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I. Introduction 

Dried and salted cod has a long and intriguing history. It has played 
a role in human history out of all proportion to its quantity. It consti
tuted a first-rate protein concentrate addition readily marketable and 
easy to handle without elaborate packaging. This history is reviewed in 
detail in Volume II, Chapter 1. 

A prerequisite for the manufacture of this item is naturally rich fish
ing grounds. Some of the richest in the world were discovered early in 

1
 D e c e a s e d N o v e m b e r 3, 1959. 
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human history and are to this day the scene of intense fishery by a 
growing number of nations. A second prerequisite is salt. This comes 
from various sources and will be briefly reviewed. 

I I . Sal t a n d Its Impurities 

It is impossible to tell which method of food preservation was first 
used by primitive man. Drying, smoking, and salting are very ancient. 
In moist climates at least, salting may have been the first method. 

A. PROPERTIES 

Common salt is more or less impure sodium chloride ( N a C l ) . It is 
a white lustrous solid that generally crystallizes into cubes. In water 
solution it has a bitter brackish taste and is neutral to indicators. Pure 
sodium chloride is slightly hygroscopic, taking up about 0.5% of the 
moisture from the air at ordinary room temperature. It melts at 1421°F. 
(772°C. ) and vaporizes rapidly at white heat. 

Sodium chloride in concentrated solution possesses antiseptic prop
erties since it extracts water; salt is therefore often used in the preser
vation of meat, fish, and other food products. In addition to seasoning 
the food and preserving it, salt is used in large quantities for curing of 
hides, making of brines for use in refrigeration and ice factories, making 
of dyes, and preparation of sodium and chlorine (Tressler and Lemon, 
1951). 

B . DEPOSITS 

Salt deposits originate from the soil, from which it is constantly 
leached by rain. This led to accumulation of NaCl in the oceans, which 
varies from 2.7% ( w / v ) in the open sea to 3.0% in the Mediterranean 
Sea and in some inland lakes like the Dead Sea to 7.9%. The Great 
Salt Lake (United States) is so saturated that it shrinks in years of in
adequate rainfall. Changes in climate caused formation of the huge 
underground deposits which are often found at appreciable distances 
from the coast. 

C. SOLAR S A L T 

Salt is extracted from sea water in regions where climatic conditions 
are favorable for evaporation, i.e. southern France, United States, the 
Mediterranean, and some tropical countries such as the northern shores 
of the Indian Ocean. The solution is pumped into large shallow beds, 
where most of the less soluble impurities like silicates, calcium sulfate, 
and calcium carbonate precipitate during concentration of the brine. 
After a few repetitions of this process, which requires a total of 40 days, 
about 60 kg. salt of 95-97% purity is obtained per square meter. 
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D. M I N E D S A L T 

Subterranean deposits sometimes occur in solution (Lüneburg, Reich
enhall, Germany); this is pumped up and concentrated in open pans or 
allowed to run over large walls built of thorny bush, which hold back 
the more insoluble impurities while the water evaporates. If these de
posits are dry, mining is carried out with small charges of explosives. 

E . S A L T IMPURITIES AND T H E I R E F F E C T ON F I S H 

The solar and mined salt on the market is not always entirely pure. 
Both can be purified to 100% NaCl, but at a price the industrial con
sumer may not be prepared to pay. 

The over-all average analysis of salts of various origin, used by the 
fishing industry in Eastern Canada, is: NaCl 97.7, water 2.4, calcium 
sulfate (gypsum) 1.08, magnesium chloride, 0.30, calcium chloride 0.24, 
magnesium sulfate 0.17, insoluble material 0.40 (Beatty and Fougere, 
1957). Yellow and brown discoloration of the salt indicates the presence 
of iron in more than traces. Such salt should not be used for fish, since 
even 30 p.p.m. iron and 0.2-0.4 p.p.m. copper catalyze the formation of 
a brown or yellow stain in salted fish (Dyer and Gunnarsson, 1954; 
Arnesen, 1954). However, curing with salt containing 1.5% calcium 
chloride prevents the yellow coloration which occurs occasionally in fall 
cured cod, and a dip in 0.5% calcium chloride solution removes it ( L e -
gendre, 1954). Other impurities invisible to the naked eye are equally 
important because they affect adversely: 

(a) Penetration of salt into the muscle. 
(fc) Color and texture of the final product. 
(c) Taste and flavor of the final product. 
The penetration of salt may be retarded two full days by addition 

of 4.7% magnesium chloride. This disturbing effect is most serious be
cause in the early stages of salting the fish is still very perishable, the 
amount of salt which penetrates into the muscle being inadequate to 
inhibit bacterial action. 

Pure sodium chloride produces a flexible salt fish of light amber 
color which after desalting and cooking is quite similar to the original 
product. One percent of magnesium and calcium salts produces a no
ticeable change in appearance of dried salt cod; two percent gives a 
product which the trade accepts, not so much for its ideal character as 
the fact that the salt commonly used contains this amount of impurities 
(see analysis above) . Five percent renders the product chalky white, 
stiff, brittle, and of strong acrid flavor (Boury, 1932; Carter, 1932; Reay, 
1936); in addition it favors the yellowing of salted fish. The most satis-
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factory composition for impurities has been determined as 0.15-0.30% 
C a and 0.05-0.15 Mg, mostly as sulfates, with a molecular C a : M g ratio 
of 1.5 to 3.0 (Soudan, 1955). Another extensive study describes a tech
nique for determining salt penetration into the fish, using blocks of 
muscle 4-5 cm. in diameter which are salted dry or in brine (Charro, 
1953). 

Fine salt has the advantage of dissolving rapidly; however, it is so 
hygroscopic that it cakes in moist weather. When in the latter form it is 
difficult to obtain a uniformly salted fish. Moreover the salted fish may 
be too closely packed when fine salt is used; this counteracts the forma
tion and uniform distribution of the pickle. 

Coarse salt is less soluble, since on a weight to weight basis it offers 
a smaller surface for the process of dissolving. Consequently salt pene
tration is retarded. As stated above, this is dangerous because the fresh 
fish is very susceptible to bacterial destruction in the early stage of 
salting; the bacteria of the fresh fish are killed or inhibited only when 
the salt content of the muscle has reached 5-6%. The fishing industry 
terms the penetration of salt "striking through." Fresh fish, i.e., the prod
uct before salting, is called "green." Beatty and Fougere (1957) report 
the most suitable salt to consist of a mixture of equal volumes of fine 
salt and coarse salt, the latter containing particles up to inch in di
ameter. Depending upon the time required for the salt to strike through, 
the salters distinguish between strong and weak salts. This erroneous 
concept arose from the fact that salting is not done on an accurate 
weight to weight basis. Each fish is salted individually by hand, that 
means by volume, so that the so-called difference between strong and 
weak salts is in fact only the difference in specific weight of fine and 
coarse salt. 

III. Processing of Sa l ted C o d 

A. T R E A T M E N T ON BOARD S H I P 

Cod is caught by trawl line and hand line, also by otter trawl and 
floating traps. The use of the latter two may cause waste, since so much 
fish is caught at one time that deterioration may set in before the catch 
is safe-guarded or processed. Depending upon the distance between 
fishing ground and home port, the raw material is either salted on board, 
as on the Pacific Coast (Lucas , 1951), and cleaned, washed, and kept 
on ice until landed, or is kept whole for processing ashore. In the latter 
case provisions should be made for protection from sunshine, for venti
lation, and for rinsing with sea water. It must be emphasized that the 
care of the raw material at sea is at least as important as a proper salt-
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ing procedure (Beatty and Fougere, 1957). Pews or pitchforks are to 
be condemned in the handling of the raw fish (Jarvis , 1950). Hoists or 
conveyors have gradually come in to common use; otherwise bacteria, 
originating from slime and excreta, enter the flesh and find a particularly 
fertile breeding ground where the skin has been pierced or bruised. This 
is confirmed by Ludorff and Kreuzer (1956) , who emphasize that the 
hook or fork, if used at all, should be used only at the heads. The same 
authors warn against stepping on fish or throwing it. 

Warm weather or inadequate precautions may cause: 
( 1 ) Softening of the flesh. 
( 2 ) Development of cracks ("putty" fish). 
( 3 ) Enzymic decomposition starting at the intestines (belly burn 

of herring and mackerel, liver stains of cod, etc.) . 
The softening is due largely to proteolysis. In this condition the flesh 

of the split fish tends to flake apart, appears mushy, and gives a rough 
surface after drying. 

The cracks occurring in "putty fish" expose the fish flesh to bacterial 
attack in the same way as pitchfork damage. Subsequent salting does 
not help, because the cracks are closed again by the pressure to which 
the fish are exposed in the tanks; the two days, which are the minimum 
for the salt to penetrate, are adequate for bacteria to multiply inside 
the damaged part. Inadequate salting may be another reason for putty 
fish. In this case the surfaces have been pressed together so that bac
terial action is again faster than the salt penetration. 

Icing on board appears to be the best method of preventing the three 
types of damage mentioned, if the fish cannot be processed aboard. How
ever, Jarvis (1950) states expressly that the best quality product is ob
tained when the fish is taken alive from the gear and bled immediately, 
since blood is a rich source of enzymes. The same author recommends a 
time limit of 3-4 hours between catching and salting. If this is impossible 
the fish should be bled, washed, and iced, provided these procedures are 
carried out thoroughly. Otherwise they may do more harm than good, 
because small amounts of blood or bits of viscera are excellent breeding 
grounds for decomposing bacteria, and because contamination from the 
slime is difficult to prevent. The washing procedure is essential. After 
9 days of salting, perfectly cleaned and washed fish were in perfect con
dition in spite of a high temperature ( 8 0 ° F . ) (Tressler, 1920). 

B. DRESSING 

The precautions mentioned are excellent in theory but numerous 
difficulties arise in practice. It is self-evident that the water used for 
washing should be clean. Offal thrown overboard may severely contam-
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inate the sea water. Bacterial counts of the water of the fishing grounds 
have been found to be 8 times higher than that of surrounding waters 
and 18 times higher after a catch has been handled. 

The quality of the caught fish is improved primarily by cooling and 
holding in refrigeration holds or by using preservative chemicals (see 
further Chapter 17, Volume I ) . 

The cod is usually stored on horizontally arranged wooden boards. 
Each layer of fish is only 2 ft. high in order to prevent damage by crush
ing. Special boxes have been constructed, either from wood with a plastic 
covering or from light metal, which are easy to stack and to handle. 
Liability of damage by the sharp edges of the ice and by the drip of 
melting ice is considerably reduced, and the fish are delivered in these 
boxes to the processor. Several types of such boxes are commercially 
available in the United States, Canada, and Europe. 

C. SALTING 

Depending upon climatic and geographical conditions, various meth
ods for salting and drying have been developed. Kench salting, pickle 
salting, and brine salting are distinguished and also light and heavy 
salted fish. The so-called "fall cure" has salt and water contents between 
those of the latter two commodities. 

1. Kench Salting 

In this method the split salted fish are piled into stacks to a height 
of 4 feet, layers of fish and salt alternating. More salt is put on thick 
fish and thick parts of normal-sized fish than on thin fish and thin parts 
of normal ones. The pickle is allowed to drain off, for which special 
provisions are made; one of these is the arrangement of the pile, which 
is higher at the center than at the sides. In the lower layer the fish are 
placed with the flesh side up, the top layer is spread skin up. In spite of 
this precaution bacterial contamination, manifested as slime, occurs 
easily with light salted cod, because the total surface exposed to the air 
is larger than in pickle or brine salting. The most critical factor is of 
course the temperature; at or above 15°C. ( 6 0 ° F . ) spoilage is difficult 
to avoid. Limitation of space, as for instance on board schooners, is the 
only reason that this method is still used. This applies to vessels that 
catch cod at banks far from the home port, e.g., the French, Norwegian, 
and Scotch boats, that fish at Newfoundland, Lofoten, and Iceland, 
respectively. 

Contrary to pickle salting, products obtained by kench salting con
tain an adhering salt layer, which must be removed before drying. The 
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old method, still partially in use, does this with hand brushes; however, 
machines have been developed for this purpose. 

2. Pickle Salting 

In this method dry salt is applied to the flesh side of the fish, as in 
kench salting. However, the fish are put in cement tanks of 14 X 4 X 
4 ft. or in sawed-off wooden barrels 4 ft. in diameter and 4 ft. high. As 
was stated, salt dissolves in the water at the surface of the fish and 
forms a strong brine. In pickle salting the fish remain in the brine, and 
due to the tendency to approach an equilibrium, salt travels into the fish 
muscle and water is extracted. Coagulation of the fish protein sets in 
when the salt concentration in the muscle has reached 10%. Light salted 
fish is prepared by adding salt only at the center, where the backbone has 
been removed. 

3. Brine Salting 

In pickle 2 salting, the water of the brine derives from the fish. It is 
also possible, however, to salt fish by immersion in a solution of salt and 
tap water. This procedure is not used for salted cod to be dried, because 
the thinner parts may be oversalted; this is manifested after drying by 
an unacceptable rough appearance of the surface. The method is, how
ever, applied to alewife and herring. These fish are cleaned and put in 
large wooden containers partly filled with strong brine. After being struck 
through they are tightly repacked in wooden barrels, the air space of 
which is filled with new brine. Dry salt is added to the top layer. These 
salted fish are not dried but are sold in brine to the retailer. Part of the 
herring catch is also salted before smoking (see Chapter 3, this volume). 
Brine-packed cod is manufactured on a limited scale in Maine ( U . S . ) . 

4. Water-Horsing 

If salted fish is dried immediately after completion of the salting 
procedure, a rough surface is produced. Consequently, the salted fish is 
washed and kept in piles, which is called water-horsing. In this operation, 
the pressure of the pile promotes the draining off of the brine and 
causes the final product to be thinner. As a result the drying rate is in
creased. In addition, the surface is smoothed. 

2
 T h e expressions brine a n d pickle a p p e a r to b e u s e d interchangeably . This was 

permiss ib le as long as br ine sal t ing of cod p l a y e d a minor role. Cons ider ing , how
ever, that the industry is to b e m e c h a n i z e d b y deve lop ing a brine salt ing procedure 
in which the complicat ions ment ioned are avo ided , a c lear-cut differentiation between 
the two terms w o u l d b e adv i sab le . It is p r o p o s e d to define pickle as the fluid obtained 
b y the dry sal t ing of cod, a n d to reserve the term brine for the solution of salt in 
water in which the fish is immersed . 



140 F. W. VAN KLAVEREN AND R. LEGENDRE 

5. Special Procedures 
a. G A S P E C U R E 

In the Canadian provinces located near the Baie des Chaleurs, 
namely, the Gaspe Peninsula and northern New Brunswick, climatic con
ditions are so favorable that a light salted cod, containing only 14-18% 
salt in the dry finished product, can be prepared. Light northwesterly 
winds prevail and temperature and relative humidity are usually below 
75°F. and 80%, respectively. They may be higher during July and Au
gust, which may lead to products of lower quality. More salt is used 
during these months. Italy, Spain, and Portugal insist nowaday on first-
rate products of this type and are prepared to pay for them. 

The precautions mentioned are important for any type of salted fish 
product. For Gaspe cure, which is salted with only 8-10 lb. per 100 lb. 
fresh (split) fish, they are imperative. In this respect, it is of interest that 
the salt content of 4r-6% before drying is quite ideal for slime-forming 
bacteria. Therefore fish submitted to Gaspe curing should be dried im
mediately after salting. If this is impossible it may be stored for a maxi
mum of 6-8 days, provided the temperature is maintained between 
— 1 ° C . and 8 ° C . (30° and 46 °F . ) . 

b. F A L L C U R E 

The salt content of this commodity is between that of Gaspe cure and 
heavy salted fish. As the name implies, this type of salted fish is manu
factured late in the season. 

The process is identical to that of manufacturing Gaspe cure, except 
that more salt is used, 12-15 kg. per 100 kg. split fish. The reason for 
this is that consumers of this product demand a whiter appearance than 
that of Gaspe cure, and prefer the texture of the product, which is not as 
hard as that of Gaspe cure. It contains 45% water after drying against 
36-38% for Gaspe cure, which is permissible since the product is sold 
mainly to the northern parts of the United States, so that spoilage during 
transport is not very probable. The product is manufactured in New 
Brunswick and to some extent also on the Gaspe coast. 

c. HEAVY SALTED C O D 

It has been explained that salt has a dehydrating effect; that means 
the original 80% water of fish is reduced by different methods of curing 
to values of 55-74%. In heavy salted cod this residual water is com
pletely saturated with salt. Saturated brine contains 36 lb. salt per 100 lb. 
water. Consequently the theoretical amount of salt required would be 
36 X 0.8 = 29 lb. per 100 lb. split fish, but in practice 35 lb., sometimes 
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even 40 lb., are used. Many variations in salt content and manipulative 
treatment exist in different countries. Penetration of salt depends upon 
its concentration in the pickle and upon the muscle thickness (F ig . 1 ) . 
Temperature appears to have little effect on salt uptake but, as in the 
case of Gaspe cure, salting should be carried out at temperatures below 
65°F. ; otherwise a soft product may be obtained. During the first few 
days, pickle formation proceeds at a rapid pace; thereafter it slows down. 
Consequently the upper layer of the pickle may be unsaturated. This is 
avoided by covering the top layer of fish with a small excess of salt. 

20 

Days in pickle 

F I G . 1. Penetrat ion of salt in cod musc le . ( T h i c k n e s s of fish represented b y 
u p p e r curves: 1 in.; lower: 2 in . ) F r o m B e a t t y a n d F o u g e r e , 1957. 

IV . Chemical Features 

Extensive studies have been made on the denaturation and break
down of fish protein into polypeptides and amino acids, and on the 
changes occurring in fatty substances during salting of cod and other fish. 

A. PROTEIN DENATURATION 

The expression denaturation implies that under the influence of in
creased temperature or salt the structural arrangement of the protein 
molecule has been changed, whereby the protein is rendered insoluble. 
A similar process occurs in cod muscle during salting where, as shown in 
Fig. 2, the soluble protein is gradually reduced until, after 18 days, it 
reaches a constant level. This study confirms the practical experience of 
fishermen, who keep heavy salted fish for at least 18 days but usually 
30 days in pickle, because when salted for shorter periods the skin can
not be torn from the flesh; this means the latter has not acquired the 
suitable denatured consistency (Fougere , 1952). 
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B . E N Z Y M I C BREAKDOWN OF PROTEIN 

Endo- and exopeptidases are differently affected by the gradual in
crease in salt concentration that takes place during the drying process. 
Determinations of the a - N H 2 group in the total free amino acids, of 
a - N H 2 in the proteins and peptides, and of T M A (trimethylamine) values 
have been made on a number of commercial samples of the three differ
ent cures. In spite of variations, a definite trend is discernible. Free 
amino acids and TMA values of heavy salt cod are lower than those 
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F I G . 2. Reduct ion of soluble protein in fish musc l e dur ing the salt ing of cod. 
F r o m Beat ty a n d F o u g e r e , 1957. 

of Gaspe cure. This may be correlated with the difference in bacterial 
counts of the brines of these two types of salt fish, those of light salted 
fish being much higher than those of heavy salted fish (Bilinski, 1958, 
unpublished). 

C . P I C K L E CONSTITUENTS 

Apart from salt, the brine of cod contains about 0.5% ( w / v ) of a 
soluble protein which can be precipitated by boiling or trichloroacetic 
acid, and an appreciable amount of free amino acids, among them 
taurine which originates from cysteine according to the reaction; 

H S — C H 2 — C H — C O O H H O 3 — S — C H 2 — C H 2 

N H 2 N H 2 

Cyste ine T a u r i n e 

The high amount of taurine found in pickle corresponds roughly to 
the amount present in fish muscle (Jones, 1954; van Klaveren, 1958, un-
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published) and may be assumed to have been leached out during the 
salting procedure. 

Another outstanding feature is the high content of alanine in pickle. 
Also the pickle has a golden yellow color and in the initial stage a 
greenish fluorescence in ultraviolet light, which changes to blue rapidly 
on boiling and exposure to sunlight, slowly on standing at room tem
perature. The yellow pigments can be separated from the blue fluores
cent substances by chromatographic methods. Both are due to the well-
known Maillard reaction, in which free amino acids react with ribose to 
for Schiff base compounds and a great number of decomposition prod
ucts. It must be concluded that the ribose split off in salting originates 
enzymically from the nucleotides in much the same way that Tarr (1955) 
has shown for raw fish. 

Taurine appears to be one of the most important sources of Maillard 
compounds in pickle (van Klaveren, 1957-1958, unpublished). The yellow 
spots sometimes observed on salt fish also show blue fluorescence under 
ultraviolet radiation and are probably related if not identical to the 
above, because they are found in the vicinity of disodium hydrogen 
phosphate crystals which have been formed on the surface (Section 
V , E ) . 

Cod flesh is comparatively lean; it contains only 0.7% (wet basis) or 
3.5% (dry basis) fatty material. The latter is hyrolyzed by fat-splitting 
enzymes, the lipases. The rate of hydrolysis has been determined by 
analyzing the phospholipid and glyceride fractions of the total lipids 
during various stages of salting and drying. The rate of hydrolysis is 
different for light and heavy salted cod, although both cures finally pro
duce approximately the same amount of free fatty acids, namely, half of 
the total. In light salted fish the free fatty acid content increases gradually 
at each step of the process; in heavy salted cod it increases rapidly 
during the first 10 days of salting and levels off thereafter. 

Other experiments, in which phospholipids and free fatty acids of 
heavy salted cod were analyzed at smaller time intervals, prove that the 
liberation of the latter is accompanied by a proportional decrease of the 
former. This phenomenon is most pronounced from the 7th to 10th day 
of salting, when the salt uptake of the cod muscle increases only from 
15.5 to 17.1%. No further hydrolysis takes place thereafter. 

These results show that salt does not inhibit those enzymes responsi
ble for liberation of free fatty acids of the greater part of the phospho
lipid group, but that a salt concentration exceeding 17% interferes with 
the hydrolysis of the remainder, which constitute 22% of the total 
(Cardin et al, 1957). 
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A pronounced increase in iodine values of the lipid fraction takes 
place during the initial stage of the manufacturing process. 

During the preparation of the Gaspe cure, 76.7% of the fatty acids 
are liberated from the phospholipids. The C i 6 group, saturated and un
saturated, is nearly completely split off, 85 and 90%, respectively. This 
group constitutes, however, only a small proportion of the total fatty 
acids. About 57% of all liberated fatty acids belong to the C 2 0 and C 2 2 

groups, which are highly unsaturated. The unsaturated acids ranging 
from C i 6 to C 2 4 are liberated to a very large extent, irrespective of their 
chain length. The proportion of saturated acids liberated decreases as 
the chain length increases. 

The unsaturated fatty acids are liable to oxidative decomposition at 
the double bonds; the resulting substances, mostly ketones and alde
hydes, appear to be largely responsible for the flavor, possibly also for 
the taste of salted cod. Recent observations indicate that about 90% of 
the specific salt cod flavor is contained in the volatile reducing sub
stances (Cardin, 1958, unpublished). 

V . S p o i l a g e 

A. INTRODUCTION 

In spite of the preservative action of salt, the industry has to deal 
with a number of spoilage problems. The inhibitory action of salt on 
microorganisms depends largely upon its concentration. Moreover, micro
organisms have outstanding adaptability, so that conditions lethal to one 
group may be ideal for another. For instance, fresh-fish spoilage bacteria 
are even stimulated at concentrations of 1% NaCl, and are quite active 
up to 6-8% salt. At this percentage they die. Another group, the slime-
forming bacteria, thrive on salt concentrations of 6-12%. Even increasing 
the salt over this tolerance limit does not remove all risks. At concentra
tions in excess of 13% the so-called "halophiles" or "salt-loving" bacteria 
multiply. A special group, the so-called "red-halophiles," are feared be
cause salt cod infected with them has a repulsive smell. 

All these facts explain the great variety of precautions mentioned in 
the preceding pages, for instance, the necessity of removing more water 
from salted cod than has been achieved by salting alone (drying pro
cedures) , the emphasis on precautions during the manufacture of light 
and heavy salted fish, the importance of low temperatures, and the sus
ceptibility of fish to spoilage at early stages of the salting process. 

B . S L I M I N G 

This condition, characterized by the appearance of a semigreasy, 
sticky, glistening layer of yellow-gray or beige color and of a sour pun-
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gent smell, occurs especially in light salted cod during water-horsing 
and during the initial stages of drying. 

The optimum salt concentration for slime bacteria on nutrient agar 
was found to be 6-8%. A total of 93 strains has been found in the slime; 
80.5% were gram-negative rods, 11% gram-negative cocci, 5.5% gram-
positive cocci, and 2.7% gram-variable rods. 

The main reasons for this type of spoilage are inadequate salting 
and/or extended periods of water-horsing. Lack of freshness of the fish 
and unsuitable atmospheric conditions, for instance high temperature 
and relative humidity combined with inadequate air circulation, are 
important contributing factors. 

In comparative water-horsing experiments carried out between 45° 
and 7 9 ° F . the total counts did not increase materially at the higher tem
perature levels. Apparently a relatively small number of bacteria, which 
found the prevailing conditions of salt concentration, moisture content, 
and temperature quite ideal, are responsible for this type of spoilage 
(Dussault, 1953). 

C. R E D HALOPHILIC BACTERIA 

The red discoloration that takes place when sea water is allowed to 
stand and evaporate has been mentioned in an ancient Chinese treatise, 
written about 2700 B .C. (Beatty and Fougere, 1957). It is caused by red-
pigmented bacteria that multiply rapidly at salt concentrations of and 
above 13%. These microorganisms grow even on the surface of moist salt 
crystals but, on drying, a 99% reduction in bacterial counts was observed 
after 2-month storage. This may explain the preference, held by some 
salters, for "old" salt (Dussault, 1953). Conflicting views have been ex
pressed regarding the survival of red halophiles on dry salt. However, 
Dussault (1957) presented evidence that high relative humidity of the 
air promotes growth, and the faculty for growth on moist crystals is 
limited to impure solar salt whereas C P . salt is inactive. The red halo
philes survive but do not grow in sea water, slime, or soil. Irish moss has 
been found to supply organic nutrients for them (Harrison and Kennedy, 
1922). 

Ozone is lethal to red halophiles on salt but only when the relative 
humidity is 80%. The red halophiles fail to grow in cultures containing 
2-4% sodium metabisulfite (Friexo, 1956). 

Many salting plants have been severely infected with halophiles. 
Theoretically this type of spoilage could have been avoided since these 
microorganisms are absent in mined salt; however, from economic con
siderations the salt fish producers buy this salt from salt fish consumer 
countries, which incidentally are also producers of solar salt. 



146 F . W. VAN KLAVEREN AND R. LEGENDRE 

Two groups of red halophiles are distinguished, Sarcina littoralis 
and Pseudomonas salinaria. Both are proteolytic and the latter is chiefly 
responsible for the unpleasant odor of salt fish infected with it. The de
composition compounds are indole, which is identical to the principal 
smell-carrier of human feces, and hydrogen sulfide, the characteristic 
compound of decomposed eggs. The latter compound is due to the en
zyme cysteine desulfhydrase which requires 25-30% NaCl and the pres
ence of pyridoxal phosphate (Baxter and Gibbons, 1957). Bacto-oxgall 
inhibits the growth of Pseudomonas salinaria but does not affect Sarcina 
littoralis. This serves as a laboratory test (Dussault , 1956a,b). The red 
halophiles show remarkable resistance. They grow, although at different 
speeds, between 60° and 180°F. , and hence are also called thermophilic 
bacteria. They are killed by lye or chlorine preparations, but only in 
concentrations, or after periods of time, exceeding those lethal to other 
microorganisms. Hypochlorite solutions and similar products should have 
a strength of 500-1000 p.p.m. of free chlorine and should be acidified 
for higher efficacy. Lye should be used in 2% solution and powdered 
chloride of lime should be left overnight on the floors. Floors, walls, 
equipment, and above all the tanks and butts should be thoroughly 
washed with excess of clean water, because the halophiles depend so 
much upon salt that lysis occurs in clean water. Contaminated lots of fish 
should be destroyed and if possible only uncontaminated salt should be 
used. The dried product is sometimes sprinkled with fine salt containing 
0.4% boric acid before packing in order to prevent reddening during 
transit and storage in tropical countries. For the same reason the addi
tion of 2% sodium acid phosphate and 0.25% sodium benzoate to the 
curing salt has been proposed (Hess, 1942). 

Low temperatures are advisable at all stages. Temperatures of 4 5 -
5 0 ° F . are adequate for uncontaminated salt cod, 4 0 ° F . and preferably 
even 35-37°F . for those slightly affected (Beatty and Fougere, 1957). 

Experiments with antibiotics were not successful; bacitracin has an 
inhibiting action, but it was limited to S. littoralis and did not affect Ps. 
salinaria (Dussault, 1954, unpublished). 

The red halophiles are much more resistant to ultraviolet light than 
other bacteria. They are also capable of adaptation to salt contents higher 
and lower than optimal. In the latter cases proteins have a protecting 
effect. The lowest limit is 6% (Hess, 1942; Castell and Mapplebeck, 
1952). 

The resistance of the red halophiles against tap water is remarkable. 
Although 99% are destroyed after 1 hour, it requires a total of 6 hours 
to achieve 100% destruction (Castell and Mapplebeck, 1952). 

The interdependence of cations and enzymes is a well-established 
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fact; the insulins are a typical example. However, it has not been clari
fied completely why the enzymes of Ps. salinaria are not precipitated by 
the brine concentrations in which they thrive. Research on glycerol 
dehydrogenase of these bacteria has shown that, probably due to un
known modifications in structure of the enzyme protein, this enzyme is 
unstable at low salt concentrations (Baxter and Gibbons, 1954). 

D . D U N 

This type of spoilage consists of peppered spots, which are visible 
particularly on the fleshy side of salted fish and range in color from choco
late to brown and fawn. It is caused by a mold, Sporendonema epizoum, 
which has optimal growth at 10-15% salt concentrations, 75% relative 
humidity, and a temperature of 2 5 ° C . Some strains appear to have pro
teolytic activity, but not to the extent that the flesh of salt fish is softened. 
The small spots (spores) visible on the surface develop a root-like net
work into the interior. Some species, resembling Torula minuta, have been 
described as facultative halophiles because they grow even in the ab
sence of salt, whereas Sporendonema epizoum has been described as a 
true halophile. Since, however, NaCl can be replaced not only by KCl 
and N a N 0 3 but also by glucose, this mold is regarded as an osmophile. 
The mold is hardly affected by ultraviolet light and its spores survive 
temperatures as low as 17°F . In contrast to the red halophiles, they are 
killed by hot water, which is convenient for the disinfection of tables 
on which strong disinfectants that might affect the taste of fish would be 
unsuitable. The spores are easily whirled up together with dust when, for 
instance, dried pieces of fish are crushed by wheelbarrows. 

For the prevention of dun a number of proposals have been made, 
several of which fall under the general principles of sanitation, such as 
covering walls and floors with zinc paints, a minimum of three washings 
of the rooms per year, and the use of dry well-ventilated rooms. Any 
damp organic matter that is soaked with salt may prove a fertile breed
ing ground, and can be dangerous even if only in the neighborhood of 
the building. Formalin, R2L, Hyamine, and formaldehyde vapors have 
been suggested for the rooms, and dips of 30 seconds in 0.8 Μ sodium 
propionate or 0.1% sorbic acid for the salted fish (Frank and Hess, 
1941a,b; Vaisey, 1954a,b; Boyd and Tarr, 1954). Sorbic acid appears to 
be the most effective of all remedies tried so far. 

E . NONBACTERIAL D A M A G E TO SALTED C O D 

In Section II, E , "Salt and Its Impurities," the effect of the latter on 
the color was discussed. Another abnormality occurs occasionally, 
namely, "white spots." It has only recently been found that these spots 
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consist of crystals of disodium hydrogen phosphate, deriving probably 
from the enzymic breakdown of nucleotides. While there are no indica
tions that the quality (stability, taste, flavor) of salted cod is affected, 
such products are not classified as choice quality. Three causes exist for 
this manifestation, namely, a partial drying of the salt bulk prior to 
storage or transportation, a low temperature of storage, and a slightly 
alkaline conditions of the fish, indicating an initial stage of spoilage. Ex
posure to dry air would partially dehydrate the crystals, leaving the 
dihydrate as a scarcely noticeable white powder (Dyer et al., 1958). 

V I . Drying of Sa l ted Fish 

A. INTRODUCTION 

In principle, drying is equivalent to the removal of water from a 
moist substance. In the case of salted fish this process is carried out in 
order to improve the keeping qualities further than is obtained by the 
preserving, bacteriostatic, or enzyme-inhibiting properties of sodium 
chloride. The most important processes for drying liquids and solids 
depend upon first vaporizing the water and separating it in this form 
from the structure of which it formed a part. If air is used to carry away 
the water vapor formed, the process is called air drying. For salted fish, 
air drying is by far the most popular method. Two possibilities suggest 
themselves, the so-called "natural drying" method, whereby salted fish is 
exposed outdoors to the effect of sun and wind, and the "artificial" 
method, in which fish are placed inside a so-called dryer. This unit con
sists of cabinets or chambers, fans, heaters, and controls which maintain 
constant conditions. 

Natural drying was long the only method used for the preparation of 
salted fish. It is apparently uncomplicated and gives good results, pro
vided the weather is suitable. After the fish have been split, washed, and 
salted, they are spread on rocks or flakes in the open at locations with 
sunshine and good circulation of air. Drying on rocks may cause damage 
from sunburn. This method is therefore in use only in northern countries 
like Norway, Iceland, Scotland, and Newfoundland. The use of so-called 
flakes, by which fish are kept about 30 inches above ground level, per
mits free circulation of air underneath. Wooden flakes of triangular 1-
inch strips, spaced at about 3 inches and held together by a frame, have 
been used, but the most efficient are those made of wire netting stretched 
across wooden frames. 

To be efficient, outdoor drying requires a dry atmosphere, sunlight, 
and also a slight breeze. Moreover, on very hot days when there is prac
tically no breeze the fish may require protection from the sun, which is 
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secured by placing textile material or small wooden roofs over them. 
Otherwise cooking or so-called sunburn will occur. Well-dried salted cod 
can be bent, whereas with "sunburnt" or "cooked" cod the muscles will 
separate. This fish fetches a lower price. On the other hand if the weather 
is too moist, sliming or other spoilage problems will arise. The rising 
labor costs for spreading and piling salt fish, and the considerable losses 
caused by occasional unfavorable weather conditions, have tended to 
diminish outdoor drying. 

These difficulties are not encountered with artificial drying; this 
method has replaced natural drying in many localities, often to the 
economic advantage of the fishing industry. The main reasons for this 
are that artificial drying allows the process to be continuous (day and 
night) and permits standardized production of a product of high and 
uniform quality. 

Under unfavorable atmospheric conditions, external dehumidifiers 
and coolers could be used, but the cost of this equipment is relatively 
high for a cheap nutritional product like salt fish. However, in most 
localities artificial drying may be applied successfully without external 
conditioners. 

B . ARTIFICIAL DRYING OF F I S H 

For the general principles, the reader is referred to Chapter 1 in 
this volume, where the theory of drying is expounded in detail. 

In the following sections these principles and their application to 
various artificial dryers are discussed, with special emphasis on salted 
codfish, one of the most important products. 

1. General Principles 

a. M E C H A N I S M 

In the drying process of fish, the constant rate period is very short 
whereas the constantly falling rate period lasts much longer. These two 
periods are critical because the surface layer of the fish is still moist, 
therefore perishable and susceptible to bacterial decomposition. This fact 
is particularly pertinent for light salted fish, which contains more water 
than heavy salted fish. It is thus imperative to conduct the drying opera
tion during these two periods at the highest possible rate. One of the 
purposes of "water-horsing" is to remove excess water from the fish 
surface. Consequently, satisfactory and efficient water-horsing may re
sult occasionally in complete elimination of the constant rate period and 
in appreciable reduction of the constantly falling rate period. 

In the varying falling rate period, the drying rate is governed by the 
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internal rate of moisture flow and, in general, this period requires more 
time than the constantly falling rate period. In comparison to the be
ginning of the operation, the magnitude of the drying rate is quite low. 
For this reason it is of economic importance to use the most favorable 
conditions. The rate increases with the moisture gradient between the 
inside and the outside of the fish. Unfortunately it is impossible to take 
full advantage of this because it is extremely difficult to obtain first qual
ity products if the moisture content at the surface is too low. Size and 
thickness of the fish have also to be considered. In the case of small fish, 
this period is relatively short. With large and thick fish, however, it might 
be so long that special procedures are necessary in order to reduce the 
drying time and also to improve the quality of the dried fish. 

b. DRYING CONDITIONS 

( i ) Temperature. As explained previously, the influence of air tem
perature in drying is considerable. Even a small increase of only a few 
degrees may appreciably improve the over-all efficiency of the operation. 
It is therefore very important to use always the highest feasible dry bulb 
temperature in the dryer. Figure 3 shows the effect of temperature on the 
drying rate. The various curves were obtained with light salted codfish 
(Gaspe cure type) (Legendre, 1955). Unfortunately, fish is very sensitive 
to heat and may be damaged permanently if its temperature exceeds a 
certain limit. This limit for fish is usually between 80° and 85°F . How
ever, Fougere (1948) found that capelin may be dried at a temperature 
of 9 5 ° F . without being cooked. It was also observed (Legendre, 1957) 
that various species of fresh-water fish from Cambodia could be dehy
drated successfully with temperatures as high as 110°F. During the 
constant rate and constantly falling rate periods the surface of the fish 
is at least partially wet. The evaporation of water has a cooling effect. 
Consequently the temperature of the fish is always below that of the 
drying air. At the next stage, namely, the varying falling rate period, the 
situation is different. The surface of the fish is dry and the temperatures 
of the air and the fish are identical. The danger of cooking the fish is 
most pronounced and can be eliminated only by keeping the temperature 
below the tolerance limits of the fish. 

(ii) Humidity. The relative humidity of the drying air is important 
for two reasons. It regulates the drying rate and greatly influences the 
appearance of the final product. It is well known that the drier the air, 
the higher the drying rate. However with fish, this is applicable only 
during the first two periods. Thereafter, during the varying falling rate 
period when the fish surface is dry, it is usually advisable to increase the 
relative humidity of the air up to around 60% in order to avoid an over-
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drying of the fish surface. With heavy salted fish, case hardening is en
countered when the relative humidity of the air is too low, and the salt 
crust formed on the surface inhibits further drying. With light salted fish, 
low relative humidities produce shrinkage which results in surface cracks. 
To avoid case hardening and shrinkage, the rate of surface evaporation 
should be kept as close as possible to that of moisture diffusion from the 
interior to the surface of the fish. 
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F I G . 3 . Water- loss curves showing the influence of t emperature on the drying 
rate . Relat ive humidity , 5 5 % ; air velocity, 3 0 0 ft. per min. 

(Hi) Air velocity. The effect of air velocity is more or less similar to 
the effect of relative humidity. Good velocities also favor the distribu
tion of the drying air circulating over the fish and increase the coefficient 
of heat transfer between the air and the fish. Theoretically, it would thus 
be advisable to use the highest possible air velocity at the beginning of 
the operation and, when the surface of the fish is dry, to decrease it to a 
value which permits adequate circulation and heat transfer. With fish, 
however, the power necessary to generate high air velocities would be 
excessive. It is more economical to use a constant air velocity of 250-400 
ft. per min., which results in a satisfactory drying rate and adequate air 
distribution and heat transfer. 

c. SPECIAL PROCEDURES 

(i) Intermittent drying. It has been explained that the magnitude of 
the rate is very low when the surface of the fish has become completely 
dry and consequently the time required to remove the residual amount 
of water may be unduly prolonged, particularly with large and thick 
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fish. For this reason it is important to interrupt the drying procedure by 
press-piling operations. By alternating drying and press-piling, the actual 
drying operation, exclusive of the time consumed for press-piling, is 
considerably shorter. The dryer therefore operates at a more efficient 
level than it would under conditions of continuous drying. This is due 
to the fact that, in the case of interrupted drying immediately followed 
by press-piling, the drying rate is much higher at the beginning of each 
stage. The quality of the fish is an important consideration not to be 
overlooked. Continuous drying never resulted in a product of uniform 
water distribution in the numerous experiments of one of the authors 
(Legendre ) . The surface became too dry before the removal of water 
from the other parts of the fish could be achieved. 

The drying stage preceding each press-piling should not be too long. 
If the surface is too dry, the diffusion of water from the inside to the 
surface will be correspondingly slower, and no time will be gained by 
such operations. On the other hand, if the drying stage is not sufficiently 
long and if the surface is not sufficiently dry, there will be grave danger 
of sliming during the subsequent press-piling stage. The length of the 
stage depends upon the size and species of fish. The same procedure will 
apply for the subsequent drying stages. As a general rule, however, they 
should be much shorter than the first because the water content of the 
fish is already much lower. 

(it) Press-piling. The purpose of press-piling is to establish a uniform 
distribution of water inside the fish by promoting the internal diffusion 
of moisture to the surface. Therefore, the fish has to be removed from 
the dryer and piled up in an atmosphere suitable for this purpose. The 
relative humidity must be high enough so that surface drying will be 
reduced to a minimum. However, it is very important to prevent conden
sation from the air on the fish surface. Consequently, a relative humidity 
of 65% is recommended. The temperature should be about 55-60°F . 

The duration of press-piling depends on several factors, such as size 
of the pile and water content, water distribution, size and species of fish. 
As a general rule, it may be said that the press-piling has been of ade
quate duration when the surface of the fish has become wet. Since the 
diffusion rate is increased by pressure, the surface of the fish becomes 
moist much more rapidly at the bottom than at the top of the pile. It is 
therefore necessary to equalize the diffusion process by repiling the fish 
from time to time; that is, fish at the bottom are put on top of the new 
pile. This repiling process, moreover, greatly enhances the final appear
ance of the fish. Because of variations in water content of the semidried 
product, the duration of the various press-piling stages changes accord
ingly. The first one is relatively short because the water content is high 
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and water diffuses rapidly. Even after the final drying stage it is impor
tant to press-pile the fish for a few days before packing. This contributes 
greatly to the final appearance and equalizes moisture distribution in the 
fish. 

2. Drying Salted Cod 

The procedure for drying salted codfish varies somewhat and depends 
on the type of cure. The initial water content of salted cod is conditioned 
by its salt content and consequently the drying rate varies accordingly. 
On the other hand, bacterial contamination depends on the salt and 
water contents of the fish. With light salted fish the initial water content 
is high and the salt content is low. Therefore this product is more difficult 
to process than the heavy salted one because the finishing procedure is 
actually a race between drying and spoilage. Besides, the drying rate is 
higher and consequently the heat and air requirements are also much 
more pronounced than with heavy salted fish. 

a. HEAVY S A L T E D C O D 

The initial moisture content of heavy salted codfish is about 58% 
wet basis or 138 lb. water per 100 lb. dry material. It must be dried 
down to about 60% dry basis (37.5% wet bas i s ) . This means that about 
78 lb. water per 100 lb. dry material, or 32.7% of its initial weight, has 
to be taken up by the air inside the dryer. This is usually accomplished 
by employing a temperature of 80°F . , a relative humidity of 55%, and 
an air velocity of about 300-400 ft. per min. Under these conditions 
the maximum drying rate, which is encountered at the beginning of the 
operation, is about 4.5 lb. water evaporated per hr. per 100 lb. dry mate
rial. The most important factors influencing the drying time of heavy 
salted cod are the size of the fish and the initial moisture content (Linton 
and Wood, 1945). Medium-size codfish may be dried in about 40 hr. with 
only one press-piling procedure. Small fish may be dried continuously in 
25-30 hr. L a r g e cod will require about 60 hr. drying and two press-piling 
periods. If the initial moisture content is as high as 150% dry basis 
(60% wet bas i s ) , the drying time for medium-size fish will be extended 
to about 50 hr. There is little difference in the drying rates of kench or 
pickle-cured cod. Kench-cured fish generally have a lower initial mois
ture content, but the rate of moisture loss from the two types of cure is 
approximately the same. 

b. L I G H T SALTED C O D 

With light salted codfish, the initial moisture content is about 310% 
dry basis (75.5% wet basis) and the dried product has a water content 
of about 60% (37.5% wet bas i s ) . Consequently, 250 lb. water per 100 lb. 
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dry material, or 61% of the original weight, has to be removed by the air. 
The use of successive drying stages and press-pilings reduces in this 
case also the drying time and improves the quality of the finished product 
(Legendre, 1955). Best results are obtained at a temperature of 8 0 ° F . 
and an air velocity of 300-400 ft. per min. The relative humidity of the 
drying air should be maintained at about 50% during the first drying 
stage and at 60-65% during all subsequent ones. The first stage is ter
minated when the moisture content has been reduced to about 120% 
(55% wet bas i s ) . Therefore, the loss in weight should be about 45% 
of the original weight of the fish. This requires about 30-40 hr. and de
pends upon initial moisture content and size of the fish. The length of 
the subsequent drying stages will also depend upon size of the fish. But 
the conditions of press-piling are of equal importance. In our experience, 
the use of successive drying stages of 12-15 hours is the most suitable 
procedure. With small fish, three drying stages are sufficient, but with 
medium-size fish, four stages will be necessary. With light salted fish 
the press-piling operation is very important for the final appearance of 
the product. Between the first and second stages a press-piling of 1-2 
days is sufficient. Then the duration of the second press-piling will be 
about 4-6 days and that of the third 8-10 days. Repiling the fish during 
the press-piling stage is also of great help to the final appearance of the 
product. 

3. Artificial Dryers for Salted Fish 

Salt fish dryers have been constructed in different sizes and designs. 
The tunnel type appears to be most popular. With this type of dryer, 
heated air circulates over the fish laid on trays until it reaches the re
quired moisture content. The trays may be either stationary or remov
able. In the latter case they are placed on racks which are carried on 
trucks for loading or unloading. In certain designs each truck, carrying 
the trays, is moved progressively inside the tunnel resulting in a semi-
continuous operation. 

a. HEAVY SALTED C O D 

The first dryer known to have been successful in drying heavy salted 
fish commercially is known as the Turbo dryer. This dryer was installed 
in 1939 in Nova Scotia (Wood, 1947) and is still in operation. It is a 
continuous tray dryer in which the supply air is dehumidified by a chemi
cal process (lithium chloride). However, its initial cost is relatively high 
so that this type has not been used extensively in the salt fish industry of 
Canada. The A.F.E.S. (Halifax Technological'Station, F .R .B . 3 of Canada) 

3
 Ä . F . E . S . = Atlantic Fisheries Exper iment Station; F . R . B . = Fisheries Research 

Board . 



4. SALTED COD 155 

type, introduced in 1944 by Linton and Wood, is much simpler in de
sign, inexpensive, and satisfactory with heavy salted fish. It has been 
widely accepted by the industry in Eastern Canada. The dryer contains 
six bays of 15 trays, 4 X 6 ft. each, and a capacity of about 750 lb. green 
heavy salted cod. The return duct enables the air to be recirculated. The 
supply fan blows the outdoor air either through the air heater or di
rectly into the dryer though a by-pass. A mixing damper set in the inlet 
duct adjusts the relative volumes of incoming warm and cold air to give 
the desired temperature. 

Where steam is available the usual finned steam heater may be used. 
The fresh warm air is mixed thoroughly with air from the return duct 
by the propeller fan and the mixture is then distributed uniformly over 
the fish. In damp weather the supply fan runs continuously and the 
relative humidity may rise to such an extent that the drying operation 
must be suspended, unless an additional external dehumidifying system 
is installed. 

b. L I G H T SALTED C O D 

As explained before, light salted codfish is much more difficult to dry 
than heavy salted codfish. The air and heat requirements are compara
tively large and the relative humidity of the air has to be increased after 
the first drying stage. Dryers designed for heavy salt fish are not suitable 
for light salt fish. The failures of initial experiments gave rise to the 
erroneous opinion that it is impossible to dry light salt cod artificially. 

One unit, designed by the Grande-Riviere Technological Station 
( F . R . B , of C a n a d a ) for the preparation of Gaspe cure light salt fish, 
contains four sections. Two are termed main sections, the other two 
secondary sections because the air returns by these sections after passing 
through the main sections. The first drying stage is performed in the 
main sections and the other stages are completed in the secondary sec
tions. The dryer capacity and the supply of air are such that a relative 
humidity, maintained at 50% in the main sections, results in a relative 
humidity of 60-65% in the secondary ones. The dryer includes 16 bays 
containing 20 trays of 4 ft. by 6 ft. holding about 50 lb. green fish each. 
The total capacity is equivalent to 16,000 lb. Gaspe cure and the power 
consumption is 8 H.P. The arrangement of the inlet and outlet ducts 
permits the air, inhaled by the supply fan, to come either from the 
dryer or from the outside, according to the position of an automatic damp
er. The damper is regulated by a wet bulb controller, so that a high 
relative humidity in the dryer causes the blower to inhale fresh air and 
to blow humid air outwards. Conversely, when the humidity is low, the 
air coming from the dryer goes to the blower and is recirculated again. 
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The dryer was designed for dew points below 55° F . Above this limit it 
may be found that the relative humidity in the dryer, particularly in the 
secondary sections, is too high for an economical operation. It is esti
mated that in a continuous operation 12,000 lb. dried product can be 
manufactured per week. 

Another type of dryer, with approximately the same shape as the 
A.F.E.S. but twice as large, has been used successfully for light salted 
codfish in Newfoundland. The main feature of this design is that supply 
and recirculated air are handled by a single fan. 

Light salt fish dryers have the advantage that they can also be used 
for the preparation of heavy salt fish. The results are excellent. 

C . ATMOSPHERIC CONDITIONS 

1. Limitations 

An artificial dryer has a control system for temperature, relative 
humidity, and air velocity. An additional dehumidifying system may be 
necessary during warm and moist summer days, otherwise the drying 
rate may be low and bacterial spoilage may result. In certain regions, 
artificial drying is even impossible. As stated above, the temperature in
side the dryer should be maintained at 8 0 ° F . and the relative humidity 
( R H ) at 50-55%. This is possible when the outside temperature is 
below 8 0 ° F . and the dew point below 5 5 ° F . (Legendre, 1953). Drying 
can still be carried out at dew points above 55°F . , but at a slower rate so 
that, particularly at dew points between 60° and 65°F. , light salted fish is 
subject to sliming. At dew points above 65 ° F . drying is impossible. 

2. Suitability of Atmospheric Conditions 

Since the dew point of the air is an indication of the suitability of 
atmospheric conditions for artificial drying, a diagram has been prepared 
(Legendre, 1953) showing the lines of critical dew points as functions of 
various wet and dry bulb temperatures (Fig . 4 ) . It is possible to deduce 
whether atmospheric conditions are suitable to produce in the dryer the 
required conditions of 8 0 ° F . and 50-55% RH. Two temperature lines are 
important: The upper limit ( 8 0 ° F . ) is the temperature above which 
drying is impossible, and the lower limit ( 5 5 ° F . ) that below which 
drying is always possible. Between these two limits artificial drying may 
or may not be possible. The diagram also shows three critical dew point 
lines. The 5 5 ° F . dew point line is the limit below which best drying rates 
are obtained. The 60 ° F . line is the limit at which satisfactory drying con
ditions are still possible, but at a slower rate. The 65 ° F . line is the point 
above which drying is impossible. Therefore, if the point of intersection 
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of the wet and dry bulb temperatures falls within zones A and E , drying 
is impossible. Within zones Β and F , drying is always possible. Within 
zone C, drying is possible but at a slower rate. Within zone D , sliming 
may be encountered with green fish because of the high relative hu
midity. 

Dry bulb temperature ( ° F ) 

F I G . 4. Relat ion of the d e w point to a tmospher ic conditions sui table for arti
ficial dry ing of sa l ted cod. 

3. Air Conditioning Equipment 

The use of air conditioning systems renders a dryer independent of 
ambient atmospheric conditions. 

a. DEHUMIDIFYING S Y S T E M S 

The removal of water from the air may be accomplished either by 
refrigeration or by chemical absorption. 

When air is being cooled, its relative humidity increases gradually 
until it reaches 100% at the dew points. If further cooling is applied, the 
air must give up some water so that its dew point and absolute humidity 
are reduced. Therefore, some dehumidification may be accomplished by 
cooling the air below its dew point by means of brine or ammonia ex
pansion coils. As a temporary measure or on a small scale, ice can be used. 
It is thus possible to condense most of the water content and to reduce 
appreciably the humidity of the air. 

Certain porous solids show great affinity for water vapor on account 
of the intense capillary action exhibited by the large number of ultra-
microscopic pores. Activated alumina and silica gel are typical examples. 
The latter can absorb up to 40% of its weight in moisture and thus act 
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as a dehumidifier. These absorbents are readily regenerated by the 
application of heat. They may be used indefinitely without deterioration 
or loss in volume. There is virtually no limit to the dryness of air that 
can be attained, so that by selecting the proper size of unit, moisture 
levels from practically anhydrous air to any higher level may be secured. 

b. HUMIDIFICATION 

It may happen, in winter for instance, the recirculation alone, partic
ularly during the last drying period, is not sufficient to increase the 
relative humidity of the air up to the desired level. 

Humidification is usually accomplished by use of an atomizing nozzle 
operated by compressed air. The water drawn into the nozzle is atom
ized by a small jet of air under high pressure. Steam may also be used 
by blowing it directly through a nozzle into the air current. In this case, 
compressed air is naturally not required. This effective and simple meth
od is particularly indicated in designs in which steam coils are used for 
the heating of the air. 

D . THERMOCOUPLE CONTROL 

The installation of air conditioning equipment is excellent from the 
theoretical point of view. In practice, however, the cost is very high. 
Other ways and means to improve the efficiency of the operation have 
therefore been investigated. 

The required conditions of temperature and relative humidity are 
quite different during the various stages of the drying operation. TJiey 
depend upon the state of dryness of the fish surface at each individual 
instant; as long as the surface is wet the temperature of the air circulat
ing over the fish must be as high as possible and its relative humidity as 
low as possible. 

The temperature of the fish itself is the only limiting factor. When 
the surface is dry, the temperature of the air must be decreased to about 
80 ° F . and its relative humidity must be increased to 60%. However, 
with the conventional controlling equipment it is nearly impossible to 
establish such variable conditions in the dryer. Industrial plants there
fore usually maintain a constant air temperature of 80 ° F . The relative 
humidity is also kept fairly constant, usually at 50-55% for the whole 
drying operation. This compromise gives satisfactory results, but only 
when atmospheric conditions are perfect for drying. Because of the 
limitations of such methods, a system of automatic controls, that con
tinuously maintains optimal conditions of temperature and relative hu
midity has been designed, tried, and found to give satisfactory results 
(Legendre, 1958). 
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1. Automatic Control Equipment 

The thermocouple sensing element of the first of three controller 
systems is inserted in the fish flesh near the surface; it regulates the tem
perature of the air circulating over the fish in the dryer. The controller 
is adjusted to 8 0 ° F . , thus there is no danger of overheating the product. 
The air is always at the highest permissible temperature. At the begin
ning of the operation, when the surface of the product is still wet, the 
temperature of the air is very high, but the temperature of the product 
approaches the wet bulb temperature of the air, because the rapidly 
proceeding evaporation exerts a cooling effect on the fish. As evapora
tion proceeds further, the surface gradually dries out and the cooling 
effect decreases correspondingly. Consequently, the temperature of the 
air is automatically and gradually lowered to 8 0 ° F . , until the surface is 
completely dry. The second (dry bulb temperature) and third (relative 
humidity) controllers are adjusted to 8 0 ° F . and 6 0 % , respectively. These 
regulate the operation automatically and according to the conditions 
required at temperatures above and below 8 0 ° F . If the temperature of 
the air is higher than 8 0 ° F . , as long as the surface of the product is still 
wet or partly wet, the relative humidity controller shuts off and the 
relative humidity of the air is kept at the lowest possible level by the 
action of the dry bulb temperature controller. When the air temperature 
reaches 8 0 ° F . and when the surface of the product is completely dry, 
the dry bulb temperature controller stops dehumidifying and the relative 
humidity of the air is gradually increased to 6 0 % , where it is maintained 
by the relative humidity controller as long as the temperature does not 
exceed 8 0 ° F . 

2. Advantages 

The system outlined in the previous lines has several advantages 
over the conventional method. The improvement in performance is 
found under favorable and unfavorable conditions, with light as well as 
with heavy salted fish. 

a. FAVORABLE ATMOSPHERIC CONDITIONS 

When atmospheric conditions are favorable for artificial drying, an 
increase in rate is obtained at the beginning of each stage. The initial 
drying rate is about twice as great with thermocouple control as with 
ordinary control. This is very important not only because the drying 
time is reduced, but also because the danger of bacterial contamination 
is practically eliminated. Moreover, the system permits an increase in 
relative humidity as soon as the surface of the fish becomes dry, conse
quently the production of choice quality light or heavy salted fish is 
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comparatively easy. The possibilities of overdrying the surface or cook
ing are avoided automatically. With light salted fish it is even possible 
to save one drying stage. Experiments with Gaspe-cured fish have shown 
that only three drying stages are required, compared with the four 
necessary with the conventional method. Time and labor for loading, 
unloading, and cross-piling are saved. 

A striking advantage of thermocouple control for the artificial drying 
of heavy salted fish consists in reducing the possibility of formation of 
an impervious salt-protein crust on the fish surface. This crust is usually 
encountered when conditions giving high drying potentials are used with 
ordinary control. Therefore the use of thermocouple control renders it 
comparatively easy to obtain a product of good quality, in spite of its 
high drying rate. 

b. UNFAVORABLE ATMOSPHERIC CONDITIONS 

It has already been shown that, with ordinary control, perfect dry
ing conditions are obtainable only when the outside temperature is 
below 8 0 ° F . and the dew point below 5 5 ° F . However, the thermocouple 
system of control maintains conditions in the dryer permitting perfect 
operation at much higher dew points. As long as the surface of the fish 
is still wet, there are practically no limits as regard temperature, and 
good results can be obtained as long as the dew point does not exceed 
72°F . When the surface is dry, the temperature must be below 8 0 ° F . 
and the dew point in the vicinity of 65 ° F . However, since there is no 
moisture at the surface, sliming is not encountered and drying is still 
possible, although at a reduced rate, with dew points up to 6 8 ° F . 

This has been confirmed by drying experiments made under unfavor
able atmospheric conditions, that is, when artificial drying would have 
been impossible with ordinary control. The drying rates obtained with 
the new method and without an external dehumidifier were of the same 
order as with ordinary control if used under favorable atmospheric 
conditions. 

The method is based on the general theory of drying and can there
fore be used for the artificial drying of any other product, provided the 
highest temperature that the material tolerates and the lowest relative 
humidity that will give a product a good quality are known. The con
trols need only be adjusted for these limits and ideal drying conditions 
will automatically be maintained at each instant of the operation. 
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