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Fish Meal and Condensed Fish Solubles in
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Introduction
". . . they accustom their cattle, cows, sheep, camels and horses to feed upon
dried fish . . . of a small kind which they take in vast quantities during the
months of March, April and May; and when dried they lay up in their houses
for food for their cattle."
MARCO POLO

From the earliest times, fishermen along the seacoasts have been
farmers, and waste fish have been used for livestock feeding in many
parts of the world where large quantities were available. According to
Fielding (1918), it was common practice in the Malay States for fish to
be used both as fertilizer and as feed for pigs. Likewise, in the Shetland
Isles and on the west coast of Scotland surplus fish were fed to sheep
377
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and to pigs. In the first bulletin published by the United States Fish
Commission in 1881, mention is made of fish as feed for cattle. In a letter
Isaac Hinckley gives an account of the "fish-eating" cows of Provincetown, Massachusetts. When fishermen were cleaning their catch on the
shore, the cows used to crowd about for an opportunity to eat the offal.
It was said that cows newly brought to Provincetown would refuse fish
and that they were accustomed to it by the addition of minced fish to
their feed.
In view of the fact that the value of fish for livestock feeding had
been recognized for so long, it seems strange that when the first reduc
tion plants went into operation, the potentialities of fish meal as a feed
were largely disregarded. For many years, therefore, fish meal was used
principally as a fertilizer and was usually referred to as fish guano. In
1884, Atwater reported the analysis of a sample of fish guano made from
salmon offal in Victoria, British Columbia, and made the following com
ment: ". . . it will be seen that this sample is of unusually high grade.
It has indeed higher percentages of both nitrogen and phosphoric acid
and is consequently more valuable for fertilizing purposes than any of
the samples mentioned in an earlier report. It has also a large amount of
fat, which would, with the nitrogenous matter, give it a very high value
for food for stock, in case, as is by no means improbable, fish refuse
should ever come into use for this purpose."
Woodman (1937), in summarizing the early reports regarding the
feeding value of fish meal, credits the Norwegian government with the
first large-scale feeding trials carried out in 1892 to ascertain if fish meal
was a suitable feed for farm animals. At this time there was also con
siderable interest in the feeding of fish meal in Germany. The success of
the Norwegian and the German experiments resulted in the general use
on the continent of fish meal as an animal feed. In the United Kingdom
and the United States, in spite of these findings and the growing use in
continental Europe of fish meal for animal feeding, such meal continued
to be utilized as fertilizer for some years. It was, however, not until after
World War I that its use in feeding became an accepted practice.
Early records of fish as feed for livestock dealt mainly with cattle,
sheep, and pigs, and similarly the first research into the nutritive proper
ties of fish meal was conducted using these animals. The greater part of
fisheries products used in United States feeds today, however, goes into
poultry rations, and most of the studies carried out in recent years on the
nutritive properties of fish meals and other fisheries products have been
in connection with poultry and, to some extent, hogs. The emphasis in
the following will, however, chiefly be on the use of fisheries products in
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poultry feeding. In ruminants, such as cattle and sheep, fish meal and
solubles are less important as protein sources, and their favorable influence on growth and milk production is ascribed mainly to the stimulating effects of vitamins, minerals, and other accessory substances on
the microbial activities of the rumen. No detrimental effect on the milk
or butter produced has been established when these fishery products are
supplied to the ruminants in reasonable quantities (Breirem, 1951).
II.

Fish Meal—General Considerations
A.

OVER-ALL VALUE AS FEED SUPPLEMENT

Much of the data available on the nutritive value of fish meals is difficult to assess because it is based on experiments conducted when nutrition was only a rudimentary science and most of the vitamins had not
yet been discovered. This is particularly true of studies on the feeding of
fish meal to poultry prior to the synthesis of riboflavin and the subsequent availability of this vitamin for use in feeding trials. In drawing
conclusions from the literature regarding the nutritive value of fish meal
relative to other protein concentrates and the relative merits of fish meals
produced from different types of fish and by different manufacturing
procedures, it is, therefore, important that careful consideration be given
to the nutrients supplied by the basal diet employed.
In present days, with a detailed knowledge of nutrition available and
an appreciation of the number of essential nutrients and the interactions
among the many nutrients, there can hardly be a general statement of
the value of any natural product when a variety of nutrients is involved.
The amount and availability of protein, energy, vitamins, and minerals
present in the product, as well as the composition of the remainder of
the diet of which the product is to be a part, all have to be taken into
consideration in any evaluation of nutritive worth. A distinction used to
be made between animal and vegetable protein, with the former assumed to be of higher nutritive value. The emphasis on the importance
of animal protein as an essential dietary constituent grew out of the fact
that, before the development of adequate processing methods for vegetable protein concentrates, it was extremely difficult, if not impossible,
to compensate for the amino acid deficiencies in the cereal protein of
the ration without recourse to some protein derived from animal sources.
Furthermore, animal protein concentrates supplied vitamins which were
short in the vegetable protein concentrates. This is particularly true with
regard to vitamin Bi 2 . With the advances that now have been made in
the processing of the various oil seed meals and the rapid development of
synthetic processes for manufacturing vitamins and amino acids, the
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formulation of feeds is based more and more on the analysis of feedstuffs
for all the nutrients. The factors determining whether a given product is
used or not no longer depend on whether they happen to be of plant or
of animal origin, but rather on the particular nutrients supplied by the
product and their relative cost from respective sources. Actually, the use
of fish meal and condensed fish solubles constitutes one of the few exceptions to this practice because of evidence of the presence of substances which are necessary for maximum growth rate and hatchability
in poultry but which have as yet to be termed unidentified factors.
A good general review on fish meals, covering the composition of various types of fish meal and their use in animal feeding, was presented by
Breirem (1951) for Norway, by Nehring (1956) for Germany, and by
Woodham (1958) for the United Kingdom. United States fish meals,
made from ocean perch, herring, menhaden, and whiting, were analyzed
in a nation-wide research project (Carver, 1957).
B.

NUTRIENTS

1. Protein
Fish meal is purchased on the basis of its protein content. This is
commonly calculated from the total nitrogen content on the assumption
that the protein contains 16% nitrogen. The buyer is assured only of the
stated minimum level of crude protein in the meal with no account
being taken of the amino acid composition of the protein, its digestibility, or the amount of nitrogen present in compounds other than proteins. Over the years, many testing methods have been proposed in an
attempt to increase the information available beyond the bare guarantee
of minimum protein level. Biological tests provide the best measure of
protein quality but tend to be too expensive and time-consuming for
routine testing. Likewise, when they are used for routine testing, microbiological analyses for the essential amino acids present difficulties. Microbiological analyses have to be carried out on hydrolyzates of the protein material, and the method of hydrolysis has a definite bearing upon
the results obtained. Unless the hydrolysis is comparable to that occurring in vivo, there is no assurance that amounts of amino acids found to
be present in a given protein concentrate are available to the animal.
Ford (1960) has developed a microbiological method for assessing
the nutritional value of proteins using a strain of Streptococcus zymogenes. This microorganism is strongly proteolytic and grows quickly
using intact protein as the principal source of nitrogen. Estimates of the
quality of proteins from several sources are reported to correlate closely
with those obtained using rats.
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From time to time, various chemical procedures are suggested for
giving a rapid estimate of protein quality. Procedures based on the percentage of protein hydrolyzed in in vitro digestion with pepsin, i.e., the
percentage of digestible protein, the amount of nonprotein nitrogen and
the amount of copper-precipitable protein have been worked out. Almquist (1941) developed a procedure to measure a Protein Quality Index
which was used by several investigators. This method involved the determination of the nonprotein nitrogen, the indigestible protein, the copper, and the phosphotungstic acid precipitable fractions and the hotwater-soluble fraction of the protein. The method showed quite good
correlation with the results of chick growth tests in evaluating the relative protein supplementary value of animal protein concentrates. The
procedure did not find wide acceptance because it was applicable only
to animal protein concentrates of the fish-meal and meat-meal type. As
yet, there is no satisfactory chemical procedure that has general application for routine testing of all types of protein concentrates for nutritive
quality.
Biological tests, which should give the most accurate appraisal of
quality, have to be designed to give a specific answer to a clearly formulated question. It is not possible to carry out a test which will indicate
the performance of a protein under all conditions. Many of the discrepancies noted between the results of the work carried out in one laboratory and another are referable to differences in assay procedure and particularly to differences in the basal diets used. Even when nitrogen balance studies are undertaken to measure the quality of the protein fed,
the results do not necessarily provide an estimate of the quality of the
meals as protein supplements. From what is known today, it is possible
that the diets used in earlier experiments were not balanced as to energy
content and vitamin level. Since both the energy and vitamin content
have to be so balanced in the diet as to obviate the effect of energy and
vitamins supplied by the fish meal in question, it is difficult to be sure
that differences obtained in many of the experiments reported in the
literature have been due to differences in the protein quality and not to
some other nutrients supplied by the fish meal.
Heiman et al. (1939) evaluated protein concentrates on the basis of
the response of chicks to diets containing 8% protein from cereal sources
and 3 % from the protein concentrates and expressed the results as a
"gross protein value" relative to the response obtained with casein within
the same experiment.
Grau and Williams (1955), in an investigation of the quality of commercially produced fish meal from the standpoint of their value as amino
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acid sources for chicks, used them in test diets to supply 20% crude
protein. In this assay procedure, the vitamins, minerals, and carbohydrate were supplied in purified form so that the diet was entirely dependent upon the fish meals as sources of amino acids, and no data on
the values of the meals as vitamin and mineral sources were obtained.
The method does not differentiate among various meals as sources of
amino acids for the supplementation of other proteins. Striking differences were encountered between fish meals (15 samples) in a chick
study designed to assay the dietary protein value (Hinners and Scott,
1960).
The protein quality of fish meals has been evaluated in terms of their
value as supplements to cereal or potato proteins in diets containing a
total of from 17 to 2 1 % protein (March et al., 1949; Tarr et al., 1954;
Schiller, 1957). A cereal diet supplemented with 7% whitefish meal provides adequate amounts of supplemental lysine and methionine and cystine (Evans, 1959). For further discussion, see also Chapter 2 of this
volume.
In estimating the value of fish meals as supplements in rations, it
would seem that a more critical and meaningful test would be one in
which fish meal is used to supplement a cereal or cereal mixture in accord with actual practice in feed formulation. An efficient balance of
amino acids in a protein to be used as a sole source of protein in a diet
will not be the same as in a protein used as a supplement to other proteins.
Nor are the needs of the animal necessarily satisfied by supplementing the minimum requirement of each of the essential amino acids in
the ration. Harper (1956) has reviewed some papers that have appeared
regarding the effects of imbalances and excesses in the amino acid composition of the diet. It may be remarked that the effects of imbalances
of amino acids are much more apparent when the diet fed is low in protein content than when it contains a high level relative to the requirements of the animal. Besides the implications with regard to biological
assay of protein quality, this means also that in commercial practice,
where protein represents one of the more expensive portions of the ration
and is seldom used in excess, it is extremely important that the amino
acids should be in correct balance in order to achieve optimum effect.
Even though tyrosine does not constitute one of the essential amino
acids, it is, nevertheless, important in many respects, chiefly due to the
fact that the requirements for phenylalanine become greater when tyrosine is low or missing. Comprehensive study of United States fish meals
in this respect (Lyman et al., 1958) indicated values between 2.9 and
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3.8% of tyrosine crude protein. The amino acid analyses of a variety of
fish meals and fish solubles derived from different sources and analyzed
in different laboratories are shown in Table I.
2. Fat
A high fat content in fish meal has generally been considered to
lower the value of the meal for feeding purposes. Early studies (Allardyce et al. 1933), showed that growth was depressed in chicks fed fish
meals of high fat content. Until comparatively recently, it was generally
believed that poultry had a lower tolerance for fat than other animals.
It is known now that poultry utilize fat efficiently provided that the diet
fed has the correct ratio of protein to caloric content and is adequately
fortified with vitamins. Accordingly, the fat content in a fish meal may
contribute to the over-all nutritive value of the product. There is not a
great deal of information available regarding the nutritive value of fat
derived from fish meal, and research conducted so far has not provided
a conclusive answer.
It is known that the ether-soluble fraction in fish meal gradually decreases, due to oxidation and polymerization, into less soluble compounds
(Oshima and Sugawara, 1936; Takano, 1937; Harrison, 1939a; Stansby
and Clegg, 1955; Almquist, 1956). The large surface area presented by
fish meal facilitates oxidation of the oil present. The chemical constitution of the oil itself is such that it is readily oxidized. A report from Norway (Aure, 1957) gives the iodine value of oil extracted from herring
meal as 136 as compared with a value of 123 for the herring oil produced in the reduction of the herring. He explains the difference between the values for herring oil and the oil extracted from the meal as
being due to a concentration of phosphatides in the meal-fat, the fatty
acids of which are more unsaturated than herring oil fatty acids. In addition to the susceptibility of the oil content of the meal to oxidation, the
presence of hematin in the meal catalyzes the process. Banks (1939)
showed that hematin accelerates rancidity in the oil content of fish tissue, and more recently it was demonstrated (Anonymous, 1958c) that the
content of hematin is a major factor in determining the rate at which
fish meals deteriorate.
Whether oxidized oils are deleterious in feeding or not has occasioned
a great deal of research (Matsuo, 1954). Studies with rats have shown
that oxidized and polymerized oils seem to contain toxic factors as well
as being poorly digested (Lassen et al., 1949a; Fräser et al., 1949;
Crampton et al., 1951). The exact nature of the apparent toxicity is not
altogether clear. Crampton and his associates have made an extensive
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study of the effects of heat treatment of various oils on the nutritive
qualities of the oils. It was concluded (1951) that in the case of linseed
oil, peroxidation is not concerned with the development of any toxic
factor and that the damaging factor in heated oil is not produced oxidatively. Further studies (1953) showed that the toxicity of heatpolymerized linseed oil was associated with the presence of polyene
acids in the original oil. Johnson et al. (1957) found that thermally oxidized corn oil inhibited growth when fed to rats, whereas margarine
base stock and butter which had been heated under similar conditions
gave only a slight growth depression or did not depress growth. Again
it appeared that products resulting from the thermal treatment were related to the unsaturated fractions of the oil. Witting et al. (1957) found
that the toxicity of oxidized and oxidatively polymerized fish oil produced by blowing with air for three days at room temperature was less
than that of oil thermally polymerized without oxidation. When the oils
were fed to rats, it was noted that the harmful effects of the oxidized oil
could be more easily offset than those of the thermally polymerized oil
by an increased intake of pyridoxine, riboflavin, or protein. Biely et al.
(1951) concluded, on the basis of experiments in which a low-temperature dried herring was subjected to various treatments, that the adverse
effect of overheating on the nutritive value of herring meal was in part
due to changes induced in the oil. Heating of the specially prepared
meal for 2 hr. at 300 °F. impaired its nutritive value, but similar heating
of a sample of the meal from which the fat had been extracted with
hexane was without deleterious effect. When the oil present in the
heated, unextracted meal was heated and added to the extracted meal,
the nutritive value of the latter was impaired, whereas similar addition
of fresh herring oil had no undesirable effect. As in the findings of Witting et al. (1957) mentioned above, further experiments showed that the
growth depression occurring when the hexane extract from herring meal
was fed to chicks could be counteracted by increasing the vitamin
content of the diet.
March et al. (1960) reported that storage of herring meals for up
to 9 months did not alter their nutritive value as protein or vitamin B
complex supplements in chick diets despite marked decreases in both
ether extractability and iodine value of the extract. Later experiments
(March et al, unpublished data) showed that the feeding of chloroformmethanol extracts of herring meal, in common with herring oil, depressed
growth of chicks fed a vitamin-deficient diet. The growth depressing
effect of the fats was, however, overcome completely when the diet was
supplemented with vitamins. The actual utilization of the lipid fraction
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of freshly manufactured herring meal was found to be approximately
80% that of herring oil.
The entire problem of the nutritive effects of the polymerization of
fish oils is discussed in Chapter 3 of this volume. One essential observa
tion pertaining to hogs will be brought out here. Oldfield et al. (1957)
observed that pigs fed 5% of either crude or alkali-washed men
haden oil gained weight at a faster rate than did the pigs on a control
ration. Those fed polymerized menhaden oil gained weight less quickly
than did the controls. The carcass quality of the pigs fed the polyme
rized oil, however, was superior to that of the pigs fed either of the
other types of oil and was similar to that of the controls. From this trial
it seems possible that a fish oil polymerized under carefully controlled
conditions might yield a product satisfactory from the nutritional as well
as the carcass quality standpoint (Oldfield et al., 1957).
Old samples of fish meal may contain as much as 40% of free fatty
acid in the oil, according to Moen (1933). It is doubtful if a high free
fatty acid content in fish meal is, in itself, harmful since pure fatty acids
may be fed to chicks without depressing growth (Sunde, 1956). With
meat scraps, it has been found that no ill effect results from feeding
samples high in free fatty acids (Gray and Robinson, 1941). Siedler et al.
(1955) concluded that animal fats that vary in free fatty acid content
are utilized equally well by the chick. It seems probable that the fat
content of the fish meal may exert an indirect effect on the nutritive
value of the meal through the activity of peroxides in destroying vita
mins in the fish meal itself, or in mixed rations to which the meal may
be added.
The darker color noted in some samples of fish meal is apparently
due, in part, to reactions between the protein and the oil at the carboxyl
and amino groups, oxypolymerization and oxidation of unsaturated oils
according to Venolia et al. (1957). Lea et al. (1958) found that defatted
meals did not darken upon storage, nor did intact meals when they were
stored in an atmosphere of nitrogen. Venolia et al. showed that emul
sions of menhaden oil and protein react to form a deep brown color. Oya
and Nonaka (1938) showed that fish oils adsorbed on sardine meal and
other protein for 30 days and then removed were darkened by contact
with the protein. They noted that adsorption on nonprotein material did
not give the same darkening. That the darkening of the fish meal is an
indication of a reduction in the amount of utilizable lysine in the fish
meal has been shown in studies conducted by Lea et al. (1958). The re
sults of the latter investigation will be discussed in more detail in the
section relating to the effects of storage on the nutritive quality of fish
meal.
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3. Minerals
The mineral content of fish meal will vary depending on the raw
material used. Scrap from a filleting operation, for example, because of
the high bone content, will yield a meal of much higher mineral content
than will whole fish. The principal minerals supplied are calcium and
phosphorus. Since they are in a form available to the animal, the levels
of these minerals which have to be supplied from some other source
such as bonemeal or calcium phosphate may be reduced in a ration con
taining fish meal. Iron, magnesium, potassium, and sodium are, of course,
present. As would be expected, since it is a marine product, fish meal is
also a good source of trace minerals. Newell and McCollum (1931) ana
lyzed spectrographically different types of fish meal and found alumi
num, barium, chromium, copper, lead, lithium, manganese, and stron
tium in all of the meals, with fluorine, nickel, silica, silver, tin, titanium,
zinc, and barium present in some of them. The iodine content of fish
meals is worthy of note in view of the fact that the distribution of this
element in other feedstuffs is rather limited. Wells (1924) reported that
sardine meal contains 890 parts of iodine per billion. There is evidence
in the literature to suggest that some trace mineral, not yet recognized
as being essential, may be responsible for part of the growth response
attributed to unidentified factors in fish products (Morrison et al, 1955;
Camp et al, 1956).
4.

Vitamins

In early feeding experiments with fish meals, the fat-soluble vitamins
A and D undoubtedly contributed to the biological response obtained to
the meals. Whitefish, herring, or sardine meals, when fed as 10 to 12%
of a ration, were reported by Dove (1934) to supply sufficient vitamin D
to meet the requirement of the chick. Dove also reported on the effect
of storage on the vitamin D potency of fish meals. Flame-dried sardine
meals after 8 months storage began to lose vitamin D potency. Vacuumdried meals were superior to flame-dried meals after storage with respect
to vitamin D.
Little consideration is given at the present time to the content of
vitamins A and D in fish meal. Because of the temperatures used in
processing and the oxidation occurring in the fat content of the meal
after manufacture, the meals cannot be considered a reliable source of
vitamins A and D. With vitamins A and D available in fish oils and
concentrates of guaranteed potency, the amounts of these vitamins sup
plied by fish meal are not of any significant importance. Furthermore,
there is a basic difference between meal from fatty fishes as compared

9.

FISH MEAL AND CONDENSED FISH SOLUBLES

389

to those from lean fishes. Isaachsen et al. (1926, 1927) reported that cod
meal caused rachitis in pigs, but herring meal did not.
Fish oils have been found to contain some vitamin E, but fish meals
cannot be considered as sources of vitamin E in animal feeding. On the
contrary, fish meals, rich in oil, frequently require additional quantities
of vitamin E. Cod liver oil, as well as other fish oils with a high degree
of unsaturation, easily aggravates the symptoms of vitamin E deficiency,
such as exudative diathesis and encephalomalacia in chickens. The addition of from 0.5 to 1.0% of a highly unsaturated fish oil to a diet low in
vitamin E is sufficient to induce encephalomalacia. This effect of unsaturated fats, particularly fish oils, has been demonstrated with many species of animals. Adequate amounts of vitamin E in the diet prevent the
occurrence of such disorders (Singsen et al., 1955; Moore et al, 1959).
Investigations in this field tend to indicate that the cause of encephalomalacia primarily is the peroxidation of the highly unsaturated fatty
acids, which sufficient quantities of vitamin E are capable of preventing.
Indirect evidence of this is the fact that good protection against this disorder also may result from adding an antioxidant diphenyl-p-phenylenediamine (DPPD) incorporated into the chicks' diet (see Bunnell et al,
1956). Later studies indicate that selenium (factor 3) could wholly or
partially replace vitamin E as a preventive against exudative diathesis
(Schwarz et al, 1957). Vitamin E appears, however, to be needed to
counteract the dystrophy-producing effects of fish oils on ewes (Welch et
al., 1960). Unlike vitamin E, the selenium compound does not suppress
the rancidification of feed fat (Rahman, 1960).
With regard to the remaining fat-soluble vitamin, vitamin K, also
known as the antihemorrhagic vitamin, Almquist et al. (1935) found
that putrefied fish meal was a good source of vitamin K. McKee et al.
(1939) prepared vitamin K2 by allowing moist fish meal to undergo bacterial putrefaction. Lanham and Nilson (1942) also reported that the
vitamin K content of sardine meal was increased when the meal underwent experimental spoilage with heat and moisture. Normal fish meal, as
opposed to spoiled meal, is not a good source of vitamin K. In fact, diets
using herring meal as protein supplement have been used by Davies et
al. (1958) to promote vitamin K deficiency in chicks.
Interest in the vitamin content of fish meals was, in the first instance,
directed towards riboflavin, then to vitamin B i 2 , and currently to the
existence of one or several unidentified factors. Some data with respect
to the content of water-soluble vitamins in fish meal are given in Table II. It will be seen that the amounts of several vitamins of the B
complex are considerable and should not be disregarded in assessing the
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nutritive value of fish meals. The vitamin content of fish meals may vary
considerably according to both the raw material and the processing pro
cedure. The various factors involved are discussed later under the appro
priate headings in several of the following sections.
As a whole, fish meal is superior as a source of B vitamins compared
to other common animal feeds (Nehring, 1956). Almost half the mone
tary value of fish meal can be attributed to the protein and "extra"
methionine provided by fish meal. Energy, phosphorus, and growth fac
tors also make substantial contributions, but the particular value of yet
unidentified growth factors makes fish meal still more attractive as a food
(Bird, 1958).
C.

FISHY OFF-FLAVORS IN EGGS AND MEAT

The problem of fishy flavors in eggs and in poultry meat and pork
and the extent to which fishery products used in feeding are responsible
for fishy off-flavors is a recurring one.
So-called "fishy" eggs are not usually the result of feeding high
levels of fish products in the laying ration (Dunn, 1956). Vondell (1933)
attempted to produce fishy eggs by feeding fresh fish to hens. He found
that even hens which were fed fresh fish daily did not produce fishy
eggs. Neither did fish meal at 4 to 15% of the diet result in fishy eggs.
Tepper et al. (1939) reported that no off-odor or flavor was evident in
eggs or meat from birds fed 13% fish in the ration.
There may, on the other hand, be some production of fishy eggs
from hens which receive neither fresh fish nor fish meal in the ration.
Accordingly, it seems that the production of fishy eggs is the result of a
hereditary trait, since it shows a higher frequency in closely related
strains of birds (Vondell, 1933). The inclusion of a high level of fish
oils used as supplements for the purpose of supplying vitamins A and
D is too low, however, to be a factor in this regard (Almquist et al.,
1938). Unless the fat content of fish meal is considerably in excess of the
average, fish meal may be fed even in large amounts and gives no taste
or odor to eggs laid by hens to which it is fed. Robertson and Wilhelm
(1940), on the basis of tests in which salmon meal was fed at as high a
level as 28% in the ration, concluded that the production of fishy eggs
cannot be blamed on feeding fish meal. A study conducted by Gasperdone et al. (1960) showed that the feeding of an excessive amount of
fish meal to certain strains of laying birds could result in the production
of off-flavored eggs.
As in the case of eggs, meats with fishy flavors have been reported
that could not be attributed to the feeding of fishery products. Ödland
et al. (1955) reported some fishy flavors in broilers not fed fish by-prod-
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ucts as supplements. Klose et ah (1951), in connection with studies on
dietary fat and quality of turkey meat, showed that fishy flavors can be
produced by feeding a highly unsaturated oil such as linseed oil. As a
whole, turkeys are more susceptible to the influence of fish products
in the diet than are chickens and duck. A definite species difference
prevails (Dunn, 1956).
Fishy flavors may be evident in turkey and chicken meat when fish
oil or high levels of fish meal are fed. In the latter case, however, flavors
would appear to be the result of the oil content of the fish meal. For
example, Almquist et ah (1938) state that the feeding of fish meal
will not result in off-flavors in poultry meats unless the fat content of
the fish meal is exceptionally high. There are, nevertheless, quite a few
reports in which fish meal feeding has been implicated in fishy flavors
in poultry meats. Bryant and Stevenson (1939) and Marble et ah (1938)
demonstrated fishy flavors and odors in turkeys fed fish meals and
showed that, when 10 to 20% fish meal had been fed, a period of 4 to
8 weeks was required during which all fish meal had been omitted from
the ration in order that all traces of fishy flavor were removed. The
length of time required before all fishy flavor disappeared depended
upon the level of fish meal that had been fed. Van Santen (1957) claims
that the customary practice of discontinuing fish meal feeding 6 weeks
before slaughter is no safeguard against fishy taste and smell, which
may be obvious after 4 months.
A report with respect to ducklings (Nilson, 1946) states that in
6-week-old battery-fed birds which had been fed high levels of fish
meal, the flesh showed no fishy or other off-flavors.
Discrepancies between the findings of different investigators have
probably been due to differences in the quality of fish meals tested
and in the handling of the birds prior to and after slaughter. In the
majority of cases, unfavorable results have been obtained when over
2% of fish oil has been fed. The feeding of high levels of fish meal
might likewise be expected to have an adverse effect on palatability,
depending on the fat content of the meal. Asmundson et ah (1937),
for example, found that turkeys fed inferior-grade sardine or tuna meals
had a poorer flavor than those given the high-grade meals. The effect
of the low-quality fish meals is doubtless due to the rancid state of the
oil in the meal, since it is recognized that the quality of the fat which
an animal receives has a bearing upon the flavor of the meat. Callow
(1939) found, e.g., that in the case of hams the yellow color and fishy
flavor were worse from pigs fed low-grade cod liver oil than with highgrade oil. All fish oils do not behave in the same way. Redfish oil seems
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to be less dangerous than others (Dunn, 1956). Asmundson et äl. (1937)
observed that high-grade fish meal apparently did not produce an offflavor in turkeys when the birds were properly handled prior to and
after killing.
In many countries it has been well established, both through experi
mentation and practical experience, that fish meal, solubles, and silage
all constitute excellent feed supplements (Kirsch et al.y 1943; Hansen,
1959; Pecht, 1954). Extensive studies of the effect of fish oil on depot
and body fat of hogs have been reported by Dahl (1957). These investi
gations clearly bear out that specific unsaturated fatty acids accumulate
in the body with an ensuing lack of stability and proneness to oxidize
readily. This causes off-flavors. These findings explain the recommenda
tions given as to the use of fish and fishery products as a high-quality
protein adjunct in hog feed: the total fat content should be low, feeding of
such products should terminate at a time sufficiently early in relation
to slaughtering time to remove any risk of such labile constituents
dominating the fat composition (Hansen, 1959). Such fish products
may, however, without causing deleterious effects, be used in the raising
of breeding hogs. In order to avoid appetite disturbances, acid silage
should be partially neutralized, so that pH exceeds 3.5. In Swedish experi
ments with fattening hogs, no differences in the growth curves were
observed when the animals were fed skim milk, fish meal, or fish silage
(Olsson and Olofson, 1955).
D.

INFECTIONS

The possibility of fish products conveying diseases has been clearly
recognized by fur breeders. Diarrheas and other symptoms have fre
quently been traced to fresh or frozen fish products.
In recent years, there are several reported cases from West Germany
and Netherlands where salmonellas have been carried by fish meal to
hogs and poultry and secondarily also to man (Mossel et at, 1958).
According to Grimbergen (1959), Dutch fish meal was far more incrimi
nated than any imported meal. For a comprehensive analysis of this
problem, the reader is referred to Part I of Chapter 11, of this volume.
III. Factors Affecting the Nutritive Value of Fish Meal
A.

RAW MATERIAL

1. Kind of fish
It is rather difficult to generalize with respect to the relative nutritive
value of fish meals made from different kinds of fish. The manufacturing
procedure varies with the kind of fish. Thus, with fish of high oil con
tent, the process applied for extraction of the oil will have a bearing
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upon the protein and vitamins in the remainder of the fish and may also
determine the practical means of drying the residues for the production
of a meal. The kind of fish will also affect the composition of the final
product, not only because of differences in the over-all composition of
the whole fish, but because of differences in the proportions of various
tissues which are utilized in products for human consumption and those
which represent waste and provide the base material for meal. Furthermore, because' of variations in the quality of fish meals, even among
those made from the same type of fish and by the same general procedure, it is necessary to study a great number of samples before drawing general conclusions regarding any type of meal.
Fish meals have been divided into two main classifications: oily
meals, which are made from fish in which the body fat is distributed
throughout the body; and nonoily meals, in which most of the body fat
is concentrated in the liver. At one time oily fish meals were regarded
as inferior to nonoily meals for feeding purposes. Woodman, as recently
as 1937, describes herring meal as a product used almost entirely as a
fertilizer in Great Britain. With modern methods of processing, the
distinction in quality between fish meals according to whether or not
they may be classified as oily or nonoily is today no longer applicable.
Differences among species in the composition of the flesh itself are
not responsible for any appreciable differences in the protein quality of
meals processed from different kinds of fish. Nilson et al. (1947) fed
acetone-extracted fish flesh from 17 species of fish to rats in a basal
diet containing some supplementary protein. From the growth rates of
the rats, it was concluded that the proteins were about equal in nutritive
value. Konosu et al. (1956) found that the amino acid composition of
fish muscle proteins was relatively constant without distinction among
species. Differences among meals from different sources would seem to
be influenced more by the nature of the method of manufacture, especially the extent to which the vitamins might be lost through leaching or
destroying by overheating than by the kind of fish.
Fish meals made from some kinds of fish are more variable than
others in nutritive quality. Meals from whole fish might be expected
to be more uniform than meals made from the scrap and trimmings
of fish processed for human consumption. Differences in processing,
however, result in considerable variation among fish meals derived from
similar raw material.
Whitefish meal, like the meals made from any of the white fish such
as cod, haddock, cusk, hake, sole, or halibut, may vary in quality, not
because of any species differences in the amino acid composition of the
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body proteins, but because of differences in the relative amounts of
muscle, heads, skins, and viscera that may provide the raw material for
a given batch of meal. Differences among species in the composition of
the flesh itself are not, as mentioned above, responsible for differences
in the protein quality of meals made from different kinds of fish. Scrap
meals, when made from more than one kind of fish, may also vary from
one lot to another because of processing difficulties associated with
material of this nature. If the raw material is to be processed for its
oil content, the cooking time has to be carefully regulated, since some
types of fish require more cooking than others for the maximum yield
of oil. As a result, when a mixture of tissue, some of which is more
refractory than the rest, is processed, some of the material is apt to be
overcooked, with subsequent loss of protein and vitamins into the press
water.
The sand launce is extensively used for fish meal by the Danish fish
industry. It is primarily in the latest decade that this fish has become
important in this respect. Earlier, it was chiefly used as bait. It is well
adapted to the production of fish meal, and several thousand tons are
manufactured each year.
French scientists report no difference between good-quality meals
of Norwegian herring and Moroccan sardine being employed in poultry
raising (Ladrat et ah, 1958).
Tuna meal seems to vary considerably, according to the data of
Grau and Williams (1955). They tested 17 samples of tuna meal and
classified 9 of them as being poor quality when tested as amino acid
sources for the chick. Maclntyre (1957) determined the nutritive value
of 40 different commercial samples of fish meals produced on the Atlantic coast of Canada. The meals varied in protein content from 51.6 to
69.2% and most of them were from white fish. Maclntyre found that
even with meals produced under the same registration number from
the same manufacturer, but at different times, there was considerable
variation. He considers that "this variation may be due to differences
in the nature of the raw material such that similar methods of processing
result in meals of different composition or to processing procedures
which differ sufficiently to produce differences in the composition of
the final product or a combination of both."
Differences in manufacturing methods may explain the controversial
results as to the value of carp meal as compared to other fish meals.
According to Adams and Carlson (1951), it produced a slower rate of
growth than either of two other fish supplements. It was also less
efficient, requiring 1.80 lb. of feed to produce 1 lb. of gain. The rations
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employed contained approximately 22% protein and 950 to 1,000
calories of productive energy. Earlier reports indicated that carp meal
was equal to or superior to various other fish meals in promoting growth
in chicks.
As carp and other "rough fish" in the United States become available
in sizable quantities through the seining from lakes being cleared for
more desirable kinds of game fish, it is essential to assess the value of
such trash fish as protein supplements. Such fish meal obtained locally
is sold at a lower price than other fish meals, as it is transported com
paratively shorter distances than fish meal from marine sources. Carp
meal seems to produce a slower rate of growth in chicken than other
fish meals (Adams and Carlson, 1957). It is also less efficient as to feed
conversion.
A new type of meal is made by grinding and steam dehydrating
whole trash fish, obtained when shrimping in the Caribbean and off
the South Atlantic coast of the United States, such as croakers, blowfish, toadfish, searobins, silver ells, etc. Until recently, these fish were
dumped back into the ocean. In tests this type of fish meal turned out
to be equal to either menhaden or sardine meal when incorporated into
broiler rations on an identical protein level (Anonymous, 1958b).
The vitamin content of meals depends, apart from processing factors,
on the relative proportions of different tissues contained in the meal.
Record et al. (1934) concluded, on the basis of chick tests, that meal
prepared from heads and tails contained more riboflavin. There is
evidently a difference in the vitamin content of red muscle and ordinary
muscle. Mori et al. (1956) reported that the red muscle of fish is very
rich in thiamin, riboflavin, and vitamin Βΐ2, but that it contains less
niacin than ordinary muscle.
Besides traditional fish meal, chiefly manufactured from whole fish
and discarded portions of filleted fish, chiefly the backbone and head,
the Canadians have successfully tried visceral meal made from the
entrails of fish. The liver is generally excluded and used for other, more
valuable purposes.
The viscera are submitted to an enzymic digestion and thus trans
formed into a liquid. This is dried on a drum drier, and a coarse powder,
dark-cream in color, is obtained. This powder contains most of the
original vitamins of the viscera and the proteins in a predigested form.
Such visceral meal has no taste of fish. This product has been developed
by the Halifax Station and successfully tested for animal feeding pur
poses. It proved to be a satisfactory protein supplement for use in the
rations of hogs during both their growth and their fattening periods.
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The test hogs exhibited no objections to such processed "flour" in their
rations and showed satisfactory rates of feed efficiency and carcass
grade (Anonymous, 1958a).
The fresh viscera of cod and haddock are collected on board ship,
preserved with sodium nitrite, and held at 80° to 100°F. (26.7 to
37.8°C.) for several days. During this period of holding, the enzymic
digestion takes place.
Although there is a great deal of data available on the amino acid
composition and the feeding value of meal derived from the flesh or
muscle of fish, there is less information regarding meals from other
tissues. Lemack et dl. (1958) investigated the nutritive value of scales
from ocean perch and herring when added to fish meal to contribute
10% of the meal protein. Chick and rat bioassays showed that the
addition of fish scales at this level did not affect the nutritive quality
of the meal. Snyder and Nilson (1959) reported the biological value
of pollock fish scales to be about 60% with about 80% availability,
when fed at a 9% level in the diet of rats. The fish scale protein was
not in itself adequate for growth but could be utilized as a limited
source of protein and contained no toxic substances per se. Ney et al.
(1950) found that the protein of herring scales was extremely low
in tryptophan.
2. Season
Seasonal differences in the composition of the raw herring may
result in differences in the meals produced. Lovern (1938) found that
the iodine number of herring oil may vary from 115 to 144 in fish from
the same area at different times of the year. He suggested that in fast
ing the herring utilizes the more unsaturated constituents of the body
fats preferentially. Immature herring had a more saturated fat than
adult herring caught at the same period. In this regard, Banks (1952)
observed that the fat of summer-caught herring oxidizes and becomes
rancid more quickly than that of winter-caught herring.
According to Bissett and Tarr (1954), meals produced from herring
caught in February contain more deoxypentosenucleic acid and more
total pentose than meals made from herring caught in November (be
cause the February meals contain considerable amounts of practically
mature milts). It was found that the tryptophan, methionine, lysine,
threonine, and valine contained in the herring meal were more readily
rendered unavailable by heat treatment in the case of the February
than of the November meals. They suggest that Maillard reaction be
tween liberated pentose sugars and amino acids may have been respon
sible for the differences observed.
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Tarr (1952) observed no difference in the vitamin B i 2 content of
meals produced in November or those from herring caught in February.
3.

Spoilage

Despite the fact that spoilage would seem to be a possible factor
affecting quality in fish meal, there is very little information regarding
the nutritive quality of fish meal prepared from fresh fish as opposed to fish
which have undergone various degrees of putrefaction. What little data
there are on the effect of condition of fish used in making meal are
contradictory. Ingvaldsen (1929) found that the essential amino acids
were destroyed and the proportion of wTater-soluble nitrogen was increased as a result of spoilage in the raw material. Lassen et al. (1951)
reported, on the other hand, that spoilage of the raw fish before
processing had little effect on the nutritive value of the resultant meal,
although there is a much greater loss in the stickwater, so that the yield
of meal is reduced. Furthermore, the meal produced contains increasing
amounts of oil, thereby reducing the free oil recovered. Although there
appeared to be no difference in the quality of the meal produced, the
quality of the condensed fish solubles decreased as a result of storage
of the raw fish.
Likewise, in the case of mackerel meals, a meal processed from fish
that were soft and broken with obvious spoilage was equal in protein
value for chicks to one made from firm-fleshed mackerel suitable for
canning, according to data of Grau and Williams (1955). Grau et al.
(1956) made the interesting observation that whereas meal dried from
cooked fish that were allowed to spoil subsequent to cooking did
not permit growth of chicks, meal made from spoiled raw fish did
permit good growth. Banks (1950), in reporting the results of
studies to determine the most favorable conditions for the production of dehydrated herring, gives some data regarding the effect
of storage of the fresh fish on the subsequent stability of the dried
product which may be pertinent to fish meal processing. In the case
of dried herrings, the freshest fish yield the most stable dried product.
Cold storage or holding the fish in ice for more than two days before
drying reduces the stability of the dried herring.
B.

PROCESSING

1. Wet vs. Dry

Rendering

Record et al. (1934) found that wet- and dry-rendered meals were
similar in nutritive value according to growth studies with chicks. With
rats, however, Wilder et al. (1934) showed that the absorbed nitrogen
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from wet-rendered haddock meal was more efficiently utilized than from
dry-rendered meal, probably because of the lower content of watersoluble protein. Harrison et al. (1935) reported that the removal of the
water-soluble protein by the wet process had little effect on the ultimate
efficiency of the protein but decreased the riboflavin content. Because
the two processes are generally applied to materials requiring different
procedures of manufacture on account of differences in oil content,
comparison of meals on the basis of whether they are wet- or dryrendered is hardly justified.
2. Whole or Full Meal
Whole meal or full meal is the name given to fish meal that has had
the press water added back to it. On the basis of Almquist's Protein
Index scheme of analysis, dried fish press water would not appear to
be of high protein value because of the high content of hot-watersoluble protein (Almquist, 1941). This was borne out by the growth
response of chicks to blends of dried press water and ordinary fish
meal. This is contrary to the results of earlier experiments (Wilgus,
1933a) which showed protein efficiency to be superior in fish meals con
taining the press water. In view of the data obtained in the latter study,
it seems likely that the whole-meal preparation supplied water-soluble
vitamins which were a factor in the efficient utilization of the protein.
For an accurate appraisal of whole meal from the standpoint of protein
quality, only the results of more recent experiments can be taken into
consideration.
Since it would be desirable to be able to determine the proportion of
stickwater solids in a given whole meal, Norwegian investigators (1950)
found that a minimum of 20% of the total crude protein of whole her
ring meal was soluble in water when all of the press water was added
back. It is difficult, however, to determine accurately the amount of
solubles added to a whole-meal mixture because the protein of con
densed solubles is not entirely soluble and standard fish meals without
added solubles contain varying amounts of water-soluble protein (Lee,
1954).
Laksesvela (1958) has reported the results of an extensive study of
the nutritive value of condensed herring solubles and herring meal. He
found that when fed in the diet as the only source of protein, herring
solubles appeared to be of little nutritive value. Certain mixtures of her
ring solubles with meal, however, were superior to the meal alone as a
protein source. Tryptophan was the limiting factor in the herring
solubles. When the protein from the solubles represented between 15
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and 45% of the total, the biological value of the mixture was raised
above that of meal alone, but when more solubles were used in the
mixture, growth was depressed. Solubles alone did not sustain life for
more than 2 to 4 weeks when fed to day-old chicks. In these experiments
the ordinary meal and the solubles originated from the same raw
material. The data, therefore, indicate that, while condensed herring
solubles is not a balanced source of amino acids for the chick, it may
be used to advantage to supplement press cake protein.
In 1941, Billings et al. showed that stickwater dried to a meal under
vacuum contained twice as much riboflavin as ordinary fish meal.
Further work suggested that stickwater might be dried to give a meal
rich in riboflavin that could be used as a feed supplement (Pratt and
Biely, 1945). Karrick and Stansby (1954) reported that, of the total
riboflavin, niacin, and vitamin Bi 2 content in the raw material, 59% of
the vitamins was in the solubles and 4 1 % was in the meal produced.
It follows that whole meals should be richer in the water-soluble
vitamins than meals produced from drying presscake without adding
back the press water.
3. Drying

Temperature

Of the various aspects of fish meal manufacture, the one which has
perhaps received the most widespread attention is that of drying temperature. This is understandable in view of the vast literature dealing
with the destruction of vitamins by heat, the impairment of protein
nutritive quality by heat and the lowering of digestibility of fats and
even the production of toxic products resulting from heat treatment
of fats.
Early work on fish-meal processing (Ingvaldsen, 1929) showed that
high drying temperatures increased the volatile basic nitrogen and
reduced the arginine and cystine content of the meal. Much of the
experimental work on the effects of drying temperature was in relation
to the type of drying equipment, i.e., steam or vacuum dryer. In feeding
tests with different animals, vacuum- and steam-dried meals were
generally reported to be better supplements than flame-dried meals
(Maynard and Tunison, 1932; Record et al., 1934; Harrison et al, 1935;
Oshima and Itaya, 1938; Daniel and McCollum, 1931; Schneider, 1932;
Wilder et al, 1934). Flame-drying, if properly controlled, need, however, not be more detrimental than steam- and vacuum-drying. Only
when severe did flame-drying have more than a trivial destructive
effect on riboflavin, pantothenic acid, and vitamin B in presscake, but
did markedly reduce the availability of folic acid (Duckworth, 1955).
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It was also reported by Wilmer (1957) from pilchards, that meals
dried in coal- or oil-fired dryers consistently had a higher nutritive
value than those dried in steam-tube dryers. He furthermore found that
it is preferable to dry presscakes for a short time at high temperature
than for a longer time at a lower temperature.
More recent studies under carefully controlled conditions show that
meals of equal nutritive value may be produced by either the vacuum
or the flame methods of drying provided care is taken that the meals
are not overheated (Clandinin, 1949; Grau and Williams, 1955). In
meals scorched during the drying process, the availability of the amino
acids to the animal is reduced. The liberation of lysine, arginine, and
possibly threonine was found by Clandinin (1949) to be affected by
overheating even when tested by in vitro acid hydrolysis, and the
liberation of all the essential amino acids was greatly depressed.
Clandinin further reported and concluded, on the basis of feeding
experiments with chicks involving diets in which fish meals were used
to supplement cereal protein, that "overheating fish meal during drying
depressed availability of the amino acids to such an extent that the
damage done is irreparable by simple supplementation with the essential amino acids which acid hydrolysis values suggest as limiting." A
combination of lysine, arginine, threonine, glycine, and methionine improved growth over that obtained with lysine alone, but growth rate
was still not comparable to that obtained with fish meal which had been
dried at a lower temperature. It seems probable, however, that although
amino acids may be rendered unavailable when fish meals are subjected to heat treatment that a rather severe heating is required to
render the fish meal protein resistant to the action of digestive enzymes.
Under normal conditions, the temperatures used in good manufacturing
procedure are not sufficiently high nor is heating sufficiently prolonged
to result in protein damage. Comparative microbiological assays (Bissett
and Tarr, 1954) of chemical and enzymic hydrolyzates of herring meal
show that the availability of the essential amino acids was not altered
by flame-drying as performed in normal commercial procedure nor by
heating meal under experimental conditions for 1 hr. at 159°C. It was
noted, however, that when heating was continued for 3 hr. at this
temperature, the availability of all the essential amino acids was impaired. Carpenter et al. (1954) found no differences in the protein
quality of whitefish meals produced by different drying methods.
More riboflavin was destroyed in the flame-drying than in other
processes, but the protein quality and vitamin Bi 2 were as high as with
the lower temperature methods. The slightly darker color of the flame-
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dried meals was not necessarily an indication of poorer quality in these
experiments. Laksesvela (1958), however, found that the extent to
which meals were discolored by spontaneous heating after manufacture
indicated the extent to which the nutritive value of the meals had been
affected. High drying temperatures did appreciably reduce the vitamin
B12 level of Spanish fish meals (Latorre Glanser, 1956).
Miller (1955) considers that the impairment in protein quality of
commercial fish meals during drying is due to the action of heat in the
presence of moisture and is the result of the Maillard reaction. Miller
reported that commercial fish meals from various sources had protein
utilization values (body weight X digestibility) of 60 as compared with
80 for fresh fish. The effect of overheating on the protein quality of
fish meals is different from that with protein supplements of high carbohydrate content. With protein meals which contain little or no free
carbohydrate, overheating results in lysine, and possibly arginine and
histidine, forming new linkages to other amino acids which are resistant
to enzyme action according to Almquist (1951). Lysine is one of the
amino acids most apt to be rendered unavailable in fish meals that
have been overheated. Since lysine is the primary limiting amino acid
when cereals are fed as the only source of protein, any supplementary
protein must first of all compensate for the lysine deficiency. British
investigators have accordingly studied methods to assay fish meal
quality on the basis of the available lysine content (Anonymous, 1957).
One method involves the binding of the meal with an acidic dyestuff,
orange G. Another method employs the reaction of the NH 2 -group of
"available lysine" with fluorodinitrobenzene. Carpenter et al. (1957)
found that the protein value of commercial fish meals and of heated
dried cod fillets for chickens could be increased by addition of lysine.
Commercial fish meals gave results about 10% lower than those obtained with preparations which had been dried at a low temperature.
Grau and Williams (1955) compared the nutritive value of a sample
of tuna meal dried by a modified flame drier with the presscake used
to make this meal. The presscake, preserved under isopropanol, was
later dried in the laboratory in an air current at room temperature. The
difference in growth rate observed was not significant.
Because many of the vitamins are heat-labile, overheating may
seriously reduce the nutritive value of the fish meal through destruction
of the vitamin content. Riboflavin was the first vitamin to be investigated
in this connection and flame-drying was found to lower the amount of
this vitamin present in meals so dried (Harrison et al., 1935; Record
et al, 1934; Carpenter et al., 1954). With different types of dryers in-
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volving different temperatures, the vitamin content of herring presscake was shown to drop from 3.9 to 19.1% in the case of riboflavin,
3.0 to 35.1% in the case of vitamin B i 2 , and 1.6 to 43.5% in the case
of pantothenic acid (Klungs0yr et al., 1953). Studying vitamin B i 2 only,
Tarr (1952) found that heating to 159°C. of a specially prepared lowtemperature-dried herring meal containing 0.204 mg. of vitamin B i 2 per
pound reduced the vitamin B i 2 content to 0.115, 0.056, and 0.035
mg. per pound depending upon whether heating was for 1, 2, or 3 hr.
Carpenter et al. (1954) compared the vitamin B i 2 content of meals produced by different commercial drying procedures and found the vitamin
Bi2 content of flame-dried meals to be as high as in meals produced by
lower-temperature methods. Southcott and Tarr (1953) on the basis of
the microbiological assay method do not consider there to be a significant difference in the vitamin B J 2 content of experimentally produced
low-temperature air-flow-dried meals and commercial herring meals.
The folic acid activity in different foods is lost upon cooking.
Cheldelin et al. (1943) reported that cooking halibut or salmon flesh
destroyed or rendered unavailable as much as 74% of the folic acid
content. Lillie and Briggs (1947) on the basis of chick assay found no
folic acrd activity in menhaden meal. Biely et al. (1952) showed that
commercial flame-dried herring meals are likewise poor sources of folic
acid. The effect of processing temperature on the folic acid content of
herring meal was investigated by comparing low-temperature laboratory-dried meal and commercial flame-dried meal prepared from the
same lot of herring presscake. From data obtained in both microbiological and chick assays, it was apparent that the high temperatures
encountered in the flame-drying process in the commercial manufacture
of herring meal are responsible for the low folic acid content of these
meals. There have been no comparative studies made of commercial
meals prepared by different processes for folic acid content.
Karrick and Stansby (1954) obtained samples of presscake and of
meal prepared from the presscake from different plants. The different
plants employed a direct flame-dryer, an indirect flame-dryer (approximately 250°F.) and an airlift dryer (approximately 170°F.). Analysis
was made of the presscake and the meals for riboflavin, nicotinic acid,
and vitamin Bi 2 . There was no significant loss of vitamins upon drying
the presscake except in the case of the nicotinic acid when the meal
was dried in the direct-flame dryer. The vitamin Bi 2 content of presscake was unaffected when the presscake was dried at 80 to 100 °C. for
5 hr. Bird (1959a) reported that the unidentified growth-factor potency
in menhaden meal was not reduced by overheating during processing
with either 3-hr. cooking period or a 3-hr. drying period at 390 °F.
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Biely et al. (1951) reported that the adverse effect of overheating
on the nutritive value of herring meal was in part due to changes induced in the oil. When a laboratory preparation of herring meal dried
at low temperature was heated for 3 hr. at 159 ° C , its nutritive value
was impaired. If, on the other hand, the meal had been extracted with
diethyl ether prior to heating, the heating had no deleterious effect.
When the oil present in the heated, imextracted meal was extracted and
added to the extracted, heated meal, the nutritive value of the latter
was markedly impaired. Similar addition of fresh herring oil had no
undesirable effect.
With reference to the effect of drying temperature on the nutritive
value of fish meal, some interesting results were obtained with Japanese
sun-dried herring meal in 1935 at the University of British Columbia.
The herring were prepared by splitting and stringing on wires to dry
in the sun. A considerable amount of the oil dripped out, but the free
fatty acid content of the residual oil was extremely high. When the
product was fed in the chick starting rations used at that time, it gave
comparable results to dried milk products (Biely, 1935).
C.

STORAGE

The findings with respect to the effect of storage on the quality of
feeds in general are conflicting, with many reports stating that no
detectable deterioration is to be found resulting from storage. Evans et
al. (1944b) reported that there was no loss in the supplementary protein
value of pilchard meals after storage for 10 months in paper, cotton, or
burlap bags. Biely et al. (1951) found that nutritive value of herring
meals stored for one year at —25°, 21°, and 37°C. was unaffected when
the basal diet in which the meals were tested was well fortified with
vitamins. These results showed that the value of the meals as protein
supplements was unchanged. Storage at room temperature for 3 months
did not affect the protein nutritive value of dry cod proteins according
to Miller (1955). Almquist (1956), on the other hand, on the basis of
in vitro tests found the digestibility of protein by pepsin to be decreased
upon storage. Samples sealed in glass tubes, however, showed little
alteration in composition. Lea et al. (1958) showed that herring meals
stored in air showed rapid oxidation of the oil content. The meals had
been prepared by hot-air drying of the presscake with moisture contents of 11.1 and 6.2%. Oxidation was more extensive at the lower
moisture content. It also was found that after 12 months' storage there
was a decrease in available lysine of 9%, but that no decrease in available lysine occurred in whole meals stored in nitrogen or in defatted
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meals stored in air. These changes may be compared with those reported
to occur in the digestibility of soybean oil meals as a result of storage.
Jones and Gersdorff (1938) demonstrated that the enzyme digestibility
of the protein in soybean oil meal decreased during storage and that the
change varied depending on the amount of fat in the sample and the
nature of the storage container. Tappel (1955) studied the interaction
of protein with oxidizing fat. Insoluble dark-brown copolymers of high
oxygen and nitrogen content were formed from which the total amino
acids recoverable, even after acid hydrolysis, was about 16% lower
than would be expected from their nitrogen content, indicating an
appreciable destruction of amino acids.
The large surface area provided by fish meal permits ready oxidation of the oil content of the product. Stansby and Clegg (1955) and
Almquist (1956) observed that the extractability of fat from stored fish
meals decreased progressively with storage. In the first few hours after
processing, considerable heating occurs. The probability that oxidative
processes involving the fat content of the meal are inducive to this
heating was suggested by Harrison (1939b), who noted that heating in
low-fat meals was not so extensive as in high-fat meals. Contrary to this,
Dreosti and Rowan (1958) established that ordinary fish meals are more
subject to heating than are whole meals. Obviously other factors than
the straight oxidation of oil are involved in the spontaneous heating of
fish meal. Another unexplained observation was made by these investigators. The reactivity of a fresh meal mixed with a well-cured meal is
reduced to a greater extent than one would expect on the basis of simple
arithmetical mixture relationships.
Gehrt et al. (1955) found that, although the percentage of pepsinindigestible matter was low in fish meal that had been properly
processed, several samples that had overheated spontaneously during
rail transit contained extremely high percentages of indigestible material.
Grau and Williams (1955), in view of the possibility of heat damage
occurring in meals which had undergone oxidative heating or "curing,"
tested different samples of tuna meal. Two samples were collected for
each of three tuna meals. One sample was taken from part of a pile of
meal which had been "adequately ventilated," and the other was taken
from a region in which the heat generated during heating had been
retained within the meal by the insulating action of several inches of
meal. Of the three meals tested, only one was of good quality. However, in neither the good-quality meal nor in the inferior meals was
there a difference in the rate of growth promoted by the sample from
which the heat was dissipated and that which was allowed to heat. This
finding is contrary to that of Meade (1956), who stated that meal
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produced by scrap-pile curing is not so good a source of amino acids
as that produced when the heat is dissipated or in which oxidation is
controlled. If it were possible to prevent the initial heating or to allow
it to proceed under controlled conditions, it would be possible to store
and to handle meal in bulk at a saving to the feed manufacturer
(Kyte, 1957).
While the development of rancidity in the oil content of fish meals
doubtless results in destruction of some of the vitamins, there has been
little experimental work on the effects of the oil content of stored fish
meal on the growth rate of animals to which the meals may be fed.
There is considerable evidence as to the toxicity of oxidized-polymerized
oils. Gray and Robinson (1941) concluded that a high free fatty acid
content in animal protein concentrates is not a true factor for the
evaluation of the nutritive worth of these products when used in wellbalanced rations for poultry feeding and that high rancidity of the fat
in animal protein concentrates does not necessarily affect the nutritive
value of such products when they are used at a 10 to 15% level in
poultry feeds.
Laksesvela (1958) investigating the effects of spontaneous heating
in fish meal found that, although lysine and methionine are damaged
in heated meal, histidine appears to be rendered unavailable to a greater
extent than either of these amino acids. From the practical standpoint,
the damage to lysine and methionine is probably of greater concern because both are necessary to compensate for deficiencies in the cereals
which constitute the major portion of livestock feeds. Laksesvela raises
the interesting question of whether spontaneous heating after manufacture results in the same type of damage as excessive exposure to
heat in a drier during manufacture and points out that, whereas spontaneous heating may occur over a considerable period of time, meal
in a drier reaches a higher temperature but for a relatively short time.
Tests of meals which had undergone spontaneous heating of varying
intensity showed that digestibility on the basis of pepsin-HCl digestion
had fallen by 50% for the most severe heating but by no more than
4 to 8% for moderate heating. The results of the chick feeding tests
indicated much greater damage than would be expected from the
digestibility figures.
The above reports have referred to the effects of normal storage on
fish meals. There are, in addition, a few references to the effects of
adverse storage conditions on the nutritive value of fish meals. Lanham
and Nilson (1942, 1947) found that experimental spoilage of sardine
meal with heat and moisture in which both chemical decomposition and
chemical hydrolysis took place did not adversely affect the nutritive
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value of the protein. Subsequent studies (1947) in which feeding tests
were conducted on commercial meals prepared from pilchard, menhaden, and fish fillet scrap showed that experimental spoilage of these
meals under conditions of high heat and humidity and under aerobic
conditions did not produce any toxic compounds. While conditions that
would result in mold growth in fish meal are obviously extreme, it is
interesting to note an instance in which Grau and Williams (1955)
compared a moldy meal with a nonmoldy one and found that both
meals were equally good sources of amino acids for chicks.
The effect of conditions and duration of storage on the vitamin
content of fish meal does not seem to have been studied to any extent.
In most reports on the vitamin level of meals no mention is made of
the age of the meals which have been assayed. Bird (1959a) found that
the unidentified factor in fish meal is quite stable. Storage in air for 18
months at room temperature did not reduce the growth-factor potency
in menhaden meal as measured by the method of Barnett and Bird (1956).
D.

ANTIOXIDANTS

Antioxidants are widely used in the fats and oils industry and they
may find application in the manufacture of fish meal. The use of antioxidants in the latter connection is as yet in the experimental stage.
The addition of diphenyl-p-phenylenediamine (DPPD) to fish meal has
been reported to control oxidative processes during the curing of menhaden meal (Meade, 1956). The use of this antioxidant is now prohibited. Studies employing Santoquin,* DPPD, butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), propyl gallate (PG), and
nordihydroguaiaretic acid (NDGA) in tuna meal have been reported
by Brown et al. (1957), who found that the slowing of the oxidation
rate by any one antioxidant was closely related' to the method by which
it was added to the meal.
Lea et al. (1958) measured the effect on the rate of oxidation of the
oil content in herring meal of BHT at a concentration of 0.005% in
combination with 0.005% citric acid and found that oxidation was considerably retarded. In connection with the possible use of antioxidants
to stabilize the fat content of fish meal, these investigators suggest that
"in view of the known adverse effects of highly unsaturated fish oils in
the diet, the advantage of retarding oxidation of the oil in the fish meal
is perhaps doubtful."
Menhaden meal to which BHT was added could be bagged or
placed in bulk storage immediately (Anonymous, 1957). Spontaneous
* 6-Ethoxy-l,2-dihydro-2,2,4-trimethylquinoline.
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combustion hazard was thus overcome, as excessive heating of the meal
was eliminated.
Experiments to determine if antioxidant treatment might be employed in bulk handling of fish meal showed that 0.01% of Santoquin
added to the dried scrap did not eliminate heating, although the maximum temperature reached by the meal so treated was reduced (Kyte,
1957).
IV.

Condensed Fish Solubles

The composition of fish solubles varies considerably, depending on
several factors. Differences in composition can be expected due to fish
species. Solubles may be made by reduction of fish scraps arising from
filleting or canning operations and hence do not represent extractives
from the whole fish. Within a species, marked variations exist in body
composition, depending on the stage of maturation and seasonal and
sexual state. Finally, the composition is associated with the management
of the reduction plant. The freshness of the fish raw material, the type
of machinery employed in the manufacture, and the extent of bacterial
decomposition of the stickwater are some essential factors influencing
the final composition.
Special mention should be made of the complete dehydration of
fish solubles as a relatively recent development on a commercial scale.
Several literature reports have already indicated that such drying of
solubles on carriers, e.g., soybean oil meal, retains the unidentified
growth- and hatchability-promoting effects of the original solubles
(Johnson and Waibel, 1960).
A.

VITAMIN CONTENT

The press-water or stickwater from the wet reduction of fish was for
many years regarded as a liability and constituted a serious disposal
problem. In 1931, Harrison discussed the considerable losses of material
that occur in the wet reduction of menhaden. Likewise, in 1933 Beale
reported on the losses of oil and protein in the effluent of pichard reduction plants in British Columbia. As awareness grew of the vital role
of the vitamins in nutrition and as the list of water-soluble vitamins became longer, possible sources of the vitamins were investigated. Because
of the nature of the wet-reduction process, it was logical to suspect that
a considerable proportion of the water-soluble vitamin content of the
fish was being lost in the stickwater rather than remaining in the presscake. In fact, most of the early studies on the nutritional value of fish
meal favored the meals prepared by the dry-rendering process over
wet-rendered meal. In view of the vitamin-deficient diets commonly
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employed at that time, this conclusion was probably due to the fact that
the water-soluble vitamins were retained in the dry-rendered meal.
Lassen (1940), having found press-water to be a rich source of
riboflavin, developed a process for concentrating the vitamins from fish
press-water with the object of producing a concentrate rich in riboflavin
and other factors which would be a suitable supplement to human foods,
as well as to poultry and livestock feeds. Synthetic riboflavin was, how
ever, soon to be available at a price which made its use by the feed
industry almost universal. The other B-complex vitamins were likewise
being offered in feed supplements of guaranteed potency, usually as
the by-products of one of the fermentation industries. During the war
years, there developed a considerable production of condensed fish
solubles. The product was considered as a substitute for milk products,
and its use was particularly popular in those areas in the United States
where corn and soybean oil meal are the principal components of
poultry feeds.
After pure riboflavin began to be produced commercially, fish solu
bles continued to be used again particularly in the midwestern United
States for what came to be widely referred to as the animal protein
factor or APF. Following the discovery of vitamin Bi2, the animal pro
tein factor was identified with this latest vitamin of the B complex. As
in the case of riboflavin, it was not long before it was possible to produce
vitamin Bi 2 in high concentration as a fermentation product. The use of
condensed fish solubles continued despite the availability of riboflavin
and vitamin Bi 2 from other sources. Apart from the possible presence of
unidentified factors which will be discussed under a separate heading,
fish solubles is a valuable natural source of the vitamin B complex.
Berry et al. (1945) found that 2% condensed fish press-water or
2% fish liver meal (a product containing 50% soybean oil meal) seemed
to supply all factors except riboflavin, vitamin D, and minerals needed
to supplement rations composed of ground yellow corn as a source of
energy and soybean oil meal as a protein supplement. Three per cent
of sardine meal was inferior to 2% of condensed fish press-water or 2%
fish liver meal. An anonymous Norwegian report (1952) states that 40
to 60% of the total amount of vitamin Bi2, niacin, and pantothenic acid
in fresh frozen herring goes into the press-water in the reduction process.
Nehring (1956) established that 60% of the B12 originally present in
the whole fish is contained in the fish solubles. From these and other
reports it can be seen that condensed fish solubles, even disregarding the
possibility of unidentified factors, is a valuable adjunct to poultry
rations.
Turkeys have very critical vitamin requirements, and the cost of
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supplying vitamin supplements in their rations is considerable. Experiments conducted by March et al. (1959) showed that condensed herring
solubles is an effective supplement. With the practical type of diets employed in the tests, poults showed a greater growth response to condensed herring solubles than to dried brewers' yeast. The diflFerence
between the response to condensed herring solubles and to dried
brewers' yeast occurred with rations containing herring meal and also
with rations containing no herring meal but fortified with vitamin Bi 2 .
In connection with the use of condensed fish solubles in turkey rations,
it may be noted that Ödland et al. (1955) report that turkeys fed 3 %
condensed fish solubles showed no off-flavors attributable to the solubles
even after frozen storage.
B.

UNIDENTIFIED FACTORS

In addition to being a rich source of many of the B-complex vitamins,
condensed fish solubles may contain one or more unidentified factors
necessary for the maximum growth rate of chicks and poults and possibly for the hatchability of eggs. Not long after the discovery that
vitamin B12 was an essential nutrient for poultry, it became apparent
that vitamin B12 activity did not account for all of the growth stimulus
when fish meal or condensed fish solubles was added to all-vegetable
rations.
Hill (1948) reported that fish meal and condensed fish solubles were
carriers of an unidentified factor. Carlson et al. (1949), using a purified
diet, found that 3 % fish meal and 7.5% dried brewers' yeast greatly
improved growth to 4 weeks in chicks and prevented the mortality
which occurred with the basal diet. Sunde et al. (1950) found evidence
that chicks fed practical rations required an unidentified factor in addition to vitamin B12 and other known vitamins for maximum growth.
Whole liver powder and crude condensed fish solubles were sources.
Combs and Shaffner (1950) reported that dried brewers' yeast, fish
meal, and crab meal supplied unidentified factors stimulating growth
in turkey poults. Poults in experiments conducted by Richardson and
Blaylock (1950) showed a variable response to the addition of fish meal
or condensed fish solubles to a milo-soybean oil meal ration. Heuser and
Norris (1951) concluded that fish meal, condensed fish solubles, and
homogenized fish contained some as yet unidentified factor. A condition
in growing turkeys known as "hock disorder" was reported by Combs
(1951) to be reduced in incidence by fish meal, dried brewers' yeast,
crude liver preparations, and butyl molasses solubles. These products
stimulated growth as well. McGinnis et al. (1952) also obtained a
growth response to condensed fish solubles with poults and chicks. Pat-
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rick (1951) reported that poults fed high soybean oil meal rations
responded to supplements of fish meal, fish solubles, and the methanol
fraction of fish solubles. Fuller et al. (1952) obtained an added growth
response in chicks fed fish solubles, dried whey, or Wilson's liver fraction "L" in addition to vitamin Bi 2 . These findings suggest the
presence of unidentified factors required by the chick in these products.
Laksesvela (1954) obtained significant growth promotion with herring
meal, full meal, and condensed solubles. There was no difference in the
effect of full meal and solubles. Unidentified growth-factor activity was
found to be present in a wide variety of fishery by-products according
to a recent investigation by Sullivan et al. (1960).
Many claims have been raised as to the presence of unidentified
growth factors without sufficient evidence. It is gratifying that efforts
now are being made to design methods for a reliable bioassay of such
growth factors (Ershoff and Geiger, 1957). Several investigators have
studied the interrelationships between these unidentified growth factors
and antibiotics (see further Menge and Lillie, 1960). The growthpromoting effect of antibiotics needs to be distinguished from that of
constituents in solubles. Barnett and Bird (1956) stated that the response to fish solubles may be dependent upon the presence of particular intestinal microorganisms, since high-level CTC inhibited the growth
response to fish solubles. Combs et al. (1954) suggested that their failure
to obtain a growth response from fish products was due to the presence
of penicillin in the basal ration. On the other hand, arsanilic acid is
dependent for its growth response upon the presence of fish meal or
other fish solubles in the ration. The fish factor is apparently quite
stable to ordinary conditions employed in the processing and storage
of fish meals (Sullivan et al, 1960). Some evidence has been presented
that the responsible factors in the fish solubles possibly might be unidentified micronutrients (Wisman, 1960).
Comprehensive reviews covering the entire field of unidentified
factors and their presence in fishery products, chiefly solubles, were published in 1953 by Branion and Hill, in 1954 by Sanford and in 1959 by
Bird.
The question of whether there may also be unidentified factors
required for maximum hatchability as well as for maximum rate of
growth has also been investigated. Stephenson and Clower (1952) kept
breeding hens on «an all-vegetable diet and on the same diet with the
addition of 13% condensed fish solubles. The hens were kept on built-up
litter. Within 4 weeks the hatchability of fertile eggs from the allvegetable diet had dropped 15%, but there was no change in the
hatchability of eggs from the hens fed the condensed fish solubles.
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Progeny studies also indicated a decreased hatching weight and retarded
growth in the chicks produced by the hens on the all-vegetable diet.
Arscott and Combs (1953) found that fish solubles gave a more pronounced improvement in the hatchability of eggs from birds housed
on wire floors as compared with those on litter. There was also evidence
of a carryover to the chick of the unidentified factor supplied by condensed fish solubles. Ferguson et al. (1956) fed turkey hens on allvegetable basal ration (fortified with vitamin Bi 2 ) and supplemented it
with various combinations of dehydrated alfalfa meal, condensed fish
solubles, and vitamin E for a period of 20 weeks. From 1 to 8 weeks
there was little difference in hatchability from the differently supplemented diets. From 9 to 20 weeks there was a drop in hatchability with
all diets except that supplemented with the combination of dehydrated
alfalfa meal, fish meal, and vitamin E. Feldman et al. (1957) showed
that supplementation of an all-vegetable turkey breeder diet with alfalfa
meal, dried brewer's yeast, and condensed fish solubles increased hatchability in the presence of adequate vitamin E. The data suggest the
possibility that condensed fish solubles contains an unidentified factor
which reduces embryonic mortality during the last week of incubation.
Kurnick et al. (1956) fed breeder hens a purified diet and found that
the diet resulted in poor hatchability resulting from a high incidence of
embryonic mortality during the first week of incubation. The unidentified factor, the deficiency of which was responsible, was found in liver
preparations, fermentation products, and condensed fish solubles. Supplementation of the basal diet with fish solubles increased hatchability
from 28 to 84%.
In addition to the above reports indicating the presence of an unidentified factor promoting hatchability, there have also been instances
reported where no effect on hatchability could be demonstrated. Couch
et al. (1950), for example, were unable to demonstrate any improvement in hatchability when fish solubles were fed to breeding hens,
although they did find evidence for an unidentified factor for hatchability in liver fraction "L." Similarly, Cooper et al. (1961) found
no difference in hatchability of turkey eggs from hens fed diets
with and without herring solubles. Whether or not the differences noted
in the response to the inclusion of condensed fish solubles in the diet
with regard to hatchability are due to some management factor influencing the amount of the factor available to the hens through coprophagy
or to strain or breed differences in the requirement -of birds for the factors has yet to be elucidated.
Attempts have been made to fractionate fish solubles in order to
concentrate the factor. Menge et al. (1953) showed that the factor was
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soluble in water, phenol, 50, 60, and 80% ethanol, and 70% methanol
but insoluble in ether. It was also found to be dialyzable and stable to
autoclaving at pH 2.0 to 11.0. According to Taminie (1955), the growth
stimulus resulting from the addition of fish meal to a purified diet is due
to at least two unknown factors. One factor is extractable from the meal
with water and is acetone-soluble, and the second factor is present in
the ash. Taminie considers the fish factor to be identical with liver factor
but distinct from the whey factor, the alfalfa factor, and the factor
present in distillers' dried solubles. Ritchey et al. (1956) found that
intact fish meal always increased growth significantly but that the
response obtained to the ash from fish meal was variable.
Assay methods for the unidentified factors have been described by
Lillie et al (1953) and by Barnett and Bird (1956). The latter investigators observed that the response to a growth factor in fish solubles
apparently depends upon the stock used and upon the presence of
a particular microorganism or group of microorganisms in the environment.
There is little agreement between laboratories as to the nature of
these growth-stimulating substances or to the extent of animal responses.
The variations in results may be ascribed in part to differences in the
types of basal rations and the history of the livestock animals being
tested. More important still is the composition of the tested fish solubles.
Only rarely is the source or history of the fish solubles revealed, or considered in the interpretation of the results obtained. Definite conclusions
regarding these unknown growth factors will have to await studies with
carefully standardized samples.
C.

PROTEIN QUALITY

The protein quality of condensed fish solubles depends on the condition of the raw fish and on the processing procedure. Almquist (1949)
states that if fish solubles merely are the condensed or dried stickwaters,
the protein quality is at a minimum, while if varying amounts of solids
or fines are left in, the product will have a somewhat higher protein
value. This essential feature is further elucidated in Chapter 22 of
Volume III.
Lassen et al. (1949b) studied the relation of the nutritive value for
chicks of condensed fish solubles to the quality of the raw material and
found that the material with the greatest amount of spoilage allowed
the poorest chick growth. From the several factors studied, the one
which seemed to have the greatest influence upon the nutritive value
of condensed fish solubles was the degree of freshness of the raw mate-
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rial. There was a general decrease in amino acids with spoilage, and
individual amino acids were destroyed at different rates. The authors
believe that this was probably due to air-borne microorganisms. The
shift in nitrogen distribution from true protein to nonprotein nitrogen
and ammonia as a measure of the nutritive value and spoilage was correlated with chick growth. Evans (1954) studied the nutricive value of
condensed fish solubles in pig feeding. When fish solubles was fed to
supply an amount of protein equivalent to the feeding of 7% of whitefish meal, the nutritive value of the crude protein of the fish solubles
was inferior to that of the whitefish meal. This was shown in both
growth and nitrogen-balance tests. It was concluded, however, that the
fish solubles were useful as a protein supplement for cereal grains.
D.

STIMULATION OF RUMEN MICROFLORA

There is evidence that fishery products may have special beneficial
effects in the feeding of ruminants. MacLeod and Brumwell (1954),
using the artificial rumen technique, found that cellulose digestion is
considerably stimulated by the inclusion in the fermentation medium of
condensed whale solubles, condensed herring solubles, herring stickwater, or a hydrolyzate from halibut muscle. In vivo studies with sheep
carried out by Chalmers and Synge (1954) showed that herring meal
was a more effective protein supplement than casein in promoting
nitrogen-retention and growth and that herring meal resulted in less
ammonia formation in the rumen.
V. Other Products
A.

WHALE MEAL

On the basis of the evidence in the literature, whaling by-products
vary considerably in their value as supplements for animal feeding.
There are numerous reports in which the feeding value of whale meals
is compared with that of other sources of supplementary protein. Care
has to be exercised, however, in assessing these accounts because of the
variation in the other products being used for comparison. This is
particularly true of reports originating in countries where livestock and
poultry feeding is not the highly competitive and technical industry that
it is in Canada and the United States.
Golding and Morris (1926) reported that whale meal was a satisfactory supplement for feeding pigs. They reported that there was no
tainting of the carcasses and that there did not appear to be any softening of the fat when unextracted meals were used or when the rations
were supplemented with whale oil. Wilgus et al. (1933a, b ) compared the
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protein value of whale meal to that of different types of fish meal in a
chick feeding test and found that whale meal gave the poorest results
of the products tested. Almquist et al. (1935), on the other hand, com
pared whale meal to sardine meal and found both to give satisfactory
results as supplementary sources of protein in chick rations. Hainan
(1942) reported that whale meal was a supplement of high biological
value for chicks. He also noted that low-temperature-dried meal gave
better results than meal dried at a high temperature. Biely (unpub
lished data) noted that whale meal was a much more variable product
that the fish meal produced on the British Columbia coast, although
some of the samples tested were of good nutritive quality as protein sup
plements in chick rations. Yagovkin (1952) compared whale meal to
sunflower meal and found the two supplements to be about equal in
nutritive value.
Carpenter et al. (1955) made a detailed study of the vitamin and
amino acid composition as well as the protein biological value for chicks
of a number of samples of whale meal. The details of the processing
were known for the several meals. The results indicate that, provided
drying is carried out under controlled conditions, it does not have a
deleterious effect on protein quality and that meals produced by this
process are comparable in quality to vacuum-dried meals. The data on
the meals also indicate that any decomposition occurring during the
normal range of time between capture and reduction does not impair the
quality of the meal.
Von Steinegger and Zanetti (1957) showed that, with carefully pro
duced whale meat meal, broilers showed the same rate of growth as
with codfish meal. Chicks fed normal whale meat meal and whale meals
boiled under pressure and with higher percentages of bones showed
similar rates of growth but less than with the pure whale meat meal and
codfish meal. Normal whale meat meal which had been carefully pro
duced gave better results than ordinary meat meal and was similar in
value to good codfish meal. Studies conducted by Australian investi
gators (Hope et al., 1954; Hewitt, 1957) showed meat meal and whale
meal to be about equal in nutritive value for pigs when fed at levels
of 10%.
Several investigators have established the good nutritive quality of
whale meat meal as long as first-grade flesh is utilized. The essential amino
acid content does compare well with that of fish flesh and is equivalent
to that of other animal proteins (Lyman et al., 1956; Carpenter et al.,
1955; Pritchard and Smith, 1960). Meal produced in land stations
contains more Bi 2 than that from floating factories, according to Pritchard
and Smith (I960).
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CONDENSED WHALE SOLUBLES

Condensed whale solubles is a by-product of the whale-reduction
industry corresponding to condensed fish solubles. Condensed whale
solubles, however, is not so good a source of B-complex vitamins as
most samples of condensed fish solubles according to data of Lassen
et al. (1951) and Tarr et al. (1952). Hewitt (1954) found that whale
solubles did not promote as fast a rate of growth nor have as good feed
efficiency in pigs as did meat meal when the two products were fed as
supplements to a grain and alfalfa ration.
The results of vitamin analysis are confirmed by the relative response
to condensed whale solubles and condensed fish solubles in feeding tests.
Biely et al. (1954) showed that when the two types of condensed
solubles were fed in all-vegetable chick starting rations at 2.5% of the
ration, the stimulus to growth was better with the herring solubles.
Milne (1955) reported the results of an experiment in which condensed
whale solubles was used to replace all or part of the meat meal in a
chick starting ration. Growth was progressively depressed by increasing
amounts of solubles in the ration, with high mortality, dermatitis, and
poor feathering in some instances. The protein of condensed whale
solubles is low in tryptophan and cystine, although the total protein
content of whale solubles is higher than in condensed sardine solubles.
Lassen et al. (1951) found that, when whale solubles is supplemented
with tryptophan and cystine, it could replace soybean up to a level of
20% in the ration. No off-flavors were noted in 8-week-old birds which
had been fed this level in the ration.
C.

DOGFISH MEAL

In spite of large catches of dogfish for the liver oil, there has never
been any appreciable production of meal. The livers are generally removed and the remainder of the carcasses discarded. Processing of the
carcasses is difficult because of the toughness of the skin and the high
collagen content in the fish.
During World War II, there was a flurry of interest in dogfish meal
as an animal feed, and some nutritional studies were made. The nitrogen
content does not give a valid estimate of the protein content in the case
of dogfish meal because of high levels of nonprotein nitrogen in the
form of urea and trimethylamine oxide. Urea nitrogen is not utilized by
chicks, and consequently the nitrogen content of dogfish meal has to
be discounted if the meal is intended for poultry feeding. In 1953, Almquist et al. had reported that dogfish meals gave inferior results compared with other animal protein concentrates in chick rations. (See also
Ackerson et al., 1940; Heller and Penquite, 1941).
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Processing methods are of critical importance when elasmobranchs
(shark, dogfish) are converted into meal. Dogfish meals made by dryrendering processes may have little or no value as supplementary pro
teins, but meals made by wet-rendering were about equal in value to
fish meal for chicks and pigs (Rhian et al, 1942; Evans et al.y 1944a;
Duckworth, 1955).
Grau (1947) obtained poor results with dogfish meal in feeding tests
with chicks even when the protein level in the meal was corrected for
the urea present.
Marshall and Davies (1946a, b) studied the nutritive value of shark
meal (shark not specified) prepared by a wet process and found that
the nonprotein nitrogen present did not appear to interfere with the
efficiency of the rations. These workers also fed shark meal to pigs
(1946b) and concluded that, on the basis of the crude protein content,
shark meal is an acceptable source of protein for use in swine rations.
No fishy flavor was detected in the meat or fat of the animals when the
ration contained up to 13% of shark meal.
D.

SHELLFISH AND STARFISH MEAL

There is some production of crustacean meal from the waste material
remaining after the edible meats are taken from crab, lobster, and
shrimp. The mineral content of such meal is higher than that of fish
meal.
The normal Kjeldahl procedure for the determination of crude pro
tein gives erroneously high values for shellfish meals unless correction
is made for the apparent protein contributed by chitin, an N-acetylated
glucosamine polysaccharide. Methods for determining chitin nitrogen
have been devised by Black and Schwarz (1950) and by Brown (1959).
Parkhurst et al. (1942) investigated the nutritive properties of crab
meal and reported that the crude protein content was 72% available
for the chicken. A report (Anonymous, 1953-57) on the value of lobster
meal as a source of protein for growing chickens states that the response
obtained was similar to that with soybean oil meal but inferior to that
with fish meal.
In the Union of South Africa, the greater part of the waste from
crayfish tailing and canning plants is used to produce meal. In the
United States some waste from shrimp-processing operations is con
verted into meal for poultry. Also, in Australia crayfish and prawn offal
is now being made into feed (Anonymous, 1957c).
The moisture content of this waste is reduced to 55% or lower prior
to drying in order to overcome the tendency to stick, particularly in
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rotary driers. Australian crayfish waste had an average protein content
of slightly less than two-thirds that of ordinary fish meal.
Some crustaceans contain relatively large amounts of riboflavin, and
some of the tissues from certain crabs are among the richest known
sources (Busnel, 1942, 1943). An experiment reported in 1934 by Record
et al. in which the riboflavin content of the meal, rather than the quality
of the protein, was measured showed crab meal to be a good source of
riboflavin and superior in this respect to several samples of fish meal.
Good results were obtained also with one sample of shrimp meal.
Starfish meal can be used as a protein supplement in poultry rations
(Stuart and Hart, 1944). When fed at low levels to chicks, it is only
slightly less effective than good quality fish meal (Whitson and Titus,
1946; Lee, 1948). As with shellfish meals, the mineral content is high
and limits the amount of the product which may be incorporated into
a ration. Due to this, the following method has been developed by the
Japanese for making starfish solubles. The raw starfish is submitted
to enzymic digestion. The body wall of the starfish is digested, and
pieces of calcium carbonate emerge. These are removed by filtering.
The filtrate thus contains a lesser amount of calcium, making it more
suitable for animal feeding. Starfish solubles, besides being a source
of amino acids, are said to be rich in several vitamins. In place
of commercial enzymes, the liver of blue crab can be used for the
starfish digestion. The water content of the filtrate is generally reduced
below 50% (Higashi et al, 1955).
Protein concentrates prepared from starfish either by pancreatic
digestion or by washing with hydrochloric acid were found to have high
protein quality values, comparable to good-quality fish meals (Levin
et al., 1960). In this same study it was shown that defatted starfish meal
approximately equals fish meal, on a protein basis, when added at levels
of 3 to 6% to practical diets, while maintaining the same dietary calcium
level.
E.

FISH SILAGE

Fish silage was originally introduced as a means of utilizing waste
fish in locations where the volume was not sufficient to warrant the
installation of equipment for any elaborate processing of meal. Most of
the studies regarding the nutritive quality of fish silage have been con
ducted by Scandinavian, German, and British investigators (Kreuzer,
1952-53; Petersen, 1951; Olsson and Olofsson, 1955; Carpenter and
Olley, 1958; Hansen, 1959). The preparation of fish ensilage has been
confined largely to small operations, with the product being marketed
in the vicinity of the plant. There has, however, been some interest in
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the development of a liquid product from whole fish which might be
added to rations by the feed manufacturer in much the same way as
condensed fish solubles.
As soon as raw fish products are involved, the menace of thiaminases
becomes acute. This hazard is discussed in detail in Volume I, Chapter 13.
Important is the fact that the Atlantic herring on the European side, in
contrast to that along the American coast, appears to carry this detrimental antienzyme and consequently constitutes an obvious risk.
In principle there are two major methods for the preparation of fish
silage. One is a controlled fermentation, sometimes enhanced by the
addition of a carbohydrate source (grain, potato, etc.). The second
procedure is based on the adding of preservatives, thus suppressing any
major spoilage of the fish raw material. This latter method is also employed in the short-range storage of raw fish, later to be used in the
manufacture of either oil or meal, possibly solubles. Acids are the chief
preservatives employed.
The use of silage has been studied in connection with both poultry
and hogs. One is advised against feeding silage to other than layers (Hansen, 1959). When acid silage is fed to hogs, it should be neutralized, so
pH never exceeds 3.5 (Hansen, 1959). As with other fish products, it
also should not be administered too close to the time of slaughtering
(Pecht, 1954). Otherwise, it might impair the fat stability of the meat.
1. Wet Silage
The age-old method of microbial control through acids—thus adjusting the pH—has been adopted in the making of fish silage. Most acids
tolerable to livestock have been employed, such as hydrochloric, sulfuric, acetic, formic, and lactic acid (Edin, 1940; Olsson, 1942)—for further information see review by Olsson and Olofsson (1955). By adding
lime or chalk at the moment when livestock are being fed, any excessive acid may be neutralized. No detrimental effect of such acidification
has been observed on either vitamin A nor vitamin D.
This acidification induces a gradual breakdown of the fish material,
which finally is converted into a fairly homogeneous slurry. During the
summer, with correspondingly higher temperatures, the consistency becomes more liquid.
The suitability and effectiveness of formic acid has been extensively
studied (Olsson, 1942; Kirsch et al, 1943; Petersen, 1951; Sperling, 1951,
1952; Pecht, 1954; Olsson and Olofsson, 1955). Formic acid, in contrast
to mineral acids, has the advantage of being metabolized in the animal
intestines.
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Acid formation through natural fermentation, chiefly by relying on
the formation of lactic acid, is the foundation for the preservation of a
major part of the fish silage. This procedure has also been most successfully employed with fish. Common carbohydrate sources are potato
(Kirsch et al, 1943) and molasses (Kreuzer, 1953; Olsson and Olofsson,
1955; Bertullo, 1958). The application of molasses and inoculation with
lactic acid bacteria are the basis of a patented Danish method, giving
what is designated as LKC-feed (see Pecht, 1954). Sugar utilization
for acid formation at 68°F. (20°C.) is unfavorable, 2.5 times more sugar
being used as compared to what is required at 77 °F. ( 2 5 ° C ) . This latter
temperature is closer to the optimum for lactic acid-producing organisms,
being at 68 to 77°F. (25° to 30°C.) with Lactobacillus plantarum (Kreuzer, 1954).
Besides the above-mentioned acids, the following preservatives have
proved efficient in fish silage: sodium nitrite, formaldehyde, antibiotics
(Thomson et al, 1956), quaternary ammonium compounds, bisdiguanide (Davies et al, 1954), sodium metabisulfite, hypochlorite, sulfur dioxide.
Dipping as a method of application is superior to permanent immersion in a solution (Carpenter and Olley, 1958). A solution containing
1% formaldehyde plus 1% nitrite was found satisfactory for herring.
The amount of preservative required for whitefish is 2-3 times that
required for herring. It is advisable to blend preserved meal with
untreated meal to reduce the residual nitrite content. A quaternary
ammonium compound showed promise for very short-term storage, and
a diguanide warrants further tests in view of its favorably low toxicity.
In general, nitrite and formaldehyde have been found to be the most
satisfactory preservatives in this new study by Carpenter and Olley
(1958).
Hvidsten (1955) found that herring meal containing 200 mg. of
sodium nitrite fed daily to a 30-90 kg. pig produced no measurable
quantity of methemoglobin in the blood, while herring meal containing
1,000 mg. of nitrite fed daily gave a maximum of 2% methemoglobin in
the blood. Basic toxicological studies have been conducted by Stormorken et al. (1955). Hence, herring meal containing 0.4% nitrite fed at
a level of 8% in the diet produced no clinical symptoms. A herring meal
with 0.03% nitrite should have a very great safety margin. The Norwegians have, however, limited the allowed amount to 200 p.p.m. because
nitrite, although not toxic per se, caused symptoms of vitamin A deficiency when cod liver oil was mixed with the diet. Preservatives are
not only employed in silage, but are employed for preserving the raw
material prior to their use in the manufacture of fish meal or fish solubles
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(Thomson et al., 1956). Extensive practical tests have been made in
Norway of feeding nitrite-preserved herring (200 p.p.m.) to cattle
(Flatla, 1955), dairy cows (Ulvesli, 1955), sheep (Naerland, 1955), hogs
(Hvidsten and Husby, 1955), and chickens (Njaa et al, 1955)—in all
cases with favorable results. Nitrite in concentrations ten times higher
could be fed for 3 to 4 months without harmful effects.
2. Dry SOage
A dry fish silage feed which can be sold in paper sacks and which
has good keeping quality has been developed in Denmark. Sulfuric acid
silage is mixed with drier materials, such as wheat bran and alfalfa
meal, the resulting mixtures containing 40 to 50% water. Mold growth
is prevented by the addition of inhibitors (Anonymous, 1958c).
This solid silage mixture has a loose, crumbly consistency. One-half
to three-quarters of such feed consists of wet fish. The water content
varies between 40 and 60%. Usually this product has a pH of 3.5 to 4.
According to Bertullo (1958), silage is superior to fish meal. All
thermolabile vitamins are saved. No minerals or protein are lost in the
manufacturing. Furthermore, ensilage requires no expensive installations
and can be carried out by individual fishermen. On the other hand, the
disadvantage of silage is its higher moisture content, which on a weight
basis reduces the content of essential nutrients. It is more difficult to
handle, transport and store. In 1957, the Uruguayan production of fish
silage was 500 metric tons and was expected to grow appreciably
(Bertullo, 1958).
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