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Introduction

Fish oils are the richest known sources of vitamins A and D. The
stores of these vitamins which accumulate in the livers of many fishes
are much higher than those found in the livers of most mammals. The
great disparity in vitamin A reserves, for example, is apparent when the
content of vitamin per gram of liver in some specimens of soupfin shark,
50,000 i.u./g., is compared with that of the sheep, 600, or that of the
rabbit, 170 (Moore, 1953a). An even greater disparity exists in respect
of vitamin D, which occurs in the liver and in the body fat of mammals
only in insignificant amounts, often less than 1 i.u./g. (Bacharach, 1946),
whereas in a number of species of fish the liver oils may contain from
20,000 to 45,000 i.u./g. (Table VI).
The ultimate origin of vitamin A in fishes is probably ß-carotene,
which is present in the diatoms (Strain, 1944) on which small Crustacea,
such as shrimps, subsist. The latter contain the preformed vitamin (Kon
and Thompson, 1949; Fisher et al, 1951) and are consumed by small
fishes, which in turn form the food of the larger species. It has been
demonstrated that the cod can convert ß-carotene to vitamin A (Neilands,
1947), but whether it receives the major part of its vitamin A in the
preformed state or as provitamins is uncertain.
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The origin of vitamin D in fish has been much discussed. It is improbable that provitamins D in the tissues are converted to vitamins D
by the action of ultraviolet light on the body surface, as in mammals.
The activating rays of the sun penetrate only to a depth of one meter
(Darby and Clarke, 1937), and fish normally inhabit much deeper
waters, out of reach of these rays. Moreover, basking sharks, which are
exceptional in that they are exposed to sunshine for long periods while
lying on the surface of the ocean, accumulate practically no vitamin D.
Potential dietary sources of the vitamin appear to be scanty. Its
presence has been demonstrated in the floating brown alga or gulfweed
(Sargassum) which is produced in vast quantities in the Caribbean Sea,
and is later dispersed by the Gulf Stream to areas as far distant as Iceland. The alga harbours a multitude of mollusks, shrimps, and other
small invertebrates, and provides a plentiful supply of fish food. Darby
and Clarke (1937) reported that the dry matter of the fronds contained
about 3 % of oil, which was definitely antirachitic when tested on rats.
Insignificant amounts of the vitamin are found in Zooplankton (Drummond and Günther, 1930, 1934) and in copepods (Copping, 1934).
Fish probably ingest considerable quantities of provitamins D, since
these occur in many marine invertebrates (Deuel, 1957a). There is at
present no convincing evidence that fish can convert provitamins into
vitamin D, since the energy required for this conversion is unlikely to
be derived from ultraviolet light, as mentioned before. If conversion
does occur, we have, furthermore, no evidence to decide whether the
fish employs provitamins from an external source, or whether it forms
its own provitamin by dehydrogenation of cholesterol. The origin of
vitamin D in fish, therefore, is at present almost entirely a matter of
speculation. The question is discussed by Bills (1954), who first suggested (Bills, 1927) that vitamin D may be synthesized by fish.
There is a profusion of data on the vitamin A and vitamin D contents
of fish oils, but the number quoted here is necessarily limited. Extensive
compilations to which reference can be made include those of Fixen and
Roscoe (1937, 1939), Butler (1946), Bailey (1952), and Bills (1954).
In the following tables ranges of values are listed where these are
available; the single figures quoted from Bills (1954) represent average
values. In other instances, single figures should not be regarded as
typical of a species, since wide variations occur between individuals,
according to the age or sexual condition of the fish, or the season at
which the samples were collected.
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Factors Affecting Vitamin Content
A.

AGE AND SIZE

One of the main factors affecting the vitamin content of the liver oils
is the age, and thus the size and weight, of the fish. In contrast to mam
mals, fish continue to grow after reaching full maturity, so that in some
species old fish may attain considerable size and weight. There is much
evidence that with increasing age vitamin A accumulates in the liver,
since no great demands are made on the reserves for metabolic purposes,
and therefore the potency of the liver oil and the vitamin A content of
the liver are greater than in younger and smaller specimens.
Some fish appear to start life with negligible reserves of vitamin A.
In the soupfin shark, a viviparous elasmobranch, the liver of the mother
may contain a total of 12 million units, but little or none of the maternal
reserves are transferred to the foetus (Molteno et ah, 1945), a finding
observed also in mammals (Moore, 1953b). Age is difficult to assess in
the soupfin shark, but after maturity is reached, the potency of the liver
oil and the vitamin A content of the liver increase rapidly with increase
in length of fish. Ripley and Bolomey (1946), in their studies of the
soupfin shark (Galeorhinus galeus) of Californian waters, found that in
males less than 155 cm. long (the average length at maturity) the po
tency of the liver oil averaged less than 50,000 i.u./g., but with subse
quent increase in length a potency of over 200,000 i.u./g. might be at
tained. Molteno et al. (1945) noted that the livers of soupfin sharks
caught in deep waters were consistently richer in vitamin A than those
of sharks caught in shallower waters, but they attributed this to the fact
that the bigger specimens are seldom found inshore. In the spiny dog
fish (Squalus acanthias) (Templeman, 1944), and in the dogfish (Squalus
suckleyi) (Swain, 1947) increase in size gready increases the vitamin A
potency of the liver oil. In the latter species the values, per gram of oil, in
female fish weighing 3 lb. and 9τ/2 lb. were 3,700 and 66,400 i.u., re
spectively. Corresponding values for the total liver reserves of the
vitamin were 0.47 and 5.94 million units.
A direct relationship between age of fish and the potency of the liver
oil was observed in the cod by MacPherson (1933), and also by Pugsley
et al. (1945). According to MacPherson, the potency was related to age
rather than size, since a slow-growing fish could accumulate a greater
amount of vitamin A in the liver than a more rapidly growing one of
the same size. The concentration of vitamin A in the liver oil of the
halibut increases with increase in size of liver and, therefore, with size
of fish (Lovern et al, 1933) but in the groper (Polyprion oxygeneios)
(Shorland, 1953) and the ling (Genypterus blacodes) (Shorland, 1938)
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the larger livers yield a less potent oil. The total reserves in these two
species are not much affected by size of fish, whereas in the halibut
(Lovern et al., 1933) considerably greater reserves are found in the
larger specimens. In the kingklip (Genypterus capensis) the increase in
the vitamin A reserves with size is due to an increase in the percentage
of liver in the fish and the percentage of oil in the liver, rather than to
an enhanced concentration of vitamin A in the oil (Rapson et al, 1944c).
In the eel (Anguilla aucklandi) the percentage of oil in the body
tissues, and also its potency, increase with age. The increase in oil content appears to be associated with a transference of the vitamin from
liver to body tissues, so that the ratio "nonliver vitamin A": liver vitamin
A is greater in old than in young fish (Edisbury et al, 1937a).
The gradual accumulation of the vitamin with age and/or size has
been noted also in the yellowtail (Rapson et al, 1945d), the maasbanker
(Kallir et al, 1944), the long-jaw flounder (Athercsthes stomias) (Swain
and Barraclough, 1947), in members of the Sparidae (Corbett et al.,
1945), and in a number of other species.
Vitamin D storage in relation to age and size has been less extensively
studied, but it is probably influenced in the same way as the storage of
vitamin A, at any rate in some species, e.g. the stockfish (Merluccius
capensis), in which both the potency of the liver oil and the total amount
of vitamin D in the liver are greater in the older fish (Rapson et al,
1944b). Pugsley does not give data for the amount of vitamin D stored
per fish, but he observed that while increase in age increased the potency
of the liver oil in the gray cod (Gadus macrocephalus) (Pugsley, 1939c)
this was not so in the halibut (Hippoglossus hippoglossus) (Pugsley,
1939b) and the grayfish (Squalus suckleyi) (Pugsley, 1939a).
B.

SEASON AND FEEDING HABITS

In many species of fish the amount of oil in the liver exhibits a
marked seasonal fluctuation which is influenced probably by many factors, but mainly by variations in food intake and by metabolic changes
in the fish during the reproductive cycle. In general, an approximately
inverse relationship exists between the amount of oil in the liver and its
vitamin A potency. At periods when the fish is feeding sparingly, the
yield of liver oil is low, but the concentration of vitamin A is high; when
food intake is increased, fat infiltrates into the liver and the concentration of the vitamin is reduced (Drummond and Hilditch, 1930).
Variations in food intake are related to sexual condition, both in
viviparous and oviparous species. The soupfin shark (Galeorhinus galeus), according to Ripley and Bolomey (1946), eats little during the
development of the foetuses, presumably because the pregnant females
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find it difficult to secure food. The fish loses condition and the oil reserves of the liver decrease, since they are utilized to compensate for
the deficiency in food intake, but these workers consider that they are
not drawn upon to any appreciable extent in the later stages of pregnancy for the nourishment of the young embroys, as the large yolk sac
contains enough nutrients to maintain the young until the time of birth,
and there is, moreover, no placental membrane for transfer of food. Although the liver of gravid sharks is usually very rich in vitamin A, the
parental reserves are not depleted to any appreciable extent during
reproduction either in the snapper shark (Cunningham and Slater, 1939)
or as already mentioned, in the soupfin shark (Molteno et al., 1945).
The extent of the changes which occur in the amount and potency of
the liver oil during the sexual cycle of the South African soupfin (Galeorhinus canis) are exemplified by the data of Karnovsky et al. (1948).
A female carrying fully developed foetuses may have only about 26%
of oil in the liver, but with a vitamin A content of 200,000 i.u./g. or more,
whereas in females carrying unfertilized eggs or young embryos, the
liver contains about 70% of oil, though of a much lower potency, of the
order of 10,000 i.u./g. In males, according to Ripley and Bolomey (1946),
the seasonal variation in the liver oil reserves is much less marked (5060%) than in females.
In oviparous species, as, for example, the cod, food consumption is
high during the prespawning period and the liver contains much oil,
about 70%, but when spawning begins, the cod virtually ceases to eat.
It draws heavily on its reserves of oil for the provision of energy, and
also for the production of ova, which contain considerable quantities of
oil. The liver oil is therefore reduced, sometimes to less than half its
original amount. Some vitamin A is transferred to the ova, but the
amount is insufficient to impair appreciably the total vitamin reserves,
so that the potency of the oil increases. After spawning, the food intake
returns to normal, and the fat deposits are replenished, with consequent
dilution of the vitamin concentration of the oil (Lovern et al., 1933;
Lovern, 1934).,
Pugsley (1939c) noted that the oil content of the livers of the gray
cod (Gadus macrocephalus) was higher, and the vitamin A potency
lower, during the autumn and winter months than at other seasons. Several species of British Columbian flatfishes exhibit a similar seasonal
trend (McKercher, 1946). The maximum range of values was observed
in the brill (Eopsetta jordani), the percentage of oil varying from 9 to
27, and the vitamin A potency from 6,800 to 132,000 i.u./g. of oil.
The pronounced seasonal fluctuations in the vitamin A concentration
of halibut liver oils encountered by Lovern et ah (1933), from 8,000
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i.u./g. in February to 106,000 i.u./g. in May, were due to causes other
than changes in the oil content of the liver during spawning. They suggested that variations in the dietary intake of carotene, correlated with
the abundance or scarcity of diatoms, were responsible, though diatoms
are only the first link in the food chain of the halibut. As an alternative
explanation they mentioned that the fluctuation in potency might be
associated with a transference of vitamin A between the liver and some
other part of the body, which was influenced by some factor which
varied seasonally in the same way as the supply of diatoms. That the
organs to which the vitamin is transferred, if such transference takes
place, are probably the intestines and pyloric caeca, is indicated by
observations in the geelbek (Atractoscion aequidens), in which, during
intensive feeding, the vitamin A content of these tissues is increased
apparently at the expense of the liver reserves (Molteno and Rapson,
1939). At the same time there is an increase in the oil content of the
intestines and pyloric caeca, and the authors suggest that these findings
are in accord with the hypothesis that in fishes vitamin A is concerned
in the assimilation of fat (Edisbury et al., 1938; Lovern and Morton,
1939; Lovern et al, 1939b).
In contrast to most other species, the New Zealand ling (Genypterus
blacodes) exhibits relatively slight changes in the potency of the liver
oil throughout the season (Shorland, 1935, 1937).
The vitamin D potency of liver oils varies seasonally as does the
vitamin A potency, but within a much narrower range. Its inverse relationship to the oil content of the liver was demonstrated in the cod by
Hess and his associates (1929), and in the halibut by Bills et al. (1934a).
The latter workers noted that the yield of oil from pooled halibut livers
was lowest (12%) in January, at which time the vitamin D content was
at a maximum of 1,400 i.u./g. In August, the oil yield increased to 25%,
and the concentration of the vitamin was at a minimum, 900 i.u./g.
Pugsley et al. (1945) found that the livers of well-nourished, nonspawning cod were rich in oil of relatively low potency; during spawning an
increase in potency occurred as the oil content of the liver was reduced.
In specimens from the Gaspe peninsula, the vitamin D values, which
varied from 22 to 152 i.u./g. of oil, were lowest in the autumn. When the
yield of vitamin D from fish within a given age group was expressed as
units per 100 g. of fish, the seasonal change in potency was not apparent.
A range of 700-1,300 i.u./g. oil during the season has been recorded in
the stone bass (Polyprion americanus) by Rapson and Schwartz (1944)
and a rather wider range, 500-6,000 i.u./g., in the snoek (Thyrsites atun)
(Rapson et al., 1944a), but in the kingklip (Genypterus capensis), in
which the changes in the oil content of the liver are small, there is no
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significant seasonal variation in the vitamin D potency of the oil (Rapson
et al., 1944c). The yield of pilchard oil, prepared from the entire fish,
increases from July to October, and concomitantly there is a decrease in
its vitamin D concentration from 100 to 50 i.u./g. (Pugsley, 1942).
III.

Vitamin A

The forms of vitamin A which contribute to the biological potency
of fish oils include vitamin Αχ and the more highly unsaturated form,
vitamin A2. Besides the all-trans isomers of these vitamins, various eis
isomers also occur, but a discussion of these is beyond the scope of this
chapter. It may be mentioned, however, that the name neovitamin A has
been given to a eis isomer of vitamin Ai, present in fish liver oils, which
is less readily crystallizable than the all-trans form. In marine fish vita
min Ai preponderates, though a small amount of vitamin A2, less than
5% in most species, is also present (Morton and Bro-Rasmussen, 1955).
In many fresh-water fish, on the other hand, vitamin A2 is the pre
dominant form (Lederer et ah, 1937; Edisbury et al., 1937b; Gillam et al.,
1938). In euryhaline fish, i.e., those which are able to live either in the
sea or in fresh water, an intermediate position exists. Thus the liver oil
of the salmon (Salmo salar) resembles that of fresh-water fish in con
taining a substantial amount of vitamin A2, while the oil from the pyloric
caeca, in which vitamin Ai is the main form, is more akin to the marine
fish oils (Edisbury et el, 1938).
A.

LIVER

The importance of the liver as a site of fat storage and vitamin A
deposition varies greatly in different species. In some species it is the
main reserve of both fat and vitamin A, while in others the nonhepatic
viscera or the skeletal musculature may contain as much or more vitamin
A than the liver. There is evidence that the vitamin is not distributed
uniformly throughout the liver tissue. In the slender-toothed shark
(Carcharias taurus) and the soupfin shark (Galeorhinus cants) the po
tency of the liver oil diminishes from the upper hepatic portion to the
tip of the lobe (Molteno et al., 1945). A similar distribution occurs also
in the dogfish (Squalus suckleyi) (Yamamura and Kondo, 1949) but in
certain teleosts, the lingcod (Ophiodon elongatus) and the halibut
(Hippoglossus hippoglossus), the tip of the lobe contains the most
potent oil (Brocklesby and Rogers, 1941).
1. In

Elasmobranchs

Elasmobranchs, i.e., fishes which have a so-called cartilaginous skele
ton, generally accumulate fat and vitamin A mainly in the liver and

Stoasodon narinari
Batoidei sp.
Raja nasuta
Chlamydoselachus
Rhinoptera
Carcharias

Spotted eagle ray

Spotted whip ray

Skate

Frilled shark

Cow-nosed ray

Slender-toothed shark
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Sharp-finned whaler
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arcticus

Carcharodon

Man-eater or great white shark

Nurse shark
Ginglymostoma
cirratum
Wahlbeehm's sharp-nosed shark Carcharinus walbeehmi
Mud shark
Hexanchus griseus

taurus

bonasus

anguineus

maximus

Cetoerhinus

Basking shark

brunnius

Apristurus

Systematic name

Brown shark

Common name
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Carcharinus obscurus
Sphyma zygaena
Squalus suckleyi
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Vitamin A
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Dusky shark
Hammerhead shark
Pacific dogfish
Southern hammerhead shark
Atlantic dogfish
Soupfin shark
Soupfin shark

Common name
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little in other tissues; the liver of Squalus suckleyi, for instance contains
about 98% of the total vitamin A of the fish (Higashi et al, 1953).
Much attention has been directed to the investigation of the liver oils
of elasmobranchs, as a result of the discovery about 1937 that the liver of
the soupfin shark was a rich source of vitamin A and, particularly during
World War II, of great commercial value. The vitamin A contents of the
liver oils of many species from different areas are, therefore, available,
some of which are shown in Table I. These illustrate the extremely wide
differences in the vitamin A concentration of the liver oils that exist
between species. At the lower end of the scale are the basking shark
and the brown shark, with liver oils practically devoid of the vitamin,
while at the upper end are the soupfin sharks, with oils which may contain more than half a million units per gram. Moreover, between individuals of the same species, the variations may be almost as great as between
species, owing to the influence of such factors as age and season, which
have already been discussed. The yield of oil from individual specimens
of the soupfin shark varies enormously, since not only does the concentration of vitamin A in the liver oil range from 2,500 to over 600,000
i.u./g., but, according to Shorland (1950), the oil content of the liver
may be as low as 23% or as high as 87%, while the percentage of liver
in the fish varies from 2.75 to over 20%. Although the highest potencies
are found in the liver oils of females in the later stages of pregnancy,
males usually have considerably more potent oils than females. (See
Table I.) Ripley and Bolomey (1946) observed that the amount of
vitamin A per unit weight of liver was also greater, about 2-3 times as
much as in females of comparable length, carrying no eggs, unfertilized
eggs, or young embryos. The presence or absence of ripe sperm did not
appear to influence the vitamin A content of the oil or of the liver.
The soupfin shark ranks as an outstandingly valuable source of vitamin A, irrespective of its habitat, but the South African specimens examined by Molteno and his colleagues appear to have oils less potent
than those of the New Zealand (Shorland) and Pacific (Sinnhuber and
Law) species. Some of the hammerhead sharks, which belong to the
genus Sphyraena, and some members of the genus Carcharinus, rank
next to the soupfin sharks in the potency of their oils. Skates and rays as
a rule accumulate little of the vitamin, as also do some specimens of the
Atlantic dogfish (Squalus acanthias), the potency of the liver oil in the
latter being in some instances as low as 200 i.u./g. The variation between
individual dogfishes, however, is extreme, as values up to 150,000 i.u./g.
have been recorded, but Bailey (1952) states that the average potency
is usually low, about 1,500 i.u./g.
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2. In Teleosts
In the teleosts, or bony fishes, fat may be localized mainly in the liver
or distributed in other tissues, head, body, or nonhepatic viscera, as well
as in liver. The deposition of vitamin A does not necessarily accompany
the deposition of fat. In the gadoids, such as the cod, the haddock, and
the hake, the liver is the principal site of storage of both fat and vitamin
A; in the yellowtail (Seriola lalandi) it is the site of storage of vitamin
A, but not of fat, which is distributed throughout the tissues, the main
deposits being in the head and body, but these contain no vitamin A
(Rapson et al.} 1945d). Other species, likewise with a diffuse system of
fat distribution, accumulate substantial amounts of the vitamin in other
tissues as well as in liver, e.g., in the visceral oils, as in the halibut
(Edisbury et al, 1938) or in the body tissues, as in the fresh-water eel
(Edisbury et al, 1937a).
a.

MARINE TELEOSTS

Reference to Table II shows the extreme variation in the concentration of vitamin A in the liver oils which exists between species in marine
teleosts, the maximum value in the red steenbras being 10,000 times that
in the haddock. The gadoids have the least potent oils (though that of
the gray cod of the Pacific may attain high values), but since th£ yield
is large and easily obtained, cod liver oil is commercially one of the most
important vitamin-containing oils. Its vitamin A potency may vary considerably—from 400 to 4,000 i.u./g. (Fixen and Roscoe, 1937). The
specifications adopted by different countries for cod and other marine
oils are listed by Bailey (1952).
The salmon and the sardine, which store considerable amounts of oil
in the muscle tissue, yield liver oils low in amount but of relatively high
potency. It would appear that certain feeding grounds or environmental
conditions are more conducive to the accumulation of vitamin A than
others, since the hake of New Zealand (Merluccius gayi) and the hake
of South Africa (Merluccius capensis) have liver oils many times richer
than those of the species (M. vulgaris) of the North Sea. Nevertheless,
some species are evidently less affected than others by these factors, as
the liver oils of the Pacific halibut (Hippoglossus stenolepis) are comparable in potency to those of the North Sea halibut.
The Heterosomata, to which the flatfishes belong, have livers less
rich in oil than the gadoids, but in some species, such as the petrale sole
and the halibut, the concentration of vitamin A in the oils is high. Very
large amounts of the vitamin are also found in the tunas, and especially
in the sea basses and swordfish, members of the order Percomorphi.
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The red steenbras, a fish which attains a large size, provides an
example of the remarkable concentrations of vitamin A which may occur
in liver oils. In one specimen examined by Rapson and his co-workers
the oil contained well over one million units per gram, that is to say,
TABLE II
T H E VITAMIN A CONTENT OF LIVER OILS OF MARINE TELEOSTS

Common name

Oil in
liver (%)

Vitamin A
(i.u./g. oil)

References

50-75

100
100
300
1,000
200
500
500
1,000
1,000
2,000
2,000
2,000
3,000
10,000
10,000
12,000
16,000
2,000-16,000
18,000
1,000-25,000«
1,500-30,000
30,000«
36,000
45,000
57,000
65,000
80,000
40,000-90,000
53,000-142,000«
170,000
4,000-175,000
61,000-236,000«
48,000-275,000«
293,000*
6,000-330,000
20,000-400,000
40,000-400,000
500,000
29,400-1,130,000«

Lovern et al. (1933)
Lovern et al. (1933)
Lovern et al. (1933)
Lovern et al. (1933)
Lovern et al. (1933)
Lovern et al. (1933)
Lovern et al. (1933)
Lovern et al. (1933)
Lovern et al. (1933)
Lovern et al. (1933)
Bills (1954)
Bills (1954)
Lovern et al. (1933)
Lovern et al. (1933)
Lovern et al. (1933)
Bills (1954)
Bills (1954)
Shorland (1950)
Shorland (1950)
Black ef al. (1946)
Bailey (1952;)
Rapson et al. (1945d)
Bills (1954)
Bills (1954)
Bills (1954)
Bills (1954)
Bills (1954)
Shorland (1950)
Black et al. (1946)
Bills (1954)
Butler (1946)►
Rapson et al. (1945d)
Black et al. (1946)
Rapson et al. (1945d)
Lovern et al. (1933)
Butler (1946)1
Butler (1946)I
Bills (1954)
Rapson et al. (1945d)

Haddock
Codling (smaller specimens )
Codling (larger specimens)
Cod (mean of 43 samples)
Whiting
Dab
Ling
Pollock (Atlantic)
Hake (Atlantic)
Lemon sole

50-75
50-75
Ca. 70
50-75
Ca. 15

Pollock
Squirrel hake
Plaice (Northeast Atlantic)
Turbot (North Atlantic)
Salmon (Atlantic)
Albacore (Pacific)
Sardine (Pacific)
Ling (Oceania)
Hake (Oceania)
Hake (S. Africa)
Gray cod
White steenbras
Striped tuna
California mackerel
California bonito
Bluefin tuna
Atlantic tuna
Groper
Geelbek
Japanese tuna
Petrale sole
Yellowtail (Atlantic)
Kabeljou
Maasbanker
Halibut
Swordfish
White sea-bass
Black sea-bass
Red steenbras
« Values for E ^

m

33-38
Ca. 35
15-45
2

11-13

6-25
0.7-11
9-10
15-20
8-35
15-25
13-20
1-9

328 πιμ given by the authors have been multiplied by 1,600.
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30-40% of the oil consisted of vitamin A. If, as is probable, the vitamin
was largely in ester form, there can, as the authors point out, have been
only a very small percentage of glycerides in the oil, which was, in fact,
a natural vitamin A concentrate. The concentration in the liver itself,
judging from the data given, was of the order of 70,000 i.u./g., a value
surpassing that of polar bear liver, 20,000 i.u./g. (Rohdahl and Moore,
1943), which when eaten by man, causes symptoms characteristic of
hypervitaminosis A. Rapson and his associates indeed learned that some
fishermen who had eaten the liver of a red steenbras experienced such
toxic effects.
b.

FRESH-WATER TELEOSTS

Fresh-water fishes, as previously mentioned, differ from marine
species in having a greater proportion of vitamin A2 than of vitamin Ai
in their tissues. The entire body of the brown trout (Salmo fario), for
example, contains 0.5 mg. vitamin A2 and 0.25 mg. vitamin Ax (Edisbury
et al., 1938). In many of the liver oils of fish from Russian rivers the
ratio of vitamin A2 to vitamin Ax is also 2:1 (Lederer et al., 1937; Gillam
et al., 1938), while in the liver oils of Indian species it is reported to be
still higher, about 9:1 (Balasundaram et ah, 1955).
TABLE

III

T H E -VITAMIN A CONTENT OF LIVER OILS OF FRESH-WATER TELEOSTS

Common ilame
Pike
Burbot

Carp
Perch
Pike
Eel
Sturgeon
Columbia River smelt
Columbia River chub
Whitefish

Vitamin A
(i.u./g. oil)

References

3,000
4,000
5,000-7,000
10,000
14,400
5,700-16,500
26,000
32,600
36,000
59,500

Lovern et al. (1933)
Holmes et al. (1941)
Raffy et al. (1945)
Holmes et al. (1941)
Holmes et al (1941)
Edisbury et al. (1937)
Lovern et al. (1933)
Sinnhuber and Law (1947)
Sinnhuber and Law (1947)
Schmidt (1948)

The data given in Table III show that the liver oils of different species
of fresh-water fish vary greatly in their concentrations of vitamin A, but
in some instances the potencies are high, particularly in the whitefish of
the Saskatchewan lakes, a species which feeds mainly on Crustacea and
mollusks, rather than on plankton (Wynne-Edwards, 1952). The liver oil
of this fish is comparable in potency to that of the California bonito.
The distribution of vitamin A in the liver oils of fresh-water species
has been studied more extensively by Indian than by other workers,
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since in India fresh-water fish are abundant and provide a valuable
source of the vitamin, although the yield of oil is low, usually between
3 and 8% (Ahmad et al, 1945). Seshan (1940) records values ranging
from 2,000 i.u./g. oil in Caila catla to 45,000 i.u./g. in Mystus macronus,
while in species from the Punjab rivers most of the liver oils contained
from 20,000 to 26,000 i.u./g. (Ahmad et al, 1945). The vitamin A contents
of a number of Indian river fish oils are also given by Datta and Banerjee
(1933), Basu and De (1938), and Basu et al (1939).
B.

VISCERA (EXCLUDING LIVER)

The nonhepatic viscera of some species, though containing only small
amounts of fat, may contain substantial amounts of vitamin A. In the
halibut, in particular, the viscera yield very potent oils, containing up
to 8% (260,000 i.u./g.) of the vitamin (Lovern et al, 1937). Only traces
are found in the stomach; over 90% of the "visceral" vitamin is localized
in the intestines and pyloric caeca, chiefly in the tunica propria layer of
the mucosa. The oil from these tissues contains about 30% of the vitamin, almost entirely in ester form, while the total amount present is
comparable to that in the liver (Edisbury et al, 1938; Lovern and Morton, 1939; Lovern et al, 1939a; Glover and Morton, 1948). The visceral
oils of the cod (Gadus callarias) and the salmon (Salmo salar) are many
times more potent than the liver oils, and in the latter the pyloric caeca,
which are large, contain more vitamin A than the liver (Edisbury et al,
1938). In the hake, also, the intestines usually contain more than the
liver, both in concentration and total amount, though there is no consistent relation between the amount of vitamin in the two sites (Grangaud et al, 1949).
The observation that the alimentary tract of certain fishes contains
large amounts jpf vitamin A led the British workers to postulate that the
vitamin may assist in the absorption of food, and especially of fat. This
so far is the only role, apart from the formation of visual pigments, which
has been suggested for vitamin A in the metabolism of fish.
Table IV gives examples of the vitamin A content of the visceral as
compared with the liver oils in a number of species. The Pacific cod and
halibut resemble the corresponding North Sea species examined by
Edisbury and his colleagues (1938) in having visceral oils considerably
more potent than those of the liver, a finding which applies also to the
Columbia River smelt, but in a number of instances the concentration
of vitamin A is greater in the liver oils. The Columbia River smelt, or
eulachon, is notable for having tissues so rich in oil that when a rush
wick is inserted in the dried fish, it burns with a steady flame. Its popular
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name of candlefish is derived from the fact that it was used as a candle
by the Chinook Indians (Hart and McHugh, 1944).
TABLE

IV

VITAMIN A CONTENT OF OILS FROM LIVER AND VISCERA OF DIFFERENT SPECIES

Common name

Oil in organ
(%)

Vitamin A
(i.u./g. oil)

Liver
Intestine

29.0
0.7

74,000
15,500

Molteno et al.
(1945)

Liver
Viscera 0

40-70
2-4

2,000-20,000
3,000-6,500

Bailey (1952)

Liver
Viscera*
Liver
Viscera 0

25-45
1-3
7-19
0.5-1.5
8-10
6.5

5,000-17,000
36,000-112,000

Butler (1946)

Organ

References

Elasmobranchs
Soupfin shark
(South Africa)
Dogfish
Marine teleosts
Pacific cod
Dover slime sole
Chinook salmon
Pacific halibut
Horse mackerel

Red steenbras

Liver
Viscera 0
11-27
Liver
4
Viscera 0
Liver
6-15
Intestines and
2-15
pyloric caeca

5,000-31,000
1,000-3,000

Sinnhuber and Law
(1947)

25,000-40,000
21,000

Sinnhuber and Law
(1947)

17,000-193,000
361,500

Sinnhuber and Law
(1947)

69,000-512,000
17,000-106,000

Kallir et al. (1944)

Liver
Intestines and
pyloric caeca

4
1.4

1,064,000
1,113,600

Liver
Viscera
Liver
Viscera
Liver
Pyloric caeca
Stomach and
intestines

14
40
12
5
7
3
3

36,000
3,800

Sinnhuber and Law
(1947)

32,600
81,000
59,500
3,600
700

Sinnhuber and Law
(1947)

Rapson et al.
(1945d)

Fresh-water teleosts
Columbia river
chub
Columbia river
smelt
Whitefish

α
b

Schmidt (1948)

Excluding stomach, kidney, and gonads.
Stomach, caeca, and intestines.

Visceral organs other than the intestines and pyloric caeca also yield
oils having considerable concentrations of vitamin A. The spleen oil of
the halibut contains about 30,000 i.u./g. (Edisbury et al, 1938), while
oils from the pancreas and kidney of the deep sea shark (Heteroscymnus
longus) contain, respectively, 20,000 and 500-26,500 i.u./g. (Higashi et
al, 1955). Similar values have also been recorded for these organs in
surface sharks (Higashi et al, 1953).
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C.

FLESH

1. Fresh
Fish flesh is, in general, a very poor source of vitamin A (see Table
V). The muscle tissues of "lean" fish, such as the haddock, contain little
or none; mackerel and herring, which have oily tissues, contain rather
TABLE V
T H E VITAMIN A CONTENT OF FISH FLESH

Vitamin A
(i.u./100 g. flesh)

References

Fresh
Haddock
Carp
Mackerel
Flounder
Herring
Fresh-water eel
Atlantic salmon
Pacific salmon

5
170
180
400
40-240
4,500
nil
0-600

Munsell (1940)
Mar (1941)
Booher and Marsh (1941)
Grangaud (1950)
Bacharach et al. (1942)
Edisbury et al. (1937)
Pyke and Wright (1941)
Bailey (1952)

Canned
Pacific mackerel
Pacific sardines
Tuna
Herring
Brisling (sprats)
Chum salmon
Pink
Red
Chinook

<30
<30
<30
40-200
100-1,000
30
100
300
750

Type

Neilands et al. (1947)
Neilands et al (1947)
Neilands et al (1947)
Bacharach et al (1942)
Lovern (1946)
Munsell (1943)
Munsell (1943)
Munsell (1943)
Munsell (1943)

more. Salmon flesh varies to some extent in its content, Atlantic salmon
being devoid of the vitamin, while Pacific salmon, which belongs to a
different genus (Oncorhynchus), may have up to 600 i.u./100 g. According to Hirao et al. (1954), vitamin A is not distributed uniformly throughout the flesh in the salmon, the concentration being greater in the deep,
than in the surface, layers. The flesh of the fresh-water eel is much richer
than that of the other species, and the content increases with the size of
fish. The value given is for medium-sized specimens. The concentration of
vitamin A in eel flesh is low, however, when compared with that of the
deep sea shark (Heteroscymnus longus), which is stated to contain
9,000-26,000 i.u./100 g. (Higashi et al, 1955).
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2. Processed
Since fresh flesh contains little vitamin A, it is to be expected that
the processed products will also provide insignificant amounts, and this
is evident from the data for canned fish given in Table V. Vitamin A
appears to be stable to canning (Lopez-Matas and Fellers, 1948). Lunde
(1937) found that the smoking process caused no loss when the fish
(herring and sild) were smoked whole, and that there was only a slight
loss if the herrings were first filleted. Bailey (1943), on the other hand,
reported that smoking completely destroyed the vitamin in both herring
and lingcod fillets, although not in black cod, which contained about
1,600 i.u./ΙΟΟ g.
IV. Vitamin D
A.

1. In

LIVER

Elasmobranchs

In contrast to the teleosts, the elasmobranchs store negligible amounts
of vitamin D, less than 25 i.u./g. of liver oil in most species (Bills, 1935;
Cunningham and Scott, 1944; Bailey, 1952). This fact might suggest that
in the absence of a completely calcified skeleton, the metabolic require
ments for vitamin D are very low, but the extremely large reserves of
certain teleosts appear to be in excess of the amount required merely for
calcification, and in these instances the vitamin presumably plays some
role other than that associated with the deposition of bone salts.
The paucity of vitamin D in elasmobranch fishes is in strong contrast
to the abundance of vitamin A which a number of them, such as the
soupfin and some hammerhead sharks, possess, and serves to illustrate
that the occurrence of the one vitamin bears no relationship to the
occurrence of the other, although in certain teleosts the reserves of both
vitamins are high.
2. In Teleosts (Marine and

Fresh-water)

Vitamin D, like vitamin A, is present in fish oils in more than one
form, a fact which was first recognized by Bills and his associates (1934b).
This observation was confirmed by molecular distillation technique
(Hickman, 1937; Hickman and Gray, 1938), and as many as six different
vitamins D were distinguished, though some of these were present only
in small amounts. About 70% of the vitamin D of cod liver oil occurred
as esters. Alternative forms of the vitamin may have unequal antirachitic
activity in different animals; vitamin D2> for example, is much less ef
fective in the chick, unit for unit, than vitamin D 3 , while the two forms
are equally effective in the rat. Bills et al. (1937) demonstrated that, of
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TABLE VI
T H E VITAMIN D CONTENT OF LIVER OILS OF MARINE AND FRESH-WATER TELEOSTS

Common name
Marine
Pollock
Squirrel hake
Kingklip
Atlantic salmon
Herring, Pacific
Cod
Jacopever
Greenland halibut
Gray cod
Ling (Oceania)
Petrale sole
Whiting (Northwest
Atlantic)
Starry flounder
Stone bass
Gurnard (South Africa)
Pilchard (Pacific)
Halibut
Snoek (South Africa)
Lingcod
Kabeljou
Pacific mackerel
Black sea-bass
White sea-bass
Albacore
Kingfish (Australian)
Atlantic tuna
Groper
Swordfish
California bonito
Striped tuna
Bluefin tuna
Oriental tuna
Fresh-water
Lake sturgeon
Mirrgal
Rohu
Ling (Canada)
Muskellunge
Sheepshead
Carp

Oil in
liver (%)

26-45
3-5
50-75
14-43
25-45
38

4-20
9-24
4-14
8-30
4-19
8-20
5-27

8
13

Vitamin D
(i.u./g. oil)
70
120
85-130
180
250
60-300
60-300
400
85-500
500
500
1,000
1,000
700-1,300
400-2,000
2,300
1,000-5,000
500-6,000
1,000-6,000
2,000-6,000
6,300
9,000
11,000
13,000
15,500
16,000
2,000-19,000
2,000-25,000
35,000
42,000
42,000
45,000
<1
9
50
400
500
750
10,000

References
Bills (1954)
Bills (1954)
Rapson et al. (1944c)
Bills (1954)
Bailey (1952)
Fixen and Roscoe
(1937)
Rapson et al. (1945c)
Holmes et al. (1941)
Butler (1946)
Shorland (1950)
Bills (1954)
Holmes et al. (1941)
Bailey (1952)
Rapson and Schwartz
(1944)
Rapson et al. (1945b)
Bills (1954)
Bailey (1952)
Rapson et al. (1944a)
Bailey (1952)
Rapson et al. (1945a)
Bills (1954)
Bills (1954)
Bills (1954)
Bills (1954)
Shorland (1950)
Bills (1954)
Shorland (1950)
Holmes et al (1941)
Bills (1954)
Bills (1954)
Bills (1954)
Bills (1954)
Bills (1954)
Basu and Sen Gupta
(1940)
Basu and Sen Gupta
(1940)
Holmes et al. (1941)
Holmes et al. (1941)
Holmes et al. (1941)
Raffy et al. (1945)
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25 different liver oils studied, some, e.g., halibut liver oil, had the same
antirachitic efficacy as cod liver oil, per rat unit, when assayed on chicks;
some were definitely less effective, and some more effective, than cod
liver oil. The oils relatively the least effective included those of the
albacore, the California bluefin tuna, and the oriental and striped tunas.
That of the white sea bass was definitely more effective than cod liver oil.
The vitamin D of halibut liver oil has been isolated and identified as
vitamin D 3 (Brockmann, 1937) and this presumably is the predominating
form in cod liver oil, since the two oils have the same efficacy ratio when
tested on rats and chicks. Tuna liver oil contains about 10% of vitamin
D 2 , as well as vitamin D 3 (Brockmann and Busse, 1938).
The concentration of vitamin D in the liver oils of marine teleosts
varies greatly from species to species, from 70 i.u./g. in the pollock to
45,000 i.u./g. in the oriental tuna (Table VI). The distribution of the
vitamin is related to some extent to their zoological classification (Bills
et ah, 1935). The elasmobranchs, which have an imperfectly calcified
skeleton, contain very little vitamin D; larger amounts are found in the
order Heterosomata or flatfishes; while the highest amounts of all occur
in the order Percomorphi, to which the tunas, sea basses, and swordfish
belong. These Percomorphs have liver oils very rich also in vitamin A
(see Table II). The vitamin D values of their oils given by Bills (1954),
which represent average figures, range from 9,000 i.u./g. in the black
sea bass to 45,000 i.u./g. in the oriental tuna, but still higher figures have
been recorded in exceptional cases, e.g., 250,000 i.u./g. in a specimen of
albacore (Bailey, 1952). The liver oils of halibut, and particularly of cod,
which are the most commonly used for medicinal purposes, are by comparison low in vitamin D, average values being about 3,000 and 100
i.u./g., respectively (Lovern, 1958).
Few data are available for the vitamin D content of the liver oils of
fresh-water fishes, but Table VI indicates that, except in the carp, the
potency is low, especially in the mirrgal and rohu of India, which contain
negligible amounts. It is of interest that the sturgeon, although not belonging to the elasmobranchs, is devoid of vitamin D.
B.

VISCERA (EXCLUDING LIVER)

Vitamin D, in contrast to vitamin A, is not deposited in the visceral
oils in preference to the liver oils in any of the species for which data
appear to be available (Table VII). No extended study of its distribution, such as has been made of the distribution of vitamin A in the halibut
(see Section III, B) has, however, been carried out, which is readily
understandable, since the time-consuming technique required at present
for its estimation makes such a study almost impracticable.
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TABLE

VII

T H E V I T A M I N D C O N T E N T O F O I L S FROM LIVER AND N O N - H E P A T I C VISCERA O F
D I F F E R E N T SPECIES

Organ

Common name
Shad (American)
Stockfish
Gray cod
King salmon
Sablefish
Halibut (Pacific)
Snoek (South Africa)
Lingcod
Sheepshead

Liver
Viscera*
Liver
Viscera
Liver
Viscera*
Liver
Viscera*
Liver
Viscera*
Liver
Viscera*
Liver
Viscera
Liver
Viscera*
Mesentery oil

Vitamin D
(i.u./g.)

References

50-100
20

Bailey (1952)

50-380
3
85-500
10-35

Butler (1946)
Bailey (1952)

100-500
100-200

Bailey (1952)

600-1,000
100-200

Bailey (1952)

1,000-5,000
100-500
500-6,000
85
1,000-6,000
100-200
11

Bailey (1952)
Butler (1946)
Bailey (1952)
Bills (1935)

* Stomach, gonads, and kidney not included.
T A B L E VIII
T H E VITAMIN D CONTENT OF FISH FLESH

Type

Vitamin D
(i.u./lOO g.
flesh)

References

Fresh
Cod
Flounder
Tunny
Mackerel
Sardine
Herring
Fresh-water eel

nil
40
100-300
700
1,500
300-1,700
4,700

Grangaud (1950)
Grangaud (1950)
Grangaud (1950)
Grangaud (1950)
Grangaud (1950)
Bacharach et al (1942)
Cunningham (1935)

Canned
Pacific sardines
Tuna
Herring
SÜd
Chinook salmon
Red salmon
Pink salmon
Chum salmon

300
100-300
50-400
390-1,000
300
800
600
200

Neilands et al (1947)
Neilands et al (1947)
Bacharach et al. (1942)
Aschehoug et al. (1939)
Munsell (1940)
Munsell (1940)
Munsell (1940)
Munsell (1940)
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FLESH

1. Fresh
The body oils of certain fish contain appreciable amounts of vitamin
D. The oils of herring and menhaden are equivalent in potency to cod
liver oil (Bills, 1927) while that of the pilchard (entire fish) contains
from 35 to 100 i.u./g., the potency varying with the seasonal fluctuations
in the yield of oil (Pugsley, 1942). Hence significant, though not large,
quantities occur in the flesh of fatty fish, but there is practically none in
"white" or nonfatty fish, such as the gadoids, and only small amounts in
flatfishes such as the flounder (see Table VIII). The distribution of vita
min D in fish muscle, therefore, resembles that of vitamin A. The flesh
of the fresh-water eel is particularly rich, but those of the herring, sardine
and mackerel, though containing much less, are more frequently con
sumed, and provide a useful source of the vitamin.
2. Processed
Canned fish are a relatively good source of vitamin D, particularly
when, as with small fish like the sild, the entire fish is processed. The
data of Bacharach et al. (1942) suggested that some loss may occur in
the canning of herring, but Aschehoug et al. (1939) found that vitamin
D was stable to canning and subsequent storage of the material. Canned
fish are appreciably richer in vitamin D than any of the commonly eaten
unfortified foods; butter, for example, contains, per 100 g., 10-100 i.u.
(Fixen and Roscoe, 1937), while one egg yolk provides only 50-80 i.u.
(Cruickshank, 1946).
V. Vitamin E

As early as 1928, biological experiments on fertility in rats indicated
that cod liver oil contains vitamin E (Simmonds et al., 1928), but only
recently, following the elaboration of accurate and specific techniques
for its estimation, has it been possible to obtain reliable data for the
α-tocopherol content of fish oils. Robeson and Baxter (1943) isolated
α-tocopherol from the liver of the Mangona shark, and confirmed its
vitamin E activity by biological assay. The oil contained about 0.01%,
i.e., 100 μ^/g.
The α-tocopherol contents of herring body oil and of the liver oils of
a number of species are given in Table IX. These data, which are for
single samples, are so far unpublished, and are quoted by the kind per
mission of Dr. R. J. Ward. It will be seen that in the lemon sole and the
catfish the α-tocopherol content of the liver oil is relatively high, the
value in the catfish liver oil being of the order of that found in wheat
germ oil.
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The total tocopherol contents of several single specimens of com
mercial fish oils which have been examined by Einset et al. (1957) ranged
from 40 μξ./g. in sardine oil to 630 μζ./g. in sablefish oil (Table IX). The
tocopherol was identified as α-tocopherol, by paper chromatography, in
the menhaden, tuna, salmon, and sablefish oils. (Olcott, 1958). According
to Einset and his colleagues, there appears to be an inverse relationship
between the rate of auto-oxidation of fish oils and their content of tocopherols.
TABLE

IX

T H E TOCOPHEROL CONTENT OF FISH OILS

Fish oil (liver)

a-Tocopherol
(ng-/g· oil)

Angler-fish
Haddock
Ling
Cod (Atlantic)
Whiting (Europe)
Hake (Atlantic)
Skate
Lemon sole (Northeast Atlantic)
Catfish (Atlantic)
Herring (Atlantic)0

85
88
93
115
117
203
219
543
1,112
146

Ward
Ward
Ward
Ward
Ward
Ward
Ward
Ward
Ward
Ward

(1958)
(1958)
(1958)
(1958)
(1958)
(1958)
(1958)
(1958)
(1958)
(1958)

Total tocopherol
^ g . / g oil)
40
70
140
160
220
630

Einset
Einset
Einset
Einset
Einset
Einset

et
et
et
et
et
et

Fish oil (commercial)
Sardine (Atlantic)
Menhaden
Herring (Atlantic)
Tuna
Pink salmon
Sablefish
a

References

al.
al.
al.
al.
al.
al.

(1957)
(1957)
(1957)
(1957)
(1957)
(1957)

Body oil.

Fish oils are evidently much richer in tocopherols than the fats of
land animals, which have been reported to contain from 2 to 42 μg./g.
(Deuel, 1957b). Whether the tocopherols in fish are of dietary origin,
as they appear to be in mammals (Deuel, 1957b), is not yet known. In
this connection, however, it is of interest that the highest concentrations
of α-tocopherol are found in the liver oils of the lemon sole and the
catfish, species which differ from the others in that their diet consists
partly (in the lemon sole) or mainly (in the catfish) of shellfish.
It should be noted that although fish oils are relatively rich in toco
pherol, they also contain large amounts of highly unsaturated fatty acids,
which act as antagonists to vitamin E. Their actual biological potency,
therefore, may be much less than would be expected from the a-tocopherol content as estimated chemically.
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VI. Summary

Probably the most striking point which emerges from the literature
dealing with the fat-soluble vitamins in fish is the extreme difference in
the vitamin reserves of different species. We have no clue as to why
these differences exist. It is difficult to understand why some sharks, for
instance, store enormous quantities of vitamin A while others store little
or none. Variations in diet do not appear to be entirely responsible, since
some species, such as the halibut, accumulate large amounts of vitamin
A, while others on a diet not appreciably different accumulate much less.
The vitamin A absorbed is effectively retained by the liver and stored
there in ester form, frequently in amounts so large that if they were
suddenly released into the general circulation they would almost certainly be highly toxic. Vitamin A may perforce have to be ingested in
considerable amount along with other dietary constituents such as fat
and protein, and the excess above that required for metabolic purposes
accumulates in the liver more or less fortuitously. The role of vitamin A
in fish metabolism has not yet been elucidated, but the large reserves,
amounting to several grams, which occur in many fish, imply that its
function is not that of a vitamin as commonly understood. The hypothesis
has been advanced that it is concerned in the assimilation of food, particularly of fat, and such a process may involve relatively large absolute
quantities of the vitamin.
Nothing is known respecting the part played by vitamin D in the
metabolism of fish. The imperfect bone formation of elasmobranchs is
associated with low reserves of vitamin D, but in mammals only minute
amounts of the vitamin are necessary for calcification of the skeleton.
The high concentrations in the liver oils of many species, such as the
tunas, suggest that in certain fish considerable amounts of vitamin D are
essential for processes other than the deposition of bone salts.
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