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I. O r ig in a n d Signi f icance 

Fish solubles, as the name implies, are a fisheries by-product contain
ing predominantly water-soluble substances. They are often referred to 
by the more descriptive name of condensed fish solubles, indicating that 
condensation or evaporation plays a role in its production. Fish solubles 
are made from fish stickwater. This is an aqueous extract from cooked 
fish, usually obtained from fish meal plants, where fish are cooked and 
separated by pressure into an aqueous extract and fish pulp. The fish 
pulp is subsequently dried and turned into fish meal. Fish meal plants 
are, therefore, the main source of raw material for the manufacture of 
condensed fish solubles. Stickwater exhibits properties which are charac
teristic of both fish muscle extracts and the gelatin- and glue-containing 
extracts of bone, cartilage, skin, and other connective tissues. These 
characteristics change in relative predominance, depending upon whether 
whole fish or fish offal are being used as raw material for the stickwater. 

Prior to 1938, it was customary to discard the stickwater after it 
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282 SVEN LASSEN 

had been freed of its content of fish oil. This separation of the fish oil 
from the stickwater was usually accomplished by passing the stickwater 
into "settling tanks" where the oil was recovered by letting the oil float 
to the top, or by passing the stickwater through centrifugal oil separators. 
The discarded stickwater was often released into surrounding water
ways, thereby causing serious pollution and health hazards. 

Earlier attempts to utilize the stickwater, and thereby eliminate the 
pollution problems, had been unsuccessful. These efforts had mainly 
been directed toward an attempt to recover and utilize the small amount 
of protein and other nitrogen-containing substances in the stickwater. 
The cost involved in such a recovery and the products obtained were, 
however, of such a disappointing nature that further efforts in that 
direction were abandoned. 

The brilliant discoveries in the field of animal nutrition which began 
during the thirties and continued through the war and postwar period 
were to a large extent in the vitamin field. During these years, the many 
Β vitamins which now are included in the so-called B-complex group 
were discovered and isolated, and their physiologic importance was 
established. The economic significance of this to the farmer and animal-
husbandry man was not overlooked. As a result, many known feed-
stuffs were re-evaluated in the light of these new discoveries, while 
other, hitherto unknown feedstuffs suddenly became important. The 
role that fish solubles have played as a source of the B-complex and other 
growth factors is interesting and important, and will, therefore, be 
elaborated upon in some detail. 

In a report by Wilgus et al. (1935) on the properties of protein 
supplements for poultry and their relationship to the content of vitamin 
G, mention is made for the first time of fish stickwater as a product 
containing this important vitamin. The subsequent identification of 
vitamin G ( B 2 ) with lactoflavin of milk, or riboflavin, and the gradual 
realization that milk also is a good source of the other vitamin B-complex 
factors, established milk as one of the best natural, commercially 
available sources of these accessory food factors. As a result, milk 
products became the most important vitamin supplement to all well-
balanced domestic growth rations. 

The outbreak of World War II caused a strong increase in the use 
of milk products for human consumption, thereby restricting or elimi
nating altogether the use of milk products as a source of vital riboflavin 
and the other B-complex factors for animal rations. This situation forced 
the nutritionists of the feedstuff industry to look for other products with 
a content of vitamins and other growth factors similar to those of the 
disappearing milk products. At that time fish stickwater, which Wilgus 
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and others had recognized as a good source of vitamin G, had been 
further investigated for its nutritional qualities and vitamin content, 
and had been developed into the product called condensed fish solubles 
(Lassen, 1940, 1945). This product, which became available from the 
fish meal plants of California, found increasing favor with the nutritionists 
and feedstuffs maunfacturers as a replacement for the vitamins and 
other growth factors of milk, with a resultant increase in demand for 
and production of condensed fish solubles (Lassen et al, 1951). The 
yearly production of condensed fish solubles in the United States now 
exceeds 200 million pounds. 

The postwar period brought further clarification of the role the 
newly discovered vitamins of the Β complex played in animal nutrition. 
The presence of these vitamins and growth factors in important quanti
ties in condensed fish solubles (Berry et al, 1945; Cravens et al, 1945, 
1946; Pratt and Biely, 1945; Arscott, 1946; Lassen and Bacon, 1946) aided 
in establishing this product as an indispensable ingredient in practically 
all domestic animal growth rations. Recent research has revealed con
densed fish solubles to be a good source of vitamin B i 2 (Lewis et al, 1949; 
Fuller et al, 1952) and of certain unidentified growth factors (Camp 
et al, 1955). These factors produce favorable growth responses and im
provement in efficiency of feed utilization which cannot be explained as 
being due to any other known nutrient. One of these factors, the so-called 
"fish factor" (Menge et al, 1953; Jensen and McGinnis, 1956), has recently 
become important in animal nutrition, and condensed fish solubles seem 
to be an abundant source of this factor. Another interesting development 
in the use of condensed fish solubles is the observation that some of the 
growth-promoting factors may be of inorganic nature (Couch et al, 1955). 
This extraordinary disclosure is perhaps difficult to comprehend, in view 
of the predominantly organic nature of the vitamins and the other 
growth-promoting factors belonging to that general group, but is a 
timely reminder of the fundamental role that minerals (Burns et al, 
1953) and trace minerals play in nutrition. For a detailed discussion 
of these feeding aspects reference is made to Chapters 8 and 9 in 
Volume II of this treatise. 

I I . Composi t ion of R a w Mater ia l a n d M e t h o d s of Manufac ture 

A. R A W M A T E R I A L 

The raw material for the manufacture of condensed fish solubles is, 
as stated earlier, stickwater or presswater, which results from the 
pressing of whole cooked fish or cooked fish offal during fish meal 
production. The fish most commonly used for the manufacture of fish 
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meal and, therefore, also for solubles are herring, menhaden, and 
pilchard. Besides these fish, offal from tuna, salmon, cod, haddock, and 
various bottom fish are used. In spite of the diversity of species of fish 
used as raw material, the stickwater resulting from the processing seems 
to be fairly uniform in appearance and composition. A typical analysis 
of some of the main constituents of stickwater shows the following 
values: 

Total solids 5.6% Ash 0.95% 
Protein (Ν X 6.25) 3.5% Fatty substances 0.6% 

B. COOKING 

The type of equipment used in the fish meal plant and the manner in 
which it is used can, however, have some influence upon the total solids 
content of the stickwater. If, for instance, an excess of live steam is 
used in the "cooker" in which the fish are cooked, a dilution of the 
stickwater will occur, and the total solid content will be correspondingly 
reduced. It often happens, also in fish production that water is added 
to the stickwater to secure a more complete oil separation and recovery; 
this naturally also reduces the solid content of the stickwater. The 
gradual replacement of the "live-steam cooker" by the steam-jacketed 
cooker and the change-over from oil-settling tanks to centrifugal oil 
separators have now largely eliminated these sources of dilution of 
stickwater. 

The fatty matter in stickwater, usually present as minute globules 
in a high state of dispersion, contains an appreciable amount of phos
pholipids. The nitrogen-containing substances in the stickwater consist 
largely of noncoagulable, water-soluble proteoses, peptones, extractives 
such as creatin, carnosine, anserine, and urea, plus small amounts 
of amino acid. A very small part of the total nitrogen in the stickwater 
is usually present also in the form of highly dispersed protein particles. 
These particles, together with the oil particles referred to above, give 
the stickwater an opaque or milky appearance. The addition of a 
flocculant like aluminum sulfate or a change in the p H of the stick
water will precipitate these suspended particles, leaving a clear, yellow, 
supernatant liquid. This clear liquid in its appearance, taste, and com
position has much in common with soup of extract made from beef. It 
has been found, however, that carnosine, one of the imidazole com
pounds characteristic of beef extract, is present in stickwater in only 
relatively small amounts, while a chemically similar substance, anserine, 
is present in fairly substantial quantities. Upon standing, particularly 
at temperatures below room temperature, stickwater prepared from 
freshly caught fish often sets into a gel. 
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C . O I L R E M O V A L 

The amount of stickwater which may be recovered from fish meal 
operations varies usually from 150 to 220 gallons per ton of raw fish, 
depending, as already mentioned, upon whether the cooking of the fish 
has been done by direct or indirect steam cooking. The procedure fol
lowed for the further treatment of stickwater may vary considerably. 
With stickwater from fatty fish, such as herring, menhaden, and pilchard, 
a thorough separation of the fatty matter from the stickwater is neces
sary to make it suitable as raw material for condensed fish solubles. In 
addition, the price of the oil recovered is usually such that this becomes 
an economically attractive step. With stickwater from nonfatty fish, the 
oil content of the stickwater if often so low that the question of whether 
the recovered oil will pay for the cost of separaion is involved. In such 
instances, considerations other than cost of oil recovery must be given 
preference, since good quality condensed fish solubles cannot be made 
from stickwater with a high oil content. Generally speaking, a stick
water which is to be used for solubles should have an oil content of 
not more than 0.5%. In order to better remove the last amount of 
fatty matter and suspended proteinaceous matter, the stickwater is 
often treated with small amounts of an acid, thereby permitting the 
production of a more stable condensed fish solubles of lower viscosity. 
If acid is used, the p H is usually lowered to about 4.5. 

The temperature of the stickwater as it comes from the fish press 
is very close to 212°F. As it passes through the oil centrifuge or settling 
tanks, the temperature is generally kept up as close as possible to 200°F. 
to obtain a better oil separation. After the oil has been separated, the 
stickwater is usually pumped into storage tanks where the temperature 
is kept up, because a loss of temperature at this point will have to be 
made up for by the use of extra steam in the subsequent concentration 
of the stickwater in the evaporators. There is, however, another reason 
for not letting the temperature of the stickwater go down. It has been 
found that spoilage of the highly perishable stickwater does not occur 
at temperatures above 185°F. , whereas at temperatures of 165°F. and 
below spoilage of the stickwater proceeds at an increasingly faster rate, 
thereby producing foul odors and causing losses of nitrogenous substances 
and other undesirable changes. The problem of spoilage and temperature 
control is, of course, eliminated if acidulation is used. 

D . CONCENTRATION 

The next step in the manufacture of condensed fish solubles is its 
concentration in suitable evaporators from a total solids content of 
approximately 5% total solids to approximately 50% total solids content. 
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This requires roughly that 90 lb. of water be evaporated from every 
100 lb. of stickwater. The average United States fish meal plant, when 
operating, produces large quantities of stickwater per hour. To keep up 
with such a production, large and efficient evaporation facilities are 
necessary. The evaporation or condensation of stickwater into condensed 
fish solubles is, therefore, considered a most important and critical step, 
both from the point of view of cost of operation and type of equipment, 
as well as from the point of view of the influence that the method of 
concentration can have on the physical and biological properties of 
the finished product. 

It is a well-recognized fact that stickwater contains desirable biologi
cal growth factors, some of which are relatively thermostable, while 
others are thermolabile. The rate at which these last factors may be 
destroyed in the processing of the stickwater is a function of both the 
temperature to which they are heated and the time at which they are 
kept at an elevated temperature. Considerations such as these would 
make a processor of condensed fish solubles want to concentrate his 
stickwater at as low a temperature as possible and have the stick
water exposed to this temperature as short a time as possible. All these 
considerations, in regard to both thermal sensitivity of the product and 
cost of operation, can be satisfied to a large degree by the use of 
multiple-effect vacuum evaporation equipment. The principle of multiple-
effect vacuum evaporation is now a little more than one hundred years 
old. By this method a liquid to be evaporated is evaporated in a closed 
steam pan, and the resultant water vapor (s team) is led into the 
jacket or steam chest of a second, closed steam pan where it gives off, 
by condensing, all its heat of evaporation, thereby helping to evaporate 
some more liquid contained in the second pan. To do this, the liquid 
in the second pan must be made to boil at a lower temperature than 
the temperature of condensation of the steam from the first steam pan. 
This lowering of the boiling point of the liquid in the second pan is 
accomplished by keeping it under a suitable vacuum, thereby lowering 
the temperature enough to create a flow of heat from the condensing 
steam in the jacket or chest into liquid in steam pan number two. 

By adding several pans in series and connecting them as described, 
and maintaining an increasingly high vacuum in each succeeding pan, 
it is possible to lead the liquid to be evaporated from one pan (or 
effect) to the next one and obtain a very effective evaporation, at a 
relatively low temperature and at a very great saving in steam. The 
addition of several vacuum pans (effects) with their auxiliary equip
ment, instead of one large vacuum pan, naturally increases the cost 
of the installation. It is, therefore, a rare sight to see multiple-effect 
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installations consisting of more than four effects. At this number of 
effects, the savings in steam which may be made by adding another 
effect are usually offset by the extra cost of additional equipment. 
Most of the evaporation plants for stickwater are, therefore, triple- or 
quadruple-effect installations. That the saving in steam consumption by 
the use of the multiple-effect evaporation system is considerable is 
best demonstrated by keeping in mind that it takes a little more than 
one pound of steam to evaporate a pound of water in an ordinary 
atmospheric evaporator, while the evaporation of one pound of water 
in at triple-effect evaporator requires only about 0.4 pound of steam. 
Inasmuch as steam constitutes by far the major item of cost in the 
production of condensed fish solubles, it is understandable why the 
multiple-effect evaporation system is being used practically everywhere 
for the manufacture of condensed fish solubles, in spite of the higher 
cost of equipment. While the multiple-effect evaporation principle is 
generally used for the concentration of stickwater, there seems to be a 
considerable variation in the method of operation and design of the 
individual vacuum pan and its auxiliary equipment. 

In regard to the method of operation, the stickwater is usually 
introduced continuously into the first effect and, as evaporation proceeds, 
is allowed to flow slowly into the following effects, through an inter
connecting feed-pipe system. The higher vacuum which has to be 
maintained in each succeeding effect, and which is the basis for the 
multiple-effect evaporation principle, provides the moving force for 
this flow. By adjusting the valves inserted in the interconnecting feed
pipe system, it is possible to regulate the rate of flow of evaporating 
stickwater from one effect to the next so that evaporation conditions in 
each effect remain at their optimal level, and so that the stickwater, when 
sufficiently concentrated, may finally be withdrawn from the last effect. 
The condensed fish solubles may be withdrawn either continuously or 
intermittently. In either case, the higher vacuum which usually exists 
in the last effect and the nature of the finished product require special 
pumping equipment. In case a continuous withdrawal from the last 
effect is used, the discharge pump may be connected with, and controlled 
by, a specific gravity-measuring device involving a hydrometer which 
permits a discharge only of condensed fish solubles of a given specific 
gravity, and, therefore, roughly of a given total solids content. 

While specific gravity measurements are generally preferred as an 
approximate indication of the total solids content of the stickwater in 
the last effect, refractive index measurements can also be used for fast 
solids determinations. A sampling device attached to the last effect, 
the so-called "try box," permits the operator to withdraw samples for 
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testing purposes. A specific gravity of approximately 1.2 indicates that 
the stickwater has come up to near the 50% total solids which is 
standard for condensed fish solubles. The variable fat content of some 
condensed fish solubles and its collodial nature make specific gravity 
determinations, if done by hydrometer, inaccurate as a measure of total 
solids content; this disadvantage is overcome, in part, by pumping the 
finished product to a storage tank large enough to compensate for 
variation in total solids content of the individual run. The direction 
of flow of the stickwater through the various effects of the evaporation 
plant, as described above, identifies this flow as the so-called forward-
feed method. This is the method most commonly used. There may, how
ever, be instances where a backward feed or a mixed feed would be 
advantageous. In so-called mixed feed, the stickwater could be intro
duced into the second effect, flow into the third effect, and from there 
be pumped into the first effect. In this instance only one extra pump 
would be required to bring the stickwater from the higher vacuum in 
the third effect into the lower vacuum of the first effect. The advantage 
of this type of feed is that condensed fish solubles having a negative 
viscosity temperature coefficient, would reach their final stage of con
centration in the effect which evaporates at the highest temperature. 
This method of feeding can save steam in instances where the temperature 
of the feed has not been kept up. 

Due to its perishable nature, stickwater often contains a considerable 
amount of so-called noncondensable gases. This becomes particularly 
noticeable in instances when stickwater has not been acidulated or, if 
not acidulated, has been allowed to stand for some time before it is 
concentrated. Upon cooling, thermophilic microbes may sometimes 
cause decomposition of the protein and other nitrogenous matter 
(decarboxylation) whereby C 0 2 and other gases are released. As 
mentioned earlier, this decomposition can be considerable even at 
temperatures as high as 170°F. By lowering the p H of the stickwater, 
by the addition of acid, or by maintaining the stickwater at a temperature 
of about 190°F. or above, this very undesirable deterioration can be 
largely avoided. The multiple-effect evaporators are, therefore, provided 
with means to eliminate the undesirable noncondensable gases. Failure 
to do so would soon bring the efficiency of the multiple-effect evaporators 
down to a small fraction of their normal performance capacity. This 
reduction in efficiency of the evaporators is due to the accumulation 
of noncondensable gases in the steam chests or steam space of the 
second and third effects, thereby blanketing the heat-transfer surface 
and reducing or eliminating evaporation. By venting the steam chest 
or steam space directly into the corresponding evaporator or into the 
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condenser, it is possible largely to eliminate the detrimental influence 
of the noncondensable gases. The proper control of air venting is ac
complished by adjusting the vent valves and requires the experience 
of a skilled operator. An excessive venting will waste useful steam and, 
therefore, reduce evaporation efficiency. 

E . T Y P E OF EVAPORATOR 

The evaporators used in the multiple-effect evaporation system for 
stickwater are restricted to a few types. The most commonly used types 
are ( 1 ) the horizontal-tube evaporator, ( 2 ) the vertical-tube evaporator, 
( 3 ) the inclined-tube evaporator, and ( 4 ) the forced-circulation 
evaporator. 

The horizontal-tube evaporator is simple in design, and as its 
over-all thermal efficiency seemingly equals that of the other types, 
it has retained its popularity through the years. It has a vertical cylindri
cal or rectangular shell to which are attached two steam chests. Into 
these are built two tube head sheets, where the ends of the evaporation 
tubes are secured. The steam, when introduced into the steam chest, 
flows inside the tubes, thereby transferring its heat energy through the 
tube walls into the surrounding stickwater. 

The vertical-tube evaporator is usually cylindrical and contains 
a downtake opening in the center of the heating element. In this type 
of evaporator the steam surrounds the outside of the heating tubes, 
causing the heat to flow through the tube walls into the stickwater 
which circulates through the tubes in an upward direction. This type 
of evaporator can be built in larger units than the horizontal tube 
evaporator, and is probably the most commonly used type of evaporator. 

The inclined-tube evaporator is also cylindrical in form and similar 
in its heat-transfer characteristics but has its heating element inclined 
outside the evaporator proper to secure a better circulation of the 
stickwater and, thereby obtain higher heat-transfer coefficients. The 
heating element is usually longer than that of the vertical-tube 
evaporator. In all of the three evaporator types described above, a 
satisfactory heat transfer from steam to stickwater has depended upon 
the natural velocity of the stickwater set up be convection currents, and 
the explosive force caused by the evaporation. The over-all heat-
transfer coefficients obtained by such means are usually low. 

The forced-circulation evaporator type has a vertical heating element 
consisting of tube bundles through which the stickwater is forced at 
high velocity, thereby obtaining much higher heat-transfer coefficients. 
The performance of this type of evaporator is excellent, but the cost of 
forced circulation and the wear on the circulation equipment offset, 
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to some degree, the high performance qualities of the forced-circulation 
evaporator. 

Common for all the types of evaporators described here is that, in 
order to obtain maximum evaporation performance, the heat-transfer 
surfaces must be absolutely clean. Unfortunately, stickwater has a 
tendency to coat the heat-transfer surfaces with a film which, as it 
thickens, can reduce the evaporation performance of the evaporator 
very spectacularly. This reduction in evaporation performance due to 
coating applies not only to heat-transfer tubes in the first effects, but 
may even appear in aggravated form in the subsequent effects, where 
one side of the heat-transfer surface may be coated with stickwater, 
while the other side is coated with a black spongy layer, presumably 
resulting from the interaction between the condensable vapors and 
the metallic surface. With poor pretreatment of the stickwater, or with 
careless handling of the evaporators, the loss due to coating of the 
heat-transfer tubes, inside as well as outside, can become a major factor 
in the economy of the evaporation. 

Evaporators suitable for stickwater processing have been made of 
steel, cast iron, or stainless steel. Of these three materials, stainless 
steel is undoubtedly the preferred material, but also the most costly. 
Cast iron, with a high silicon content, is a very suitable material and 
has better resistance properties against corrosion than has, for instance, 
plate steel. The heating tubes may be made from any one of several 
of the metals or alloys with good heat-conductivity properties. Copper 
tubes may be used, although they do not seem to stand up well against 
stickwater in the long run. Admiralty brass tubes combine high heat-
conductivity properties with good resistance to corrosive attack from 
stickwater. Stainless steel tubes are much used because of their very 
high resistance to corrosive action by the stickwater, and this fact seems 
to offset their lower heat conductivity properties and their much higher 
cost. 

F . AUXILIARY E Q U I P M E N T 

The auxiliary equipment necessary for the successful operation of 
a multiple-effect stickwater evaporation plant is relatively simple. Pumps 
are required to evacuate the steam condensate from all the effects 
except the first, where steam usually is introduced under pressure, and 
the condensate may, therefore, be evacuated through an ordinary steam 
trap device. These pumps, which must be able to evacuate the condensate 
against a vacuum, are usually slow-motion reciprocating steam pumps or 
self-priming centrifugal pumps. 

The so-called Magmapump which evacuates the heavy semiviscous 
condensed fish solubles from the last effect, against a vacuum of ap-
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proximately 28 in., is a long-stroke, slow-speed plunger pump with 
4 suction valves. 

The vacuum system necessary for multiple-effect evaporation is 
simple. The vacuum is supplied to the condenser into which the vapors 
from the last effect condense. The vacuum may be produced by any 
of the several types of vacuum pump, or by a steam ejector. The con
denser is often a barometric condenser, where the vapors from the last 
effect are condensed by meeting the cooling water cascading down 
through the condensor into the barometric leg. Other types of vacuum 
condenser, such as jet condensers and wet condensers, have also been 
used successfully in stickwater evaporators. The barometric condenser 
seems, however, the preferred one for medium and large installations. 
Vacuum gauges must be provided for each effect. Thermometers to 
measure temperatures not only in the boiling liquid of the various 
effects, but also in their steam chests or heating elements are necessary. 
Liquid-level sight glasses in each effect are indispensable for good 
control of the evaporation of stickwater. The enormous influence that 
liquid level has on rate of evaporation in most of the type of evaporators 
used for stickwater is not always fully recognized. Several sight glasses, 
which enable the operator to watch the actual boiling inside the evapo
rators, are indispensable. All the effects should be provided with vacuum 
breaks of large enough diameter to cause a fast change in vacuum when 
opened. This is of importance in several instances during the start 
and finishing of the evaporation and becomes particularly useful if the 
stickwater, as sometimes happens, has a tendency to foam. 

G . S T E A M CONDENSATE 

Finally, a word about the steam condensate which results from the 
evaporation of stickwater in multiple-effect evaporators. The condensate 
from the first effect is normally uncontaminated and may, therefore, 
be returned to the steam plant and used for boiler feed. The returned 
condensate from the first effect is, of course, equal to, or, under practical 
working conditions, nearly equal to, the amount of steam supplied to 
the first effect. The condensate which is being continuously pumped 
from the second and higher effects is usually sufficiently contaminated 
to make it unfit for boiler feed. The contamination is due to the entrain-
ment of droplets of stickwater in the vapors which during evaporation 
next. The installation of entrainment arrestors or "catchalls" in the 
are carried from one effect into steam chest or heating element of the 
large vapor ducts connecting the effects has reduced the degree of 
contamination, but has not eliminated it. The condensate also contains 
a certain amount of condensable gases, which the ordinary catchall device 
does not trap. The condensate from the second and succeeding effects 
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Tota l solids 5 0 . 2 5 % p H 4.5 
F a t 4 .32% Specific gravity ( a p p r o x . ) 1.2 
Ash 9 .17% 
Protein ( Ν χ 6 .25 ) 3 3 . 6 5 % 

This analysis, which usually is carried out in conformity with methods 

is, therefore, usually run to waste, unless a use can be found for it in 
process heating. 

III. Qual i ty of C o n d e n s e d Fish Solubles 

To fully appreciate the biological qualities of condensed fish solubles, 
it is necessary to evaluate them in terms of the response they give in 
animals. In such tests the condensed fish solubles are incorporated into 
suitable rations and fed to growing, producing, or breeding animals, 
all depending upon what biological quality the solubles are tested for. 
With suitable controls, and large enough groups of animals, the perform
ance of the solubles may be ascertained with fair accuracy. Such tests 
are, however, expensive and usually take a long time to complete. It is, 
therefore, customary, once the general qualities of the solubles have 
been established, to limit any further testing and evaluation to simple 
chemical or microbiological tests for such entities as, in the opinion of 
the analyst, the producer, or the consumer, may characterize the product 
with sufficient accuracy. 

The biological qualities of condensed fish solubles have been discussed 
earlier in this chapter. In what follows, an account will be given of 
what chemical and microbiological assays have revealed in regard to the 
composition of condensed fish solubles, and of what conclusions might 
be drawn, with respect to quality or mode of manufacture, from such 
assays. 

A . G E N E R A L CHARACTERISTICS 

The condensed fish solubles produced by the method outlined in 
the above, are a brown, somewhat viscous liquid with a mild fishy odor. 
These physical characteristics, including the aroma, vary considerably, 
depending upon the freshness of the stickwater raw material, individual 
methods of manufacture, and seasonal characteristics of the fish from 
which the stickwater is made. Differences in the species of fish used 
for raw material seem of less influence upon the final characteristics of 
the solubles. The commercial grade of condensed fish solubles usually 
contains 50% total solids and has, at room temperature, a specific weight 
of approximately 1.2. 

A typical analysis of some United States West Coast condensed fish 
solubles is given in the tabulation below. 
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recognized and recommended by the Association of Official Agricultural 
Chemists, does not reveal the more interesting details with regard to 
the actual composition of the condensed fish solubles. The protein content 
is, as indicated, obtained by multiplying its nitrogen content by the 
commonly accepted factor of 6.25. There is much evidence that this 
conversion factor does not reflect an accurate picture of the true protein 
content of several fisheries products, including condensed fish solubles. 
Fish muscle contains a fairly substantial amount of so-called nitrogenous 
extractives. In fish meal operations these extractives appear to a large 
extent in the stickwater. Upon concentration of the stickwater into 
condensed fish solubles, all solids, the nitrogenous extractives included, 
are concentrated tenfold. These extractives, which may account for 
10 to 20% of the total nitrogen content of the solubles, are not considered 
good sources of protein. They may be divided into the following general 
groups (Shewan, 1951): 

1. Volatile bases, including ammonia, mono-, di-, and trimethyla-
mines 

2. Trimethylammonium bases, e.g., trimethylamine oxide and be-
taines 

3. Guanidine derivatives, such as creatine and arginine 
4. Imidozole derivatives, such as histidine, anserine, and carnosine 
5. A miscellaneous group consisting of urea, amino acids, and 

purine compounds 
Of these compounds, some of the volatile bases will presumably have 

been removed during the vacuum concentration, but may appear later 
on if the solubles should be subject to spoilage. The balance of the 
nitrogen in condensed fish solubles is protein nitrogen and accounts, as 
already indicated, for 80% or more of the total nitrogen. These proteins 
consist mainly of non-heat-coagulable, water-soluble proteoses which, 
although not complete proteins in the nutritional sense of the word, 
may have good supplemental value in certain feed rations. The small 
amount of condensed fish solubles generally used as a vitamin sup
plement in feed rations ( 1 - 4 % ) is, however, such that the question of 
protein quality of the solubles becomes generally insignificant. 

B . C O N T E N T OF M A J O R CONSTITUENTS 

Analyses of several of the amino acids in condensed fish solubles 
have been made. The analysis shown in Table I reflects the average 
content of some of the more important amino acids in West Coast 
condensed fish solubles. 

A vitamin analysis reveals, in part, the reason why condensed fish 
solubles have attained such prominence in the field of animal nutrition. 
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T A B L E I 

A M I N O A C I D A N A L Y S I S C O N D E N S E D F I S H S O L U B L E S 

% C r u d e % C r u d e 
protein A s s a y protein Assay 

Amino ac id ( N X 6 .25 ) method Amino ac id ( N X 6 .25 ) method 

Arginine 4 .84 M b .
t t 

T r y p t o p h a n 0.35 M b . 
Hist idine 5 .79 Chem." Methionine 1.51 M b . 
L y s i n e 4 .87 M b . Threonine 2 .55 C h e m . 
L e u c i n e 4 .67 M b . Cyst ine 0.58 C h e m . 
Isoleucine 2 .73 M b . G l u t a m i c ac id 8.44 C h e m . 
Phenylalanine 2 .33 C h e m . Proline 6.70 C h e m . 

a
 M b = microbiological . 
b
 C h e m . = chemical . 

An average of the vitamin values characteristic of West Coast fish 
solubles shown in following figures: 

Vitamin Vitamin M.g./g. 
Riboflavin 2 2 Pyridoxin 12.5 
Pantothenic A c i d 84 Chol ine 1100 
Th iamine 7.5 Fo l i c Ac id 0.23 
Niac in 3 9 0 Vitamin B 1 2 0.47 

While these analyses give a good picture of the content of these 
accessory food factors, the other growth factors (fish factors) , for which 
no quantitative assay has yet been developed, will have to wait for 
further work in their identification and analytical determination before 
they can be classified with above-mentioned vitamins, if, indeed, they 
prove to be vitamins. 

The ash content is considerable, and varies within rather narrow 
limits when the solubles are made from fresh stickwater. An ash content 
of from 8.5 to 9.5% should be normal for condensed fish solubles of 
50% total solids. A typical analysis of the ash constituents is given in 
the tabulation below. 

Constituent % Const i tuent 

Potass ium ( K ) 1.93 Iron ( F e ) 0 .0249 
S o d i u m ( N a ) 1.87 M a g n e s i u m ( M g ) 0.016 
Phosphorous ( P ) 0 .85 C o p p e r ( C u ) 0.007 
C a l c i u m ( C a ) 0 .0869 Iod ine ( I ) 0 .007 
M a n g a n e s e ( M n ) 0 .0869 A luminum ( A l ) 0 .005 

Tota l ash 8 .86% 

It will be noticed that potassium and sodium appear in the ash 
constituents in considerable amounts, and in about equal parts, and that 
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the other elements, such as copper, iron, manganese, and iodine, are 
all present in large enough quantities to be of physiological importance 
when the condensed fish solubles are incorporated into a ration in the 
amounts normally used. Besides the above-mentioned elements, a spectro-
graphic examination has revealed the presence, in trace amounts, of 
cobalt, molybdenum, and boron. The recent discovery by Couch et al. 
(1955) and others that the ash constituents of condensed fish solubles 
have growth-promoting qualities makes the effort to secure a more 
complete analysis of the ash components and their role in animal 
nutrition of particular importance. 

C . Q U A L I T Y CONTROL 

The following analytical procedure has been found of particular 
value in determining the quality of condensed fish solubles and whether 
they have been made from fresh stickwater. 

A high content of ammoniacal nitrogen in the condensed fish solubles 
indicates spoilage either of the stickwater raw material or of the 
condensed fish solubles after they have been produced. A high ash 
content may also be an indication of spoilage or adulteration. A high 
free fatty acid content of the fatty matter contained in the solubles is 
usually a reliable sign that the stickwater raw material was spoiled 
before concentration into solubles. In Table II are given values for 

T A B L E I I 

C H A N G E I N C O M P O S I T I O N O F C O N D E N S E D F I S H S O L U B L E S A S I N F L U E N C E D B Y 

D E G R E E O F F R E S H N E S S O F S T I C K W A T E R 

Compos i t ion 0 hr. 24 hr. 4 8 hr. 96 hr. 

A m m o n i a c a l nitrogen in % 
of total nitrogen 0 .21 0 .85 2 .72 2 .99 

Ash in % 8.43 8 .75 10.3 13.5 

F r e e fatty ac ids of fatty 
matter in % as oleic ac id 2 5 . 7 5 38 .38 170.0 128.3 

ammoniacal nitrogen, ash, and free fatty acids of the fatty matter 
contained in several samples of 50% total solids condensed fish solubles, 
which were produced from a 2,000-gallon tank of originally fresh stick
water after it had stood for 0, 24, 48 and 96 hr. respectively (Lassen 
et al, 1949). 

The trend of these values is quite pronounced. The rise of the fatty 
acid above 100%, as shown in Table II, means that the fatty acids are 
present in units generally smaller than the oleic acid. An ash content 
in solubles of higher than 9.5% based on a 50% total solids content, may 
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indicate either spoilage or adulteration of the solubles with substances 
high in ash, such as salt or sea water. If spoilage is suspected, the high 
content of ammoniacal nitrogen and the high free fatty acid content of 
the fatty matter in the solubles will confirm it. If, on the other hand, 
it is adulteration with sea water or salt which is involved, a determina
tion of the sodium-potassium ratio in the ash constitutents may show it. 
In normal condensed fish solubles, the sodium-potassium ratio is close 
to 1 : 1 . In sea water, the sodium-potassum ratio is 1 : 2 7 . A relatively small 
amount of sea water added to the stickwater would alter the sodium-
potassium ratio in favor of sodium, as would the addition of any sodium 
compound with a wide N a : K ratio. It is often found useful to determine 
the fraction of total nitrogen in condensed fish solubles, which is 
insoluble. This determination gives information as to the degree to 
which the stickwater has been freed of suspended protein before it 
was concentrated. A high content of water-insoluble nitrogen compounds 
(protein) is undesirable, as it tends to increase the viscosity of the 
solubles, thereby making them more difficult to handle. There is also 
evidence that solubles high in insoluble particles spoil more readily. 

The maintenance of a proper p H in the condensed fish solubles is 
of great importance as a means of preserving the quality of the product. 
Due to their composition, condensed fish solubles are a good medium 
for the growth of microbes. The average storage facilities for condensed 
fish solubles are usually such that microbial access to the solubles cannot 
be prevented. By maintaining the solubles at a p H of about 4.5, spoilage 
may be largely prevented. Failure to do so results in a progressive 
decomposition of the solubles with the development of noxious gases, 
and an increase in the p H value, ammoniacal nitrogen, and ash constitu
ents will result. 

IV. S to rage a n d Transportation 

A . STORAGE 

Condensed fish solubles may be stored in steel or redwood tanks. The 
individual tanks are usually so large that they can hold several days' 
production, thereby allowing the processor to equalize any deviation 
from the standard 5 0 % total solids content which may occasionally 
occur during manufacturing operations. Many of these tanks are provided 
with circulation facilities to aid in the blending of the solubles and thus 
prevent stratification. 

Most condensed fish solubles nowadays are sold in tank-car lots of 
7 5 , 0 0 0 to 8 0 , 0 0 0 lb. Some feedstuff manufacturers who buy solubles in 
smaller lots prefer to receive them in steel drums or oak barrels, in 
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which they are held until used, thereby avoiding the necessity of pro
viding storage tank facilities at their mixing plant. 

For larger feed mills, however, storage tank facilities for condensed 
fish solubles are necessary. These tanks are usually made of riveted or 
welded steel plate. In some instances, wooden tanks or even reinforced 
concrete tanks are used. Wooden tanks, though often less expensive than 
steel tanks, are difficult to keep clean; and reinforced concrete tanks, 
in order to be used for condensed fish solubles storage, must be coated 
on the inside surfaces with an impervious layer of bitumastic paint or 
other equally satisfactory protective coating material. 

B . TRANSPORTATION 

When a tank car of solubles arrives at the feed mill, it is usually 
unloaded by connecting it with the unloading riser by means of a flexi
ble hose through which the solubles are drawn by pump to the storage 
tank. Steam facilities for the heating of the coils in the tank car are 
desirable in regions with low winter temperatures, as the viscosity of 
condensed fish solubles increases noticeably at lower temperatures. The 
pump used for the unloading is usually a 2- to 3-in. gear pump with 
capacity of 50 to 100 gallons a minute. A strainer of suitable design is 
often inserted in the pipeline ahead of the pump. A relief valve on the 
pressure side of the pump is also recommended. The storage tanks for 
holding the condensed fish solubles at the mill are very similar to those 
in the tank yard of the producer, but generally smaller. They should be 
fully closed with a breather pipe of gooseneck design to prevent dust 
and moisture from entering the tanks. Some method for agitating 
the tank content is desirable. 

C . M I X I N G OPERATIONS 

The addition of condensed fish solubles to a dry feed mix, as is 
done in feed mills, presents problems very similar to those encountered 
when molasses is added to feed rations, and, generally speaking, equip
ment of this type is used. Most modern feed mills in the United States 
have this equipment, and where it is lacking, it can be readily installed. 
The importance of securing an adequate distribution of the solubles in 
the mixer cannot be emphasized too strongly; this is often accomplished 
by spraying the solubles in proper proportion through nozzles into the 
rapidly moving dry feed in the mixer. Advice on how to accomplish this 
in a satisfactory manner is usually supplied by the manufacturers of the 
feed-mixing equipment or by the manufacturers of the condensed fish 
solubles. 
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V . Specifications of Identity a n d Qual i ty 

Quality specifications for condensed fish solubles are generally very 
simple. A total solids content of 50% is usually required, and in some 
instances a maximum fat content is insisted upon. A high fat content 
in solubles is often objected to by certain feed manufacturers because 
of color changes and other changes which it may impart to the feed 
with which it is mixed. No specifications in regard to vitamin content 
or ash content have as yet become customary; neither have specifications 
as to species of fish from which the solubles have been produced become 
common. In the United States, it is generally assumed that East Coast 
solubles and Gulf Coast solubles are made from menhaden, while West 
Coast solubles are from either tuna, sardine or mackerel, or a mixture of 
any of them. British Columbia or Alaskan condensed fish solubles are 
assumed to be from herring or predominantly so. 

In a tentative purchasing guide prepared by the Nutrition Council 
of the American Feed Manufacturers Association appears the following 
definition of condensed fish solubles: 

"Condensed Fish Solubles is the product obtained by condensing the 
aqueous portion of the mixture resulting from pressing the oil from 
the fish." 

This definition is unfortunate in that it gives the reader the impression 
that stickwater results from efforts to press oil out of raw fish. Neither 
oil nor stickwater can be pressed out of fish, on a practical basis, unless 
the fish has been cooked and its protein denatured. The denaturation 
of the fish protein is the fundamental step involved in making stickwater 
available, and is independent of whether or not oil is present in amounts 
large enough to recover. In the cooking and subsequent pressing of fish 
in the fish meal plants, approximately 60% of the total weight of the 
fish goes into the aqueous portion. 

It would seem that the popularity and large sales which condensed 
fish solubles enjoy, both on a national and international scale, would 
demand more comprehensive standards for both their identity and their 
quality. 
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