being iced.

Tigure 2,--Putting trawl bag nack over the
side at'ter discharce of a lozd1 of sronni-
fish,
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Figure 3.—A load of groundfish aboard a
North Atlantic trawler. The fish are
ready for sorting, dressing, and icing.

Feeding activity and
sexual maturity of the fish
at the time of catching
influences the quality and
the handling methods. For
example, "feedy" fish must
be gutted shortly after
being caught, to minimize
softening of the belly
wall. Since small fish
tend to lose quality more
quickly than do large fish,
the small fish require a
higher ratio of ice. They
are placed in separate pens
or in the top iced layers
to minimize crushing and
excessive shrinkage. This
practice of icing small
fish separately is espec-
ially true of scrod had-
dock and cod.

Figure 4e.=—Unloading groundfish from a North Atlantic trawl-
er. Note that the ice is removed along with the fish
and that the pen boards have been removed and stacked on

deck to be washed.
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Hake and pollock are softer in texture as compared to cod and had-
dock, and will not keep as well in crushed ice. On the Pacific coast,
hake and arrowtooth flounder are two species not commonly fished, because
of their soft texture and of their poor keeping quality. Only a few
species of Pacific rockfish are taken, since most rockfish species have
poor keeping quality in frozen storage.

Occasionally unknown environmental conditions on certain fishing
banks greatly affect the quality of the fish, and the fishermen must
either move to other banks or risk taking a loss in their catch. Several
of these conditions along the Pacific coast are chalky halibut; slimy
or soft-bellied sablefish; greenish-colored flesh in pointed-nose
flounder; occurrence of abnormal flavors, like iodioform, in flounder;
and excessive numbers of parasites or flesh worms in cod and rockfish.
Both the fishermen and the fish buyers recognize these special quality
problems, which are minimized by inspection both aboard vessel and
ashore.

ibut

Although properly a member of the groundfishes, the Pacific halibut
(Hippoglossus stenolepis) deserves separate mention because the fishery
differs in ma jor respects. The halibut are large fish, ranging to over
80 pounds, and are found in the cold bottom waters of the North Pacific.
In accordance with regulations of the Intermational Pacific Halibut
Commission, halibut are caught only on baited long lines laid along the
ocean bottom and cannot be taken by means of a trawl. The seasons and
area catch limits are regulated yearly. The halibut, after being caught
on a long line, are brought over the rail of the fishing vessel, taken
off the hook, and then placed in the "checker™ on the deck for dressing.
The belly wall is slit, the viscera are removed, the gills are cut away,
and the halibut, with the head and nape still intact,are passed into
the hold for icing.

Ice is packed in both the belly and gill cavities after which the
fish is laid on a bed of ice in the bin so that the water fram the melt-
ing ice will flow around and away from the fish. It is important that
the fish be laid so that any water in the belly cavity drains away from
the fish and does not form a pool of blood and slime along the dorsal
part of the cavity. Otherwise, halibut become sour smelling. Ample ice
is placed around the halibut, with care being given to provide extra ice
adjacent to the sides of the vessel and to the pen partitions. This
practice avoids exposure of the halibut to the air as the ice melts.

Sablefish

Sablefish (Anoplopoma f{imbria), which are another of the species
of groundfish, are caught in the North Pacific along with halibut.
Sablefish, however, differ from other commercial species of groundfish,
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in having a high oil content. The sablefish are dressed and iced in
the same way as are halibut except that the head, which is large, is cut
offe Although rich in oil, sablefish keep well in ice, showing but
little tendency to become yellow and turn rancid.

Salmon

Pacific salmon (Oncorhynchus sp.) are caught by means of seines,
gill nets, traps or pound nets, and trolling gear. Nommally, the salmon
taken by seines or nets are caught fairly close to the cannery or cold
storage and therefore ordinarily require no refrigeration aboard the
vessel, As is discussed later, the use of refrigerated sea water has
been tried successfully for holding cannery salmon, where more than a
day's delay is involved in delivery of the vessels catch to the cannery.

Figure 5.—Removing salmon from a drift gill at the mouth of the Sti-
kine River in southeastern Alaska.

Trollers, on the other hand, fish commonly for a week to 10 days
for their king and silver salmon catch, and handling and icing is an
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Figure 6,--Unlnading salmon taken by purse seine gear near the San Juan
Islands in Washington. Since these salmon were caught close to the
cannery, refrigeration was not necessary.

important part of their job. As the salmon are taken from the water,
they are stunned by a sharp blow on the head and are lifted into the boat
with a gaff hook. The salmon, soon after being caught, are bled and
gutted, and the gills are removed, leaving the nape uncut just below the
pectoral fins, This procedure keeps the belly walls closed during

handling and icing, and minimizes unnecessary exposure to air. A blunt
implement is used to remove the kidney or blood clot, which lies below
the backbone in the belly cavity. Excess blood is wiped away, and the
salmon are iced similarly to halibut, using ice in the belly and gill
cavities with ample ice outside and placing the salmon to allow free
drainage of water, blood, and slime away from the fish.

It is important that exposure of the salmon to air be prevented by pro-

tecting them with melting ice; otherwise,yellowing of the cut belly flesh
and flesh around the nape will occur. Larger king salmon (from 15 to 40

21



pounds) must be handled with special care to avoid breaking the flesh
along the backbone and to keep the skin and scales intact. This careful
handling is important if the salmon are to meet the grade standards of
the high-priced mild cure salmon destined for later smoking.

Tuna

Only a relatively small amount of tuna is iced aboard vessel, as
most tuna are caught far offshore by bait boats and must be frozen for
preservation during a trip of 2 to 3 months. Handling and freezing of
tuna at sea aboard bait and seine boats are discussed in section 1,
Fishery Leaflet 430.

Tuna caught closer inshore by the trollers are often iced for 1 to
2 weeks before being delivered to the cannery. The tuna for cannery use
are not bled or gutted. After being caught, they are left on deck until
a slack in the fishing intensity allows time for icing. The best prac-
tice is to keep this delay to a minimum and to less than 6 hours in any
case. Many boats have their holds partly cooled with overhead refrig-
erated coils or plates to lessen losses in ice during warm weather or
long trips. The use of mechanical refrigeration as an ice awdliary is
discussed later in this section.

GOOD "HOUSEKEEPING" ABOARD THE VESSEL

Fish buyers know from experience that, under comparable conditions,
the cleanest boats bring in the best quality fish. "Good housekeeping®
aboard the vessel is associated with careful handling methods because
the fisherman who keeps the fish hold, gear, and deck clean is apt to
be quality-conscious when he comes to icing his fish. Contamination
from any source will affect fish quality. Dirt, slime, fuel oil, rust,
grease, blood, scales, and bits of viscera and flesh must be removed and
washed away constantly in order to keep the deck and the hold clean.

The problem of sanitation and housekeeping aboard a boat depends
greatly on its design and construction. A little thought and work during
the off season can often be used to good advantage for the improvement
of sanitation on many older boats. The use of concrete, mastic, or metal
(corrosion-resistant types) to eliminate the hard-to-clean corners in the
hold saves many hours of labor and cleaning during the busy season. In
recent trials, aluminum alloys have been found satisfactory for con-
struction of the lining, stanchions, shelves, and pen boards in the
holds of large trawlers (Plummer 1950). On sound wood, there is no sub-
stitute for a smooth paint job, using one of the many improved marine
finishes now available. To avoid a sour-smelling hold, soft or "logy"
wood should be replaced or repainted. Bilges should be cleaned frequent-
ly during the fishing season, using a good detergent or bilge-cleaning
compound to remove accumulated dirt, oil, and slime. Pen boards should
be scrubbed and allowed to dry after each trip. Metal pen boards of
corrosion-resistant aluminum have been introduced and save much effort
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in maintenance, although the higner initial cost compared to wood must
be considered.

i T RO

Figure 7.--The fish bins in the hold of a North Atlantic trawler after
the fish have been taken ashore. Note the removable pen boards on
the transverse partition. The smooth liner in this vessel makes it
easier to wash down the hold after the fish and ice have been re-
moved.

Deck areas used for sorting and cleaning fish should be scrubbed
frequently. If possible, the sorting deck should be used only for fish
and not for deck gear because fish thrown against rough corners or pro-
Jections will bruise and blood clots in the flesh will result. Nets,
lines, and miscellaneous fishing gear should be cleaned and preserved
properly, not only as a matter of housekeeping, but also to insure long
life for the gear.
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Although the cold-storage plants prepare the ice from clean potable
water, ice can be contaminated with dirt or bacteria during crushing and
delivery at the dock and during handling aboard the vessel. Since the
ice comes in intimate contact with the fish, it must be kept clean.

Shovels and scoops should be cleaned at frequent intervals, and gloves

should be washed often and rinsed in chlorinated water if used over long
periods.

Personal cleanliness on the part of the fisherman is essential. As
a primary handler of a food product, he bears great responsibility.

SORTING, DRESSING, AND WASHING FISH ON DECK

In the troll and set-line fisheries, sorting is continuous as the
fish come over the rail. If the catch is plentiful, the fish are placed
in checkers according to size or species and held until there is a lull
in the fishing, when the fish can be dressed and iced. These fish are
generally handled quickly, and the delay on deck is of only short duration.

Figure 8.—Bringing a king salmon aboard a troller in southeastern

Alaska. Note the "checkers" or sorting bins immediately in front of
the fisherman.,
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In the trawl fishery, sorting is often a problem, since the fish
are caught in large quantities and are dumped all at one time on the
deck. Such items as logs, starfish, scrap fish, shells, and mud are
often included with the desired fish. In addition to the sorting of
the market fish from the unwanted material, different species and sizes
are separated for icing. Since small fish are more difficult to keep
in good condition than are large ones, the small fish are commonly iced
in separate pens. Some species of trawl fish such as hake and pollock
are soft, and they spoil more readily than do other species of a compar-
able size. Thus, they should also be iced separately.

If the fish have
considerable mud or
debris on them, they
are usually washed
with clean water,
preferably drawn by
pump while the vessel
is running. Harbor
water should not be
used, since it is often
contaminated with oil,
sewage, Or garbage.
During the sorting and
washing operations,
many of the fish will
still be alive, and
care should be taken
not to bruise them.

In any case, the fish
should not be stepped
L on or thrown bodily.
‘Q""“‘“‘\\x,\(\\&@({' WeE The use of a chute to
T S transfer the fish to
Figure 9.—Dumping a catch of mixed bottom :23 Zﬁiiii:tszegigzﬁle
fish aboard a trawler off the Oregon coast.

: 5 ping them. The fish,
The catch is mostly rockfish. after death, are not

as susceptible to
bruising, but they still must be treated with care to minimize crushing
or tearing of the flesh. Pews, forks, and fish hooks are handy for
sorting fish, but they must be used with skill. The fish should be
pewed only in the head, since a hole in the flesh introduces slime and
bacterial contamination. The flesh under the skin of live healthy fish
is almost free of bacteria, and any contamination introduced after
landing will therefore shorten the storage life of the iced fish. For
this reason, it is better to sort the market fish by hand whenever
practical.
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If a delay between the time the fish are landed and the time they
are iced is unavoidable, care should be taken to see that the fish are
protected from spoilage. If the sun is shining and the deck is hot, for
example, the fish should be either covered with a tarpaulin or kept cool
and wet with clean sea water. When the fish are iced, small fish and
the more perishable species should be handled first.

The following factors are important in determining whether or not the
fish should be dressed:

(1) Time between catching and laniing. Fish held for more than a
few days in ice are usually dressedi. With fish that spoil readily or
with those that are feeding actively, the fish should be dressed immediate-
ly; otherwise, softening of the bzlly wall (belly burn) may be very rapid.
This softening is caused by the stomach enzymes, which remain highly
active after the death of the fish.

(2) 3ize. Large fish, in comparison with small ones, require less
time to dress per unit of weight, ani fewer are usually caught for a
given day's operation. Small fish are tedious to dress by hand and, in
many cases, are impractical to eviscerate because of the great number
in the catch. Large fish cool slowly in ice, and dressing exposes more
area to the cooling effect. Hence iressing becomes a matter of cooling
efficiency as well as preventing belly burn.

(3) Industry requirements. MNany plants prefer fish in the round,
since automatic machinery is used for the dressing ani washing operation.

(L) ZEconomics. The economic return to the fisherman may not justi-
fy the extra labor of dressing. In some cases in the past, the demand
for the fish has exceeded the supply. Under these conditions, buyers
have been reluctant to insist on extra measures in handling.

At present, custom dictates the practice in some fisheries. Large
buyers or companies may specify the handling procedures, including
dressing. .ispecially in the trawl fishery, the practice varies from one
section of the worli to another, depending on local custom, regulations,
or buyer's specifications. After the fish are dressed and before being
iced, they should be washed free of blood with clean sea water. In
some fisheries, this preliminary washing is omitted, since the fisherman
believes that the subsequent bathing action of the melting ice during
stowage in the hold removes the blood and superficial slime. This
belief is not entirely correct, even for properly iced fish. Stuiies
with gutted cod on the Atlantic coast (Dyer, Dyer, and Snow 1947), for
example, have shown that the muscle along the backbone becomes contaminated
both from the skin and from the large blood vessel or kidney lying Jjust
below the muscle, next to the belly cavity. Thorough cleaning and washing
of the gut cavity reduce the extent of this contamination ani minimize the
rapid growth of bacteria. This decrease in bacterial growth in turn helps
materially to improve the quality of the landed fish.
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FRESH-WATZER ICE

Keeping Time

One of the most important facts to bear in mind concerning the use
of ice for preservation of fish is that spoilage is only retarded, not
stopped. Under proper conditions of handling, fish such as prime halibut
may be preserved in ice for 8 to 12 days before a noticeable lessening
in quality occurs. Cod similarly iced will keep well for over 7 days.

On the other hand, bottom fish left on deck for 12 to 18 hours and iced
improperly in a deep hold without the use of shelf boards may show
appreciable loss in quality after only 4 to 5 days.

How Ice Aids in Preservation

Ice, when properly used in adequate amounts, aids in preservation
in two ways: (1) the temperature of the fish is lowered to approxi-
mately 32° to 36° F., which slows the bacterial and the enzymatic
changes; and (2) the melting of the ice bathes the fish in clean cold
water and, with proper stowage, washes away considerable slime, blood,
and bacteria. The resulting contaminated water accumulates in the bilge
of the boat and, at intervals, is pumped overboard.

Insulation

Every pound of ice, on melting, absorbs 144 B.t.u. of heat from its
surroundings. This absorption of heat is sufficient to lower the tem-
perature of 19 pounds of fish 10 degrees Fahrenheit (assuming that the
fish has a specific heat of 0.760 and that no external heat were absorbed
in the process). In actual practice, the heat transfer from the boat
hold and air equals or exceeds the heat transfer from the fish. Dunn
(1946) showed that, on a é-day trip, the heat gained by a trawler nold
with a capacity of 100 tons of fish and 30 tons of ice caused about the
same amount of ice to melt as was required to cool the fish. This trans-
fer of heat demonstrates the desirability of insulating the hold, which
would make possible the saving of a substantial quantity of ice during
long trips.

Ice Contamination

Chlorination is recommended for treatment of the water at the ice
plant to insure that only sterile ice is produced. Unfortunately,
during storage, crushing, and handling, ice can become contaminated with
bacteria, which in turn contaminate the fish and accelerate the bac-
terial spoilage (Castell and Triggs 1953). In addition, ice becomes
contaminated in the hold from the drainage of fish packed above it. For
this reason, unused ice should be discarded at the end of the trip, and
the hold should be washed before new ice is loaded.
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Subcooling

In the best practice, ice is subcooled to about 0° to 10° F. during
cold storage at the ice plant. Such ice on being crushed, breaks cleanly,
and the resulting crushed ice is sized, from irregular chunks an inch or
two across to fine grains. This subcooled crushed ice flows freely and
is easily loaded into the separate pens or sections of the fish hold.

One or two pens are usually left free so that they may be used to ice the
first fish of the trip. The ice is shoveled or scooped from one pen to
another as needed. It is important that the ice flows freely even after
5 to 10 days in the hold. Properly sized ice loaded at a temperature

of 5° F. will melt around the outside and form a crust; however, the ice,
on being broken through, is found to be loose ani easily handled and
well below the melting point. This subcooled ice lasts longer than does
ice at 32° F., under comparable conditions. In a few geographical areas,
crushed ice is delivered to the fishing boat at a temperature very close
to the melting point (32° F.). Such ice tends to fuse into a solid mass
ani is more difficult to use.

Particle Size

Since both close contact with the fish and drainage through the ice
are necessary, the ice must not be too coarse or too fine. With too
finely crushed ice, slime and water tend to accumulate through it in
layers. On the other hani, large chunks are undesirable, for they yield
poor contact cooling of the fish. Also, they bruise and mar any tender
skin or flesh pressed against them. If the ice is prepared from blocks,
a crushed ice with graduated particle size is best.

In recent years, flake ice prepared by continuous freezing of a film
of water on a refrigerated drum has proved very satisfactory. The ice
consists of irregular flat plates. Such ice is convenient for use in
that it requires no crushing for delivery and that it may be precooled to
0° F. and stockpiled in the flake form. Flake ice tends to be a little
bulky and, if not confined with pen boards, to shift in the hold. Drain-
age and cooling characteristics of this ice are as good or better than
are those of crushed ice; however, precooling well below 32° F. is espec-
ially important with flake ice to minimize its tendency to fuse into a
solid mass.

Ratio of Ice to Fish

Every fisherman soon learns how much ice to "take on" in order to
carry him through a trip. The expected duration of the trip, the temper-
ature of air and sea water, the insulating value of the sides and deck
head of the vessel, and the expected quantity of fish to be obtained are
all factors to be considered in estimating the amount of ice to be loaded.
Ice is cheap compared to the other expenses of a fishing operation; hence
no fisherman should cut short his estimated need. The exact ratio of
weight of ice to weight of fish to be carried varies commonly from 1l:4 to
1:1. In northern waters in uninsulated holds of wooden vessels, a ratio
of 1:2 is common. Recent studies showed that more rather than less ice
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should be taken by fishing vessels because it was found that additional
ice (compared to present practice) should be allowed at the sides of
the vessel and adjacent to the wing boards of each pen. Any exposure
of fish at these points due to melting of ice contributes substantially
to quality losses.

Correct Icing

To correctly ice the fish in the hold, three things should be accom-
plished: (J.) the fish should be placed with sufficient ice around them
to cool them as promptly as possible and to maintain their temperature
as close to the melting point of the ice (32° F.) as is practical for the
duration of the trip; (2) the ice and fish should be arranged to allow
accumulated water, blood, and slime to drain through the mass into the
bilge; and (3) the fish should not be subjected to great pressure from
the weight of fish and ice placed above; otherwise, the physical damage
as well as the shrinkage or loss of weight by the fish will be excessive.

Correct icing requires considerable care and experisnce, and every
vessel is a separate problem depending on the construction, hold and pen
layout, and the relative heat transfer from the water and air outside the
hold. Knake (1946), in discussing the correct icing of fish at sea, has
pointed out that from 50 to 60 percent of the profit of a trip may be
lost if the quality of the catch is reduced through inadequate or incor-
rect icing. Ample ice should be placed on the floor of each pen, 8 to
12 inches deep, for a trip of 8 to 12 days. A like amount should be
placed at the skin of the vessel and on top of the fishe A smaller
amount should be used at the wing boards (the transverse partitions) and
sides of each pen to keep the fish from contacting the board. For
eviscerated fish, the gut cavity or poke of the fish should be well
filled with ice, taking special care to pack the ice in the gill cavity
and around the nape. Preferably, each fish should be surrounded by ice
or the fish placed in alternate layers such that the ice is in actual
contact with the greater portion of each fish.

The practice of using a bed of ice, then layering 10 to 12 inches
of fish, followed by a thin layer of ice and another thick layer of fish
results in most inefficient cooling. Two to three days may be required,
in this case, to lower the temperature of the fish to 36° F. In some
instances, improperly iced fish does not cool appreciably throughout
the entire period of storage. Under proper conditions, however, not
over 3 to 6 hours should be required to lower the temperature to 36° F.
of fish weighing about 5 pounds.

Fish should be placed on a rounded layer of ice so that the melt
water drains away from the fish to the sides of the pen. In placing the
fish on the ice, the belly cavity should be turned in such a manner
that there will be adequate drainage from it. A good icing job has
been done if, at the end of the trip, sufficient ice remains on the
bottom and at all sides so that the entire load has been maintained at
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a temperature not higher than 36° F. (or 32° F., ideally).

Figure 10.--Unloading a catch of bottom fish from a trawler at a
Seattle dock. Note pen with remaining ice and fish in the hold.

Fish do not freeze at one point in the temperature scale, as water
does at 32° F. Rather, they begin to freeze at about 30° F. and grad-
vally harden as the temperature drops. At 23° F., the fish have passed
through the zone of maximum ice-crystal formation but are still not
solidly frozen. The lower freezing range of fish means that an ice melt-
ing at a lower temperature than 32° F. can be utilized to lower the
holding temperature further.

SALT-WATER ICE

Tests on the effect of temperatures close to that of freezing on
the storage of fish (Castell and MacCallum 1950) showed that a reduction
in the temperature of the fish from 37.0° to 31.5° F. increased their
keeping time in ice as much as did a temperature reduction from 77.0°
to 37.0° F. The lower temperature of the fish was obtained through the
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use of salt-water ice (about 3 percent sodium chloride), which has a
melting point of approximately 28° F. Salt-water ice is best prepared
by the flake-ice method in order that the salt may be distributed
uniformly through the ice. In a pilot-plant study, subcooled flaked
salt-water ice and ordinary crushed fresh-water ice were used in icing
similar lots of fish, both held under otherwise similar conditions of
storage (Field 1953). The flesh temperatures of the salt-water-iced
fish ranged from 30° to 32° F., which was 6 degrees lower than the
temperature range of the fish iced with crushed fresh-water ice. The
fish stored in the salt-water ice were superior in quality at the end
of the test.

BACTERICIDAL ICE

In efforts to improve the keeping quality of fish in ice, experi-
menters have incorporated a number of preservatives or germicides in the
ice. Sodium benzoate, benzoic acid, chloramine compounds, fumaric acid,
sodium hypochlorite, sodium nitrite, carbon dioxide, hydrogen peroxide,
calcium propionate, disodium phosphate, and various antibiotics are
among the many substances tried (Tarr 1946). Generally speaking, the
best of the germicidal ices produced a very minor improvement in keeping
quality. Their use has not become widespread because of their limited
value and the extra cost to the fisherman. More recent experiments by
Boyd, Brumwell, and Tarr (1953) on the use of the antibiotic aureomycin
in ice have shown that, in quantities of 2 to 4 parts per million,
aureomycin ices effected a very marked improvement in keeping quality of
dressed lingcod during storage for a period of 15 days in ice.

In planning the use of any preservative or germicide in the icing
of fish, the potential user should bear in mind that any such substance
must meet the approval of the U. S. Food and Drug Administration for use
with food products. At present, few additives have been approved by
that agency. Proper care in the handling and storage of fish, with
adequate amounts of ordinary crushed or flaked ice will yield as much or
more improvement in keeping quality than will the casual use of any
preservative-treated ice tested and accepted for use with food fish to
date. Any bactericidal ice that has been accepted for use on fish will
be of greatest value only if its use is combined with the best handling
practices.

MECHANICAL REFRIGERATION AS AN ICE AUXILIARY

For extended trips, mechanical refrigeration of the fish hold for
keeping ice on the outbound trip without loss by melting has been quite
successful. The principle is simple in that only enough refrigeration
need be supplied to absorb the heat entering the hold through the sides
of the vessel and through the deck head. The actual freezing of the fish
is not intended, as once the fish are iced, the refrigeration is turned
off or set above 32° F. so that the normal melting of the ice will cool
the fish.
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This use of mechanical refrigeration, to yield best results, must
be combined with 4- to 6-=inch-thick insulation in the hold. In some
cases, the reduced requirement for ice results in an increased stowage
capacity of the hold for fish. On the Pacific coast, one such success-
ful installation on an 82-foot halibut boat has been reported (Anonymous
1950). The use of mechanical refrigeration, according to the owner, not
only allowed the boat to stay out longer but also assured fish of better
quality than had previously been found with the fish that were protected
by ice alone on shorter trips made prior to the use of the mechanical
refrigeration.

In this type of installation, no attempt should be made to freeze
the fish, and the stored ice should be allowed to melt and supply the
refrigeration needed to cool the fish to 32° to 35° F. The melting of
the ice not only provides proper cooling but also provides the moisture
and the bathing action so essential in retaining the freshness of the
fish. Cutting (1949) reported that, in careful laboratory tests, it was
found that the rate of cooling of fish (from 55° to 33° F.) packed in
ice was independent of temperature of the surrounding air (from 27.5°
to 55° F.). Therefore, the only advantage of refrigerating the hold of
a boat using ice is to conserve the ice.

OTHER METHODS OF HOLDING FRESH FISH ABOARD THE VESSEL

Refrigerated Sea Water

The cooling of fish in circulating chilled sea water at 32° F. is
more aefficient than is cooling in crushed ice (Konokotin 1949). In icing
fish aboard the vessel, the best results are attained if ice completely
surrounds each fish. In practice, this ideal icing is difficult to
attain, and a layer of fish tends to build up through which the melt
water from the ice percolates. The cooling medium in the case of circu-
lating refrigerated sea water surrounds the fish entirely, and thus the
transfer of heat from the fish is more rapid in the chilled sea water.
Moderate circulation of the chilled sea water through the mass of fish
and past the cooling coils can be adjusted to achieve a uniform temper-
ature of 32° F. (or lower if desired) at all times. The sea water
excludes free air from around the fish and there is less opportunity for
oxidation of the fish surface, as often occurs in the surface fat of
fish held for long periods in ice.

Refrigerated sea water or dilute brine has long been used in holding
sardines and herring at the shore plants prior to processing. Sigurdsson
(1945) stated that herring stored in refrigerated brine at 32° F., showed
superior keeping quality to those held either in crushed ice or in air
at 32° F. Konokotin (1949) demonstrated that sprats could be cooled
more efficiently in refrigerated sea water than in crushed ice. Studies
with Gulf of Mexico shrimp (Higman, Idyll, and Thompson 1954) showed
that shrimp held in sea water chilled to 29° to 32° F. were superior
from the standpoint of flavor and appearance to those held in crushed ice.
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Recently, tests by two salmon-canning firms in holding Pacific salmon

in refrigerated sea water have shown considerable promise, and one fimm
has installed refrigerated sea-water tanks aboard a barge for the pur-
pose of holding salmon for several days at the cannery or during several-
day trips to the fishing grounds where fish are purchased. A 42-foot
salmon trolling boat, fishing in Alaska, was converted during the past
year and successfully used refrigerated sea water for holding fresh king
salmon. The canners have found that the use of refrigerated sea water
for holding salmon has reduced weight losses (Bloomberg 1955).

Figure 1l.--Barge with refrigerated sea-water tanks for hold-
ing salmon. The elevators are used to raise the salmon
and chute them into the tanks through the built-in "chimneys.™
(Photo courtesy of Pacific Fisherman)

The problems of refrigerating a hold for sea-water storage are
somewhat greater than are those for ice storage, as the hold must not
only be constructed water-tight but must be subdivided into sections or
tanks with suitable baffles. Large centrifugal-type pumps are needed
for pumping water in or out of the separate tanks and to and from the
brine chiller or heat exchanger. Special equipment must be designed for
discharging and unloading the fish. The water in the tanks is precooled
to about 29° F. prior to being loaded with fish. Ice may be carried to
supply additional refrigeration if large volumes of fish must be handled
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in a short time. If preferred, 3 percent of salt (0.25 pounds of sodium
chloride per gallon of water) may be used instead of sea water.

Live Wells

Crabs and lobsters cannot be held in ice satisfactorily, yet they
must be delivered to the shore plant alive. For this purpose, the hold
of the fishing vessel is flooded with sea water in which the crabs or
lobsters can be kept alive and healthy for 3 to 4 days. With crabs, the
sea water is circulated continuously to keep them in good condition.

Figure 12.--Unloading live dungeness crabs from the well of a crab
boat at Ketchikan, Alaska.

If the crabs are held in the same water for more than a few hours, however,
the water should be aerated. The installation of baffles or tanks is
necessary if the boat is to be operated safely with the hold full. During
rough weather, vessels that have the entire hold flooded may experience
difficulty. In actual practice aboard the vessels used in the dungeness

34



crab fishery on the Pacific coast, the vessels do not usually run with

the hold full of water. Sea water is pumped in and out at sufficient
intervals to keep the crabs cool and moist. Fortunately, they can survive
several hours out of water. After 3 to 4 days of this treatment, however,
dungeness crabs tend to lose weight and become sluggish. Recently, king
crabs have been successfully transported from Alaska to Puget Sound ports
in vessels equipped with live wells,

Lobsters may also be handled in live wells, although it is necessary
to plug their claws in order to prevent them from maiming one another.
With careful handling, lobsters may be held alive for short periods in moist
air at not over 50° to 55° F. Moss (1952) reported that a new method of
carrying lobsters alive in portable wet-tanks in the dry hold of the vessel
was satisfactory, even in heavy weather and over long hauls. The portable
tanks were arranged in the hold in such a manner that water pumped into the
top tanks of each bank overflowed into the lower tanks and then into the
bilge, from which it was pumped overboard. The water in each tank was
controlled at the proper level by standpipes, which maintained enough water
to keep the lobsters alive.
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SECTION 3

HANDLING FRESH FISH AT THE SHORE PLANT

By C. J. Carlson, Chief, Fishery Products Laboratory; Joseph Carver,
Fishery Products Technologist; and Martin Heerdt, Chemist#
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