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I. Introduction 

Although much has been written over the past fifty years on the 
bacteriology of marine fish, it is only recently that we have begun to 
comprehend the complexities involved, so that the picture now beginning 
to emerge may still be said to be far from complete. As will be shown 
herein, the flora of newly caught fish depends on the operation of both 
intrinsic factors, such as environment and season, and extrinsic ones, 
such as sampling technique, media, and incubation temperatures used. 

Early investigators like Ulrich (1906) and Bruns (1908) employed 
methods and media that had been proved suitable on the examination of 
meat and meat products for pathogens, mainly because they were con
cerned with the hygiene of fish handling, particularly in relation to food 
poisoning. As was shown later by Hunter (1920a, b, 1922), Fellers (1926) , 
and Harrison et al. (1926) among others, the bacteria on fresh and 
spoiling fish have a lower optimum growth temperature than human 
pathogens. Again, Elliott (1948) and Liston (1955) showed that both 
qualitatively and quantitatively quite different results are obtained with 
marine fish, depending on whether sea-water or tap-water media have 
been used. 

In comparing the differences in the results obtained by various 
workers, not only have these difficulties to be remembered, but it must 
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also be borne in mind that there has been a great deal of uncertainty 
regarding the taxonomic position of many of the microorganisms isolated. 
This is particularly true of the large group of asporogenous gram-negative 
rods (the Pseudomonas, Achromobacter, and Ffavobacter groups) so fre
quently encountered in marine animals and plants and their environ
ments. It is generally recognized that the identification of these groups 
is a difficult task, so that it is often impossible to be sure of the tribe or 
family, let alone the species. One has only to compare three of the most 
modern bacterial classifications, viz., those by Bergey (Breed et al., 
1957), Prevot (1957) , and Krasilnikov (1949) , to appreciate the dif
ficulties when confronted with the problem of classifying a newly isolated 
organism. These difficulties are due, in some measure at least, to the 
absence of the type strains of many of the commoner genera in any 
known type culture collection, but also to our lack of knowledge of the 
biochemistry and physiology of most of these microorganisms concerned. 

The problem of a better taxonomy of these gram-negative groups is 
now being tackled at Torry Research Station, and a method for the quick 
differentiation of the Pseudomonas, Aeromonas, and Vibrio groups from 
each other and from other gram-negative asporogenous rods has now 
been worked out and will shortly be submitted for publication.* The 
method in its early stages (Shewan et al., 1954) was used by Liston 
(1955) and in later modifications by Georgala (1957a) for the differen
tiation of their isolates from marine fish and allowed them, each within 
a period of about a year, to classify with reasonable certainty several 
thousand pure cultures, a task which by previous methods would have 
taken very much longer to complete. 

In addition, the National Type Culture Collection of Marine Bacteria 
in Great Britain has just been instituted at Torry Research Station 
(Shewan et al., 1958), and it is hoped by this means to have available as 
many marine strains of bacteria as possible for future comparisons. 

Finally, one further difficulty confronting workers in the field of fish 
microbiology should also be mentioned, viz., the intensity of sampling. 
When one considers that fish may carry anything from 1000 to 10,000,000 
viable microorganisms per square centimeter of surface or per gram or 
milliliter of gill tissue and intestinal fluid respectively, it is clear one 
has to be very careful in drawing any conclusions from the study of one 
sample involving no more than 25-50 organisms, as has often had to be 

* Shewan, J. M., Hobbs, G., and Hodgkiss, W. (1961) . A determinative scheme 
for the identification of certain genera of gram negative bacteria, with special refer
ence to the Pseudomonadaceae. /. Appl. Bacteriol. (in press). 
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done in the following sections. Indeed, experience at Torry has shown 
that, even when sampling is much more intense, say several hundred per 
sample, wide divergencies can appear in repeat experiments, and only 
detailed statistical analysis will show whether these discrepancies are 
due solely to sampling error or to some other factors. 

II. The Bacterial Flora of Marine Fish 

A. N E W L Y CAUGHT F I S H 

1. Quantitative Aspects 

The flesh and body fluids of newly caught, healthy fish are generally 
considered to be sterile (Shewan, 1949a), althought a few workers have 
recorded the presence of bacteria in the muscle (Ulrich, 1906; Gee, 
1930; Kayser, 1937; Bisset, 1948). On the other hand, the slime, gills, 
and, in "feedy" fish, the intestines usually carry heavy bacterial loads. 
Figures of 10 2 to 10 7 (at 2 0 ° C . ) per cm.2 of skin with adhering slime have 
been recorded and of 10 3 to 10 8 and 10 3 to 10 6 per milliliter of intestinal 
fluid and per gram of gill tissue respectively (Shewan, 1949a; Liston, 
1955, 1956; Georgala, 1957a, 1958a). In northern waters where the tem
perature range in which fish are caught lies between —2°to + 1 2 ° C , the 
counts at 3 7 ° C . rarely exceed 5% of those at 0° or 2 0 ° C . (Shewan, 1949a; 
Liston, 1955, 1956; Georgala, 1957a, 1958a). In the warmer seas such as 
the Adriatic, or off the African, Indian, and Australian coasts, larger 
numbers of these mesophiles are to be expected. 

The causes of the wide variations in numbers are not yet properly 
understood. Recent evidence suggests, however, that in the slime and 
gills there are seasonal variations reflecting similar variations in the en
vironment. Thus in sole, skate (Figs. 1-6) (Liston, 1955, 1956), and cod 
(Georgala, 1957a, 1958a) caught by trawl off Aberdeen, two peak loads 
(at 0° and 2 0 ° C . ) occurred during the year—in the late spring and 
autumn—each following, at 1- to 3-month intervals, after the spring and 
autumn plankton outbursts. These seasonal variations are particularly 
evident in the gills (skate and sole, Figs. 3 and 6 ) , where the influence 
of the treatment in the trawl—abrasion against the net, sea floor, and 
other fish—might be less noticeable than on the surface slime. It seems 
quite clear, however, that there are a number of factors, physical, chem
ical, and biological, affecting the relationships between the bacteria and 
the main plankton outbursts. 

Thus, some species of plankton are known to exert antagonistic and 
antibiotic effects (Pratt et al., 1944; Lucas, 1955; Nielsen, 1955; Deveze, 
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1955) on bacterial populations, and these may account for the lower 
counts recorded on the fish examined by Lis ton and Georgala in March 
and April, 1955, and September, 1956, when the plankton outbursts were 
at their maximum. Peak bacterial loads in the sea are also said to coincide 
with maximum water temperatures, and the high counts at 37 °C. re
corded by Georgala (1957a, 1958a) during the summer and autumn, 

FIGS. 1 - 6 . Seasonal variations in the bacterial counts on the skin, gills, and in
testines of skate and lemon sole. Figs. 1 - 3 , skate; Figs. 4 - 6 , lemon sole; - 0 - 0 - , 
counts on sea water agar; - · - · - , counts on horse heart tap water agar. 
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and the corresponding low counts found in the winter, may be explained 
in this way. Such temperature effects might also explain the fact that the 
proportion of the population on fish slime capable of growing at 0°C. 
reaches its maximum when the sea temperature is at its lowest (Georgala, 
1957a, 1958a). 

Both species of fish and the method of catching may also affect the 
bacterial load. Thus Liston (1955, 1956) found that over a continuous 
27-month period of observation the population on the surfaces, and in 
particular on the gills, of sole was somewhat different from that of skate, 
caught in the same area at the same time. It seems very probable that 
the microenvironments on the gills and surfaces of these two species of 
fish (Wessler and Werner, 1957) are sufficiently different to account for 
these findings. With regard to method of catching, Shewan (1949a) has 
shown that trawled fish usually carry loads 10 to 100 times heavier than 
lined fish. The increased infection in trawled fish is probably the result 
of dragging along the sea floor, where the muds are known to contain 
immense numbers of bacteria (Shewan, 1949a), and to the expression of 
the gut contents among the fish during the hoisting of the trawl net on 
board. Seasonal variations in the gut flora seem to be less evident than 
in either the gills or slime (Liston, 1955, 1956), and this is not surprising 
if the bacterial numbers there are a function of the food ingested. This 
would be true, however, only of those species of fish that eat whenever 
food is available. The fast that normally occurs during spawning with 
many species should, of course, be reflected in the bacterial loads in the 
intestines. 

2. Qualitative Aspects 

a. NORMAL FLORA 

The more important recent data are given in Table I. It will be noted 
that the aerobic flora of fish sampled in various parts of the world is of 
the type normally regarded as autochthonous to soil, air, and water, and 
indicates the wide geographical distribution of these types. It will also 
be noted, however, that there are marked differences in the percentage 
composition of groups. There is some evidence to show that the flora of 
fish is directly related to its aquatic environment (Venkataraman and 
Sreenivasan, 1952, 1954a; Wood, 1953). 

Our own data (Shewan and Hodgkiss, 1957) also suggest that the 
flora of one species at least is affected by environment. On the other 
hand, Wood's data (1953) for teleosts seem to indicate that other factors 
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are involved, as does Venkataraman and Sreenivasan's finding (1955a) 
that the flora of Indian sharks contained no Pseudomonas spp., although 
the latter abounded in the sea water. 

If it can be assumed that the marine environment does affect the 
flora of the fish, then it is perhaps not surprising that in the warmer 
waters off India, the east coast of South Africa, Australia, and the Adriatic 
a greater percentage of mesophiles (Bacillus spp., coryneforms, and mi
crococci) and fewer psychrophiles such as Pseudomonas, Achromobacter, 
and Fhvobacterium spp. should occur than in the colder waters off 
Aberdeen, Canada, and the Norwegian coast. 

Even among the floras recorded for fish from the same area or in 
areas with similar temperature conditions there still appear to be con
siderable differences. Thus, the flora of the Australian teleosts are char
acterized by the large number of micrococci and that of the elasmo
branchs by the preponderance of corynef orms (Wood, 1953). Wood 
(1953) believed that this was a species effect related to the constitution 
of the slime substratum, which may differ markedly from species to 
species. Liston (1955, 1957), on the other hand, working with skate and 
sole caught off Aberdeen, found no such marked differences between 
teleosts and elasmobranchs. This latter author found greater differences 
as a result of the type of media used for isolation than between the 
species themselves. Thus, comparison between tap-water and sea-water 
media showed that Achromobacter spp. predominated in the former and 
Pseudomonas spp. in the latter. The effect of media on the type of or
ganisms isolated has been noticed on other occasions. Thus agar-lique-
fiers, if present at all, are missed completely in tap-water media (Liston, 
1955); and chitin-digesters, forming about 2 % of the total flora of fish 
caught off Aberdeen, are rarely isolated without the use of special chitin 
media (Bain and Shewan, 1955). 

The temperature of incubation also has a marked effect on the quali
tative composition of the flora as evidenced by Georgala's data (1957a, 
1958a) for cod at 20° and 0°C. This worker found the more mesophilic 
Achromobacter, Micrococcus, and Coryneform spp. occurred in relatively 
greater numbers at 20°C. than at 0°C. The high percentage of Bacillus 
spp. recorded by Reed and Spence (1929) is also probably related to the 
incubation temperatures (15° , 25°, and 37°C.) as well as to the environ
ment, as the fish were caught in Passamaquoddy Bay, relatively near the 
land, a fact which would also tend to increase the members of the Bacillus 
group. 

The qualitative composition of the flora is also affected by the season. 
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Thus Liston (1955) found that in both the skate and sole, agar-liquefiers 
were most abundant at the beginning and end of the year. 

Again, Shewan (1949c) found in the slime of a variety of species 
that the number of luminous bacteria was higher in the spring and 
summer than at any other season. 

Seasonal differences in the relative proportions of the Pseudomonas, 
Achromohacter, and Corynebacterium spp., probably related to tem
perature variations, were also noted by Shewan (1953a) , Liston (1955) , 
and Georgala (1957a, 1958a). 

Concerning the actual species of bacteria present on newly caught 
fish, few reliable data are available, owing mainly to the difficulties in 
taxonomy. Until some of the confusions concerning the generic groupings 
have been resolved, it seems idle to attempt to give specific species 
names. However, using Bergey's system (Breed et al., 1948, 1957), along 
with the taxonomic groupings suggested earlier in this chapter, the 
bacteria found most frequently by Torry workers on North Sea fish may 
be listed as follows. Of the total number of Pseudomonas spp. isolated, 
P. pellicudum generally accounts for 40 to 5 0 % and P. geniculatum for 
20 to 3 0 % . The brown-pigmented types, P. pavonacea and P. nigrifaciens, 
and the green fluorescent strains, P. schuylkilliensis and P. fluorescens, 
make up a further 10-20% and 5-10% respectively. The remainder con
sists of species closely allied to P. ovalis, P. fragt, and P. multistriatum. 

Of the Achromohacter spp., 35 -45% are A. alcaligenes types, 3 0 % 
closely related to A. liquefaciens or A. aquamarinus. A. acidum, A. eu-
rydice, A. delmarvae, and A. delicatulum account for the remainder. 

All the vibrios isolated, and this also includes all the luminous bac
teria, appear closely allied to Photobacterium phosphor escens. 

Among the remaining groups, Fhvobacterium deciduosum, F . lutes-
cens (more correctly Corynebacterium lutescens), and Corynebacterium 
fucatum appeared to be the species most frequently encountered. The 
strict anaerobes appear to be absent from the slime of newly caught fish, 
although they are usually encountered in the intestines. 

The Clostridium spp. so far reported are C. sporogenes, C. lentopu-
trescens, C. tetani (Types V and X ) (Shewan, 1938, 1949a), C. tertium, 
C. welchii (C. perfringens) (Prevot and Huet, 1951), and C. botulinum 
(Dobrowsky, 1935; Burova and Nasledisheva, 1935; Burova et al., 1935; 
Kushnir, 1934; Moreinis, 1942). 

b. PATHOGENIC FLORA 

In most of the discussions so far, we have described the flora of fish 
in terms of the preponderant groups present such as Pseudomonas, Ach-
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romobacter, and Plavobacter, mainly because of our lack of knowledge 
concerning the occurrence of individual species. There are occasions, 
however, when individual species can be singled out, mainly owing to 
their pathogenicity for man or fish; the data concerning such species 
will now be briefly summarized. 

( 1 ) Pathogens for Man 

FOOD-POISONING TYPES. As might be expected, a fair amount of in
formation exists on the presence of the commoner food-poisoning patho
gens on fish at various stages of its journey from sea to the consumer, but 
since these will be dealt with elsewhere in this treatise (Vol. II, Chapter 
11, Part I ) , they need not detain us here. 

ERYSIPELOTHRIX RHUSIOPATHIAE, or perhaps more correctly E. insidiosa 
(Langford and Hansen, 1954). This organism, the cause of erysipelas in 
swine (Woodbine, 1950), frequently gives rise, particularly during warm 
weather, to an erysipeloid condition at the site of skin wounds, cuts, or 
abrasions, chiefly on the hands of fish-handlers (Klauder et al., 1926; 
Stefansky and Trünfeld, 1930; Klauder, 1932, 1938, 1944; Schönberg, 
1939; Schwartz and Tabershaw, 1945; King, 1946; Lundberg, 1948; 
Sheard and Dicks, 1949; Price and Bennett, 1951; Lodenkamper, 1952; 
Proctor and Richardson, 1954), although workers handling whale and 
seal flesh (Hillenbrand, 1953; Rodahl, 1952), as well as other food 
(Klauder, 1932, 1938; King, 1946; Price and Bennett, 1951), can also be 
affected. This condition commonly occurs in fish-handlers after injury 
by the spines of such fish as red barsch (Sebastes norvegicus) (Schoop, 
1936; Schönberg, 1939), sea robin (Prionotus), and porgy (Chaetodip-
terus faber) (Klauder et al., 1926). 

Despite many investigations (Klauder et al., 1926; Kondo and Sugi-
mura, 1935; Schoop, 1936; Lodenkamper, 1952), it is still not clear whether 
the organism is present in newly caught fish or is a secondary invader 
after death. Schoop (1936) reported that the organism was inhibited 
in media containing the same amount of salt as in sea water, although 
Wellmann (1957) claimed growth in 4 % salt and in media containing 
sea water. 

Stuart, after several years work in collaboration with Torry Research 
Station, failed to detect the organism in various species of marine fish, 
including Sebastes norvegicus, caught both off Aberdeen and in the more 
distant northern waters. On the other hand, she was always able to 
isolate it from fish on the Aberdeen market, as well as from the dust on 
the market floor, slime on fish boxes, and so on. As a result of all her 
work, Stuart inclined to the belief that the organism is rarely, if ever, 
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present on newly caught fish but, as a soil saprophyte, finds fish slime an 
ideal pabulum for growth. 

( 2 ) Pathogens for Fish 

There already exists a fairly extensive body of knowledge on the 
bacterial and other diseases of fresh-water fish (Plehn, 1924; Davis, 
1946; Schäperclaus, 1954; Griffin, 1953; Van Duijn, 1956). This arose out 
of the economic necessity of combating the heavy losses which frequently 
occurred in stocks either in their natural habitat or in the more artificial 
conditions of breeding aquaria and stock ponds. On the other hand, the 
data on diseases of marine fish seem to be concerned mainly with the 
copepod, helminth, protozoan, and other parasites, and only a few with 
bacteria and fungi. As ZoBell (1946) points out, a major difficulty with 
marine fish in their normal habitat is that once an individual becomes 
incapacitated by disease, it almost immediately falls prey to the ever 
present predators. However, the evidence which has been accumulating 
over the past decade suggests that marine fish, particularly in such con
fined conditions as aquaria (Oppenheimer, 1953) are just as liable to 
attack from bacteria and fungi as fresh-water species; and if more careful 
studies were undertaken of fish in their natural environment, many more 
pathogenic conditions would be found than hitherto suspected (Oppen-
heimer, 1953). 

In fish, generally, many types of bacterial pathogens have been de
scribed, including species belonging to Pseudomonas, Aeromonas, Vibrio, 
Haemophilus, Mycobacterium, Myxobacterium, coryneform, and strepto-
mycete groups (Griffin, 1953; Rucker et al., 1953). Rickettsia (Griffin, 
1953) and viruses (Watson, 1953) have also been involved. Several of 
these microorganisms are known to be pathogenic for both fresh-water 
and marine fish, but the types most frequently encountered so far in sea 
fish are Pseudomonas, Vibrio, and Mycobacterium spp. A pathogenic 
fungus, Ichthyosporidium hofen, appears to have a wide geographic and 
species distribution. As regards a list of the known marine bacterial patho
gens see Vol. II, Chapter 16. 

As with fresh-water fish (Bisset, 1946, 1947; Snieszko, 1958; see also 
Vol. II, Chapter 17) , many of the microorganisms usually present are, in 
fact, potentially pathogenic, so that when fish are injured or their re
sistance is lowered by adverse conditions, these organisms invade the 
tissue, causing pathogenic conditions of various kinds. 
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Β . T H E E F F E C T OF HANDLING ON BOARD SHIP 

1. Gutting and Washing 

The flora of fish will be conditioned both qualitatively and quan
titatively to some extent by the handling and storage conditions on board 
ship. The fish, after coming aboard, are dumped on deck and may lie 

• Unwashed • Washed 
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FIG. 7. The percentage change in the bacterial load on cod skin due to washing 
on board ship. 

there often in the sun, even for hours, depending on the size of the catch 
or other factors, before being gutted, washed, and stowed below in the 
holds in crushed ice. The deck, the hold surfaces, the pound or pen 
boards are known to be usually heavily contaminated, particularly if 
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made of wood, and almost certainly would infect the fish in contact with 
them for any length of time (Fischer, 1954). 

Unfortunately, we have little direct evidence on the effects of gutting 
per se on the flora of fish. Since the viscera in all but "nonfeedy" fish 

• Ungutted, unwashed, uniced | | Gutted, washed, iced (trawler ice) 

• Gutted, washed, iced Ü Gutted, washed, iced (factory ice) 
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FIG. 8. Changes in bacterial counts on cod skin after various treatments on board 
ship. 

contain large numbers of bacteria, their indiscriminate contact with the 
rest of the fish during gutting is bound to increase the surface load, and 
should be avoided. 

As will be shown later, it takes several days for the bacteria in the 
viscera of ungutted iced fish to invade the muscle, and the main ad-
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vantage of gutting is to prevent autolytic (e.g., digestion of the belly 
walls), rather than bacterial, decomposition. Indeed, as Stansby and 
Lemon (1941) found in their studies on the handling of fresh mackerel, 
evisceration could increase rather than diminish the bacterial load on 
the fish. 

Washing, on the other hand, if carefully done, can reduce the load 
by 80 to 9 0 % (Georgala, 1957a, b ) (Fig. 7 ) , but this reduction is usually 
completely nullified by using crushed ice which may carry heavy bac
terial loads (Fig. 8 ) . 

2. Icing 

The finding that heavy loads are usually present on the unused ice 
in trawlers' holds on return from the fishing grounds may seem a little 
surprising in view of the fact that ice manufactured at the larger fishing 
ports is made from the town water supply, which is almost bacteria-free. 
Surveys have recently been carried out in ice factories in or near Aber
deen. These show that the first major contaminations occur in the thaw
ing tank, the water of which can carry heavy bacterial loads, and during 
crushing. Even so, the counts on the ice as it reaches the vessels' ice-
bunkers rarely exceeds 10 3 per milliliter ice melt water. On the other 
hand, in the unused ice in the trawlers' holds it is usually of the order of 
10

5
 to 10 6 per milliliter. Undoubtedly part of this increase is caused by 

contact with the sides and wooden boards of the ice bunkers, as dem
onstrated by Castell et al. (1956) , but part of it is probably the result 
of contamination from the shovels, used to ice the fish, coming in contact 
with the fish itself. 

Qualitatively, the flora of ice immediately after crushing consists 
mainly of coryneforms, although it is evident that the temperature of 
incubation can affect the percentage composition quite considerably. It 
is perhaps significant that the flora of the thawing tank also consists pre
dominantly of coryneforms. On the other hand, the flora of the unused 
ice sampled the day on which the vessels returned to port usually has a 
larger proportion of Pseudomonas, Achromobacter, and Ffaoobacterium 
spp., groups that predominate in fish slime. It is not known whether these 
groups also predominate in the pen or pound boards, walls, and floors 
of the hold; but it has been demonstrated (see following paragraph) 
that the flora of fish boxes is more akin to that of ice than of fish slime. 

Washing, as already stated, can considerably reduce the load on fish. 
It seems, however, to have little effect on the generic distribution of the 
remaining organisms on the fish. On the other hand, contact with ice 
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direct from the factory or unused ice from the trawler's hold does con
siderably alter the flora (Georgala, 1957a, b ) . Thus, Fig. 9, summarizing 
the results of six different experiments carried out by Georgala, shows 
that immediately after icing with ice direct from the factory there is a 

Washed, uniced cod 

20° C. 0 ° C Total ( 20 and 0°C.) 

20° C. 0°C. Total ( 2 0 and 0°C.) 

Washed, iced (factory ice) 

20°C. 0° C. Total (20 and 0°C.) 

Temperature of isolation 

Β Pseudomonas E3 Achromohacter £3 Coryneforms 

Η Flavobacteria Π Miscellaneous (including micrococci) 

FIG. 9. Generic distribution of the flora of washed (uniced) and washed (iced) 
cod. 

proportional increase in percentage of the coryneforms and flavobacteria 
at 20°C. and in the Pseudomonas spp. at 0 ° C , while with trawler ice the 
latter greatly predominate at both 0° and 20 °C. Consideration of the 
individual experiments often demonstrates more clearly than the averages 



502 J . Μ. SHEWAN 

just quoted how intimately the flora of the ice affects that of the fish. For 
example, in one experiment (Georgala, 1957a) the uniced fish contained 
about 6% coryneforms and 6% flavobacteria at 20°C. and only a few 
(less than 1%) of either of these groups at 0°C. After icing with trawler's 
ice, the coryneforms formed 27% of the flora at 20 °C. and the flavo
bacteria 26% at 0°C. The corresponding values for these groups in the 
ice used were 35 and 57% respectively. 

3. Changes During Storage in Ice 

It will be clear from what has been said above that the flora of fish 
immediately after icing in the hold will almost certainly differ both 
qualitatively and quantitatively from that of the newly caught, ungutted, 
uniced fish. During the journey from the fishing grounds to the home 
ports, further alterations occur as spoilage proceeds, their extent de
pending on such factors as the time taken to reach port and the temper
ature history of the fish in the hold. In regions with fishing grounds near 
their ports, such as Iceland and the Faeroe Islands, the time between 
catching and landing may vary from a few hours to 1 to 2 days, whereas 
in northeast Canada and America it may be from 8 to 10 days. In Britain, 
Germany, and other West European countries fishing the Northern Arctic 
waters, the fish, at landing, may have been anything from 5 to 21 days 
in ice. The temperature of the fish during its homeward journey again 
may vary, depending on the icing efficiency on board ship, the presence 
or absence of insulation in the hold, and the external sea and air tem
peratures. Surveys carried out in 1947-1958 by Torry staff on board com
mercial vessels fishing the distant waters showed that in some parts of 
the hold, particularly near the ship's side, the temperature of the fish 
could rise to 5°C. during the last 2 or 3 days of the homeward journey. 
Additional data collected in 1949-1950 at Grimsby (Tucker, 1951) and 
at Hull in 1956-1957 (Burgess, 1958) showed that more than half the 
fish examined at landing were above 0°C. and about a quarter lay be
tween 0.5 and 6.0 °C. 

From these data it may be concluded that the bacterial load, even of 
fish caught at the same time, will be somewhat different. A further factor 
is the density of packing, giving rise to anaerobic conditions, particularly 
against the side of the holds and the pound or pen boards. Such condi
tions would almost certainly result in the development of a specialized 
flora, and are said in practice to lead to the production of the so-called 
"bilgy" or "stinker" fish. (MacCallum, 1955; McLean and Castell, 1956; 
and Burgess and Spencer, 1958). 
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During storage in ice, even under the best conditions where the tem
perature is never above 0 ° C , the numbers of bacteria increase after a 
lag phase of 1 to 2 days, reaching maximum values of about 10 7 to 10 8 

per gram of muscle after 9 to 10 days. A typical growth curve is shown 
in Fig. 10. Such fish as haddock and cod are generally considered stale 
after about 10 to 12 days in ice and become inedible after a further 3 to 
4 days (Shewan, 1949a). During this spoilage period there are, of course, 
qualitative changes in the flora, with the Pseudomonas-Achromobacter 
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FIG. 10. The effect of temperature on bacterial growth; A = + 2 5 ° C , Β — + 7 ° C , 
C = 0 ° C , D = —4°C. 

spp. predominating. Recently, at Torry Research Station, it has been pos
sible to follow in more detail than hitherto these successive changes in 
the flora of cod spoiling in ice under standard conditions (Shewan and 
Liston, 1956). 

As storage proceeds, the most striking feature is the gradual pre
dominance of the Pseudomonas spp., until by the tenth to twelfth day 
they constitute 60-90% of the flora, the remainder consisting of Achro
mohacter and Flavobactenum spp. There appears to be a transient in
crease in the Fhvobacterium spp. at the tenth to twelfth days, just at the 
point where significant changes occur in both the chemical and organo
leptic aspects of spoilage; but such an increase has not always been ob-
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served. Another interesting feature of these changes is the increase in 
the numbers of acid-producing pseudomonads, mostly related to the 
species Pseudomonas fragt. In fresh fish these are present in small num
bers, never more than a few per cent of the Pseudomonas spp. isolated, 
while after 12 to 15 days of ice storage they now account for 20-50% of 
this same group. So far all the data obtained at Torry Research Station 
seem to indicate that members of the Pseudomonas group are the most 
active in fish spoilage (see also Castell and Anderson, 1948). Although 
few data are available regarding the changes in the flora occurring at 
temperatures where the mesophiles would grow ( + 5 ° C . and above) it 
seems almost certain that these would be somewhat different from the 
results obtained at 0°C. or in melting ice. It seems probable, however, 
that in the warmer areas where, as already stated, the floras of the newly 
caught fish are different from those of fish in the temperate zone, storage 
in ice might well be expected to result in the emergence of a predom
inantly psychrophilic flora. Velankar and Kamasastri (1956) in their 
studies on the spoilage of several species of Indian fish during storage 
at + 3 ° C . and 0°C. found that while the Bacillus spp. were predominant 
in the flora of newly caught fish, the asporogenous rods (Pseudomonas 
and Achromobacter spp.) accounted for a large percentage of the flora 
during spoilage. Similar evidence has been given for Australian fish by 
Wood (1940) . 

4. The Effect of Antibiotics 

The effect of antiobiotics on fish spoilage and their potential use in 
fish-handling for extending shelf-life is discussed in detail by Tarr, one 
of the leading investigators in this field, in a special chapter of this book. 
It might, nevertheless, be of interest to consider briefly some results ob
tained, mainly at Torry, on the effect of such antibiotics, and in particular 
by CTC on the flora of iced fish and fillets (Shewan and Stewart, 1958). 

Using ice containing 5 p.p.m. CTC or a 10-30 min. dip in 10 to 20 
p.p.m. solution of CTC, it has been observed that during the first few 
days of storage (at 0°C. with fish or at 5° or 15°C. with fillets) there is 
a fall, often quite considerable, in the bacterial counts, after which 
growth proceeds in the normal way. 

Qualitatively, some interesting changes have also been observed. As 
already stated, about 90% of the flora of freshly caught North Sea fish 
(cod, haddock, sole, and skate) consists of Pseudomonas-Achromobacter 
spp., the remaining 10% being made up of flavobacteria, coryneforms, 
micrococci, etc. As spoilage in ice proceeds, the Pseudomonas group 
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usually increases in importance until by the fourteenth to eighteenth days 
they alone constitute more than 80-90% of the flora. In antibiotic ice 
(5 p.p.m.), however, up to the eighth day, the population is quite heter
ogeneous in character, the predominant groups being yeasts and vibrios, 
while the Pseudomonas and Achromohacter spp. now form less than 
25% of the total. During the next few days, however, the pseudomonads 
gradually reassert themselves, and by the fourteenth to sixteenth days, 
the normal type of flora has become well established and the yeasts and 
vibrios completely disappear. It would thus appear that the effect of 
the antibiotic, in this case CTC, is twofold: it reduces the bacterial load 
on the fish and it suppresses for a time the spoilage types—mainly the 
Pseudomonas spp. The extra storage life of 7 to 10 days thus appears to 
be the time required for the normal flora to recover from the effects of 
the antibiotic. 

An interesting fact concerning micro-floras of the treated fish is that 
while only about 1.0% of the original flora was insensitive to the anti
biotic (5 p.p.m. C T C ) , by the sixteenth day over 9 0 % of the total flora 
and 100% of the Pseudomonas spp. were now insensitive. In general, 
these changes in the flora of iced fish seem to apply to fillets stored at 
0°C. (but not in ice) , although on occasions yeasts continue to pre
dominate even after the sixteenth to twenty-first day of storage. 

C. T H E E F F E C T OF HANDLING ON SHORE 

1. Market Fish 

On discharge from the fishing vessel, the fish again come in contact 
with a variety of surfaces—market containers made of various materials 
(wood, plastic-coated wood, aluminum and other metals), fish market 
floors, and so on—the bacteriological properties of which may vary quite 
considerably but which, from the data available, would appear to be 
usually heavily contaminated (see Vol. I l l , Chapter 1 ) . 

2. Effect of Exposure on Quay; Boxing, etc. 

Since fish on the market floor are generally uniced and exposed to 
the air for varying periods—up to 12 hr. in Britain and even longer in 
Germany—it is possible that aerial contamination could contribute sig
nificantly to the flora of market fish. Wood (1940) found that in the 
Australian markets exposure of petri plates 4 inches in diameter for 5 
min. gave as many as 650 colonies with averages about 100 to 150, and 
this he believed to be a considerable source of infection. Lehr and Kayser 
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(1937) also found that after a 15-min. exposure of plates 9 inches in 
diameter, under a variety of atmospheric conditions, in the market at 
Wesermünde, the number of organisms deposited per plate never ex
ceeded 186 at 20°C. and 143 at 37°C. About 50% of Wood's (1940) con
taminants were micrococci, and Lehr and Kayser (1937) found, in addi
tion to cocci, molds and spore-bearing rods. None of these groups is 
considered to be active in spoilage at temperatures in the region of 0°C. 
If the rate of infection in most markets is no greater than those just 
quoted (at the most 1000 per cm.2 per 12 hr. compared with the normal 
load of 10 5 to 10 6 on fish direct from the vessel), then it seems doubtful 
whether this source of infection in itself would have any discernible 
effect on the subsequent rate of spoilage. 

More important is the effect of the temperature rise on the fish lying 
exposed without ice on the market. Surveys made by several workers 
(Pique, 1927; Wiesmann, 1938; Lerche, 1939; Tucker, 1951; Burgess, 
1958) indicate that while the temperature of most fish on coming from 
the vessels is in the region of 0° to 2 ° C , it quickly rises, and by the time 
auctions are completed is only a degree or so below that of the air. Thus, 
in Germany, Lerche (1939) and Wiesmann (1938) found that from April 
to July the auction room temperature lay between 6° and 18°C., and 
more recent data collected at the Humber ports (Tucker, 1951; Burgess, 
1958) at various times throughout the year showed that the temperature 
of about 25% of the fish before removal from the market after auctioning 
lay between 7° and 14°C. and 7 5 % lay between 2° and 14°C. 

Since bacterial growth of the psychrophiles on fish is two to three 
times faster under these temperature conditions, market fish on arrival 
at the merchants' premises might be expected to have a greatly increased 
load due solely to exposure on the market itself. Some experiments con
ducted by the author in 1945 to test this conjecture showed that 10-day-
old cod with an initial load of about 10 5 per gram, after 9 hr. exposure 
at 14°C. could rise to 10 7 (at 2 0 ° C ) . Organoleptic, chemical, and bac
teriological tests on the fish during subsequent storage in ice showed that 
exposure to such conditions at the market caused a loss in quality 
equivalent to continuous storage, at ice temperature, of about 3 days. 
In these experiments it was noted, however, that if the surfaces had 
dried out during exposure, the counts could be lower than the iced con
trols. The reason for this appears to be that the marine psychrophiles are 
very sensitive to drying in this temperature range ( 0 ° - 1 5 ° C . ) . It is not 
known, however, how far the flora is altered qualitatively by these con
ditions. 
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With regard to the containers used at the market, Spencer (1959) 
has shown that the wooden boxes at Aberdeen carry loads of from 10 
to 20 X 10 e per cm.2 of surface at 0° and 2 0 ° C , and Gianelli and Braccio 
(1956) obtained similar figures for the landing boxes at Parma. Other 
data suggest that aluminum market boxes may be just as heavily con
taminated as wooden ones, although they are more easily cleaned. 
Spencer (1959) also showed that the flora of wooden boxes differs 
markedly from that of both fresh and spoiling fish, and consisted of 5 0 % 
coryneforms, 18% achromobacteria, and 14% Pseudomonas spp., the 
remainder being flavobacteria and micrococci. It will be clear, therefore, 
that the flora of market fish is likely to show even wider variations than 
that of newly caught fish. Within the past two years a survey of the flora 
of fish landed at Hull market has been carried out by Spencer (1957) 
at the Humber Laboratory. 

The average load on the skin of over 200 fish sampled by Spencer 
(1956, 1957) was about 10 6 (at 20°C.) and about 10 3 (at 37°C. ) . The 
ratio of the number grown at 37°C. to those growing at 20°C. has, there
fore, greatly increased compared with newly caught fish. 

From Georgala's data (1957a) it appears as if the flora of fish not 
more than 2-3 days in ice differs little from what might be expected, i.e., 
the Pseudomonas-Achromohacter spp. together account for about 70% 
of the total flora at 20°C., but the coryneforms now form a conspicuous 
part of the flora. The latter may come from contact with either the ice 
or the landing boxes. Stewart's data (1934a) for older fish show a de
crease in the percentage of micrococci but increases in the Plax>ohacterium 
and Achromohacter spp. However, since many of the types classified by 
Stewart as Achromohacter are now believed to be Pseudomonas spp., it 
seems certain that the numbers of the latter are much higher than those 
given by this author. 

With the still older fish sampled by Spencer, the Pseudomonas group 
(at 20°C.) now becomes predominant, while the Achromohacter spp. 
and coryneforms again account for a considerable percentage of the total 
flora. It should also be noted that the Micrococcus spp. comprise more 
than 80% of the microorganisms isolated at 37°C. 

To summarize, then, it may be concluded that so far as temperate 
waters are concerned, market fish in general will differ from newly 
caught fish by having higher surface load, a greater proportion of or
ganisms capable of growth at 3 7 ° C , and greater numbers of Pseudo
monas spp. and coryneforms. 



508 J . Μ. SHEWAN 

D . T H E E F F E C T OF SUBSEQUENT HANDLING AND PROCESSING 

A substantial quantity of the fish landed at the ports is sent to inland 
markets after little further treatment. With herring, mackerel, and other 
pelagic species, not gutted at sea, the fish are usually transferred to other 
boxes or containers, iced up and dispatched by road or rail; and pro
vided the icing has been adequate and the journey not too long, the fish 
should reach the consumer in good edible condition. With larger fish, 
such as cod, ling, and halibut, the heads may be removed, and the fish 
cut into convenient pieces for packing, washed, and packed into con
tainers with ice. 

In Britain and other Northwest European countries and in North 
America, the largest proportion of the white fish landed is either split 
and further processed, e.g., smoked, as with small haddock, whiting, and 
codling, or salted, as with cod and ling, or filleted. 

It is proposed now to examine in turn the effect of such processing 
on the bacterial flora of fish. 

1. Filleting 

On arrival from the market, the fish may be thrown in a heap onto 
the center of the filleting table or trough, which may be made of wood, 
but in the more modern factories is of metal or concrete. On the table, 
the fish may then be lightly hosed or sprayed with water, which in some 
factories contains a few p.p.m. of residual chlorine. With troughs, the 
fish are filleted in batches and hence most of them lie in the wash-water, 
which soon becomes heavily contaminated (see below), until filleting is 
completed. Fresh water is added only with each new batch, although in 
many fish houses water is allowed to run continuously through the 
troughs. In some of the more modern factories in North America the 
fish are flumed almost directly from the discharging vessel to the filleting 
tables. Filleting may be hand-done, but filleting and, in particular, skin
ning machines are becoming increasingly common. As might be expected 
from such a process, the fish flesh comes in contact with a variety of 
surfaces, many of which are heavily contaminated. It is not surprising, 
therefore, that even with very fresh fish whose bacterial load in the round 
state is known to be very small, the counts on the fillet surfaces may vary 
from a few thousand to many millions per cm.2 

The most detailed study of the bacteriology of the filleting process 
known to the writer is that carried out by Georgala at Torry in 1957. 
Georgala (1957a) sampled at numerous points the filleting lines, both in 
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commercial houses during a normal day's run and in the laboratory, 
where conditions could be more carefully controlled. His work may be 
briefly summarized as follows: 

Comparisons were made, at various times during a year, of whole 
gutted cod, on arrival at the filleting trough, after washing in the trough 
or on the bench, and after filleting with and without skinning. A batch of 
cod, usually not more than 1-2 days in ice after catching, was divided 
into two. One lot was treated carefully in the laboratory, whereas the 
fish in the other one were tagged and introduced into the commercial 
filleting line along with the normal day's production. In all, six experi
ments were conducted during one year. 

a. QUANTITATIVE ASPECTS 

Washing generally reduces the skin load, although on occasions it 
leads to increases. This is not surprising, since observation at the factory 
showed that washing was often perfunctorily done, some of the bottom 
fish never coming in contact with the running water. Moreover, the wash
ing trough always contained a large amount of dirty water from previous 
washings and contaminated subsequent batches. 

These results have been paralleled by more recent data obtained by 
Spencer (1956, 1957) at the Hull market. Spencer found that in 12 
samples of water taken from commercial washing troughs where water 
was only occasionally running through the fish, the average counts were 
5.0 χ 10 3 and 2.2 χ 10 6 per milliliter at 37°C. and 20°C. respectively, 
whereas with continuously running water the corresponding counts were 
1.9 χ 10 3 and 4.2 χ 10 5. Such washing, on the average, reduced the 
load on the surfaces of marked fish by 75 to 80%, with intermittent run
ning water, and by 90% in running water. Mechanical jet washing, on 
the other hand, reduced the load on the average by 95%, but it could be 
as low as 4 0 % . With careful hand-washing, a 9 9 % reduction could easily 
be attained. 

After filleting, the average skin counts, according to Georgala's data 
(1957a) , were 10

3
·

6
 ( 3 7 ° C ) , 1 0 5 0 ( 2 0 ° C ) , and 10

4
·

7
 (0°C. ) per cm.2 

and were generally somewhat higher than the averages for the whole 
fish after washing, which were 10

2
·

8
 ( 3 7 ° C ) , 10

4
·

6
 ( 2 0 ° C ) , and 10

4
·

2 

( 0 ° C . ) . Immediately after the first fillet-knife incision the count in
creased enormously. The subsequent increases are obviously the result 
of contact with the filleting benches, which, it is generally conceded, are 
the most important source of fillet contamination. The results of the ex
amination of possible sources of contamination revealed that the filleting 
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bench is the greatest single source of contamination, as already found by 
Castell (1954) . This worker estimates that about 80-90% of the con
tamination on commercial fillets in Canada comes from the benches. 

Comparison by Georgala (1957a) of careful filleting done in the lab
oratory with commercial practice showed that the former always resulted 
in lower loads. Subsequent examination of normal commercial samples 
showed that in general the counts at 3 7 ° C , 2 0 ° C , and 0°C. ranged be
tween 10 4 to 10 5 per cm.2 surface, with no differences between the loads 
on the surfaces next the skin or backbone. 

The results substantially corroborate the experience of Castell (1954) 
with commercial filleting plants in eastern Canada. This worker showed 
that, starting with an almost sterile filleting line, there is a rapid initial 
buildup of the fillet load, the size of the increase depending on the con
dition of the fish, followed by a slower, more general rise as the day's 
work proceeds. Castell (1954) also found that in actual practice the 
filleting benches, in spite of attempts to clean them at the end of the pre
vious day's run, were so heavily contaminated that the fillet loads at the 
beginning of the day and after a further 4 hours' continuous working 
were almost identical. 

Castell (1954) further showed that washing the fish prior to filleting, 
if properly performed, could reduce the fillet loads by 60 to 9 8 % . More
over, machine skinning reduced the loads to about 80 or 90% of those 
produced by hand. 

b. QUALITATIVE ANALYSIS 

The qualitative changes in the flora of cod during the filleting process 
were analyzed in detail by Georgala (1957a) . Compared with the flora 
of newly caught cod, the most important differences are the large in
crease in the percentage of coryneforms at 20 °C. and of Achromobacter 
spp. at 0°C. This is particularly noticeable in the final fillets. Later ex
aminations of commercial fillets taken at random at the end of the filleting 
line (Fig. 11) confirmed these findings. 

As might be "expected, the contaminating surfaces undoubtedly affect 
the flora qualitatively as well as quantitatively. In general, this is evi
denced by the fact that the percentage of mesophiles on fillets ( 0 . 3 -
2 8 % ) is much higher than that of newly caught fish ( 0 - 5 . 0 % ) . The fish 
arrive from the fish market in boxes whose flora is known to contain a 
large percentage of coryneforms (see Section II, C, 2 ) . Moreover, this 
latter group predominates in the flora of knives and bucket water (at 
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20°C. ) , while at 0°C. the achromobacteria are more important (Georgala, 
1957a). 

Further evidence of the contribution the benches make to the fillet 
flora is seen from an experiment designed to assess the numbers of P. 
fragt on the benches and fillets. It is known that this Pseudomonas 
species and its closely related strains are present in very small numbers 
in newly caught fish but increase in importance as the fish is stored in 

Skin,unskinned fillets 

Muscle.skinned fillets 

I Pseudomonas 0 Achromobacter £3 Coryneforms 

HU Micrococcus Π Miscellaneous (including 
flavobacteria) 

FIG. 11. Generic distribution of bacteria isolated from commercially prepared cod 
fillets. 

ice (Shewan and Liston, 1956). In the whole gutted cod before filleting, 
P. fragt could not be detected, yet it constituted over 4 0 % of the flora 
of the benches and from 11 to 3 3 % of that of the fillets. This organism 
is well known for its production of fruity odors (Breed et al., 1957), and 
it is of interest to note that these are often a characteristic feature of 
spoiling fish fillets (Shewan et al., 1953; Castell and Greenough, 1957). 

The marked effect of environment on the qualitative aspect of the 
flora of fillets is further shown in two sets of data obtained by Shewan 
(1945b) and Georgala (1957a) . It will be seen there that under some 
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circumstances the micrococci can form the predominant group, while 
under others they never account for more than a few per cent of the 
total flora. 

It may be concluded that since the flora of fillets is closely related 
both qualitatively and quantitatively to environment, wide variations are 
to be expected in its composition. 

2. Changes during Passage to the Retailer 

Fewer data appear to exist on the effect of treatment between the 
fish house at the port or other wholesale markets, the fish shop, and the 
consumer. Inevitably conditions will vary considerably from country to 
country, but in general it may be said that the bacterial flora will be 
conditioned by two main factors, viz., the time between dispatch and 
arrival in the shop and subsequent sale and the temperature of the fish 
during this period. 

In Canada and the United States, the journey from the port to the 
inland consumer can be sufficiently short for retail sale to be effected 
before spoilage occurs (Castell et al., 1954), but it can occupy several 
days, often in unfavorable temperature conditions for at least part of the 
time and, consequently, bacterial spoilage can be considerable. 

In Britain, where the journey from the main fishing ports to the large 
towns and hence between port and consumer need never exceed 12 and 
36 hr. respectively, the fish, if well handled, should suffer little deteriora
tion. However, recent surveys carried out by Torry Research Station at 
the Humber Laboratory suggest that temperature conditions during 
transport and between port and the fish shops leave much to be desired 
(Burgess, 1958), and considerable bacterial spoilage almost certainly 
occurs. The precise nature of the bacterial changes, however, has still to 
be investigated. 

3. Smoking 

When fish are smoked, they are subjected to four basic treatments, 
viz., brining, drying, smoking, and heat treatment (i.e., cold or hot 
smoking). These, together with the species of fish and type of cut, give 
rise to the large variety of smoked fishery products (see Table IV, 
Vol. I l l , Chapter 17) . Thus "bloaters" are unsplit, ungutted herring, 
given a light brine and a light cold smoke, whereas the same fish, un
split, but gutted, heavily salted and heavily cold-smoked give the "red" 
herring cure. With kippers, the herrings are split, lightly brined and 
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medium cold-smoked, while buckling are similar to bloaters, but given a 
hot smoke. 

a. COLD SMOKING 

In cold smoking, the temperature of the fish should never exceed that 
at which the protein is denatured—usually between 28° and 32°C. 
(Shewan, 1945a; van den Broek, 1948)—otherwise, the surface appear
ance is spoiled, the fish become soft and fall off the tenters into the fire 
(so-called "droppers" in the trade). With hot smoke, on the other hand, 
the kiln temperature is quickly raised to almost 100°C, during which 
time the fish lose 15-30% H 2 0 and reach temperatures of 65° to 75°C. 
(Brauer, 1937; van den Broek, 1948; Tilgner, 1957). According to Tilgner 
(1957) , the inner temperature of the fish should reach about 75 °C. in 
order to produce the proper cured flavor. However, even for a single 
commercial smoked product, a wide range of conditions of brining and 
smoke treatment (including drying) exists, depending on such factors as 
external conditions, types and original quality of fish, the type of market, 
skill of the smoker, and so on. 

It need hardly be said that the microbiological studies of both the 
process and the product have been carried out with only a few of the 
varieties of smoked fish listed in C. L. Cuttings Table IV (Vol. I l l , Chap
ter 17) , and even then our knowledge is far from complete. 

Most of the existing data relate to two of the most important cold-
smoked products, viz., "finnans" and "kippers," although some work has 
been done on hot smoking and on "reds." 

b. T H E FLORA OF THE SALTS AND THE BRINES 

As will be seen from Cutting's table (loc. cit.), most products 
are at first submitted to a preliminary treatment in brine. The strength 
of the brine and the time of brining vary enormously, ranging from a few 
minutes in 7 5 % to 80% brine for "finnans" to weeks or even months in 
saturated brine for "reds." To produce the brines, three types of salts are 
commonly used, viz., solar, mined, and manufactured. All these salts 
carry, on the average, loads of from 10 1 to 10 3 per gram of wet salt at 20° 
and 37°C. (Bain et al., 1958a). In addition, the solar salts normally carry 
large numbers of halophiles, but these are usually absent from both rock 
and manufactured salts. This latter group of microorganisms is not im
portant in smoked fish (except perhaps in "reds"), since the salt content 
even at the surface of the fish is never high enough to support their 
growth (Shewan, 1949a). 
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In the solar salts examined at Torry the Bacillus spp., mainly B. meg-
aterium and B. subtilis, appeared to form 7 5 % of the flora, followed by 
the Micrococcus-Sarcina spp., results confirming those already published 
by Tattevin (1927) and Petrova (1933) . In the few mined salts ex
amined by Bain et al. (1958a) the Micrococcus group accounted for 7 0 % 
of the total isolates, followed by the coryneforms ( 2 0 % ) and the Bacillus 

5 10 15 20 

Time(minutes) 

FIG. 12. Changes occurring in the total viable count of a brine during a complete 
cycle of the brining process (brine temperature 12°C, pH 5.9, counts on 0.5% NaCl 
agar at 2 0 ° C ) . 

group ( 4 % ) . Tattevin (1927) , on the other hand, found that the Bacillus 
and Micrococcus groups occurred most frequently. 

As might, therefore, be expected, the flora of the fresh brine is con
ditioned largely by that of the salt used. Immediately after the first lot 
of fish has been brined, however, there is a large increase in the load, 
and this increase continues throughout the day as more and more fish 
are brined, until by the end of the run the counts are usually 10 to 100 
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times that of the initial brine (Fig. 12) . It will be seen there that after 
the 10-min. brining period (see Fig. 12) there is a fall in numbers, fol
lowed again by a large increase immediately after the next lot of fish is 
immersed. In some fish houses, brines may be renewed every day or 
even twice daily, depending on the quantity of fish used. In others, the 

;','.'· Micrococci 
Corynebacteria 

• Gram-negative 
reds 

5 0 0 

ε 
"ο 

2 5 0 

Count on 0 . 5 % NaCl agar 

X L I I 

Count on 5 .0% NaCl agar 

4 
Stone fish 

brined 

72 
Stone fish 

brined 

4 
Stone fish 

brined 

72 
Stone fish 

brined 

FIG. 1 3 . Comparison of the flora of a brine at the beginning and end of a day's 

same brine, with the addition of solid salt to keep up the strength, may 
be used continuously for days and even for a fortnight. The few data 
available suggest that in these latter instances peak loads of from 10 3 

to 10 4 per milliliter of brine are reached after 2 to 3 days and thereafter 
remain at these levels for the rest of the time (Shewan, 1946). 

Qualitatively (Fig. 13) (Bain et al, 1958b), it will be noted that 
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during a day's run there are changes in the original flora of the brine. 
Proportionately both the coryneforms and the gram-negative rods in
crease enormously at the expense of the micrococci, although, of course, 
the total numbers of the latter also increase. This is not surprising when 
it is remembered that the flora of the fish used for smoking consists 
mainly of gram-negative asporogenous rods and coryneforms. In split 
haddock ready for brining (Liston and Shewan, 1958), 5 6 % of the flora 
consists of Achromobacter, Pseudomonas, Plm>obacter spp. and 20% of 
coryneforms. In these experiments, a significant feature of the gram-
negative group was the relatively small proportion of Pseudomonas spp. 
and even then they occurred only late in the day. They form a predom
inant part of the flora of whole fish and are the most important group 
among the gram-negative rods in the split fish (Liston and Shewan, 
1958). Experiment has also shown that a large proportion ( 8 5 - 9 0 % ) of 
the flora of such fish as haddock and cod can survive the brining treat
ment and indeed even a much longer exposure ( 4 ^ hr.) in 20% salt 
solution (Liston and Shewan, 1958, see also Coupin, 1915). Not all types, 
however, are halotolerant, and the evidence is that the flavobacteria and 
some Pseudomonas types are more stenohaline than members of the 
micrococci, Achromobacter, and Bacillus groups (Venkataraman and 
Sreenivasan, 1954b); this may account for the virtual absence of 
Pseudomonas spp. during the first few hours of brining. It is not known 
whether the halotolerant Pseudomonas types appearing at the end of a 
day's brining increase in numbers in brines used for longer than a day, 
but if they do and survive smoking, and since they are considered to be 
active in fish spoilage, then fish treated in older brines might spoil more 
quickly on storage than when fresh brines are employed. 

Previously it used to be thought (Shewan, 1949b) that brining had 
two functions to perform, viz., it sensitized the bacteria to the action of 
the wood smoke and it added condiment to the cure. 

From the above results it seems quite clear that, so far as lightly 
brined cures are concerned, there is a selective action on the flora brought 
in on the fish, and in particular a suppression of a large portion of the 
Pseudomonas spp., i.e., types considered to be most active in spoilage. 
It also seems clear from the above results that the salt has a much smaller 
part to play in the flora of the brines, and hence of the brined fish, than 
that of the fish themselves. It may well be, however, that some species 
of bacteria brought in by the salt do play an active part in spoilage; 
only further work will show if this is so. 
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c. CHANGES IN THE FLORA OF FISH DURING AND AFTER BRINING 

Light brining generally has no marked effect on the numbers of bac
teria present on fish, although it seems certain that very fresh fish, 
handled and prepared under ideal conditions at the fish working bench, 
would suffer by having an increased load if immersed in an old, used 
brine. Even fish heavily brined, as for "reds," may carry loads of about 
10

4
 per cm.2 surface before smoking (Liston and Spencer, 1957). From 

what has been said above it is to be expected that, qualitatively, the 
brined fish would differ somewhat from the unbrined, prepared fish. To 
some extent these differences depend on the age of the brine but, gen
erally speaking, the gram-negative groups, especially the Pseudomonas 
and Elavobacter spp. decrease in importance at the expense of the gram-
positive types (micrococci and coryneforms) (Liston and Shewan, 1958). 

d. T H E FLORA OF THE FISH AFTER SMOKING AND ON STORAGE 

( 1 ) Cold Smoking 
The smoking process itself, which includes both drying and impreg

nation of the fish with the wood smoke constituents, results in a con
siderable kill-off in the load on the fish. The percentage killed will, of 
course, vary with such factors as the degree of smoking, but in "kippers" 
and "finnans" it is of the order of 75 to 100% at 2 0 ° C . and from 25 to 
70% at 3 7 ° C . In cold smoking it is the smoking per se, and not the 
drying, that effects this kill-off (Shewan, 1949b). Moreover, it seems 
now to be well established that the phenolic constituents of the smoke 
are among the most active bactericidally (Shewan, 1949b) and not the 
lower fatty acids, formaldehyde, etc., as previously thought (Hess, 1929; 
see also Shewan, 1954). Thus guaiacol, creosol, and pyrogallol have 
phenol coefficients against E. typhi and S. aureus of from 1.6 to 10.0 
(Shewan, 1949b), and recent work at Torry on the effect of mixed smoke 
fractions, each containing several components, against the normal flora 
on the surface of brined haddocks before smoking confirmed that some 
of the most active components are: guaiacol, and its methyl and propyl 
isomers; creosol; catechol; methyl catechol; pyrogallol and its methyl 
ether (Shewan and Simpson, 1958). Many of these latter compounds have 
very high phenol values against S. aureus and E. typhi (Suter, 1941) but 
nothing is known so far of their values against the members of the flora 
on the unsmoked fish. 

Qualitatively, smoking does not appear to alter the flora of products 
like "finnans" and "kippers," although in some experiments the sampling 
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may not have been sufficiently intensive for such a sweeping generaliza
tion to be made. With "kippers" Spencer also found that smoking had 
little effect qualitatively on the flora, although in some earlier work by 
the author it seemed to result in the survival of a large percentage of 
micrococci (Shewan, 1949b). 

However, during storage after smoking there is marked alteration in 
the nature of the flora on both "finnans" and "kippers." Thus in the 
"finnan" experiments at the end of the lag period (3 days at 20°C.) the 
Pseudomonas spp. have relatively increased, at the expense of the coryne
forms. In one "kipper" experiment a similar result seemed to have oc
curred, while in the commercially cured lot over 70% of the flora after 
3 days at 20°C. consisted of micrococci (Storey and Spencer, 1956, 1957). 

It is believed that these differences between "finnans" and "kippers" 
are real and not due to sampling. Thus, despite the fact that the floras 
of haddock and herring after brining appear to be similar "kippers" are 
usually somewhat more heavily smoked than "finnans." Moreover, the 
oil in the herring may exert a selective action on the surface flora tending 
to favor the survival of the more resistant micrococci. However, it seems 
certain that much more data will have to be available on such items as 
the effect of the degree of drying and the continued action of smoke 
constituents after removal from the kiln, as well as the effect of the 
components in the flesh on individual bacterial species before the dif
ferences in final load can be adequately explained. 

"Reds" constitute an almost sterile product, and even after several 
weeks storage at 20°C. the counts remain remarkably low. In this in
stance undoubtedly both the heavy smoking and the high salt content 
of the flesh, 12-14% NaCl, account for these facts. 

Compared with wet fish, a most noticeable feature of the flora of 
smoked fish, particularly during storage, is the presence of molds. These 
microorganisms have seldom if ever been recorded on newly caught fish 
except in pathogenic conditions (see above) and are obviously ter
restrial contaminants. Experiment has shown (Shewan, 1949b) that one 
of the most important sources of molds in smoked fish is the sawdust 
used for the smoke production. It has long been recognized in the food 
industry that the particles of sawdust with their roughened surfaces are 
ideal places to collect mold spores (Richardson et al.9 1954). In most 
fish houses sawdust is usually stored in damp conditions and at tem
peratures which allow molds to increase rapidly, so it is not surprising 
that sawdust is so heavily contaminated. 
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( 2 ) Hot Smoking 
As already mentioned, with hot smoking the fish are subjected to 

temperatures in the region of 65° to 75 °C. for periods of 30 min. and 
longer (Brauer, 1937; Tilgner, 1957). Such temperatures would destroy 
most, if not all, of the psychrophiles, and only the more resistant meso-
philes might be expected to survive. The results obtained by Brauer 
(1937) in the hot smoking of dabs, herring, red barsch, coalfish, and cat
fish, in which the highest temperatures reached by the fish were 55-57 °C. 
in coalfish and 61.5-65°C. in buckling, showed that in general these 
products were sterile on removal from the kilns. Occasionally, however, 
a few gram-positive cocci appeared to survive. According to Brauer 
(1937) , the psychrophiles from fresh fish are killed in ^ to ^ n r- a t 

5 0 - 5 5 ° C , while some strains from spoiling smoked fish survived this 
heat treatment. 

Van den Broek (1948) , in a detailed study of the hot smoking of eels 
in Holland, also found that when the process was properly carried out, 
few bacteria survived. The fact that eels caught in contaminated waters 
and commercially hot smoked could, on occasion, give rise to outbreaks 
of Salmonella poisoning, indicated that these mesophiles were able to 
survive inadequate processing. 

4. Freezing 

With the increasing use of freezing and cold storage for the preserva
tion of all types of foodstuffs, including fish, there has grown up an ex
tensive literature on the effect of freezing on microorganisms. The freez
ing effect usually includes that of thawing also, although this is not always 
explicitly stated, and it is often impossible to disentangle the two. It is 
not proposed here to discuss in detail the general theoretical aspects of 
freezing and thawing on microorganisms except where these are par
ticularly applicable to fish. In any case, the relevant literature has re
cently been excellently reviewed by Borgström (1955) , and reference 
should also be made to the articles by Berry and Magoon (1934) , Haines 
(1938) , Luyet and Gehenio (1940) , Weiser and Osterund (1945) , 
Weiser and Hargiss (1946) , Stille (1950) , and Ingram (1951) . 

a. T H E E F F E C T OF L O W TEMPERATURES ON MICROORGANISMS 

When the temperature of a substrate containing a mixed microbial 
population is lowered, there is first an extension of the lag phase of 
growth (Hess, 1934b; Kiser, 1944; Ingraham, 1958) (Fig. 10) , followed 
by a gradual elimination of the various bacterial types as their minimum 
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temperature is reached and exceeded. At about + 5 ° C . t- ne mesophiles 
generally cease to grow, and as the temperature is further lowered, 
various members of the psychrophilic group are then eliminated. Thus 
Bedford (1933) found that of the 70 marine strains, including 12 micro
cocci, 13 Serratia, 21 flavobacteria and 24 achromobacteria, only 1 Ser
ratia, 1 flavobacteria and 4 achromobacteria had minima of + 5 ° C . or 
above. At —5°C. all the Serratia except one, and a further 4 micrococci, 
10 flavobacteria, and 11 achromobacteria had been eliminated. At 
—7.5°C. only 2 micrococci and 7 achromobacteria continued to grow— 
all the Serratia and flavobacteria had been completely suppressed. 

It should be noted that below the minimum temperature, growth is 
not just arrested, but there is in fact a gradual kill-off of the micro
organisms present. As soon as freezing occurs, there is often arrested 
growth, even at temperatures above those permitting it in unfrozen 
media (Fig. 14) (Stewart, 1935), probably due to the restricted moisture 
conditions resulting from the freezing-out of some of the water in the 
substrate (see Section II , D, 4 ,b) . However, yeasts and molds are not so 
sensitive to these latter conditions and they may grow, even in frozen 
media, below —7.5°C. Normally, growth of all description is suppressed 
below — 1 0 ° C , although it has been claimed (Redfort, 1932) that bac
terial multiplication occurred in frozen fish at —11 ° C , after 16 months, 
and that a pink yeast grew in frozen oysters at —19 °C. (McCormack, 
1950, 1956). 

When growth does occur at the low temperatures mentioned above, 
most, if not all, the biochemical activities of the microorganisms are re
tained, although the speed of their development may be strikingly 
altered (Hess, 1934a; Kiser, 1944). Thus Hess (1934a) found that with 
an Achromobacter sp., glucose, sucrose, and maltose were fermented in 
22 days at 0°C. and after 120 days at —3°C. Nitrate reduction, on the 
other hand, took place in 15 days at 0°C. and in 20 days at —3°C. 

Similarly, Kiser (1944) found that some of his Achromobacter strains, 
isolated from mackerel, which produced acid in glucose within 2 weeks 
at 2 5 ° C , failed to do so after a month at + 7 ° C . or 2 months at —4°C. 
Several, however, reduced nitrate to nitrite within these specified times 
and temperatures. 

Numerous experiments have been performed to investigate the effect 
of freezing per se, using pure cultures under well-defined conditions, and 
although some of the results appear to be conflicting and the interpreta
tions even more so, the following facts appear to have been well estab
lished. 
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( 1 ) When bacteria are frozen, some suffer death, but the proportion 
surviving appears to be independent of the rate or temperature of freez
ing. The gram-negative asporogenous rods, especially the Pseudomonas 
group, are particularly cold-sensitive, whereas the gram-positive types 
such as the micrococci and lactobacilli (Lochhead and Jones, 1938; Lund 
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FIG. 1 4 . Rate of growth of bacteria on supercooled and frozen fish muscle at 
— 2 ° C ; = supercooled, = frozen. 

and Halvorson, 1951) and fecal streptococci (Robinson et al, 1952) are 
more resistant. Freezing and storage under frozen conditions have vir
tually no action on bacterial spores; and yeasts and molds both survive 
better than bacteria (Ingram, 1951). Thus the selective action of freezing 
is quite different from that of chilling mentioned earlier. 

( 2 ) Freezing also appears to have no effect on the cultural or other 
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characteristics of most psychrophiles after thawing. Some of the meso-
philes, however, such as Escherichia coli and the salmonellae seem to re
quire more highly nutritive media for growth (Gunderson and Rose, 
1948; Hartsell, 1951). This phenomenon is paralleled in some ways by the 
effects of sublethal heating on the same organisms (Nelson, 1943a, b; 
Curran and Evans, 1937). 

Ο 10 2 0 30 4 0 5 0 

Days 
FIG. 1 5 . Death of Bacillus pyocyaneus in frozen suspensions stored at different 

temperatures. 

( 3 ) The bacterial cells can be protected by the presence of colloidal 
materials so that there is a higher mortality in, say, distilled water than 
in broth or fish. Higher mortalities also occur at high pH's (Hess, 1934c). 

( 4 ) The cells surviving the initial freezing gradually die off on fur
ther storage, at first exponentially with time (Haines, 1938; Kiser, 1943), 
and this decline is greater the closer the storage temperature is to freez
ing point (Haines, 1938) (see Fig. 15) . At —195°C. there appears to be 
no storage death at all (Weiser and Osterund, 1945). 
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b. E F F E C T OF FREEZING ON THE MICROORGANISMS ON F I S H 

The general experience with foodstuffs agrees in the main with the 
above results obtained under carefully controlled laboratory conditions 
with pure cultures. 

With material such as fish it has, of course, to be remembered that 
freezing is a gradual process. At the freezing point of the aqueous phase, 
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FIG. 1 6 . The effect of temperature on the rate of growth of bacteria in fish 
muscle; A = — 3 ° C , Β = — 4 ° C , C = — 6 ° C . 

the water separates as ice, the solute concentration increases, and the 
freezing point of the remaining solvent is lowered. This process is re
peated by further cooling until the eutectic is reached, when the remain
ing fluid freezes completely. 

As already mentioned (see Fig. 14 ) , it appears as if it is the amount 
of desiccation, and not the temperature, which limits the growth of certain 
bacteria in frozen media. It is to be expected, however, that at subzero 
temperatures the foodstuff may be frozen stiff, and yet contain sufficient 
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moisture to sustain microbial activity (Riedel, 1956). This seems to be 
confirmed by Stewart's (1934b) results with fish muscle, in which growth 
was found to occur after several months at —6°C. (Fig. 16) . 

( 1 ) Quantitative Effect 

So far as the data relate specifically to fish, it appears to be well 
established that, as with pure cultures, freezing causes a considerable 
destruction of 60 to 9 0 % in the bacterial population present (Kiser and 
Beckwith, 1942; Pivnick, 1949). Pivnick's data (1949) also seem to in
dicate that, in general, the rate of freezing has little effect on the rate of 
destruction. 

During storage a further fall in numbers occurs, exponentially for the 
first period, followed by a more gradual decline. As might be expected, 
the heavier the initial load, the greater the number of survivors, a matter 
of some importance when the fish are thawed out again. Even after pro
longed storage, sterility is never attained, however. The higher the tem
perature of freezing storage, the greater the destruction; this confirms the 
results of Haines (1938) and Weiser and Osterund (1945) with pure 
cultures. 

(2 ) Qualitative Effect 

As already mentioned, freezing, like chilling, has a selective action 
on the microbial flora, but, of course, the various species are affected 
differently, and this is borne out in the few available data. Thus Stewart 
(1934b) showed that with haddock stored for 3 months at —12°C. the 
Pseudomonas spp. had disappeared, the Achromobacter types were con
siderably reduced and the Fhvobacter spp. had increased fourfold. In 
general, Pivnick's results (1949) for cod, although somewhat variable 
for the two experiments quoted, appear to confirm those of Stewart's 
(1934b) . 

Additional evidence on the alteration in the nature of the flora due 
to freezing is given by Pivnick (1949) , who found that there was a gen
eral tendency for the relative proportions of gelatin-liquefiers to be re
duced. Moreover, cod frozen and stored at —12.3°C. had a greater per
centage of bacteria capable of reducing trimethylamine oxide than had 
fish frozen and stored at —23.3°C. It is possible that some of these results 
might be due to alterations in the enzymic makeup of the surviving bac
teria, but, as already mentioned, the evidence is that only the mesophiles 
are thus affected. 
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c. SPOILAGE OF DEFROSTED F I S H 

Since freezing and cold storage generally reduce the bacterial load 
quite considerably, albeit with some qualitative alterations in the flora, 
it is somewhat surprising to find a general belief, supported with little 
scientific evidence, that defrosted fish spoil more quickly than unfrozen 
fish and slowly frozen fish more quickly than fast-frozen ones. 

Neither Almy and Field (1922) , Stewart (1935) , nor Stille (1941) 
could find any difference in the spoilage rates of defrosted and unfrozen 
fish. Stille used bacterial counts on the fillet surface as his criterion of 
spoilage, Almy and Field the production of ammonia and amine nitrogen, 
while Stewart used a combination of organoleptic, chemical, and bac-
teriologic tests. Pivnick (1949) , on the other hand, despite some varia
tions between different experiments, found that although slowly frozen 
fish after 24 hr. spoiled more quickly than fast-frozen fish, after 3 and 6 
months the fast-frozen fish always spoiled more quickly. He used tri
methylamine and total volatile-base estimations, along with bacterial 
counts, as his indices of spoilage. These results are in keeping with the 
finding that the higher the temperature of storage, the greater the 
destruction of the bacteria present. Pivnick (1949) also found that both 
lots kept better than unfrozen fish, which is again consistent with the 
fact (see first paragraph of this section) that freezing destroys a con
siderable proportion of the bacterial load. As Pivnick points out, there is 
an additional feature to be considered, viz., the effect of freezing and 
storage on the lag phase of bacterial growth. This author (Pivnick, 1949) 
showed that although the lag phase during growth in the defrosted state 
at + 3 ° C . after 24 hr. frozen storage differed little from the unfrozen 
controls, the lag periods after 3 and 6 months' storage at —12.3°C. or 
—24.3°C. increased by 2 to 7 days. The temperature of storage appeared 
to have little effect, however; but Pivnick (1949) believes that this in
crease in the lag phase is one of the major factors contributing to the 
extended shelf-life of defrosted fish. It should be pointed out, however, 
that there is some evidence of adaptation to low temperature (Horowitz-
Vlassova and Grinberg, 1933; Chistyakov and Noskova, 1955), so that 
the generation time can be shortened considerably in microorganisms 
previously held at low temperatures. 

Some recent experiments conducted at Torry Research Station on the 
spoilage behavior in ice of defrosted cod, stored for various periods in 
ice before freezing, in general confirm Pivnick's findings. In these ex
periments organoleptic, bacteriologic, and chemical (total volatile base 
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and trimethylamine contents of the muscle) were used as the spoilage 
criteria. More recently Luijpen (1958) , using a combination of organo
leptic, bacteriologic, and chemical tests, has also found that thawed fish, 
frozen at — 3 0 ° C , spoil somewhat more slowly at + 2 ° C than the un
frozen controls. It is of interest to note that Sulzbacher (1952) could 
find no evidence to support the commonly held belief that thawed meat 
is more perishable than unfrozen fresh meat. 

5. Salting 

In view of the fact that salting is losing ground to other methods of 
preservation (Vol. II , Chapter 19) due to major improvements in those 
methods as well as in fresh-fish distribution, there has been little real 
incentive to study scientifically the microbiology of salted products. 

As with smoking, there is an infinite variety of salted products, but in 
general these are all variants of two fundamental methods, viz., dry 
salting and pickling. The former is used to cure nonfatty species like 
ling and cod, while the latter cures fatty species such as herring, mackerel, 
sardine, and pilchards (see Duthie, 1911; Avery, 1950; Berezin, 1946; 
Jarvis, 1950; Dieuzeide and Nouvella, 1951; van Dijk and Sunderland, 
1953; Voskresensky, 1958). The large range of marinated products is made 
from such pickled species with the addition of spices, vinegar, etc. 
(Borgström, 1953). 

a. BACTERIA IN THEIR RELATIONSHIP TO NaCl 

In relation to salt, bacteria can be divided into three main categories. 
( 1 ) The halophobic or salt-sensitive group, which includes most 

pathogens and, more important from our point of view, most of the 
putrefactive types such as Pseudomonas and Achromobacter spp. These 
fail to grow in salt concentrations greater than 6%, although they may 
remain viable for long periods even in the most favorable substrates. 

( 2 ) The halotolerant group, which includes most spore-bearers, the 
micrococci, some anaerobes, and in particular Clostridium botulinum. 
These can grow in concentrations greater than 6% and even up to satura
tion, although, of course, more slowly with increasing concentration of 
salt. The halotolerant properties of Staphylococcus aureus have been 
used to isolate it from mixed cultures in clinical, food, and other mate
rials (Chapman, 1945, 1948; Mossel and Vendrig, 1956). 

( 3 ) The halophilic or salt-loving group, which grows best in the 
presence of salt, requiring concentrations usually greater than 2%. It 
need hardly be pointed out that most bacteria are stimulated by small 
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amounts of salt, much less than 2 % , and hence are in a sense halophilic. 
For practical purposes, however, it is probably best to define the halo-
philes as those microorganisms which fail to grow in the absence of salt 
and whose salt concentration for optimum growth lies beyond 2 % . Many 
of the types from marine fish fail to grow on primary isolation on ordinary 
media, grow best in 3 to 6% NaCl, and can grow even in media saturated 
with salt. The microorganisms causing "pink" and "dun" in salted fish 
are important members of the halophilic group (see the following sec
tion). 

b. FLORA OF SALTED F I S H 

As might be expected, the flora of both dry and pickled fish will be 
somewhat different from that of the original material, and by way of 
example it is proposed to examine three typical cures and ones on which 
we have the most data, viz., the pickling of herring, and the dry salting 
of cod in the form of light (Gaspe) and heavy cures. During the process 
of curing, the flora of the fresh fish is, of course, affected both qualita
tively and quantitatively in three ways: by handling, i.e., contact with 
working benches, tubs, barrels, hands, etc.; by the direct action of salt 
on this flora; and by the influx of microorganisms from the salt itself. 
Some indications have already been given of the changes in the flora 
occurring during handling, and also of the flora likely to be present in 
the curing salts themselves. It is appropriate to discuss here the effect 
of salt on the flora of the fish during the curing process. 

( 1 ) Pickling of Herring—British Hard Cure 

In pickling, the fresh herring, less than 24 hr. since catching, after a 
preliminary treatment or "rousing" with a small quantity of salt to re
move the surface slime and facilitate handling, are "gibbed" or "gipped," 
i.e., freed from gills, stomach, heart, and most of the entrails, the milt 
and roe being left in situ. This operation is usually done by hand, al
though mechanization has recently been introduced (van Dijk and Sun
derland, 1953; Bell et al., 1956). The fish are then packed into barrels in 
the traditional manner, salt being interspersed between the tiers. In a 
day or so, when the fish shrink, more fish at the same stage of cure are 
added to the barrel and then, finally, after 8 to 10 days, when the salt 
has "struck through," the blood pickle is run off at the bung hole, the 
barrel filled up tightly with cured fish, and the spaces filled with blood 
pickle. The barrels are now left to mature or ripen slowly, usually in a 
cool shed at 10-12°C. and remain edible for up to 10 months. At 0° to 
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—5°C. they can still be eaten after a year. Further details and variants 
of this method are given by Duthie (1911) , Jarvis (1950) , Avery (1950) , 
Biegler (1950) , and Voskresensky (1958) . 

During this curing process, when the herring lose moisture and gain 
salt, alterations are occurring both in the fish themselves and in the brine. 
The latter shows a rapid increase in the numbers of bacteria present (at 
20° and 37°C.) over the first 10 to 15 days, followed by a slow but steady 
decline, so that after 3 to 5 months only about 10% of the original num-
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FIG. 17 . Bacterial counts in salt herring brines (at 2 0 and 3 7 ° C ) . 

bers remain viable (Fig. 17) (Shewan, 1949b). After this time the num
bers remain steady at least for a further 3 to 4 months, but even pickles 
several years old may contain 10 2 microorganisms per milliliter (Schmidt-
Nielsen, 1900). It will be noted from Fig. 17 that the numbers of bacteria 
growing at 37°C. are almost as large as those at 2 0 ° C , and that even 
after the first month of curing, the counts are of the order of 10 5 to 10 6 

per milliliter. Similar values have been also found by Wehmer (1897) 
and Schmidt-Nielsen (1900) . 

With regard to the herring themselves, all the evidence seems to 
show that over the first period of curing the flesh has a rapidly declining 
population and after a few months is sterile. Thus, in a series of ex-
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perimental cures prepared in three strengths of pickle, 5 0 % , 7 5 % , and 
100% (Shewan, 1937), no bacteria were isolated from the flesh in the 
100% pickle after 30 days or in 7 5 % brine after 109 days, although the 
pickles contained approximately 10 4 bacteria per milliliter. Similar re
sults have been recorded by Krömer (1937) , Heino (1929) , and Ku-
lescha (1899) for commercial cures. 

It should be pointed out, however, that in the author's experiments 
quoted above, counts were done on ordinary agar, and these might have 
been quite different had salt media been used. Thus, although Heino 
(1929) observed sterility in most of his cured herring, he occasionally 
obtained growth on 5% NaCl agar when none occurred on ordinary 
agar; and Sreenivasan and Venkataraman (1958) found considerable 
numbers ( 1 0 3 to 10 4 after 2 to 3 months) in their mackerel cures on sea-
water agar and on 12.5% NaCl agar, although, since the skin was in
cluded in their flesh samples, this is, perhaps, not surprising. The quali
tative changes in the flora during curing have not been very intensively 
studied. It seems clear, however, that in the brine the predominant 
groups are the halotolerant and halophilic micrococci, followed by yeasts, 
spore-bearers, molds, and occasionally gram-negative asporogenous rods 
(Wehmer, 1897; Kulescha, 1899; Schmidt-Nielsen, 1900; Golikova, 1930 
a, b, c; Shewan, 1938c). The psychrophilic proteolytic Pseudomonas and 
Achromohacter types are usually absent, or at most present in small num
bers. On the other hand, Velankar (1952) , on examining a series of Indian 
cures, found spore-bearing rods predominated, and of the 33 colonies 
on salt agar from cured mackerel examined by Sreenivasan and Ven
kataraman (1958) , 70% consisted of Bacillus spp., 1 0 % of micrococci, 
the remainder consisting of coryneforms, achromobacteria, and flavo
bacteria. 

As already stated, during pickle-curing the fish ripen or mature, as a 
result of which the flesh acquires a characteristic aroma and flavor. Since 
the flesh, if not actually sterile, carries a very much lighter microbial 
load than the brine, it has been suggested that the ripening of pickled 
products, if it occurs in the fish, must be the result of enzymic rather 
than microbial activity in the tissues (Liebert and Deerns, 1930; Ke-
laiditis, 1949a, b ) . On the other hand, it is possible that the cured flavor 
could be produced microbially in the brine and diffuse into the flesh. 
There is a traditional belief in the trade that the enzymes present in the 
small portion of the gut not removed by "gibbing" are in part responsible 
for the typical cured flavor, and this is the conclusion reached by Liebert 
and Deerns (1930) and Luijpen (1959) . In. their view, bacteria are 
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agents of spoilage, responsible for "off," rather than cured, flavors. On the 
other hand, several workers have asserted that while the tissue enzymes 
undoubtedly play a part in the complex process of ripening, the desired 
cured flavor is the direct product of microbial activity (Buianovska, 1934; 
Messing, 1934; Aleev et al., 1936; Omland, 1955). Attempts made by the 
author several years ago (1937, 1938b) to test these hypotheses were 
unfortunately interrupted by the war, but the results then obtained 
(Shewan, 1938b) appeared to indicate that microbial action does play 
an important role in the development of the true cured flavor. Such a 
conclusion would also be in accord with the view that bacteria play a 
decisive role in the curing processes of meat and other animal products 
(Eddy, 1958). 

( 2 ) Dry Salting of Cod and Allied Species 

With dry salting, the fish (cod, ling, etc.) are beheaded, split ven-
trally and in heavy cures, the backbone is removed, save for the tail 
portion, and they are laid in piles with salt interspersed between the 
layers. In the light cures the fish are laid in tubs, flesh side up, and after 
24 hr., when sufficient brine has been formed, the fish are submerged 
under the pressure of, say, a heavy stone or weight and kept there for a 
period ranging from 48 to 72 hr. They are then removed, stacked for 5 
to 6 hr. and dried either artificially in kilns or in the sun (Dussault, 1958). 
Such a cure will have about 5 -6% NaCl and 7 5 % H 2 0 before drying; 
and about 3 5 % H 2 0 and 12% NaCl after drying (Dussault, 1958; Beatty 
and Fougere, 1957). 

With heavy cures, the juices, withdrawn from the fish by the salt, are 
allowed to run away and within about 15 days the salt has generally 
penetrated or "struck through" the flesh, saturating the juices. The 
"green" cure so obtained is said to be lying in a "wet stack," and it may 
remain in this state for several months before being finally dried either 
in the sun or artificially over coke fires or in kilns (Bitting, 1910; Duthie, 
1911; Jarvis, 1950; Peterson, 1950; Beatty and Fougere, 1957). Using cod, 
such a cure has about 4 0 % H 2 0 and 2 5 % salt at the wet-stack stage and 
about 3 5 % H 2 0 and 2 5 % NaCl in the final hard-dried cure. 

THE LIGHT (GASPE) CURE. The bacteriology of this cure has recently 
been investigated by Dussault in Canada (1953, 1958). This author 
showed that during the first few days of curing there was a sharp in
crease, from 10 4 to 10 5 per cm.2 of flesh surface, followed by a gradual 
decline during the subsequent drying operation. 

Over 9 0 % of the flora consisted of micrococci, the remainder being 
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Fhvobacter, Achromohacter, Pseudomonas, Bacillus, and Sarcina spp., 
decreasing in that order of importance. On the other hand, in the fresh 
unsalted cod, only 4 0 % of the flora were micrococci. Dussault (1958) 
investigated in more detail some 22 strains of these micrococci isolated 
during the curing process. All strains grew well in media containing 4 % 
NaCl, only half of them developed in 8% NaCl, and none in 12% NaCl. 
Many exhibited an increasing proteolytic activity, as evidenced by zones 
of clearing on salt milk agar, up to a maximum in 2 % NaCl and declining 
to zero in 12% NaCl. About half of the cultures reduced trimethylamine 
oxide to trimethylamine, and this rate of reduction was little altered up 
to 4 % NaCl, but with increasing concentrations of salt the lag period 
increased so that at 12% NaCl no reduction occurred. From all his work 
Dussault concludes that the characteristic flavor and aroma of the Gaspe 
cure must be result of the activities of these micrococci. 

HEAVY CURES. Information on the microbiology of this curing process 
is sparse (Soudan, 1955), but some data obtained for a few experimental 
cures done at Torry Research Station in 1947 appeared to show that there 
was a steady increase in the viable counts on ordinary agar at 20°C. 
during the first month of curing at 0°C. reaching values of 10 5 per gram. 
Other evidence obtained in these experiments suggested that the flora 
again consisted of micrococci. There are, however, no data on the final 
dried, cured product, but it seems almost certain that, as with the light 
cure, drying would result in a reduction in numbers on the fish. More
over since micrococci are able to resist drying better than most of the 
other species likely to be present, they would almost certainly form the 
predominant group in the surviving flora. 

c. SPOILAGE OF SALTED F I S H 

It was pointed out when dealing with herring curing that, in contrast 
to the fresh fish, the mesophiles form an important part of the flora, and 
the same seems to be true for most of the other cures—dry or pickle. For 
this reason, all except perhaps the lightest cures store well at + 5 ° C . or 
below, and, indeed, edibility is limited not so much by microbial action 
as by the chemical changes occurring chiefly in the fats and proteins. 

At temperatures of + 5 ° C . and above, growth of the halotolerant and 
halophilic types can occur, although more slowly than that of ordinary 
mesophiles on substrates without salt. The rate of growth, of course, 
increases as the optimum temperature for the various microorganisms is 
approached and appears to be accelerated by impurities in the salt 
(Hess, 1942b). 
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Spoilage, therefore, will occur, given the right conditions (Swingle, 
1927). Moreover, if curing has been inefficiently carried out, e.g., by 
using too little salt or poor quality fish, then the normal putrefactive 
types may become active (Shewan, 1937). Thus "sliming" in lightly salted 
(Gaspe) cod appears to be due mainly to insufficient salt in the flesh, 
allowing the asporogenous gram-negative rods and micrococci to pro
liferate freely (Dussault, 1953). 

( 1 ) "Pink" and "Dun" 

Two other types of spoilage that occur in any salted fish should also 
be mentioned here, as they have both been of considerable importance 
commercially, causing severe losses to the industry. 

The first of these, known in the trade as "pink," becomes particularly 
evident in "wet stack," which may be stored at temperatures approach
ing 15-20°C. in the summer months prior to drying. The first signs are 
the appearance of delicate pink patches of bacterial slime, usually on the 
outer edges of the pile. At this stage the patches can be readily removed 
by scrubbing in running water and the flesh suffers little or no damage 
and a satisfactory dried article can usually be produced. If, however, 
the "pink" is allowed to develop, it gradually spreads over the whole 
fish surface, attacking the protein, softening the flesh, causing it to fall 
apart and to give off the offensive, cheesy, sweaty, sour odors usually 
associated with "pink" fish. 

It is not possible in the space available to review adequately the 
extensive literature on "pink" halophiles, and for details reference should 
be made to the following papers: Bitting, 1910; Klebahn, 1919; Harrison 
and Kennedy, 1922; Cloake, 1923; Hanzawa and Takeda, 1931; Boury, 
1932; Gibbons, 1937; Penso, 1947; Puncochar and Arana, 1947; Jarvis, 
1950; Anderson, 1954; Bertullo, 1954; Flannery, 1956; Beatty and Fou
gere, 1957. 

It might be useful, however, to state briefly the more important fea
tures of this interesting group. Morphologically, they consist of asporo
genous rods and cocci, forming usually red colonies whose shade can 
vary from a brilliant cherry-red to a chalky-mauve. In this latter instance, 
the cells are usually in a degenerate, vacuolated state and of low viability 
(Petter, 1931, 1932). They are highly pleomorphic, particularly the rods, 
the same strain varying from a yeastlike morphology in one medium 
through coccal, rod-shaped, vibrio- or spirochetal-like cells to long fila
ments in others (Lochhead, 1934; Stuart, 1935; Petrova, 1935). In some 
strains these morphological changes have been shown to be related to 
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the magnesium content of the medium (Brown and Gibbons, 1955). 
Some of the bacillary types are said to be ribbon-shaped, capable of 
twisting around their longitudinal axis, giving a spirochetal picture 
(Spruit and Pijper, 1952). The rods, when motile, appear to have tufts 
of polar flagella like the spirilla (Houwink, 1956) and, unlike the cocci, 
they plasmolyze in dilute solutions, giving rise at first to bizarre forms 
and finally to an amorphous mucoid mass (Klebahn, 1919; Velu, 1929). 

Several strains appear to have a high optimum growth temperature 
(45-50°C.) but as a rule the cocci prefer 37-40°C. (Hess, 1942c). They 
are said to be strongly aerobic; hence "pink" seldom attacks fish deeply 
immersed in pickle. There is some evidence to show, however, that a 
few strains are microaerophilic and can grow in pickle (Sreenivasan and 
Venkataraman, 1958). Many grow well at a relative humidity (R.H.) of 
7 5 % (Hess, 1942b) and in this differ markedly from most other bacteria, 
which prefer R.H/s of 9 0 % or over (Scott, 1936, 1953; Bureik, 1950; 
Christian and Scott, 1953). They grow well at pH's from 6 to 10, and 
some strains have been isolated from very alkaline salts produced from 
inland lakes in Africa (Shewan, 1949c). A few grow well on simple in
organic media containing such substances as asparagine and glycine 
(Petter, 1931, 1932; Shewan, 1954), but others undoubtedly require 
more complex media (Katznelson and Lochhead, 1952). 

Both Na and CI ions appear to be essential for growth so that the 
need for high osmotic pressure does not fully explain the phenomenon of 
halophility (Ingram, 1957). These organisms are nonpathogenic, so that 
illness caused by the ingestion of "pink" salt fish is almost certainly at
tributable to some type of food-poisoning pathogen, most likely S. aureus 
(Klebahn, 1919; Boury, 1932; Masai et al, 1959). 

Owing to their extreme pleomorphism and the difficulty of growing 
these organisms in fluid media, it is not surprising that the taxonomy of 
this group has been one of great difficulty. In the past, individual species 
have been placed in almost every major group, including yeasts, vibrios, 
spore-bearing and asporogenous rods, spirochetes, micrococci and myxo-
bacteria. Some workers believe they are mainly salt-adapted strains of 
two bacterial species common in soil and water, viz., Bacterium prodigi-
osus and Micrococcus roseus (Velu and Balozet, 1929; Petrova, 1935). 
Halophiles similar to those on salt fish have been isolated from dung, soil, 
sea water, fish slime, etc., substrates not normally having sufficient salt to 
support true halophiles (Stuart, 1938; Hess, 1942a), but convincing 
proof that all halophiles are merely adaptations of commonly occurring 
soil-air-water bacteria is still lacking. 
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In addition to their extreme pleomorphism, another difficulty for the 
taxonomist has recently been pointed out by Gibbons (1957, 1958). He 
showed that some of their enzymic activities, e.g., production of H 2S or 
indole or nitrate reduction, were conditioned by the salt concentration 
in the media. Thus, some produced no H 2S in 15% or 2 0 % salt but did 
so in 2 5 % and 3 0 % , while in others the reverse was the case; again some 
form indole in 20% or 2 5 % NaCl but none in 15% or 3 0 % . If such tests 
are to be of taxonomic significance, it is clear that they will have to be 
carried out under clearly defined conditions. In our experience with 
"pink" fish, only two main groups could be distinguished, one containing 
micrococci and the other asporogenous rods. It is not yet clear whether 
the latter belong to the Pseudomonas group as most workers believe or 
to the Spirillum as recently suggested by Houwink (1956) . From our 
experience we believe that there are several species within each group, 
and it will be left to future work to differentiate these more clearly and 
to elucidate their correct taxonomic position. 

( 2 ) Control of "Pink" 

As already mentioned, the pink halophiles are present, often in large 
numbers, in the curing salts, particularly if these are of solar origin, 
although the author has occasionally found heavy loads in manufactured 
salts. One way of controlling "pink," therefore, would be to use only 
"pink"-free salt. Sterilization of salts is too costly to be of practical value 
and in any case the floors, walls, benches, etc., of curing premises are 
often so heavily contaminated that the use of "pink"-free salt would be 
almost completely nullified. Once "pink" has occurred in a plant, the 
best thing is to remove the fish and thoroughly disinfect the premises. 
Washing down the walls, benches, etc., with ordinary water kills the 
asporogenous rods by plasmolysis, and a variety of disinfectants are also 
said to be effective (Beatty and Fougere, 1957). 

Since most, if not all, "pink" organisms fail to grow below + 5 ° C . , cool 
storage is an excellent method of controlling "pink." 

The other type of spoilage that occurs in dry-salted fish, mainly on 
the light and medium cures, is known in the trade in North America as 
"dun" and in Britain sometimes as "mite." This complaint, like "pink," 
is more common in the warm months of the year and shows up as small 
brown, black, or fawn-colored spots or tufts all over the surface of the 
fish. These patches are, in fact, growths of halophilic or halotolerant 
molds of the Sporendonema (Frank and Hess, 1941a, b ) or Oospora 
(Malevich, 1936) types. The halophiles, which are strict aerobes (Vaisey, 
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1954), require at least 5 -10% NaCl in the media, and both they and the 
halotolerant types grow well in 2 0 % NaCl (Frank and Hess, 1941b). 
Vaisey (1954) has recently shown that in Sporendonema epizoum from 
salt fish, NaCl can be replaced by KCl, NaN0 3, or glucose, so that this 
organism is an obligate osmophile rather than an obligate halophile. 

Unlike "pink," "dun" does not decompose the flesh or produce any 
characteristic odor (Frank and Hess, 1941a) but, of course, it does de
tract from the appearance and hence from the commercial value of the 
product. Like "pink," these molds have an optimum R.H. for growth 
around 7 5 % , and fail to grow below 5°C. Their temperature optimum, 
however, appears to be nearer 30°C. rather than 4 5 ° C , as with "pink." 
They also have a wide pH range of growth, 3.3-7.4, with maximum spore 
formation occurring at 4.5 to 5.0 (Frank and Hess, 1941a). 

( 3 ) Control of "Dun" 

As with "pink," these molds are present in the solar salts used for 
curing; hence sterilization of the latter would help to keep "dun" in 
check. Unfortunately, premises are usually heavily contaminated, as are 
the surrounding soil and air, so that sterilization of the salts is not very 
practicable. Washing in fresh water does not appear to destroy the 
molds, as with some of the organisms causing "pink," and, in fact, may 
merely serve to disperse the spores more effectively. Storage at or below 
+ 5 ° C . would, of course, prevent their development, and the only pre
servative said to be active in suppressing growth is sorbic acid (Boyd 
and Tarr, 1954, 1955). 

III. The Microbial Spoilage of Marine Fish 

A. SITES OF ATTACK 

As explained above, newly caught marine fish harbor large numbers 
of bacteria on their skin and gill surfaces and, when feeding, in their 
intestines. These bacteria are normally saprophytic, and only a few may 
become pathogenic either after injury to the animal or when adverse 
environmental or physiological conditions prevail (Bisset, 1946, 1947; 
Schäperclaus, 1954; Snieszko, 1958). After the death of the fish, the 
regulatory mechanisms, preventing invasion of the tissues by bacteria, 
cease to function and in a short time microorganisms can be detected 
in some tissues. It is generally believed that the main route of attack 
must be from the gills and kidney into the flesh via the vascular system 
and directly through the skin and peritoneal lining; and recent experi-
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merits at Torry Research Station seem to have confirmed these ideas. 
With ungutted cod stored at 0 ° C , bacteria were found in the heart blood 
and along the caudal vein within 2 days after death and by the third 
and fourth days considerable numbers were present. On the other band, 
the peritonea seemed to remain sterile until the perforation of the 
stomach and intestinal walls which, in these experiments, usually took 
place after about 7 to 9 days. 

It is still not very clear how quickly the skin is penetrated. Canadian 
workers (Dyer et al., 1946) believe that most of the flesh remains sterile 
for about 10 days at least, and that spoilage occurs mainly on the skin. 
Other workers, on the other hand, consider the flesh can be readily 
invaded through the skin after death (Lücke and Frercks, 1940; Malt-
schewsky and Partmann, 1951), and recent work at Torry also suggests 
that by the second day postmortem, bacteria can be found in increasing 
numbers in the muscle, particularly along the lateral line. 

With gutted fish the results may be somewhat different. It seems, 
however, to be agreed generally that bacterial growth is particularly 
active at the gills, but it is not yet clear whether invasion is more easily 
followed along the vascular system or directly through the skin and 
peritoneal lining. 

B. T H E MUSCLE SUBSTRATES 

It is obvious, however, that, no matter what route is involved, little 
serious alteration of a bacterial nature can occur until after the first 2 
to 4 days. By this time, nevertheless, a considerable amount of the imme
diate postmortem enzymic changes, associated with rigor and its resolu
tion and involving the phosphorylated adenosine compounds (and pos
sibly other systems) will have taken place. These will have resulted, 
through a succession of dephosphorylations and deaminations in the 
formation of such compounds as inosine, hypoxathine, and ribose. The 
nature and extent of these changes will depend, among other things, on 
the species and the antemortem history of the fish, e.g., whether rested 
or exhausted. 

In addition to the above-mentioned compounds, the bacteria will 
have as components of their substrate a number of other extractives, 
such as free amino acids; sugars, such as glucose; simple peptides, such 
as anserine, and glutathione; trimethylamine oxide, creatine, as well as 
fats, lipids, and proteins. The nature and amount of these extractives 
vary markedly with species (Shewan, 1953b, 1955b; Tarr, 1958), but even 
within a single species the quantities of the individual components flue-
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tuate widely, depending on such factors as size, season, and fishing 
grounds (see following paragraph). In a nonfatty fish like cod, con
taining about 80% water, 0.2% fat, 15% protein, and 1.5% extractives, 
the fat and proteins are subject to only slight variations, whereas in the 
herring both these latter components undergo wide seasonal variations 
(Lovern and Wood, 1937; Reay et al., 1943). Since, however, the fats 
and proteins are not subject to serious attack until late on in the spoilage 
process, they will not be considered further here. 

In cod, the extractives consist mainly of creatine, trimethylamine 
oxide, taurine, purine derivatives, and anserine, in amounts of the order 

Partition of nonprotein nitrogen (as % total nonprotein nitrogen) 

^ ^ ^ • C a r n o s i n e , 
anserine 

• Free amino 
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Ammonia 
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Creatinine 

lundetermined 

100 

Free amino 
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methylamine 
oxide 

Betaines 
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lUndetermined 

Rat Cod Skate Lobster 

FIG. 1 8 . Comparison of the nitrogenous extractives in cod, skate, lobster, and rat 
muscle. 

of 400, 350, 300, 200 and 150 mg.% respectively. The free amino acids 
account for a further 70-75 mg.% and glucose for 9-35 mg.% (Shewan 
and Jones, 1957) (Fig. 18) . As mentioned above, however, some of these 
components vary markedly in amount, depending on seasonal and other 
factors. Thus, lysine falls from a peak of 12-13 mg.% in June to nil in 
April-May, while taurine rises from 140 mg.% in January to peaks of 
400 mg.% in June-July (Jones, 1954). On the other hand, trimethylamine 
oxide varies not only with season (Shewan, 1956b) but also with fishing 
ground and size (Shewan, 1951). Similar data are now available for 
lemon sole (Jones, 1958). In herring, although the total quantity of 
extractives, 1100-1200 mg.%, is somewhat similar to that of cod and 
allied species, marked differences in both the nature and amounts of 
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the individual components have been noted. Thus anserine, one of the 
major constituents of cod extractives, is totally absent in herring (Shewan, 
1953b, 1955b), and histidine, present only in traces in cod, accounts for 
about one-fourth of the total 300 mg.% of free amino acids in herring 
(Hughes, 1957). 

Again, in skate, dogfish, and other elasmobranchs, there is about twice 
as much extractive material as in the teleosts, but here the major com
ponents are urea, about 1500-2000 mg.%; trimethylamine oxide, 500 -
1000; creatine, 350-500; and betaine, 150 mg.% respectively; but we 
know little about the seasonal and other variations in the amounts of 
these substances. Additional data on the qualitative variations in these 
nitrogenous components with species have been given by Shewan et al. 
(1952) , Shewan (1951, 1953b, 1955b), Lukton and Olcott (1958) , and 
Severin and VuTfson (1959) . 

The differences in the chemical composition of the extractives in the 
various species of fish are, of course, reflected in the spoilage patterns, 
and it is not surprising to find that these differ markedly from species to 
species. Moreover, when it is kept in mind that both the numbers and 
types of bacteria on newly caught fish and on fish handled on shore also 
vary widely, it is easy to realize that the pattern of spoilage even within 
a single species is also likely to show considerable variation. Thus, it has 
been the experience of Torry workers that with cod the rates of spoilage, 
and also possibly the spoilage patterns, vary with the fishing ground 
(Ehrenberg and Shewan, 1955), and that even from the same fishing 
ground seasonal variations can be detected (Shewan, 1955a). 

In the present state of our knowledge, it is only possible to describe 
the microbial spoilage of fish, even of the species we know most about, 
in very general terms; and as examples those of three important com
mercial species, stored in ice or at 0 ° C , will be briefly described. 

C . SPOILAGE OF F I S H 

1. Spoilage of Cod (at 0°C. or in Ice) 

Spoilage is, of course, a combination of the activities of the tissue 
enzymes and the bacteria present. With ice storage the patterns are 
complicated by the continuous leaching-out of the components and their 
breakdown products by the ice melt water. The roles played by the 
tissue enzymes and bacteria have now been fairly well worked out at 
Torry for at least one species, viz., cod, and work on other important 
commercial fishes is proceeding apace. 
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In sterile muscle, stored at 0 ° C , the evidence available suggests that, 
of the major constituents, apart from the nucleotides and related com
pounds, only anserine appears to be affected by autolysis (Figs. 19 and 
2 0 ) . This compound disappears by about the tenth day of storage, under 
the action of the muscle anserinase, giving rise to its constituent amino 
acids, 1-methylhistidine and ß-alanine. The enzymic changes involving 
the nucleotides and related compounds are completed by about the 
tenth day, leading to the accumulation of considerable amounts of 
inosine, which is itself then progressively broken down. Of the carbo
hydrates, glucose and probably glycogen fall rapidly after about 5 days, 
while ribose increases steadily from a trace up to 4-5 mg.% after 12 days 
and 6-7 mg. after 21 days (Jones, 1958) as a result of the action of the 
muscle ribosidases (Tarr, 1954, 1955). Of the amino acids, glycine re
mains unchanged, while both alanine and lysine fall in amount, and 
glutamic acid increases by over 300% (Shewan and Jones, 1957). When 
bacteria are present, as when fish are stored in ice at 0 ° C , the pattern 
of change in these extractives is quite different from autolysis alone. 
Comparison of Figs. 14 and 15 shows that all the major constituents 
suffer losses, so that by the time the fish become inedible, i.e., about 
15-17 days in ice, some have almost completely disappeared. The fall in 
the amount of taurine is believed to be due almost wholly to leaching 
(Shewan and Jones, 1957), whereas with creatine, bacterial degradation, 
leading to ammonia formation, in addition to leaching, almost certainly 
occurs. Trimethylamine oxide, it is known, is readily reduced by several 
groups of marine bacteria to trimethylamine, but again considerable 
leaching losses also occur. Anserine, as during autolysis alone, is split up 
into its constituent amino acids but some of it will be leached or possibly 
utilized by certain bacteria. 

Of the remaining free amino acids, several, e.g., glycine, alanine, and 
glutamic acid, show a slight fall, probably due to leaching, over the first 
few days, but afterward they all increase until about the tenth day of 
storage, after which they remain stationary or fall. Lysine, on the other 
hand, increases steadily, particularly over the first 10 days. Some of these 
latter changes are obviously linked with the bacterial degradation of the 
muscle protein, and this is evidenced by some results from a comparative 
study of the free amino acid patterns in sterile muscle and muscle inocu
lated with a pure culture of a proteolytic pseudomonad present normally 
on fish. As a result of bacterial action, comparatively large amounts of 
lysine, leucine, valine, and aspartic acid are produced, and, at the same 
time, alanine disappears (Shewan and Jones, 1957). Ranke (1955) and 
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Ranke and Bramstedt (1955) have reported similar results with ling, 
coalfish, and other species undergoing normal bacterial spoilage at + 2 ° 
to + 4 ° C . 

With regard to the carbohydrates, glucose disappears by the twelfth 
day and ribose, after a steady increase to the tenth day, thereafter de-

0 5 10 15 2 0 0 5 10 15 2 0 
Days in ice Daysat0°C 

FIG. 1 9 . Changes in the free amino acids in ( A ) spoiling and ( B ) autolysing cod 
muscle. 

creases (Jones, 1958). It will be noted that so far as bacterial spoilage 
of cod in ice is concerned, the tenth to twelfth days seem to be a critical 
period in the dynamics of these changes and it is perhaps significant that 
it is at this point also that important alterations take place in the flora 
and that an acceleration of the spoilage changes, as judged by the sensory 
data, leading to putrefaction also occurs. 
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It will be seen, however, that, apart from trimethylamine oxide, we 
have little knowledge of the breakdown products of the remaining ex
tractives. It is, of course, known that a variety of products occur during 
spoilage in addition to trimethylamine, such as ammonia, monomethyl-
amine and dimethylamine; various lower fatty acids (formic, acetic, 
butyric, isovaleric, etc.); hydrogen sulfide; and indole. Many of these 
are end products of bacterial attack on amino acids and sugars, and some 
are responsible for the organoleptic properties of spoiling and putrid 

0 5 10 15 2 0 5 10 15 2 0 

Days in ice ^ Days at 0 ° C. 

FIG. 20. Changes in the nitrogenous extractives in (A) spoiling and (B) auto-
lysing cod muscle. 

fish (Bramstedt, 1957). Nevertheless, it is safe to assume that our knowl
edge of the sum total of these changes is at present fragmentary, and 
much more work will have to be done before we can have anything like 
an adequate picture of the chemical changes occurring during spoilage. 

2. Spoilage of Elasmobranchs 

In the elasmobranchs (skate and dogfish), the spoilage changes dif
fer in many respects from those just described for cod. Here, the main 
constituents, urea and trimethylamine oxide, are broken down by bac
terial action to ammonia and trimethylamine (Shewan, 1938a; Tsuchiya 
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et al., 1951) (Fig. 2 1 ) . Owing to rather rapid increase in pH, the tri
methylamine oxide reducers soon cease to function (Elliott, 1952) and 
most of the oxide is subsequently lost by leaching (Fig. 2 1 ) . 

We have little data on the fate of the remaining constituents, although 
it would seem almost certain that both creatine and betaine would suffer 
losses through bacterial attack and leaching. 

0 10 20 3 0 4 0 

Time in days 

FIG. 21. Variation in trimethylamine oxide, ammonia, trimethylamine, etc., in 
dogfish muscle during storage in ice; A = total volatile bases, Β = ammonia, C = 
bacterial count, D = trimethylamine, Ε = trimethylamine oxide. 

3. Spoifage of Herring and Allied Species 

It will be recalled that with herring, mackerel, and allied species, the 
main differences in the composition of the extractives were the absence 
of anserine and the presence of large amounts of the more basic amino 
acids, particularly of histidine. 

As spoilage proceeds in these species, trimethylamine is produced 
in the normal way, and the histidine is broken down to histamine and 
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other imidazole derivatives (Shewan, 1955b; Hughes, 1958; D. J . Stewart, 
1958). 

Hughes found that under certain spoilage conditions only about half 
of the histidine originally present could be accounted for as histamine, 
and D. J . Stewart (1958) has demonstrated that, of about 60 Pseudo
monas strains from fish treated, none formed histamine, but produced 
mostly imidazole-acrylic acid. A few strains also produced other imidazole 
compounds, but these have not so far been identified. Recent work at 
Torry on herring stored in ice has also shown that comparatively large 
amounts of such lower fatty acids as formic and acetic are formed 
(Hughes and de Silva, 1958), but their precursors are not known. 

Another major difference between the herring-mackerel species and 
the others previously described is the presence of large amounts of fats. 
During storage at, say, 0°C. changes occur in these, mainly as a result 
of the tissue enzymes leading to the production of rancid odors and 
flavors, but the precise nature of these oxidative reactions and the com
pounds produced is unknown. It will be seen, therefore, that our knowl
edge of the spoilage changes in both the elasmobranch and the herring-
mackerel group is much less satisfactory than even for cod, and much 
more work is required on these and other species before our picture of 
the complicated chemistry of spoilage can begin to be satisfactory. 

The occurrence of histamine as part of the spoilage pattern in certain 
fishes is discussed in Chapter 10 of this volume. Apparently a related com
pound saurine with vagus-stimulating properties is frequently encoun
tered together with histamine. The bacteria active in the formation of 
these compounds chiefly in mackerel and tuna fishes (with histidine) all 
seem to belong to the genus Proteus. 

In conclusion it should perhaps be pointed out that the spoilage 
mechanism in whole gutted or ungutted fish, where considerable bac
terial action occurs in the slime and outer integument, appears to be 
somewhat different from that of fillets (Shewan, 1956a). The slime, con
sisting as it does of mucopolysaccharide components, free amino acids, 
trimethylamine oxide, piperidine derivatives and other extractive mate
rials (Wessler and Werner, 1957; Obata et al, 1950; Obata and Yama-
nishi, 1950, 1951, 1952; Liston and Shewan, 1951-1954; Soudan, personal 
communication, 1955) is a somewhat different substrate from that of the 
flesh, and the resulting breakdown products are also likely to be different. 
Our knowledge here, however, is also so fragmentary that few reliable 
data can be given. This is an obvious field for further study. 
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