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Introduction

Information concerning the nutritive value of fish during various
handling, transportation, storage, cooking, and processing procedures is
scattered and, in general, rather fragmentary. In fact, superficially at
least, it may appear that more attention has been paid to the loss of
nutritive value of fish materials resulting from their processing for animal
feeding than there has to their preparation for human foods. If this is
so, it is undoubtedly related to the rather adverse processing and storage
conditions to which fish materials intended for animal nutrition are
exposed. Here an attempt will be made to consider all the various procedures which may, singly or collectively, impair the nutritive value of
fish for human nutrition. Naturally, the indirect loss of fish materials of
high nutritive value by bacterial spoilage, as discussed elsewhere, is
almost certainly more important than that from all factors to be referred
to in this section.
II.

Physical Losses in Round and Dressed Fish

Over three decades ago it was reported that boxed, iced fish had at
first all gained weight slightly, and that this increase was maintained in
the upper layers of fish, while there was a gradual weight loss in the
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lower layers. Some loss of organic nitrogenous constituents and inorganic
salts was observed, especially in the lower layers of fish (Almy et ah,
1923). Flesh of iced cod was found to lose from 28 to 60% of the free
amino acids, and from 1.8 to 3.8% of the protein (Dyer and Dyer, 1947).
From a thorough investigation of weight losses occurring in commercially
important North Sea fish iced on trawlers, Cutting (1951) concluded that
weight losses were probably due entirely to pressure exerted on the lower
layers of fish. Thus, iced fish at the top of the pens, and also boxed fish,
gained weight at first and eventually tended to lose weight. On the other
hand, in extreme instances, fish in the lower layers of ice lost 17-18% of
their weight after 16 to 18 days in ice. Nitrogen losses, though not determined, would undoubtedly be considerable from the fish in the lower
layers of ice. On voyages of 2 to 3 weeks' duration, average weight losses
of 6 to 7% were observed. Recent studies with iced noneviscerated Pacific
sockeye salmon have shown that these fish lose 2.4% in weight and
about 2.5% of their total protein (Barker and Idler, 1955).
In recent years increasing interest has been evidenced in the possibility of commercial application of early studies concerning refrigerated
sea-water storage of fish (Tarr and Harrison, 1957). In this medium fish
invariably gain weight, and the weight increase will depend on obvious
factors such as size of fish, fattiness, and whether or not they are eviscerated. The extremely limited data presently available concerning these
weight increases indicate that certain species of Pacific salmon stored at
—1° in refrigerated sea water gain from 0.2 to 3.7% in weight and lose
from 1.2 to 3.3% of their total protein (Barker and Idler, 1955). Whitefleshed, nonoily fish such as eviscerated cod may gain appreciably more
weight, and unpublished studies (Southcott, Baker, and Tarr) have indicated that eviscerated Pacific ling cod gain 4-5% in weight after about
2 weeks in this medium. It would seem probable that some of the protein
which is lost from iced fish, or from fish stored in refrigerated sea water,
may come from the external slime of the fish.
III.

Physical Losses during Processing

In this section the term "processing" has been loosely used and covers
all phases of fish preparation for human food as described in the following sections. Reay et al. (1943) have reported the yields of edible flesh
which result in filleting procedures.
A.

IN FILLETING AND SIMILAR OPERATIONS

Losses which occur in fish fillets and steaks are largely or entirely due
to formation of free liquid or "drip." This loss of free liquid occurs to
some extent in unfrozen fish, but is certainly greatly accentuated by
freezing and subsequent thawing, and the early literature on this subject
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has been reviewed (Tarr, 1942). It has long been known that light
brining of fish fillets tends to prevent formation of drip, especially in
those which are frozen and subsequently thawed (Tarr, 1940; Tarr and
Sunderland, 1940a, b; Stansby, 1956). The mechanism by which salt
exerts its drip-preventing function is probably due to the osmotic effect
exerted by the sodium proteinates of the fish muscle. It has been shown
that both pH and sodium chloride markedly favor swelling of fish muscles
above the isoelectric zone, and especially between pH 6 and 8. The
amount of drip formed in stored muscles of different fish varies very
greatly. Thus, with some species of Pacific flounders weight losses of
from 10 to 15% were recorded after 10 days' storage at 0°C. With other
fish such as, for example, certain Pacific salmon species, much less liquid
forms. Though extensive protein losses obviously must occur as a result
of drip formation, there does not appear to be much information concerning the magnitude of such a loss. Seagran (1958) has reported that
a "drip" liquid obtained by centrifuging defrosted fish muscle contained
4% of protein. As mentioned above, a light brining procedure, in which
the flesh of the fish takes up from about 0.5 to 1% of salt, largely or
entirely eliminates exudation of free liquid after the fish have been
frozen and thawed. This procedure is the only one which has so far been
found practicable to prevent drip formation. However, this brining
procedure undoubtedly accelerates development of oxidative rancidity
in frozen fish which have been so treated (Tarr, 1942, 1955b). Lightly
brined fillets should, therefore, be stored under conditions which are
designed to minimize development of oxidative rancidity.
B.

IN FREEZING AND COLD STORAGE

Frozen fishery products are susceptible to a number of undesirable
alterations which include physical desiccation, denaturation of the muscle
protein myosin, and development of oxidative rancidity, but only too
little is known regarding the direct effect of these changes on the nutritive value. All of them certainly have an indirect effect in that the
acceptability of any affected product is lowered. Nutritive value of fish,
as determined by its gross chemical composition, in total solids, water,
soluble nitrogen, coagulable nitrogen, noncoagulable nitrogen, ammonia,
lipids, and reducing substances is not altered (Smith, 1913; Perlzweig
and Gies, 1913), or altered to a negligible extent (Clark and Almy, 1920)
by prolonged storage in the frozen state.
Desiccation of frozen fish in cold storage rooms is a serious problem
with ice-glazed unwrapped fish. The important effects on nutritive value
here are probably entirely indirect, for loss of surface water is accompanied by undesirable external appearance such as "freezer burn," "rust-

238

H. L. A. TABR

ing," and loss of weight. There are two general methods by which this
desiccation may be minimized or prevented. Proper design of cold storage
rooms in order that as high a relative humidity as possible is maintained
is one of the most important (Huntsman, 1931; Lentz, 1955; Young, 1932,
1933, 1934). There is considerable information in the literature concerning the proper glazing of fish in such a manner as to produce a glaze
which has noncracking or "reducing" properties. A very large number of
both inorganic and organic materials has been studied; the use of some
of these has been strongly advocated, and in a few instances some have
been applied (Young, 1935; Bedford, 1936a, b, c; Lemon, 1932; Pottinger
and Miyauchi, 1956; Tarr, 1948, 1955b). In addition there are a number
of United States and other patents in this respect. It is doubtful whether
there is any single ideal glazing substance. Many of them which have
desirable noncracking properties produce a somewhat opaque glaze
which is considered undesirable by some processors.
In fillets and steaks the great desirability of minimizing development
of oxidative. rancidity by such measures as storage in a vacuum, or in an
inert atmosphere such as nitrogen, by covering the fish with water, by
good glazing procedures, by use of various antioxidants, or by adequate
packaging in oxygen- and moisture-vapor-impermeable materials has
been stressed by a number of different investigators (Bücher, 1944; Tarr,
1948, 1955b; Pottinger and Miyauchi, 1956). It is probable that development of oxidative rancidity has an adverse effect on fish, since oxidized
fats are known to have a marked destructive effect on certain of the
essential growth factors, such as vitamin E, vitamin A, and biotin. Moreover, they may exert a direct toxic action and destroy certain enzyme
systems (Holman, 1954).
Though it was long assumed that the denaturation of the muscle
protein myosin, as judged by its decreasing solubility in neutral salt
solutions of relatively high ionic strength, was directly related to the
organoleptic toughness which developed during low temperature storage
at temperatures between about —30 and —5°C. (Reay, 1933, 1934; Dyer,
1954), this relationship has been seriously disputed recently. Data indicate that at —20 and —30 °C. fish flesh may become markedly toughened organoleptically but that myosin denaturation as measured above
may not be affected (Ironside and Love, 1956; Luijpen, 1957). However,
there is no indication that this organoleptic toughness has any adverse
effect at all upon the nutritive value of the fish.
C.

IN BRINING, SALTING, AND SMOKING

It is known that the curing of fishery products during salting or procedures which involve salting such as smoking, is usually accompanied by
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protein losses. Reay (1936) made a thorough study of the transfer of
salt and water in fish held in sodium chloride solutions of different con
centrations, and in dry salt. He found that the loss of fat was negligible,
but that protein losses ranged from 1% in dry salted herring to as much
as 5% in herring salted by brining. A somewhat similar study was made
by Sigurdsson (1945). According to Shewan (1949), weight losses caused
both by brining and by subsequent desiccation during smoking of fish
vary from 8 to 30%, and some protein is also lost during this form of
processing. Average weight losses in haddock during smoking were
reported as being 17.1% by Griffiths and Lemon (1934).
D.

IN CANNING

The losses of nutritive materials which occur in fish during canning
procedures are usually of the types which are economically unavoidable
and are occasioned by such factors as living standards and market de
mand. These losses are real as far as direct human nutrition is concerned
but the discarded materials are often processed to yield products which
can be used in the feeding of farm or domestic animals, or as fertilizers.
One of the outstanding reported losses of valuable nutritional material
is that which occurs in connection with the Alaska salmon canning in
dustry where conditions have rendered it economically impossible to
prepare products such as fish meal from the discarded offal and trim
mings. A survey made about 1947 showed that about 100 million pounds
of salmon "collars," tails, hearts, livers, eggs, milts, viscera and trimmings
from the "iron chink" were discarded annually (Anonymous, 1947).
Salmon egg protein (Seagran et al., 1954) and fish liver protein (Deas
and Tarr, 1949) are excellent sources of amino acids, and the visceral
organs generally of vitamins A, D, and the B complex (Grangaud, 1950).
The total weight losses which occur during the cleaning of fish and shell
fish for canning have been tabulated by Tressler and Lemon (1951, pp.
452-458).
It is probable that nutritional losses occurring in canned fish products
during normal storage periods are negligible, but further losses often
occur before final consumption. Free liquids, oil, and bone may be dis
carded. The free liquid may amount to about 20% of the weight of the
fish (McCance and Shipp, 1933; Tarr, 1941) and contain some noncoagulable nitrogenous material such as free amino acids. The oils usually
contain vitamin D and are excellent foods, and the bone is a good source
of calcium and phosphorus. The aqueous liquid in canned fish contains
from 1.01 to 1.97% of the total nitrogen of the product (Ivanov, 1937).
If the nitrogenous material in the free liquid of canned fish has some
what the same general composition as does fish press water (stickwater),
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it may not be a very good source of essential amino acids (Lassen and
Bacon, 1946; Ney et al, 1950).
E.

IN DEHYDRATION

The whole subject of the dehydration of fish has been recently summarized thoroughly (Cutting et ah, 1956). Though a considerable amount
of experimental work has been conducted, only a very small quantity of
the commodity has ever been produced commercially. The presently
accepted commercial procedure for production of dehydrated fish involves mincing raw fillets, precooking of this mince by steaming, and
subsequent drying of the minced material in an air-flow drying apparatus.
The liquor which exudes from the fish during cooking, which is partially
actual exudate from the fish and partially steam condensate, is frequently
discarded. This liquid usually contains 4% solids which consist of some
protein and about half of the water-soluble constituents of the flesh. Its
actual nutritive value has apparently not been determined, but presumably would be little better than that of ordinary "stickwater." It can
be concentrated and added back to the flesh before drying but apparently
it does not improve the organoleptic quality. A good deal of the fish may
be lost in handling during the dehydration process, and losses have been
reported which range from 1.4 to 5.3% with herring and kippers to 6.3
to 12.3% with ordinary cod or smoked cod. Naturally these losses depend
a good deal on the efficiency of the process and the care taken in handling
the fish. The need for eliminating as much moisture as possible in the
dehydrated products, to avoid possible brown discolorations due to
Maillard reactions, was stressed by Stansby (1945). Cutting et al. (1956)
emphasized the need for nitrogen packaging to counteract fat oxidation.
It has been demonstrated that Maillard reactions may occur in heated
and dried fish (Tarr, 1950, 1954). These reactions, if they occur in dehydrated fish, could cause a significant decrease in its nutritive value by
decreasing availability of essential amino acids. However, feeding trials
of certain dehydrated fish preparations indicated no loss in nutritive
value or digestibility (Martinek and Jacobs, 1943), though 50% of the
thiamin and 65% of the riboflavin were destroyed (Stansby, 1945).
F.

IN COOKING

McCance and Shipp (1933) reviewed the early literature concerning
losses in weight and in nutritive materials which occur during cooking of
flesh foods. They carried out a very thorough experimental examination
of all factors which influence loss of weight of fish on cooking, including
effects of temperature, pH, and postmortem age, and made extensive
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analyses of the exuded liquids for salts, fats, and nitrogenous constituents.
The losses naturally differed with different cooking methods, but above
60 °C. there was, under any cooking conditions, a shrinkage of protein
and an expression of liquid. These losses tend to be greater with materials
held for several days after death, and cooking fish muscle by boiling in
dilute acetic acid results in marked increases in loss of calcium and
magnesium, but usually in not such a marked weight loss as does boiling
in water. Cooking of white-fleshed fish by steaming or pressure cooking
resulted in the following average losses ( % ) : total nitrogen, 7.5; protein
nitrogen, 5.3; nonprotein nitrogen, 29; purine nitrogen, 19.5, and fat, 5.3.
Losses of Na+, K+, Cl", total P, Ca++, Mg++, and Fe+ + + ranged
from 19 to 32%. Comparative experiments with herring and catfish
showed that losses of weight were greater when the fish were fried in
fat rather than cooking by boiling or steaming, due to greater evaporation of water. On the other hand, losses of the nutrients were very much
lower with the frying method. As an example, the following percentage
losses due to boiling or steaming as compared with frying were reported
respectively: total nitrogen, 5.6-9.9 and 0.05-0.1; purine nitrogen, 12.717.6 and 1.7-2.4; nonprotein nitrogen, 23.6-^35.0 and 1.1-2.1. Mineral element losses were also considerably smaller with the frying procedure.
In general, 95% of the loss of weight on steaming white-fleshed, nonfatty
fish is due to loss of water, and the remainder to nitrogenous constituents,
fat and salts.
Tarr (1941) observed weight losses of from 15.8 to 19.5% in fresh
halibut steamed at 100°C, and from 18.6 to 23.3% at 120°C. These losses
were much smaller (8.5-12.1%) when frozen, thawed halibut was cooked
similarly. Baker briefly reviewed the subject of cooking losses in fish
(1943). Charley (1951) studied the effect of different oven temperatures
on the palatability of baked salmon steaks. Cooking to an internal temperature of 70°C. was insufficient to cook the fish adequately, and fish
cooked to internal temperatures of 75 or 80 °C. at different oven temperatures were conceded to be satisfactory. At an elevated oven temperature (260°C.) there was considerable loss of weight due to "spattering" and drip loss. Charley and Goertz (1958) found that approximately 1-kg. portions of salmon lost 14.34-18.64% in weight on baking to
an internal temperature of 70 °C. at oven temperatures of between 177
and 260 °C, most of the loss being due to evaporation and only a small
proportion to drip. Losses of actual nutrients were not reported in any
of these studies.
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Chemical Losses Due to Destruction or Removal of Nutrients
A.

I M P A I R M E N T OF PROTEIN V A L U E

Nutritional studies on fish proteins have been confined very largely
to the muscle proteins and there is only scattered information concerning
nutritive value of other fish proteins. The various fish muscle proteins
have been thoroughly described in a recent review (Hamoir, 1955). The
nitrogenous fraction of muscles of teleost fish contains, on the average,
about 65% actomyosin, 18% proteins extractable by neutral salt solutions
of low ionic strength, 3-4% of "stroma" proteins and 14% of nonprotein
nitrogen. Naturally, there are considerable variations with species, season, and even within the muscle itself. When considered collectively, fish
muscle proteins are at least of equivalent, and probably of higher, nutritive value than those of commonly consumed meats obtained from
cattle and hogs (Beveridge, 1947; Geiger, 1948; Jacquot and CreacTi,
1950; Tarr, 1953). This is probably explained by the fact that fish muscles
normally contain less "stroma" protein of low nutritive value than do
the muscles of cattle. It has long been known that fish flesh proteins are
an excellent source of the essential amino acids, though a survey of the
literature made in 1949 (Deas and Tarr) showed that there were wide
discrepancies in the values reported by different investigators. These discrepancies were probably due to the difficulties of obtaining accurate
values with the older methods of amino acid assays. With the advent of
the more sensitive microbiological and quantitative Chromatographie
methods for determining amino acids, there has been in general a much
closer agreement in the results obtained by different investigators (Block
and Boiling, 1951). These methods have enabled valuable surveys to be
made of the amino acid composition of edible fish proteins which have
been subjected to different commercial treatments. For further discussions of the nutritive aspects of fish proteins see Chapter 2.
Dunn and his collaborators (1949) published the results of amino
acid analyses carried out in two different laboratories using identical
samples of the edible portion of fresh raw, freeze-dried, and frozen
Pacific sardines (Table I ) . There was an extremely close agreement in
the values obtained in the two laboratories and the treatments had no
significant effect on the amino acid composition of the products. In this
particular survey the results were based on the dry weight of the sample
instead of as the per cent of the protein (grams per 16 g. of nitrogen).
Aspartic acid, glutamic acid, and glycine normally account for about
30% of the total amino acids in flesh proteins, and it is therefore interesting that the amounts of these two were found by Dunn et al. (1949)
not to differ significantly in raw, precooked, and canned fish samples
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TABLE I«

PERCENTAGES 0 OF AMINO ACIDS IN IDENTICAL SARDINE SAMPLES ASSAYED IN
Two

LABORATORIES

Fresh (acid hydrolyzate) 0

Amino acid
Arginine
Aspartic acid
Glutamic acid
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan
Valine

Lyophilizedd

Sample No. 1
Be
A*

Sample No. 2
A

B

~~X

B~~

3.1
5.1
7.0
2.9
3.0
2.7
4.1
4.6
1.7
2.1
2.4
0.5
3.0

3.1
5.0
7.0
2.9
3.0
2.6
4.0
4.6
1.6
2.1
2.4
0.5
3.0

3.1

2.9
4.7
6.7

3.1

2.8
2.5
3.8

3.1

—
—
—
2.9
2.7
3.9
4.3
1.3
2.1
2.6
0.5
3.0

—
—
3.0
2.8
3.9
4.2
1.2
2.2
2.6
0.5
3.1

—

1.5
2.0
2.2
0.6
2.9

Frozen*
A

B

2.9
4.8
7.1

3.2

—
—
2.7
2.5
3.8
4.3
1.5
1.9
2.4
0.4
2.7

2.8
2.6
3.9
4.5
1.6
2.1
2.3
0.6
2.9

2.8
2.5
3.8
4.4
1.6
2.0
2.4
0.4
2.8

—
—

a

From Dunn et al. (1949).
Calculated as per cent of dry weight.
c
Samples prepared at University of California, Los Angeles.
d
Samples prepared at University of California, Los Angeles, but hydrolyzed in
dependently in the two laboratories.
e
Microbiological assays carried out at: A, University of California, Los Angeles;
B, University of Wisconsin.
b

which they examined (Table II). When a number of very different
canned fish products were analyzed for their content of the ten essential
amino acids in the two widely separated laboratories referred to previously, it was found that there were no important differences and that
all products contained these amino acids in comparatively large amounts
(Table III) (Neilands et al, 1949).
The studies referred to above showed that lyophilizing, freezing, and
canning fish did not reduce the amount of amino acids present as determined by using chemical hydrolysis before carrying out the microbiological assays employed. Unfortunately, such results cannot be considered as complete and final proof of the retention of full nutritive value
of such fish products. Thus it has been shown (Clandinin, 1949; Tarr
et al, 1954; Bissett and Tarr, 1954) that fish meals which are seriously
overheated, and which are of poor nutritive value for chicks, have a
normal essential amino acid composition as indicated by microbiological
assays carried out on the chemically hydrolyzed product. On the other
hand, assays of enzymic hydrolyzates of these meals show that they are
seriously lacking in essential amino acids which are available to the
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animal. Though it would seem highly improbable that any serious impairment of amino acid nutritive value of fish products would result
through canning procedures, it is possible that a very slight decrease
could occur. Thus, Marks and Nilson (1945) in a careful study of the
effects of different cooking methods on the nutritive value of cod flesh
TABLE II<*
ASPARTIC ACID, G L U T A M I C ACID, AND GLYCINE I N F I S H S A M P L E S 0

Aspartic
acid

Glutamic
acid

Atlantic mackerel, raw
Atlantic mackerel, processed

02
9.3

13.1
13.3

57
7.0

Atlantic mackerel, raw
Atlantic mackerel, processed

9.2
9.0

13.2
12.4

6.2
6.7

Pacific mackerel, raw
Pacific mackerel, processed

9.0
8.3

12.8
13.0

5.6
5.3

Pacific mackerel, raw
Pacific mackerel, processed

9.0
8.5

12.8
12.8

5.8
5.4
5.1

Sample 0

Glycine

Pacific sardines, raw

8.7

12.3

Atlantic sardines, raw

9.2

13.3

5.6

Atlantic sardines, raw
Atlantic sardines, processed in oil

7.7
9.2

11.2
13.2

5.3
6.4

Pacific sardines, raw
Pacific sardines, processed in tomato sauce

9.2
8.0

13.2
13.3

6.6
5.6

Pacific sardines, raw
Pacific sardines, precooked
Pacific sardines, processed in tomato sauce

8.9
9.6
8.8

11.5
13.5
12.0

5.2
5.8
4.9

Atlantic fish flakes, raw
Atlantic fish flakes, processed

10.2
9.8

15.2
14.6

5.2
5.0

Atlantic fish flakes, raw
Atlantic fish flakes, processed

9.0
10.1

13.6
15.1

4.6
5.7

Pacific salmon, raw
Pacific salmon, processed

9.1
9.3

13.2
13.6

6.0
6.2

Pacific salmon, raw
Pacific salmon, processed

9.0
8.8

13.0
12.6

6.4
5.0

Tuna, raw
Tuna, precooked
Tuna, processed in oil

8.3
8.8
8.4

13.0
13.6
13.5

4.6
4.3
4.5

Tuna, raw
Tuna, precooked
Tuna, processed in oil

8.4
8.2
8.6

13.5
11.8
12.2

4.5
5.0
4.5

a

From Dunn
Per cent of
c
Samples in
therefore strictly
&

et al. ( 1 9 4 9 ) .
protein = N X 6.25.
each group were all from the same original fish sample and are
comparable. The term "processed" indicates commercial canning.
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for rats, concluded that prolonged cooking at an elevated temperature
(35 min. at 450°F.), or long holding of normally cooked samples (30 min.
at 170°F.), occasioned small, though significant decreases in their nutritive value.
The first detailed publication concerning the effects of different
processing treatments on the amino acids of fish was published by LopezMatas and Fellers (1948). They found no appreciable difference in the
essential amino acid composition of frozen, broiled, and canned swordfish, but observed that for 8 out of 10 of these essential amino acids, lower
results were obtained when dehydrated fish material was analyzed. Since
chemical methods of hydrolysis were used to release the amino acids
prior to the microbiological assays, it would appear that, in their dehydrated preparation, certain of the amino acids had entered into Maillard reactions which had proceeded to such an extent that they were no
longer released by chemical hydrolysis. In this connection it is of interest
that Deas and Tarr (1949) found that a sample of rock cod which
had been air-dried at a fairly high temperature contained an unusually
low proportion of tryptophan. There would seem to be a possibility that
slight losses in the nutritive value of fish proteins could be occasioned
by Maillard reactions (Tarr, 1948, 1954) or other browning reactions
(Venolia et al., 1957) occurring during canning or drying processes;
perhaps this possibility should be investigated further. Freezing did not
affect the nutritive value of crab meat as determined biologically (Watson and Fellers, 1935).
B.

IMPAIRMENT OF VITAMIN VALUE

It is only within the last two decades that many of the vitamins have
been discovered and reliable chemical, biological, or microbiological
methods of assay for them established. In 1948 the National Research
Council of the United States established the following human daily vitamin requirements, the amounts varying according to age, sex, etc.: vitamin A, 1,500-9,000 I.U. (0.40-0.7 mg.); vitamin D, 400 I.U.; thiamine,
0.4-1.8 mg.; riboflavine, 0.6-3.0 mg.; niacin, 4-18 mg.; and ascorbic acid
30-150 mg. Though the human requirement for pantothenic acid, folic
acid, pyridoxine, biotin and vitamin B i 2 (cobalamin) has not been definitely established, the distribution of these vitamins in fresh and
processed fish materials will also be referred to. Previous reviews concerning the distribution and stability of certain vitamins in fishery
products were made by Lovern (1943), Tarr (1955a), Grangaud (1950),
and Kühnau (1956). It is regrettable that only in some instances have
investigators carried out comparative vitamin assays on raw and processed samples prepared from identical materials. For convenience the

5.6
4.1
5.0
7.0
8.6
2.8
3.8
5.5
0.9
5.7

5.6
4.2
5.5
6.9
8.0
2.6
3.3
4.6
0.9
5.6

Arginine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan
Valine

6

5.8
3.7
5.5
7.2
7.7
2.6
3.6
4.7
0.9
5.2

A
5.8
3.7
4.8
7.4
9.0
2.8
3.6
6.3
0.3
5.4

B

Proc
essed
5.4
5.6
4.7
6.7
8.7
2.8
3.7
4.5
1.1
4.8

A
5.2
6.0
5.0
8.1
8.3
2.8
3.9
4.6
1.0
5.6

Raw
5.6
5.2
4.9
6.9
9.1
2.9
3.8
4.3
1.2
4.7

B
5.6
5.3
5.4
7.4
8.2
2.7
3.9
4.7
1.0
5.5

Proc
essed

Pacific mackerel

5.9
2.4
5.3
7.1
7.6
2.5
3.5
4.3
0.8
5.2

A

B
4.8
2.3
3.8
6.2
7.5
2.6
3.2
4.8
0.7
4.2

Raw
6.1
2.3
5.3
7.3
7.5
2.7
3.5
3.9
0.7
5.2

A
5.5
2.4
4.5
7.4
8.9
3.0
3.7
5.3
0.8
5.2

B

Proc
essed
in oil

Atlantic sardines

From Neilands et al. (1949).
Assays carried out at: A, University of California, Los Angeles; B, University of Wisconsin.

B&

A*

Raw

Atlantic mackerel

Amino acid

α

TABLE III«

ESSENTIAL AMINO ACID CONTENT OF FISH PRODUCTS ( P E R C E N T OF PROTEIN)

4.9
4.6
4.2
6.5
8.6
2.7
3.8
4.3
0.9
4.8

A

A
5.2
5.0
4.5
7.3
9.7
2.9
3.7
4.2
1.0
5.0

B
6.0
5.5
5.2
8.2
9.0
2.7
4.2
4.6
1.0
5.6

Raw

4.5
4.3
4.3
7.3
7.2
2.4
3.4
3.6
1.1
5.3

B

Pn )Cesse<d in
tornlato
sauce

Pacific :sardines

6.1
2.1
6.1
8.3
8.5
2.7
3.8
4.4
1.1
5.6

Arginine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan
Valine

Β
6.1
2.1
5.2
8.2
10.0
3.4
3.9
6.0
1.1
5.4

Raw

A

Amino acid
Β
5.8
2.1
4.7
7.8
9.4
3.2
3.7
5.8
1.0
5.1

A
6.2
2.1
6.3
8.2
8.7
2.6
3.7
4.3
1.0
5.5

Proc
essed

Atlantic fish
flakes

5.5
2.7
5.4
7.2
8.4
2.8
3.7
4.0
0.9
5.8

Β
5.9
2.7
4.9
7.2
8.0
3.1
3.7
4.0
1.0
5.4

A
5.5
2.7
5.0
7.6
8.5
3.0
3.7
4.6
0.8
5.9

Β

Proc
essed

Pacific salmon

(continued)

Raw
5.8
2.7
4.7
6.8
7.5
3.0
3.4
4.0
0.9
5.3

A

TABLE I I I «

Β
5.2
5.6
4.4
6.9
8.6
2.8
3.4
6.3
0.4
5.1

Raw
5.7
6.0
4.8
7.2
8.3
3.0
3.6
4.5
1.0
5.4

A

5.6
5.4
5.1
7.2
8.0
2.9
3.8
4.7
1.0
5.5

A

4.6
5.1
4.8
7.2
8.1
2.7
3.3
4.5
0.4
5.2

Β

Pre
cooked

Pacific tuna

5.6
5.6
5.3
7.5
8.5
2.9
4.0
4.7
1.0
5.6

A

Β
5.0
5.2
5.4
7.2
8.1
2.6
3.7
4.5
0.9
5.7

Proc
essed
in oil
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available data on the distribution of vitamins in similar fresh and processed fishery materials have been tabulated together (Table IV). Though
this method of reporting has the weakness that it relies in many instances
on a comparison between the results of different investigators using different methods, and not strictly comparable fish samples, it is, for reasons
noted above, the only obvious one available. From the data given in
Table IV the following conclusions may be drawn.
The edible muscle portion of fish contains very little vitamin A. This
vitamin does not appear to be appreciably destroyed by canning or
smoking (Junker, 1956), but is apparently partially destroyed in the
preparation of dehydrated fish. Fish which have a comparatively high
oil content are usually excellent sources of vitamin D and, since this
vitamin is relatively heat-stable, the canning process, as might be expected, does not appear to destroy it.
One hundred grams of fresh fish would supply roughly 10% of the
average daily human thiamine requirement, and freezing and smokecuring procedures do not appear to have any appreciable effect on this
vitamin. However, thiamine is known to be labile to heat, and from the
few figures available it would appear that canning destroys a considerable portion of this vitamin. In this connection it is important to note
that Lopez-Matas and Fellers (1948) reported that about 75% of the
thiamine in swordfish was destroyed by heating 90 min. at 115°C, and
that 100% was destroyed in 110 min. at 121°C.
One hundred grams of fresh fish supplies from 5 to 10% of the average human daily requirement of riboflavine and, in contrast to thiamine,
there is no appreciable loss of this vitamin on canning. Also, freezing,
smoke-curing, and dry salting occasion no apparent loss. Fish flesh is
almost invariably an excellent source of niacin, for 100 g. supplies between half and all of the human daily requirement. Since this vitamin is
comparatively heat-stable, canning and other processing methods do not
appear to decrease the amount present in fish products.
The early investigations of Birch and György (1936) and Lunde and
Kringstad (1938) indicated that fishery products, and more especially
fish livers, were good sources of pyridoxine. In later work Lunde (1939)
reported that fish products contained between 50 and 400 "rat units" of
pyridoxine per 100 g. When crystalline pyridoxine was available, Henderson et al. (1941) carried out a number of assays to determine the
content of this vitamin in fish. Frozen cod and salmon contained 0.34
and 0.59 mg. per 100 g. respectively. In 1946, Ives et al. assayed 10
samples of canned salmon and found that they contained between 0.07
and 0.26 mg. of pyridoxine per 100 g., with an average value of 0.13 mg.
These values were much lower than those later reported by Neilands
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et al. in 1947 (0.39 to 0.50 with an average 0.45 mg. per 100 g.). This
vitamin is considered relatively stable in canning procedures so that
these differences may have been due to the assay methods employed or
the fish themselves. The mean, minimum and maximum values for this
vitamin in seven types of canned fish products were 0.13 and 0.52 mg.
per 100 g. (Neilands et al, 1947).
Sea foods are comparatively good sources of biotin and in this respect
compare very favorably with meats. Cheldelin et al. (1942) recorded the
following amounts in fresh sea foods: halibut, 0.008; salmon, 0.0053; and
oysters 0.0087 mg. per 100 g. Later, Ives et al. (1946) reported that
canned salmon contained from 0.0067 to 0.0152 (average 0.0098) and
Neilands et al. (1947) reported that canned salmon contained from 0.011
to 0.019 (average 0.015) mg. of biotin per 100 g. Not all canned fish appear to be an equally good source of this vitamin. Atlantic mackerel and
tuna species averaged only 0.003 to 0.004 mg. per 100 g., while Pacific
sardines and mackerel had from 0.018 to 0.027 mg. per 100 g. according
to Neilands et al. (1947). The results obtained with salmon indicated
that biotin in fish flesh is not affected by canning. Lopez-Matas and Fellers (1948) found that dehydration of swordfish destroyed most of the
biotin. They also noted that the method of extraction of biotin from fish
muscles is important since extremely high values were found for acidextracted frozen and canned material.
Waisman et al. (1942) reported that commercial canning destroys
from 30 to 40% of the pantothenic acid in flesh foods. They stated that
the content of this vitamin in fresh salmon and cod flesh was 1.8 and 0.4
mg. per 100 g. respectively. Hoogland (1953) determined the pantothenic
acid content of a variety of samples of fresh, frozen, smoked, and coldstored cod and haddock fillets. He reported for the cod samples an average of 0.161, and for the haddock samples an average of 0.109, mg. of
pantothenic acid per 100 g., and that the processing methods had no
appreciable effect on this vitamin. These values were lower than those
earlier reported by Waisman et al. for salmon (1942). Neilands et al.
(1947) found that canned salmon contained an average of 0.58 mg. of
pantothenic acid per 100 g. This value was similar to the earlier value of
0.7 mg. per 100 g. reported by Jukes (1941) for canned salmon. Average
values of 0.17 to 0.57, 0.26 to 0.39, and 0.31 to 0.60 mg. of pantothenic
acid per 100 g. of canned fish have been reported by Thompson et al.
(1944), Ives et al. (1945), and Neilands et al. (1947), respectively. Cheldelin et al. (1943) observed no loss of this vitamin in simple cooking
of fish.
There have been a limited number of studies concerning the amount
of pteroylglutamic acid (PGA) in fish materials. Cheldelin et al. (1943)

TABLE IV

0.006-0.114(15)
0.06(15)
0-1.0(31)
13.0(31)

Atlantic herring

Atlantic herring
(whole fish)
Pacific mackerel
Pacific sardines

α

Numbers 1-35 in parentheses indicate references given at end of table.

Tuna sp.

0.043-0.118(11)
(0.067)
0.021-0.123(12)
(0.069)

0.045(15)

Atlantic mackerel

0(3)

0.065-0.274(11)
(0.130)

0(3)

< 0.008 ( 1 1 )

< 0.008 ( 1 1 )

(0.069)

< 0.008 ( 1 1 )
0.021-0.123(12)

0.017-0.097(11)
(0.036)

Chum
Spring
Pacific salmon
(species not recorded)
Pacific herring

0.005(3)
0.078(3)

0.015-0.023(12)
(0.019)

0.014(3)

Pink

0.015-0.054(12)
(0.029)

0.024(3)

Pacific salmon
Sockeye

Canned

Raw

Fish

IV A. Vitamin A (mg./100 g. = U.S.P. units per 100 g./3333)

0.05(14)

0.07(14)

Smoked

VITAMIN CONTENT OF RAW AND PROCESSED FISH PRODUCTS AS DETERMINED BY DIFFERENT INVESTIGATORS 0

>

8

Fish

Pacific mackerel
Pacific sardines
Tuna sp.
Cod liver
Cod roe
Sild sardines
(some canned 7-9 years)

Atlantic herring
Pacific herring

Pacific salmon
Sockeye
Coho
Pink
Chum
Spring
Pacific salmon
(species not recorded)
Atlantic cod
Atlantic mackerel
Atlantic sardines

Swordfish

810(3)
430-1, 570(1)
6000(10)
65-85(10)

300-1700(18)
330 (assuming 10%
oil content) (18)

0(16)
1100(1)
700(17)

540(3)
240(3)
540(3)
300(3)
455(3)
200-800(16)

IV B. Vitamin D (I.U./100 g.)

0.29(19) (dehydrated)

0.48(19) (frozen)

Raw

TABLE IV (continued)

Canned

S
2
3
g
|
"
£
|

190-800(5)
(460)
500-500+ (11)
500(11)
208 (flesh) (6)
608 (liquor + oil)
333-500(11)
333(11)

3

%
o
w

193(2)

250(11)
333(11)
100-333(11)
6000(10)
80(10)
290-1000(1)
(600)

"

370(2)

0.014-0.023(12)
(0.0175)
0.50(19)

Fish

Atlantic cod

Atlantic haddock

Atlantic herring

Atlantic salmon

Pacific salmon
(species not recorded)

Spring

Chum

Pink

Coho

Pacific salmon
Sockeye

TABLE IV

(continued)

0.014-0.019(8)
(0.017)
0.019-0.025(8)
(0.023)

Frozen

0.1(7)
0.013-0.026(8)
(0.018)

0.1(7)

0.037(7)

0.037(7)

Dry salted

0.025-0.150(7)
0.27(4)
0.32-0.34(32)

Fresh

Salted
0.19(7)

Fresh or Frozen

0.06(7)

0.04-.09(21)
(0.072)
0.09-.123(21)
(0.109)
0.03&-.068(21)
(0.046)
0.048-.072(21)
(0.059)
0.152-0.256(21)
(0.231)
0.146(22)
0.117-0.235(24)
(one very high
value omitted)

Raw

IV C. Riboflavine (mg./100 g.)

Kippered

0.075(7)

0.075(7)

Canned

0.31 ( 7 )
0.45
0.30(16)

0.024-0.040(8)
(0.034)

Smoked

0.17-0.20(7)
0.16-0.23(11)
(0.19)

Canned

0.195-0.250(23)
0.14-0.17(13)
(0.16)
0.11-0.20(12)
(0.16)

Canned

>

t*

B

8!
to

Food

Raw

Swordfish
Lobster
Mussels
Clams
Atlantic oysters
Atlantic shrimp

0.049(19)
0.055(7)
0.175(7)
0.095(7)
0.06-0.35 (34)
0.035-0.043(35)

0.10-0.11 (31)
(0.10)

Tuna

Pacific mackerel

0.43-0.64(32)
(0.57)

0.055-0.105(7)
0.014-0.019(8)
(0.017)
0.055-0.068(7)
0.10(22)
0.28(7)
0.35-0.36(32)
(0.36)

Atlantic mackerel
(whole fish)
Pacific sardines

Atlantic halibut
Pacific halibut
Atlantic mackerel

Haddock

0.21-0.26(34)
0.033-0.033(35)

Smoked
0.055-0.103(7)
0.017-0.037(8)
(0.024)
0.14(7) (salted 8 days)

(11 days in ice)

0.092(19) (dehydrated)

0.014-0.025(8)
(0.019)
0.08(7)

Frozen

TABLE IV (continued)

Canned

0.12-0.23(13)
(0.18)
0.29-0.38(11)
(0.33)
0.09-0.15(11)
(0.11)
0.29-0.38(11)
(0.33)
0.047(19)
0.058-0.075(7)
0.115-0.138(7)
0.092-0.098(7)

0.21-0.27(7)
0.13-0.29(13)
(0.22)
0.17-0.26(11)
(0.20)

0.035-0.116(7)

S

<
>

s

Oi

0.024-0.06(15)

0.168-0.234(31)
(0.21)
0.026-0.051 (35) (fresh)
0.018-0.045 (35) (11 days in ice)

Atlantic herring

Atlantic tuna

Atlantic shrimp

0.17-0.20(28)

0.125-0.135(28)
0.14-0.155(20)
(0.148)
0.139-0.150(20)
(0.143)
0.084-0.090(20)
(0.087)
0.092-0.109(20)
(0.101)
0.073-0.084(20)
(0.080)

Raw

Thiamine (mg./100g.)

Atlantic mackerel

Pacific salmon
(species not recorded)

Chum

Spring

Coho

Pink

Pacific salmon
Sockeye

Fish

TABLE IV (continued)

IV D.

0.018-0.052(11)
(0.030)
0.014-0.038(9)
(0.021)
0.021-0.045(9)
(0.034)
0.040-0.086(11)
(0.058)
0.043-0.118(11)
(0.067)
0.021-0.123(12)
(0.069)

0.025(28)

Canned

0.015-0.098(8)
(0.049)
0.04-0.05(28)

0.03-0.05(8)
(0.039)
0.1 (28)

0.075(28)

0.098-0.180(28)
0.08-0.18(33)
0.07-0.29(34)

Atlantic cod

Haddock

Blue crab

Oysters
(various species)

0.0-0.05

0.378-0.433

0.05

Burbot

Smelts

Suckers

Carp

0.027-0.126

0.0-0.04

Lake herring

Freshwater fish (30)

Swordfish

Raw

0.011-0.040(20)
(0.023)
0.053(19)

Fish

Pacific herring

Slight losses (30)

Whole: 24% loss (33)
Ground: 63-67% loss (33)

0.017-0.064(8)
(0.043)

0.04-0.078(8)
(0.057)

Frozen

TABLE IV (continued)

0(28)

0.013(19)

Canned

0.026

Dehydrated

0.047-0.10(8)
(0.063)

0.038-0.080(8)
(0.056)

Smoked

2

C/5

2
o
w

σ*

7.1(19)

4.01-11.4(9)
(7.82)
5.0-6.6(11)
(5.8)

3.8-5.9(11)
(4.8)
2.9-3.35(26)

Tuna

6.23-10.70(31)
(8.44)

10.2-15.5(11)
(13.5)

7.^-13.0(9)
(10.2)

2.92-7.15(9)
(5.57)
5.4-6.4(11)
(5.8)

5.5-7.9(19)
5.5-7.2(26)
9.4-9.3(32)
(9.35)

Atlantic mackerel

3.4(19)
3.4(26)

5.9S-8.91 ( 9 )
(7.81)
6.2-8.1 ( 1 1 )
(7.4)

Canned

Pacific sardines

2.9-4.0(19)
2.9-4.0(26)
6.0(29)
3.7-4.1 ( 3 2 )

Atlantic herring

Dehydrated

8.0-9.4(11)
(8.7)

9.1 ( 1 9 )

Swordfish

Smoked

Pacific mackerel

6.0-6.96(22)
8.4(15)
5.5-6.7(24)
6.0-8.4(26)

Raw

Pacific salmon
(species not recorded)

Fish

(continued)

Niacin (mg./100 g.)

TABLE IV

IV E.

2.14-5.52
2.67
1.12-1.27
1.29
1.13
1.33-1.55
1.64

Lake herring

Suckers

Carp

Burbot

Fresh-water fish (29)

1.3(26)
1.41-2.52(33)
1.36-3.88(34)

Atlantic oysters
1.69-1.75(34)

1.01
1.68

2.42

3.9-5.2(8)
(4.56)
0.66(27)
1.08(27)

3.2-4.3(8)
(3.72)
0.9(25)

Haddock
2.8-3.9(8)
(3.46)

1.7(26)

1.4-3.6(8)
(2.32)

2.3-3.3(8)
(2.57)
1.7-3.0(15)
1.7-3.0(26)

Atlantic cod
2.1-3.5(8)
(2.93)

0.78(27)
1.1-3.4(9)
(2.23)

No decrease in
90 days (35)

4.45-5.30(35)

Canned

Shrimp

Smoked

Frozen

Raw

Fish

TABLE IV (continued)
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found that frozen salmon and cod contained 0.053 to 0.10 mg. per 100 g.,
and that relatively short cooking processes destroyed 46-74% of the
vitamin. Ives et al. (1946) obtained different results depending on the
microbiological assay method used for determining PGA (folic acid
complex) in canned salmon. They used two methods and found relatively
low concentrations ranging from 0.0001 to 0.0044 mg. per 100 g. with one
method, and from 0.0053 to 0.0102 with the other. Canning practically
destroys PGA. Thus, Neilands et al. (1947) obtained minimum and max
imum values of only 0.0005 to 0.0022 mg. per 100 g. for seven types of
canned fish analyzed. PGA is very readily destroyed in heating dry fish
meals (Tarr et al, 1954).
Vitamins of the Bi 2 complex (cobalamins) are widely distributed in
fish products, and more especially in the internal organs such as kidneys
and liver (Tarr et al, 1950; Southcott and Tarr, 1953; Karrick, 1955). The
muscle tissue of white-fleshed fish is usually a comparatively poor source
of this vitamin (Hoogland, 1953). Vitamin B i 2 is reasonably stable when
autoclaved in faintly acid medium and therefore destruction during
normal fish-canning procedures would not be expected. Indeed, vitamin
Bi2 has been found to be comparatively stable in heated fish meals, unless
the heating is continued for a considerable time at an excessively high
temperature (Southcott and Tarr, 1953). Vitamin B 12 is stable in frozen
and smoked fish (Hoogland, 1953).
The tocopherols of fish flesh occur largely as vitamin E (α-tocopherol)
(Harris et al, 1950). Fish muscle tissue appears to have a variable vitaREFERENCES—TABLE

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Aschehoug et al (1939)
Bailey (1936)
Bailey (1952)
Klungs0yr and Boge (1953)
Devaney and Putney (1935)
Herraiz and Musmanno (1947)
Hoar and Barberie (1945)
Hoogland (1953)
Ives et al. (1944)
Kringstad and Folkvard (1949)
Neilands et al. (1947)
Pressley et al (1944)
Thompson et al. (1944)
Willstaedt and Jensen (1937)
Cited by Lovern (1943)
Lunde (1939)
Cited by Grangaud (1950)
Bacharach et al. (1942)

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

IV

Lopez-Matas and Fellers (1948)
Sautier (1946a)
Sautier (1946b)
Cheldelin et al (1943)
Munsell (1942)
Guerrant et al (1945)
Dann and Handler (1942)
Cited by McVicar and Berryman
(1942)
Tepley et al (1942)
Goldbeck (1947)
Klocke et al (1946)
Klocke et al (1947)
Braekkan et al (1955)
Braekkan and Probst (1953)
Wentworth and Lewis (1958)
Fieger (1957)
Novak et al (1956)
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min E content as the following figures (milligrams per 100 g.) indicate:
sardines, 4.5; salmon, 1.6; mackerel, 1.8; herring, 0.5 (Jansen and Kringstad, 1942); Baltic herring, 0.105 (Lücke and Willstädt, 1945) and had
dock, 0.35 (Harris et al., 1950). This variability is supported by the
recent work of Einset et al. (1957), who found from 2.7 to 62.8 mg.
of vitamin E per 100 g. of oil extracted from the flesh of different species
of fish. Fish liver has been reported to contain 0.18 mg. per 100 g. (Lücke
and Willstädt, 1945) and cod roe between 5.25 and 7.6 mg. per 100 g.
(Kringstad and Folkvard, 1949) of vitamin E. The last-named investiga
tors found that the vitamin was not destroyed during canning of cod
roe. There is little doubt that vitamin E would be destroyed progres
sively in frozen fish in which storage conditions promote development
of oxidative rancidity, though no published data regarding such de
struction appear to be available. It is well known that vitamin E is
quite rapidly destroyed in frozen tissues (Chipault et al., 1945; Quaife
and Dju, 1949). The probable role of the vitamin as a natural antioxidant
in fish tissues has been emphasized by Einset et al. (1957).
The early information concerning the distribution of ascorbic acid
(vitamin C) in fish materials was reviewed by Lovern (1943). These
early reports were confusing, but in general the reliable work indicated
that fish flesh contained little of the vitamin. During a study which in
volved recovery of added ascorbic acid to Pacific salmon muscle it was
found that small amounts of reducing substances equivalent to about
2.5 mg. per 100 g. of ascorbic acid were present (Tarr, 1948). Hastings
and Spencer (1952) found that edible marine products contained both
free and bound ascorbic acid, there being a significant amount in tuna
liver, salmon roe, herring roe, and oysters. Fresh salmon muscle was re
ported to contain 1.3 mg. per 100 g. Severe destruction of the ascorbic
acid was reported following canning of herring roe and muscle by the
above investigators. However, they observed no appreciable destruction
of the vitamin in the canning of tuna and oysters, a result which has as
yet not been satisfactorily explained. Kringstad and Folkvard (1949)
reported relatively high levels of ascorbic acid in cod roe (about 50 mg.
per 100 g.), but they did not determine the amount of destruction due
to canning. Separation and identification of ascorbic acid by Chromato
graphie techniques does not appear to have been attempted.
Though there must be a considerable loss of vitamins in the aqueous
and oily liquids which exude from fish during precooking procedures
(for example, in tuna canning), in the drip which exudes from defrosted
fish, and in liquors which are discarded from canned fish, there does not
appear to be much information in the literature concerning the magni
tude of these losses. Junker (1956) stated that the approximate 10% loss

260

H. L. A. TARR

of vitamin A which occurred on cooking fish was due to physical loss in
the exudate. It would be interesting if more information concerning
them could be accumulated.
C.

EFFECT ON FATS AND MINERALS

Though there is now fairly abundant information in the literature
concerning the distribution, types, and amounts of triglycerides and
phospholipids in fish flesh, there does not appear to be much information
concerning the effects of processing on their nutritive value. As pointed
out previously, the hydroperoxides which form during oxidation of the
unsaturated fatty acids of fish oils undoubtedly occasion loss of essential
factors such as vitamin A, and this destructive effect may be carried over
to the essential factors which are normally included in a given ration.
Biely et al. (1955) were unable to detect any difference in the nutritive
value of herring meals which were stored for one year at 20° or 37 °C,
even when these meals contained as much as 7.6% of fish fat. Common
et al. (1957) have shown that quite severe heating conditions are required to render fish oils toxic. These studies would certainly indicate
that normal processing procedures such as the canning of fish are highly
unlikely to affect adversely the nutritive value of the oils. On the other
hand, severe oxidative rancidity, such as undoubtedly occurs in many
salted fish products, may well affect the digestibility of the fats. So far,
however, the difficult problem of the study of the digestibility of these
relatively highly oxidized fats does not appear to have been overcome.
Fish and shellfish are excellent sources of most of the mineral elements required by man, including iodine and fluorine (McCance and
Shipp, 1933; Nilson and Coulson, 1939; Lee and Nilson, 1939). Losses of
these mineral elements during processing is undoubtedly entirely physical, due to liquids discarded from fish products (McCance and Shipp,
1933). Canning would undoubtedly have no appreciable effect, and
indeed, Jarvis et al. (1926) found no loss of iodine on canning Pacific
salmon.
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