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I. Nutritive Value of Fish Oil Components

Owing to the complex nature of fish oils, it appears less advisable to
make general statements about their nutritive values. Consideration
should always be given to their various constituents, their chemical
composition as well as their general and specific properties. In spite of
massive research in the field of fish oil chemistry (see Chapters 7 and 8
of Volume I ) , present information is still very scant as to the nutritive
implications and certainly too fragmentary to allow even tentative
generalizations. The nutritional significance in general of fish lipids was
analyzed by Lovern in 1958.
It is common knowledge that fish oils contain glycerides and unsaponifiable matter. The latter varies markedly as to amount, depending on the
species of fish. This unsaponifiable matter includes various components,
but vitamins such as A, D, or E will not be directly considered here. Fish
oils as a source of calories, as well as related aspects, will be mainly discussed in this chapter.
A.

FISH OIL GLYCERIDES

As a whole, fish glycerides have the same biological value as fats of
land animals and vegetable oils. Compared with terrestrial animal fats,
aquatic animal oils show a marked complexity in their fatty acid com149
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position. As a rule, aquatic animal oils involve the whole range of sat
urated fatty acids from Ci 4 to C22 and unsaturated acids with from one to
six double bonds, whereas land animal fats comprise only a few saturated
and monounsaturated members as their chief fatty acid components.
These differences, however, usually have a minor influence on their nu
tritive values as a concentrated source of calories.
Much work has been done in paired-feeding tests with rats originally
raised on nonfat diets and later fed a supplement of fish oils as compared
to butter and other animal or vegetable fats. Kaneda et al. (1955b) con
firmed that saury oil displays no difference in the nutritive value from
the tea seed oil which consists mainly of triolein. In the experiments of
Thomasson (1955), carried out with pair-fed rats on diets containing
10-73 cal. % of herring oil and whale oil, it was found that these
aquatic animal oils are equivalent to butter when on a normal rat level.
With an increased proportion of aquatic animal oils in the diet, the gain
in weight was, however, inferior to that of butter. Kaneda et al. (1952a)
administered to rats diets containing 15% liver oils of various kinds of
shark, and confirmed that liver oils containing less unsaponifiable matter
from such fish as ground shark (Carcarhinus japonica) and angel shark
(Squatina japonica) gave growth results quite as satisfactory as when
soybean oil was given. Similar findings were reported by Pradhan and
Magar (1956) in rat experiments administering 5-20% of shark liver
oil. They found that the diets containing 5% oil gave the best results
and were in all respects equivalent to those obtained when using hydrogenated vegetable oils. Kaneda (1952) found that the body oil of
black cod carries a low iodine number and resembles vegetable oils as to
its fatty acid composition. Its nutritive value even exceeds that of olive
or soybean oil. Similar findings were also reported by Kaneda et al.
(1955b) using the oil from the flatfish Reinhardtius matsuurae Jordan
and Snyder, with an iodine number of 90.
On the basis of these results, it seems reasonable to conclude that
fish oils have a good nutritive value if they are administered to animals
properly. It is known, however, that the dietary fat frequently is de
posited in animal tissues more or less unchanged. Many studies show
that exogenous fat may have a marked influence on the composition of
the depot fat. Hogs given diets containing 14% of menhaden oil deposit
C2o and C 22 fatty acids originating from this oil, though in minor quanti
ties (Brown, 1931). Similar results were obtained when administering
whale oil (Garton et al., 1952). The higher poly-unsaturated acids of
cod liver oil given to growing chicks appear, however, to be converted
into dienoic acids (Reiser, 1950). Fish meal rendered a softer fat in pork
and a higher content of poly-unsaturated fatty acids (Dahl, 1957).
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Next comes the essential question of digestibility. A coefficient of
98.3 in this respect was found when rats were fed on diets containing 5%
of sardine oil (Lassen et ah, 1949). A high degree of digestibility
(98.2 ± 0.4%) was also encountered after 12 hr. when cod liver oil was
given to rats (Steenbock et al, 1936). The corresponding figure for halibut
liver oil was 85.4 ± 0.9% after 8 hr. Deuel and Holmes (1922) gave 47 g.
of cod liver oil to four men per day and found that the mean value of
digestibility was 97.7%. Thomasson (1956) investigated the rate of fat
absorption in rats. Butter was absorbed most readily, followed by such
vegetable oils as cottonseed oil and olive oil. Next came sesame oil, lard,
and whale oil, all being on the same level, followed by sheanut butter and
herring oil, while rape seed, poppy seed and kapok seed oils were poorly
absorbed.
Numerous studies have been carried out on the effect of cod liver oil
in the feeding of rats, chiefly due to the fact that this oil once was the
sole source of vitamin A, and the effects of constituents other than
vitamin A were too obvious to be ignored. Suzuki et al. (1920) observed
that cod liver oil developed toxic reactions in the rats when fed quantities exceeding a 2% level. The toxic effects did not disappear after
hydrogenation of the oil. Takahashi (1922) and Kawakami (1935) maintained that this toxicity could be attributed to the presence of highly unsaturated acids with several double bonds. Ozaki (1927) established
through detailed and lengthy studies that oleic acid had the highest
nutritive value, while fatty acids with shorter molecules, such as lauric,
myristic, capric, and caprylic acids, came second. In third place were
linoleic acid and stearic acid, while linolenic acids showed least value
from the nutritive point of view. He also reported that rats could not
survive on diets containing a 5% level of clupanodonic acid. Yoshida
(1937) found that the highly unsaturated acids isolated from a shark,
Heptranchias perlo, were toxic, but that this effect could be overcome by
the simultaneous administration of massive doses of riboflavin. Blaxter
and Brown (1953) noted that severe muscular dystrophy developed in
calves given cod liver oil. They concluded that the toxicity of cod liver
oil was due to its poly-unsaturated acids and not to a possible overdosage
of vitamin A or D. Tange and Takahashi (1944) discovered that the toxic
effect of cod liver oil could be prevented by adding 5% of beer yeast to
the diet. Schwarz (1948) found that if young rats are given cod liver oil
in their diet they develop within a few weeks a fatal metabolic disturbance characterized by acute degeneration of the liver and dystrophy of
the skeletal musculature. The disturbance can be completely prevented
by the inclusion of vitamin E in the diet. Similar results were also obtained by Tobin (1950) with mice. The effect of the administration of
cod liver oil on the deficiency of vitamin E has recently been studied by
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several investigators (Hove and Seibold, 1955; Jensen et ah, 1956; Bunnell
et al, 1956; Matsuo, 1957).
It is a moot question to what extent hypervitaminosis A might occur
as a result of excessive intake of fish liver oils. The vitamin A concentra
tion of cod liver oil is not so high that the toxicity of this oil can be at
tributed to the amount of that vitamin contained in the oil. So if the oil
should exhibit toxicity, it may be safely concluded that vitamin A is -not
responsible for it.
B.

HIGHLY UNSATURATED ACIDS

As previously described, many workers reported that body fats, liver
oils, and component polyenoic fatty acids of fish were toxic. These find
ings would constitute a paramount problem for those who take fish as
their daily food, particularly for the Japanese, whose main animal protein
source is fish. Sardine, mackerel, and saury, all rich in fat, can well be
said to be staple foods in Japan. The fat content of these fishes changes
considerably with seasons. When carrying much fat, they are delicious
and are consumed in great quantities. Against this background it is note
worthy that fish poisonings due to fish oils or their highly unsaturated
acids have never been reported in Japan. Nevertheless, toxic effects had
been observed experimentally. Kaneda and Ishii (1953, 1954) had
previously suspected that former investigators might have drawn er
roneous conclusions from such animal studies. Unintentionally, they
might have influenced the composition of their samples. Fish oils, and
particularly highly unsaturated acids, are much more readily oxidized as
compared to the fats of terrestrial animals. Even if fish oil samples used
for experiments were extracted and purified from fresh material almost
in the state in which they are present in the tissues of living fish, they still
might be oxidized to some extent in the meantime while the animal experi
ments are being conducted. It is quite difficult to keep them unchanged
during the whole period of animal experiments.
Bromination has frequently been applied to procure polyenoic fatty
acids from fish oils, but the samples regenerated from the polybromides
are considerably contaminated with isomers and other products. Such
samples obviously should not be employed in establishing the nutritive
value or the toxicity of polyenoic acids. Kaneda and co-workers isolated
polyenoic acids from mixed fatty acids of sardine oil by the sodium saltacetone method, fractional distillation of ethyl esters under reduced
pressure, and chromatography. These samples were used in animal
experiments with the utmost precaution for preventing any denaturation.
The results thus obtained were quite different from earlier findings. They
were able to demonstrate that the polyenoic acids caused no toxic reac-
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tions whatever in rats. An excellent growth of the animals was obtained,
and the coefficient of digestibility was 94.3, which is slightly lower than
that for oleic acid used as a control for comparison. On account of the
finding that any toxic effects of body and liver oils of fish could be avoided
by massive doses of vitamins, the vitamin levels in these experiments
were kept at minimum levels. These investigations have established
convincingly that highly unsaturated acids as such are not toxic, in contrast to previous findings.
As to the nature of an eventual toxic principle in fish oils, Kaneda
et al. have made the assumption that this might be identified as the
initial oxidized products of the polyenoic acids. Consequently, they prepared oxidized products of polyenoic acids by exposing to air oil samples
prepared by the methods described above. Rats fed such oils all died
within one week after ingesting the diets containing these oxidized oils
at a level of 5%. They also noted that similar results were obtained when
feeding oxidized products of less unsaturated acids.
Kaneda and Ishii (1954) and Kaneda et al. (1954a, b) undertook
experiments to isolate the most toxic fraction from such autoxidized
polyenoic acids. They found that this toxic principle was concentrated in
that fraction which did not form urea complexes. Supplemental tests
pointed to the possibility that the toxicity was attached to compounds
with a peroxide structure. Therefore, autoxidized products of highly
unsaturated acids were dissolved in a mixture of chloroform and acetic
acid and treated with potassium iodide to destroy the peroxides. This
procedure is identical to that employed in determining the peroxide value
of fatty materials. Samples treated in this way did not exert any toxic
effects. Similar results were obtained when administering peroxidized
products of less unsaturated acids, from which the peroxides had been
removed in the same way. The 50% lethal dose of peroxidized unsaturated acids to mice was established as follows: LD 5 0 = 300 mg. total
peroxide oxygen per kilogram. Moreover, Kaneda et al. (1954d, 1955a, b )
administered autoxidized unsaturated acids to rats and investigated the
organ tissues just before the premature death of these rats. The tubules
were unusually expanded at the boundary of the medullary and cortical
parts of the kidney, and a cell infiltration had taken place in the intestinal
mucous membrane. They also inferred that autoxidized fish oil products
may exert certain effects on the mitochondria of the liver. This was later
verified by Ottolenghi et al. (1955), who observed that methyl linoleate
and methyl linolenate, irradiated by ultraviolet light, exerted an adverse
effect on succinoxidase, choline oxidase, and aminoxidase, all belonging
to the mitochondria in rat livers. Furthermore, Matsuo (1957) found
that oxidation products of polyenoic acids react with protein and preeipi-
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täte this latter, resulting in a more or less complete inactivation of the
enzyme systems in test animals.
A new clue to the toxic effect of these peroxides may be obtained
through the findings of Andrews et al. (1960) with air-oxidized soybean
oil. This inhibits the intestinal xanthine oxidase—an effect which may be
reversed by exogenous flavin-adenine-dinucleotide (FAD). Consequently,
the specific toxicity of the lipid peroxides may be at the level of the
intestinal enzymes.
What has been said with regard to fish oils is largely applicable to
the related fats and unsaturated acids of squids. Ogata et al (1955) gave
rats a sample of oxidized, highly unsaturated acids obtained from cuttlefish oil. Histological examinations revealed lesions in the heart, acini of
the liver, spleen, kidney and other organs. Necrotic areas were observed
in the mucous membrane of the stomach, colon and ileum. Matsuo
(1954, 1957) confirmed the toxicity of oxidized polyenoic acids from
squid oils. Also in this case the toxic potency of autoxidized polyenoic
acids ran parallel to the amount of peroxides.
Groot and Obbink (1953a, b) studied the nutritive characteristics of
rancid cod liver oil. According to them, normal growth is obtained in the
rats fed on diets containing 10 % of rancid cod liver oil with a peroxide
value below 24. If the value exceeds 54, the growth of the rats is not
satisfactory. When the oil is heated at 230°C. in vacuo for 3 hr. to reduce
the peroxide value, normal growth is obtained. On heating to 230°C,
fresh liver oil gives rise to toxic compounds, too, but these are different
from those formed in rancid oil. This toxic matter is partly counteracted
by large quantities of α-tocopherol acetate.
According to Irving (1956), a whitening of the upper incisor teeth and
histological changes in the enamel structure occur when the rats were fed
on vitamin E-free diets containing cod liver oil, but these changes were
averted by adding α-tocopherol. When hake liver oil was substituted for
cod liver oil, the effects became extreme and could not be prevented
through a-tocopherol.
The relationship between vitamin E and fish oils is discussed in
Chapter 9 on the use of fishery products in feeding. Muscular dystrophy,
white muscle disease, and other drastic symptoms may be experimentally
induced through vitamin E deficiency. Knowledge that cod liver oil can
be toxic when given in excess to various animals dates back to observa
tions by Agduhr (1926) and has since then been repeatedly confirmed.
Cod liver oil actually intensifies the severity of certain lesions associated
with avitaminosis E. Such symptoms may in turn be due to excessive use
of fish oils or to quite normal administration of fish oils without taking
into consideration the increased requirements of vitamin E when the fat
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concentration is elevated. In spite of the action of cod liver oil as an
antagonist to vitamin E, therefore, the presence in the oil of substantial
amounts of this vitamin, nevertheless, seems indisputable (Brown, 1953;
Moore et al., 1959)—this in contrast to earlier notions that it was devoid
of this vitamin.
From the observations of Dam (1944), we know that highly unsaturated fatty acids can oppose the action of vitamin E. It thus seems safe
to conclude that in cod liver oil these substances are the main antagonists
to vitamin E.
There are some studies on the changes in the nutritive value of
processed aquatic products which might be attributed to the rancidification of the oils contained in them. Honcamp (1933) examined the nutritive value of herring meals, one of which contained much oil and other
less. He reported that he was able to raise hogs as effectively on the
former meals as on the latter. This only proves that the protein was fully
utilizable and no detrimental factor existed in the oil. Kaneda et al.
(1955b), however, extracted oil from sardine meals with methanol and
benzene and found that the nutritive value of this oil was much inferior
to that of soybean oil and it appeared to have practically no food value.
This latter result indicates that although the oxidation of the oil in fish
meals has proceeded past the peroxide stage and no longer exhibits any
marked toxic effect, it may, nevertheless, have lost much of its nutritive
value. Biely et al. (1955) reported that the oil in herring meals retards
the growth of poultry. Kaneda et al. (1954c) have extracted oils from
dried saury, mackerel, and herring, which are all consumed extensively
by the Japanese, and examined their nutritive value. As the saury oil
has a high iodine value, the oil deteriorates considerably during the
manufacture and storage of the dried fish. This is, however, roasted
before being served, and thus the peroxides disappear markedly. These
research workers also noticed that the application of an antioxidant in
the manufacture of dried fish effectively reduces the deterioration of the
oil. According to Shimooka and Toyama (1958), peroxides in the oil of
dried fish decrease during the storage at room temperature without heating, and the oil becomes similar to that contained in fish meals. Takahashi and Masuda (1938) reported that the nutritive value of oil extracted
from smoked herring was high.
Finally, to what degree the poly-unsaturated acids of fish oils are
active as essential fatty acids (EFA) factors is not sufficiently studied
in regard to individual acids. The earlier concept that the chemical
structure of the major poly-unsaturated acids contains the double bond
arrangement of the divinyl ethane type has been found to be erroneous
by recent investigations. These works show that the double bond
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arrangement of poly-unsaturated acids of fish oils is of the divinyl
methane type as in linoleic, linolenic, and arachidonic acids. Also it is
generally accepted that individual poly-unsaturated acids of fish oils are
chiefly of the linolenic type, the acids of the linoleic type being very small
in amount. Only the acids of the linoleic type exhibit all the EFA activities.
Consistent with these findings, the EFA content corroborated by the
bioassay value is reported to be very small for cod liver, menhaden,
and herring oils (Thomasson, 1953), for concentrates of poly-unsaturated
acids from tuna oil (Privett et ah, 1959), for tuna, herring, and menhaden
oils (Privett et ah, 1960), and for menhaden body oil (Ahrens et ah,
1959; Stoffel and Ahrens, 1960).
Several fish oils exhibit the same depressive effect on serum cholesterol
levels as do linoleic and linolenic acids. This has been demonstrated for
sardine oil by Anderson et ah (1957), for cod liver oil by Hauge and
Nicolaysen (1959), for tuna and menhaden oils by Peifer et ah (1960),
and for lingcod, halibut, and shark liver oils by Wood and Biely (1960a,
b ) . Whole cod liver oil was as effective as linolenic acid, but the poly-un
saturated acids of the cod liver oil caused a greater drop than the entire
oil (Hauge and Nicolaysen, 1959). According to Nicolaysen and Ragard
(1961), cholesterol-depressive effect of marine oils corresponds fairly
well to their content of poly-unsaturated acids. The effect of cartilaginous
fish oils is less pronounced in this respect (Wood and Biely, 1960b). Ac
cording to Robe (1958), arachidonic acid, common in several fishes such
as sardine and herring, also markedly lowers blood cholesterol. The heart
tissue accumulates these poly-unsaturated acids. Thus fish oils resemble
the more unsaturated type of vegetable oils in tending to lower blood cho
lesterol levels. Additional findings to this effect with human subjects have
been reported by Bronte-Stewart et ah (1956), by Keys et ah (1957), and
by Ahrens et ah (1959). Similar influences have been reported for whale
oil (Malmros and Wigand, 1957) and seal oil (Bronte-Stewart et ah,
1956), which have a fatty acid composition similar to that of fish fats.
The practical significance of such findings naturally depends on the
amount of fat-rich fish habitually consumed by any individual, in relation
to the rest of his dietary fat intake.
The unsaponifiable portion of cod liver oil does not contain a cho
lesterol-depressant factor according to findings by de Groot and Reed
(1959) in experiments with rats.
Herring oil is subject to controversial findings, showing, according to
Wood and Biely (1960b), an increasing effect on blood cholesterol, in
man, in comparison with traditional fats. March et ah (1959), on the
other hand, found that herring oil differs from butter, lard, chicken fat,
and shortening as a dietary supplement, not raising the cholesterol values
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in the blood of experimental chickens, even when they were fed a low
protein diet.
C.

MISCELLANEOUS

It has been known for many years that oils of aquatic origin, such as
those of fish and whale, contain a substantial amount of unsaponifiable
matter besides the glycerides. Although no systematic studies have been
made on the nutritive value of these compounds, certain findings of
nutritional importance will be reviewed here.
1. Higher Alcohols
The oil of sperm whale contains considerable amounts of alcohols,
such as cetyl, octadecyl, and oleyl alcohols, the chemical structures of
which correspond to those of corresponding higher fatty acids. One particular fish, Ruvettus preticosus Cocco, also contains these alcohols in
large amounts. These aliphatic alcohols seem to be widely distributed in
many other marine animal oils in minor quantities. It is also well known
that a-glyceryl ethers, such as batyl, chimyl, selachyl alcohols and others,
are present in certain oils of marine animals, particularly in the liver oils
of certain sharks (elasmobranchs) where they occur in appreciable
amounts (see further Chapter 7, Volume I ) .
Nutritive evaluations of these alcohols are chiefly available for the oil
of sperm whales, as they are most abundant and readily obtained. Sahashi
(1933) administered them together with glycerides and observed that
sperm whale oil caused fatal seborrhea in rats. Somekawa (1933, 1938,
1941a, b, 1942a, b, 1947, 1949) concluded that the cause of this seborrhea
could be ascribed to these esters of higher aliphatic alcohols, in each of
which one ethylenic bond was present. Thus oleyl alcohol, oleyl palmitate, and cetyl palmitate were not responsible for seborrhea, but oleyl
oleate was active in this respect. Hydrogenated sperm oil did not cause
seborrhea, but rats fed this oil on a 15% level did not survive. Kaneda
and Sakurai (1954) established, however, that rats fed diets containing
15% oleyl alcohol developed no definite seborrhea symptoms, but certain
toxic reactions were apparent. Seborrhea was obtained when oleyl oleate
was administered in accordance with Somekawa's previous findings; but,
contrary to his observations, cetyl oleate, oleyl stearate, and octadecyl
oleate all caused seborrhea also. It was thus concluded that esters of
higher aliphatic alcohols and fatty acids are potent agents in causing
seborrhea, regardless of double bonds. It is not yet known if this is true
in cases when the molecular weights of fatty acids are small or the melting points of the esters are high. The fact that oleyl alcohol is toxic, although it does not cause seborrhea, was recently confirmed by Matsuo
(1957).
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Oleyl alcohol is readily absorbed by rats and deposited in the liver
tissues (Channon and Collinson, 1928). When sperm oil is administered
to rats, the wax fraction of oil is partially digested (Fujii et al., 1954a, b;
Fujii and Okura, 1954, 1956a, b, 1957a, b; Fujii et al., 1956). Lipids iso
lated from internal body organs and muscles of rats which were fed
oleyl oleate to induce seborrhea had low saponification values and con
tained a great deal of unsaponifiable matter (Kaneda and Sakurai, 1954).
Oleyl alcohol and cetyl alcohol were isolated from the hair oil of rats
that had ingested oleyl oleate. This points to the possibility that oleyl
oleate is not sufficiently utilized in the body of rats when administered
in large amounts and consequently accumulates in the tissues, inducing
seborrhea. When sperm oil or oleyl oleate is administered, hydrocarbons
are accumulated in quantities 150 times and sterols 5 times greater than
in normal rats (Kaneda et al., 1957). These same authors also noted that
seborrhea could be largely prevented by the adding of kephalin, isolated
from soybean oil, to the ingested fat.
Ethyl esters of mixed fatty acids, derived from sperm head oil, are
not toxic and are well utilized as a calorie source (Akiya et al., 1950).
Glycerides isolated from sperm oil constitute good food; nevertheless,
their nutritive value was enhanced by the addition of ethyl linoleate in
small quantities (Fujii and Okura, 1957a, b ) . Mancke (1927) admin
istered cetyl acetate to sheep and goats and found that the amount of
unsaponifiable matter was not increased in their milk fats. He considered
it likely that cetyl alcohol was oxidized to palmitic acid. Trial feeding of
geese showed that the digestibility coefficient was 62. No cetyl group
was detected in their depot fats. Thomas and Flaschen träger (1923) indicated that dogs absorb cetyl alcohol rather poorly, but its esters are
more readily utilized. Cetyl alcohol was absorbed less than oleyl alcohol
by rats, but better than cholesterol. The uptake of these compounds ran
parallel to their solubilities in bile salts solution (Channon et al, 1928).
De Stetten et al. (1940) confirmed that cetyl alcohol was absorbed in
rats and discovered that it was rapidly converted into palmitic acid in
the intestinal mucosa. They also demonstrated the conversion of deuteropalmitic acid to deuterocetyl alcohol in the intestinal wall. Blomstrand
and Rumpf (1954) indicated that l-C 14 -cetyl alcohol was to some extent
oxidized into palmitic acid in the intestinal mucosa of rats and this acid
in turn incorporated into the lymphatic triglycerides.
Information is scant as to the nutritive value of dihydric-ether alcohols such as chimyl, batyl, and selachyl alcohols, frequently found in
some shark liver oils and other marine animal oils. Kaneda and Ishii
(1952a) fed rats on diets containing 15% of such liver oil in which approximately 30% consisted of these alcohols. In the rats fed for 35 days,
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the gain in weight was about 90% of that obtained with soybean oil, and
the digestibility coefficient was around 93. Nevertheless, as soon as batyl
or selachyl alcohol in a pure state was given to rats, the intake was poor,
even when its amount was less than that contained in the liver oils
(Kaneda et ah, 1955b). The idea that this might be ascribed to the high
melting point of batyl alcohol was refuted, because the corresponding
acetate with a low melting point was also poorly ingested by the rats.
These findings indicate that these alcohols are accepted by the rats only
when they are combined with fatty acids rendering esters. The real cause
for this is, however, difficult to conceive.
Rats fed for 2 months on diets containing 2% levels of batyl and
selachyl alcohols deposit abnormal quantities of unsaponifiable matter
in the tissues of the intestinal organs and muscles (Kaneda et ah, 1955b).
When stearyl alcohol was fed to rats at a 1.8% level in the diet, a digestibility coefficient of 88.6 was obtained; when it made up 7.5% of the
diets, the digestibility coefficient dropped to 54.8 (Calbert et ah, 1951).
Sperry and Bergmann (1937) reported that an appreciable increase
occurs in liver sterols when ostreasterol obtained from oysters and from
other mollusks is administered to mice.
2.

Hydrocarbons

It is well known that the highly unsaturated hydrocarbon squalene
C30H50 is present in certain shark liver oils. Also, a saturated isoparaffine,
pristane Ci 8 H 38 , and an unsaturated hydrocarbon, zämene C18H36, accompany squalene in minute quantities. An unsaturated hydrocarbon,
gadusene, constitutes a minor constituent of cod liver oil. These hydrocarbons seem to be widely distributed in fish oils (Toyama and Tsuchiya,
1935). Of all these compounds, none has aroused so much biological
interest as squalene.
Channon (1926) demonstrated that squalene is absorbed by rats and
deposited in the liver and body fats as a part of the unsaponifiable fraction. He noticed, too, that the storage of squalene in the tissues is only
temporary, since it starts to disappear as soon as the feeding of this compound terminates. Yamasaki (1950) studied the fat of squalene in rabbits. To some extent, squalene is excreted by the kidney and digestive
tracts. The squalene appearing in the liver remains stored for approximately 3 months. Rats fed on 3 % of squalene develop seborrhea symptoms and die (Sakurai and Masuhara, 1952). Diets containing 5% of
squalene cause the same disease in the rat as sperm oil or oleyl oleate
does, and premature death follows (Kaneda et ah, 1955b). The ensuing
composition of the body fat of rats, fed on squalene, is summarized in
Table I. The hydrocarbon levels are two to ten times above normal in
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0.5 g.
squalene
per day
for 14
days

Fatfree
basal
diet
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such tissues as hair, skin, muscle, and intestine when squalene is ingested.
Squalene at a level of 0.5 g. per day showed a digestibility coefficient of
72.2 in rats. In spite of the toxic effect of squalene, in small quantities it
may exert a lactation-promoting effect (Ridi et al., 1955). The rats on
squalene-free diets showed normal growth and reproduction, but the
lactation was unsatisfactory. The lactation index was elevated from 34.9
to 92.1 and the lactation period prolonged when 0.1 g. of squalene was
added to the diet. High and Day (1951) administered ß-carotene and
squalene to a vitamin-A-deficient rat and found that large amounts of
squalene reduced the amount of vitamin A stored in liver and kidney.
As early as 1926, Heilbron et al (1926), Channon (1926), and
Channon and Tristram (1937) postulated the biosynthesis of cholesterol
from squalene. Langdon and Bloch (1952, 1953a, b) administered squalene to rats, together with isotopic acetate. Radioactive squalene was
subsequently isolated from the liver. They demonstrated that squalene is
converted to cholesterol in vivo. Tomkins et al. (1952, 1953), however,
failed to show that the synthetic squalene (Dauben and Bradlow, 1952)
was a direct precursor to cholesterol and attributed this to the fact that
they are different isomers. They studied the fate of radioactive squalene
both in vivo and in vitro. Squalene was not incorporated into cholesterol
under varying experimental conditions.
II.

Edible Oils from Fish Sources

As discussed previously, fish oils as such are not toxic. Their nutritive
value is maintained if well preserved. As a rule, however, they are rich
in ethylenic bonds and readily attacked by oxygen, thus becoming rancid
and developing unpleasant odors and flavors. These deteriorated fish oils
are by no means suitable as foodstuffs.
As indicated above, most fats used for human consumption are unsaturated, and especially those from fish and other marine sources. These
fats then often undergo a series of changes that will affect their nutritional
value. The changes depend upon the degree of unsaturation and the
amount of heat applied. In the presence of air, the changes will consist
of peroxidation and partial decomposition, a deteriorative sequence collectively known as autoxidation or oxidative rancidification. If the same
fats are heated in the absence or near-absence of air, the process is known
as thermal polymerization, which also results in the formation of unwholesome by-products. In principle, there are two major methods for the
manufacturing of edible oils or fats from fish oils: hydrogenation, giving
solid fats, and polymerization. These two major groups of modified fish
oils will be reviewed below. It should, however, be observed that most
of the clinical research work concerned with autoxidized and heated fats
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involves the use of test animals whose stomachs are organized on an
anatomical pattern differing basically from that of man. The results, con
sequently, have limitations in their applicability.
A.

HYDROGENATED FISH OILS

Numerous studies are available on the nutritive value of hydrogenated
fish oils. It has been generally agreed that no particular differences exist
between these products and those manufactured in a similar way from
vegetable oil. Certain differences may, however, appear but are generally
ascribed to the longer carbon chains of the fatty acids in fish oils as com
pared to those of hydrogenated vegetable fat. The degree of hydrogenation also influences the nutritive value.
Ueno et al. (1927, 1928, 1935) found that the nutritive value of fish
oils is generally improved by hydrogenation. When hydrogenating sardine
oil, a fat having an iodine value of 53.4 was obtained. This was deodorized
by steaming and refined further through treatment with fuller's earth.
Fed to rats, it showed a high nutritive value and even surpassed olive oil
when vitamin A was added.
Higashi et al. (1949) concluded that the nutritive value of fish oil was
improved through hydrogenation and ascribed this to the better stability
of such oil rather than to the removal of the toxic, highly unsaturated
acids. These research workers also found that the hydrogenated sardine
oil with an iodine value of 90 had a higher nutritive value than the hydro
genated sardine oil with an iodine value of 62 and the former was superior
even to butterfat. Hara (1949) examined the relationship between iodine
values and digestibility coefficient for a number of hydrogenated oils. The
following coefficients, 88.9, 92.8, and 94.3, corresponded to the iodine
values 62, 90, and 110, respectively.
The lack of stability and the immediate detrimental rancidification of
nonhydrogenated whale oil were underlined by Malmros and Wigand
(1957).
Through hydrogenation, solid "iso-oleic" acids can be obtained. They
are deposited in the tissues of rats (Barbour, 1933). Kaneda and Ishii
(1952b) isolated solid unsaturated acids from hydrogenated sardine oil
and administered their ethyl esters to rats in order to determine their
nutritive value. They were only slightly inferior to ethyl oleate, employed
as a control, and far better than the saturated fatty acids of hydrogenated
sardine oil. According to Kaneda et al., the nutritive value of fatty acids
with long carbon chains in the hydrogenated sardine oil is not inferior
to that of ethyl oleate. These findings indicate that hydrogenation, when
controlled, results in products with good nutritional characteristics.
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POLYMERIZED FISH OILS

Almost all fatty oils are capable of polymerization reactions. The
iodine values drop while molecular weights and viscosities increase when
they are subjected to high temperatures for some length of time. Some
particular aspects of polymerized fish oils will be discussed.
Lassen and co-workers (1949) prepared polymerized sardine oils with
iodine values of 160, 140, and 120 through heating the oil to 250° C. in a
nitrogen atmosphere. Rat-feeding experiments indicate that in this way
the digestibility was reduced and in direct proportion to the iodine
value. The coefficient was 94.9 for an oil with the iodine value of 160,
and 84.8 for that with an iodine value of 120. Polymerized corn oil is
toxic through compounds formed from the unsaturated fatty acids (Johnson et ah, 1956). They suggested that these toxic substances may exert
some adverse effects on enzyme systems and destroy vitamins. Frahm et
al. (1953) heated whale oil at 280°C. for 8 hr. At a level of 65 mg. a day,
mice showed intestinal disturbances and lost weight, finally resulting in
death. They concluded that polymerized oils are not suitable for food.
Dangoumau et al. (1957, 1958) could not observe any toxicity of polymerized corn oil, as reported by Johnson et al. (1956).
Crampton et ah (1951a, b, c, 1953, 1956) undertook extensive studies
on the nutritive value of polymerized oils. They heated such vegetable
oils as linseed arid soybean oils at 275° C. in an atmosphere of carbon
dioxide. Herring oil was polymerized by heating at 280° C. for 10 hr.
under a diminished pressure of 10 mm. Hg and in passing steam. Animal
experiments indicated that these heat-polymerized oils had lower nutritive value than the original oils. They also fractionated the polymerized
ethyl esters of linseed oil fatty acids by vacuum distillation and the ureacomplex methods. They identified certain cyclic monomeric acids as
toxic. Common et al. (1957) prepared ethyl esters from menhaden oil
and heated these at 275° C. for 15 hr. in a carbon dioxide atmosphere.
The most toxic principles were encountered in the portion which did not
form urea complexes. Matsuo (1957) obtained similar results with heatpolymerized cuttlefish oil. There is further evidence for an association
between the toxicity of the non-adduct-forming fraction (NAFD) and
the presence of polyene acids in the original oil as shown in studies on
menhaden oil (Common et al., 1957). Further, Matsuo (1958, 1959,
1960a, b ) concluded from the results of a series of detailed experiments
that the most toxic principles are the cyclic monomers produced by
intramolecular rearrangement of poly-unsaturated acids.
No evidence of impaired nutrition or harmfulness to the test animals
was experimentally observed when rats, both male and female, were fed
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several highly polymerized oils (Alfin-Slater et al., 1959). A slight depres
sion in growth and a reduced reproductive performance in the female
animal occurred, but was readily alleviated by a supplementation with
a-tocopherol.
Groot and Obbink (1953a, b, c, d) noted that cod liver oil with a high
peroxide value was toxic, but when heated at 230° C. in vacuo for 3 hr.,
the peroxide values dropped and the toxicity disappeared. Rats fed on oil
treated this way grew satisfactorily. Nicolaysen and Pihl (1953) carried
out feeding experiments with a commercial, heat-treated herring oil.
They administered to rats and human beings sardines which were canned
in this polymerized oil, and found no differences in appetites, rates of
growth, weights of feces, or their total fat content as compared to packs in
olive oil. Sasaki et al. (1951) carried out experiments on artificial diges
tion tests with slightly polymerized sardine and flatfish oils employing
pancreatin. Slightly polymerized oils showed somewhat better digesti
bility than the original untreated oil, and when they were polymerized
to an excessive degree they became inferior to unheated oil with regard
to utilization in the body. When polymerized oil prepared from fin-whale
oil was given to rats, it caused toxic reactions at a 20% level, and most
animals died. At a 10% level, no toxic effects were noticeable, and the
oil seemed to be utilized satisfactorily as a source of calories (Sakurai
et al, 1951). Kakinuma et al. (1951) gave a similarly polymerized whale
oil to human beings and established a digestibility coefficient of 90.2.
Similar results were obtained by Hara (1949).
Edible oils are manufactured in Germany by polymerization of marine
oils (Werner, 1951). They are used as frying oils and for other cooking
purposes. Hugel (1951) reported that the process has been so improved
that odorless, bland, and stable polymerized oil has recently been manu
factured which has a digestibility coefficient of 94, measured in living
bodies.
It is evident that there are two conflicting groups of findings in this
field, one asserting that the nutritive value of polymerized oil is low, and
the others claiming the reverse. Polymerized oils with low biological
values are mostly processed at temperatures exceeding 250° C. and for
longer periods of time. As Täufel (1952) points out, it is quite conceivable
that such excessive heat processing causes ring formation and other
reactions in the oil that render toxic compounds. Higashi and Kaneda
(1950) suggested that fish oil would be more stable against oxidation and
its nutritive value maintained at a high level, if unstable ethylenic linkages were removed through a slight polymerization, instead of hydrogenation. They polymerized sardine oil and found its nutritive value
higher than that of the original oil. Kaneda and Arai (1953) polymerized
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a mixture of liver oil of a shark (Heptranchias perlo) and soybean oil by
heating at 150° C , using fuller's earth as a catalyst, and then deodorized
the product by steaming. The oil thus prepared was found to have a
higher nutritive value than the original liver oil.
A comprehensive discussion on whether autoxidized (heated) oils
constitute a nutritional hazard was presented by Newman (1958a, b )
but not restricted in its scope to marine oils. He also brings in the question
of an oxidative destruction of vitamin A, thus creating the basis for an
avitaminosis caused by a lack of vitamin A. Furthermore, an extensive
review covering the entire field of changes in heated oils and the nutritive
effects of such changes taking place in their composition was recently
published by Perkins (1960). This study clearly bears out the lack of
reliable evidence in spite of all experimentation. The lack of a distinct
terminology in this area is evident. Also, Rao (1960) stated in a fecent
review article that experimental evidence in this regard is still awaited
and hence it is too early to draw any definite conclusions about the causes
of toxicity of rancid and heat-treated oils and their components.
That heated fats could exert a detrimental effect on vitamin A and
bring about its oxidative destruction was observed as early as 1924
by Fridericia in studies with dehydrogenated whale oil and was later the
subject of special investigations by Harrelson et al. (1938), Dyne (1939),
Dyne et al. (1940a, b ) , which largely confirmed this. Experimental rats
showed a hepatic depletion of vitamin A. Whether this is a secondary
effect due to gastric disturbances or specifically related to toxic reactions
is not established. Differences between the gastrointestinal systems of
man and the rat must also be taken into account. According to recent
French reports, polymerized fish oils reduce growth in white rats and
induce disturbances in the fat metabolism, leading to cellular infiltrations
of a myocardic-sclerotic nature (Raulin et al., 1960). Further investigations in this respect are most justified.
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