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I. Introduction 

Certain biochemical characteristics appear to be common to all shell
fish, crustacean or molluscan, and influence in a decisive and related way 
their deterioration. As a whole, they contain far greater amounts of free 
amino acids than fish. This largely facilitates bacterial growth and pre
sumably explains their ready spoilage, which is so evident in most 
shellfish (Velankar and Govindan, 1957, 1958; Ranke, 1959). 

Shellfish, both crustacean and molluscan, however, in general are 
subject to types of microbial spoilage similar to those for fish. Many 
pertinent publications are available which summarize such classes of 
bacteria present in shellfish, but only a few convey sufficient information 
as to cultural characteristics and strain differentiation. This lack of 
thorough identification makes comparison of research data very difficult. 
Early investigations were mostly public health projects designed to 
ascertain the role of shellfish as carriers of infectious microorganisms. 
Later studies were made to determine the types of microorganisms nor
mally associated with shellfish and their environment, and in some cases 
with their role in decomposition under various conditions. 
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Deterioration of shellfish quality is considered generally to result 
from the action of enzymes from both the tissue and the contaminating 
microorganisms originally present on the shellfish or introduced during 
catching, handling, and processing. Spoilage of the product is believed 
to be mainly the result of bacterial action and is caused by the con
sequent formation of compounds which impart off-odors, color changes, 
and off-flavors. This chapter will be devoted to a review of microbial 
types and numbers in shellfish and their changes during subsequent 
handling, processing, and storage. A comprehensive review of the liter
ature reveals a lack of correlation between the types of bacteria and 
their numbers, with the induced chemical changes and their relationship 
to changes in quality. Whenever possible, however, changes in microbial 
flora and numbers will be associated with subjective and objective tests 
for quality. 

II. Crustaceans 

In discussing the microbiology of the crustaceans, it appears logical 
to consider each independently of others in this group. Shrimp die very 
soon after catching and differ basically in this respect from lobster, crabs, 
and crayfish. Deteriorative changes, consequently, start earlier in shrimp, 
while the other commercially used crustaceans remain alive for a con
siderable time after catching, and should be alive when cooking or 
processing is started. 

A. SHRIMP 

1. Western Hemisphere 

The following discussion is on fresh shrimp belonging to the genus 
Fenaeus, chiefly from the Western Hemisphere. 

Most all shrimp are handled raw. §oon after the shrimp are landed 
on deck, they generally die. Microbial spoilage starts immediately 
through marine bacteria on the surface or through microorganisms which 
happen to contaminate the shrimp on deck, in handling and washing. 
Fish and other marine organisms following the shrimp may also, chiefly 
through slime and exuded intestinal contents, smear the shrimp. A recent 
report summarizes present handling procedures and keeping problems 
(Anonymous, 1958). 

The prevention of deterioration in the quality of the shrimp involves 
two distinct problems, namely, maintaining low numbers of detrimental 
microorganisms and the control of oxidations, chiefly of phenols, into 
melanins. This reaction is guided by specific tissue enzymes—phenolases 
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—and results in the appearance of black zones or spots at the edges of 
the shell segments of the flesh (Fieger, 1951a, b; Bailey, 1958). 

This dark color is produced by melanin pigments which form on the 
internal shell surfaces or, in advanced stages, on the underlying shrimp 
meat (Faulkner et al, 1954). These pigments are produced by an oxida
tive reaction of tyrosinase on tyrosine. The reaction is accelerated by 
copper and other metallic ions (Fieger and Bailey, 1954). Such forma
tion of black spot has been observed on all species of shrimp landed from 
waters contiguous to North America. Earlier assumptions that this dis
coloration was connected with microbial activities are definitely ruled 
out (Alford and Fieger, 1952). Similar reactions are reported from most 
other crustacean shellfish. A recent comprehensive study confirms the 
concept of this black spotting as a nonmicrobial phenomenon (Idyll 
et al, 1959). 

Limited research has been reported on the numbers or kinds of bac
teria found on fresh shrimp. Clark and MacNaughton (1917) stated that 
the heads should be removed from freshly caught shrimp, which should 
then be washed and iced as quickly as possible, since the dark liquid in 
the stomach contains partially digested plant and animal material which 
readily decomposes. They stressed that this liquid and the surface slime 
must be removed by thorough washing before icing. Cameron and Wil
liams (1934a, b ) studied procedures in shrimp canning and recom
mended practices which would reduce spoilage. They did not report 
bacterial counts on the species isolated, but found that washed, raw 
shrimp in canneries were heavily contaminated with bacteria. 

Several important comprehensive studies on the microbiology of 
Gulf of Mexico shrimp have appeared recently. During three trips aboard 
commercial shrimp trawlers, Green (1949a, b, a, d) followed changes in 
the bacterial numbers of shrimp when caught, the effect of head re
moval, washing, and of ice storage in top and bottom layers of storage 
bins, and changes that occur during frozen storage. 

a. FRESHLY CAUGHT, UNWASHED, W H O L E SHRIMP 

Green (1949b) showed that whole shrimp examined immediately 
after emptying of the trawler net varied in bacterial counts from 1,600 
to 1,200,000 per gram. The latter count was from shrimp caught in 
Barataria Bay, Louisiana, a shallow inland bay which receives drainage 
from the settled areas adjacent to the west bank of the Mississippi River. 
A more representative value of bacterial counts of shrimp caught in 
commercial fishing nets in widely scattered areas in the open Gulf of 
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Mexico off the Louisiana Coast was found to be 42,000 bacteria per 
gram for 14 different samples (range 1,600 to 160,000). Green showed 
that an inverse correlation existed between the size of the shrimp and 
the bacterial count and that higher counts (350,000) were obtained on 
shrimp caught in a test net than the count of 76,000 on shrimp caught in 
the same area in a regular net. This may be the result of a longer time 
(2-3 hr) involved in regular trawling, which provided more adequate 
washing than the short time (7-15 min.) in which a test or try was made. 
One sample of mud taken in eight fathoms of water in the open Gulf 
contained 4,000 bacteria per gram, while surface water from the same 
location contained 25 bacteria per milliliter. Williams et al. (1952b) 
conclude that it is not possible to correlate size with count. They con
tend that the presence of mud on shrimp causes high counts. The in
fluence of mud in affecting the count will obviously depend on the rel
ative numbers of organisms in the mud and shrimp. 

b. E F F E C T OF WASHING AND HEADING OF SHRIMP 

When whole or headless shrimp from the same catch were washed 
with Gulf of Mexico water, there was an average reduction in the bac
terial count (Green, 1949b). Bacterial counts on headless, unwashed 
shrimp were somewhat lower than on whole shrimp from the same catch. 
Removal of the heads in all cases reduced the count somewhat, the heads 
carrying approximately 75% of the bacteria (Fieger, 1950; Fieger et al., 
1950). The bacterial counts of freshly caught headless shrimp are largely 
determined by the bacteria and debris adhering to the surface. The 
average bacterial count on the shrimp as prepared for icing under com
mercial conditions, headed and washed by the fishermen, was 7,400 per 
gram. So it is evident that under commercial conditions, with expeditious 
handling and thorough washing, headless shrimp may be placed in ice 
storage on board trawlers and carry a relatively low microbial load. 

This was also reported by Lantz (1951) . Removal of the heads ex
tended the storage life of uncooked, iced shrimp by 2 days. Besides, 
there was a tendency to discoloration when they were not beheaded. 

c. STORAGE ON TRAWLERS 

(1 ) Iced Headless Shrimp 

Washed, headless shrimp packed in alternate layers of ice and shrimp 
in bins in the hold (commercial practice in Louisiana) showed steadily 
rising bacterial counts measured at the bottom layer (Green, 1949b) 
despite adequate icing. The highest single count, 1,200,000 per gram 
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recorded on the sixth day, was not accompanied by change in color or 
appearance. When unloaded at the end of the ninth day, the shrimp 
were an acceptable market product. A few spoiled shrimp, selected 
during inspection in the processing house, contained 73,500,000 bacteria 
per gram. 

The successful use of certain germicidal ices in improving the quality 
of fish suggested the incorporation of bacteriostatic chemicals in the 
crushed ice used for storing shrimp. When ice containing 0.05% of the 
commercial preparation1 was employed, no improvement in keeping 
quality, as judged by bacterial numbers, resulted. Tarr (1946) has 
pointed out that this preparation is more effective if the flesh of fish is 
slightly acid. Since the pH of the flesh of shrimp is neutral to slightly 
alkaline when freshly caught and rises during ice storage, this may 
explain the lack of effectiveness. 

( 2 ) Iced Whole Shrimp 

Whole shrimp packed in ice were not held longer than 4 days before 
unloading. The tail flesh did not show the same rate of bacterial mul
tiplication as occurred in whole shrimp. At the end of 2 days' storage, 
counts on whole shrimp had increased sevenfold; on headless shrimp, 
fivefold. These results are in agreement with the observations of com
mercial fishermen that headless shrimp can be kept longer in refrigerated 
storage than whole shrimp. 

( 3 ) Shnmp from Different Layers in Icing Bins 

Since the melting ice from the upper layers of shrimp washes down 
over the lower layers, Green (1949b) also studied the influence of posi
tion in the bin on bacterial counts. After 9 days' storage, headless shrimp 
in the layer next to the top increased from 1,800 bacteria per gram to 
2,400 per gram, whereas the bacteria in the bottom layer increased a 
thousandfold. Whole shrimp showed a similar difference; the bottom 
layer contained 250 times and the upper layer 125 times as many bacteria 
after 4 days' ice storage as the freshly caught whole samples (count: 550 
bacteria per milliliter). Water draining through a bin of one-day-iced 
whole shrimp showed counts of 5,900,000. 

Studies by Williams (1949) , Williams et al (1952a) , and Williams 
and Rees (1952) complement those of Green reported above in that they 
determined the types of bacteria initially present in fresh Gulf of Mexico 

1 Labeled: "Active ingredients, chloramine-T 0.00016 and sodium benzoate 
0.00032 by volume" when 68.3 gr. are incorporated in 300 lb. of ice. 
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shrimp caught adjacent to the Texas coast. They showed the main groups 
present were Achromobacter, Bacillus, Micrococcus, and Pseudomonas. 
These 4 groups made up 7 8 % of the 1,200 isolates. In biochemical char
acteristics they found 62% of the isolates were proteolytic, 3 5 % lipolytic, 
18% reduced trimethylamine oxide, and 12% formed indole. They failed 
to find any indication of a difference in bacterial flora between Penaeus 
setiferus and P. duorarum. In a similar type study of Bombay prawns 
(shrimp), Magar and Shaikmahmud (1956) found the same groups 
present as shown by Williams et al. for Texas shrimp. 

The effect of length of ice storage upon the shift in percentage of 
each genus was also studied and the results are given in Table I. The 

TABLE I 
T H E CHANGES IN BACTERIAL FLORA OF GULF OF MEXICO SHRIMP DURING STORAGE IN 

CRUSHED ICE® 

Days held 
in storage 

Achromo
bacter Bacillus 

ΈΙαυο-
bacterium 

Micro
coccus 

Pseudo
monas 

Miscel
laneous 

0 27.2 2.0 17.8 33.6 19.2 0.2 
4 31.3 0.6 13.1 23.0 26.5 0.5 
8 46.0 2.0 18.0 5.7 28.0 0.3 

12 67.0 0.0 2.0 0.8 30.1 0.1 
16 82.0 0.0 1.5 0.0 16.5 0.0 
a
 Expressed as percentage of total number of organisms isolated at each time 

interval. Source: Campbell and Williams (1952) . 

steady increase in percentage of Achromobacter to a marked domination 
of the flora and the well-established significance of this genus as a cause 
of spoilage in fresh foods correlated quite well with the known ice-
storage life of fresh shrimp. These workers also showed that there was 
an increase in dimethylamine nitrogen, trimethylamine nitrogen, volatile 
acids, free fatty acids, and amino nitrogen during ice storage concomitant 
with an increase in Achromobacter. Fieger and Friloux (1954) reported 
that trimethylamine nitrogen and volatile acids content were relatively 
constant during the initial period of 9 to 14 days for ice-stored shrimp. 
After this, both gave values which increased significantly and lagged 2 
to 3 days behind a similar increase in the bacterial plate count. The rise 
in trimethylamine nitrogen values corresponded to a plate count of 25 
million bacteria per gram. For the amino nitrogen values, decreases 
were obtained as length of storage time increased. This decline in values 
for amino nitrogen is contrary to what was reported by Campbell and 
Williams (1952) for shrimp. For comparison with conditions in fish, see 
Chapter 11. 
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Texas workers investigated the occurrence of yeasts on shrimp (P. 
setiferus) collected off the Texas coast (Phaff et al, 1952). Of the 35 
cultures isolated, 11 were members of the genus Rhodotorula, nine of 
Trichosporon, three of Torulopsis, four of Pullularia, six of Candida, and 
two of Hansenula. No attempt was made to correlate deterioration of 
quality with incidence of yeasts. 

d. MARKET SHRIMP 

Green (1949b) evaluated refrigeration facilities used in holding and 
in transit from the fishing vessels to the consumer markets by examining 
bacteriologically a number of market samples purchased in New Orleans 
and Baton Rouge, Louisiana. The average count of 32 million for 26 
samples was higher than any obtained on shrimp while aboard the 
trawlers. The lowest count of 600,000 was recorded on shrimp that were 
purchased from a wholesale dealer as soon as unloaded from the trawler. 
Other low counts of 1,100,000 and 2,800,000 were obtained on shrimp 
which had not reached retail channels. The average of 22 samples of the 
26 which were judged (by appearance and odor) of acceptable quality 
was 13 million bacteria per gram. Recent unpublished data referring to 
the microbial quality of market shrimp in the South Louisiana area 
reveal a largely unchanged picture (see tabulation). 

Shrimp quality Bacteria per gram 

Good 4,500,000 
Fair 10,700,000 
Poor 19,000,000 

The necessity is evident for heading and a thorough washing of the 
shrimp before icing on the trawlers, and washing at unloading and when 
reicing. This cannot be too strongly recommended for increasing the 
storage life of shrimp. 

e. EXPERIMENTAL STUDIES OF ICE STORAGE 

(1 ) Ice Storage 

The use of larger boats which are able to extend offshore fishing 
areas has resulted in an extended storage on the trawlers and a longer 
range of time between catching the shrimp and their ultimate consump
tion. New species of shrimp which are more susceptible to deterioration 
in refrigerated storage are also entering commercial channels. Because 
of this, problems of properly refrigerated storage have arisen, including 
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excess multiplication of bacteria and development of melanosis or "black 
spot" (Fieger, 1951a, b ) . Furthermore, it has been shown (Fieger and 
Friloux, 1954) that the progressive changes in ice-stored shrimp can be 
divided into three phases. During the first phase of 0 to 7 days of ice 
storage, the shrimp gradually lose their characteristic sweet flavor. The 
second phase from the eighth to fourteenth day of storage is character
ized by a tasteless product, and in phase three, over 14 days' storage, 
rapid deterioration with the development of off-flavors occurs. 

Indian prawns gradually lose amino nitrogen the longer they are 
iced. After 3 to 4 days, this value has fallen from above 200 mg./100 g. 
to less than half, below 100 mg./100 g. (Velanker and Govindan, 1958). 
This is in agreement with the findings of Fieger and Friloux (1954) , but 
in contrast with those of Bailey et al. (1956) . The latter attribute these 
differences to the composition of the surface flora, implying some bacteria 
may produce amino nitrogen compounds accounting for the increase. 
Velankar and Govindan, however, established that a leaching takes place 
due to the contact with ice and at a stage when bacterial counts are low. 

Barry et al. (1956) established appreciable differences in spoilage 
rate in iced Louisiana shrimp exposed to identical conditions for 10 days 
prior to a study of canning variables. The pH gradually increases during 
spoilage and the risks of subsequent gray discoloration become greater, 
as special studies proved (Landgraf, 1956). 

Green (1949b) reported on the use of ices with added chemicals. 
She showed that such ice did not improve keeping quality as judged by 
bacterial counts. Later, Fieger et al. (1956b) reported the following ices 
to be no more effective in preserving shrimp than commercial ice: Chlor
tetracycline ( C T C ) ice, 1 p.p.m.; sodium bisulfite ice, 100 p.p.m.; acid 
ice, pH 5.0; Fran Kern ice, 500 p.p.m.; and tannic acid, 500 p.p.m. CTC-
ices (10 p.p.m.) reduced bacterial numbers and delayed deterioration 
and onset of spoilage for 2 to 4 days, but did not prevent black spot. 

Sodium bisulfite ices at 1000 or 1500 p.p.m. delayed deterioration and 
spoilage for 2 days and were very effective in preventing black spot 
(melanosis). Ice containing 20,000 p.p.m. sodium chloride and 2,000 
p.p.m. calcium chloride extends the ice-storage life of shrimp by 2 days, 
although ineffective against black spot. They also showed that the ob
jective tests for quality, pH, amount of Nessler nitrogen, and degree of 
hydration of shrimp tissue can be used to distinguish differences in the 
quality of the shrimp being stored. The trimethylamine nitrogen content 
and total bacterial plate count can be used to indicate onset of spoilage. 

Chemical dips were also studied (Fieger and Bailey, 1954). Shrimp 
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dipped in 1% sodium bisulfite or in 1% "ascorbic acid-citric acid mixture 
8-92" solutions are protected from black-spot formation for 8 days. One-
half per cent ascorbic acid solution protects the shrimp from black-spot 
formation for approximately 4 days. All effective dips caused lower bac
terial counts only during the initial period of ice storage. When treat
ment is delayed 7 hr., bacterial counts occasionally rise on sulfited shrimp 
(Camber et al, 1957). 

Using commercially frozen shrimp which were thawed, then stored 
in beakers in refrigerators after various treatments, Färber and Lerke 
(1956) showed that volatile reducing substances offer a useful means 
for the chemical evaluation of the state of freshness of shrimp. The 
efficacy of Chlortetracycline in prolonging the storage life of shrimp is 
influenced by the storage temperature, which should be 40° F. or lower. 
Peeled, headless shrimp are benefited by CTC treatment more than 
similar unpeeled ones. 

( 2 ) Storage without Direct Ice Contact 

When shrimp are stored without direct contact with ice, low bacterial 
counts result (average 4,400 per gram through 7 days' storage) if the 
shrimp are handled carefully and expeditiously, but black spot becomes 
a severe problem (Green, 1949b). 

Later, Fieger et al. (1956b) further investigated this type of storage 
using the antibiotic CTC and such antioxidant dips as sodium bisulfite, 
ascorbic acid, and citric acid, either separately or in combination. The 
CTC dips were effective in maintaining low bacterial counts through 
15 to 20 days. The dips not containing CTC reduced bacterial counts 
insignificantly. Black spot was controlled only through bisulfite. 

( 3 ) Effect of Delayed Handling on Quality 

It is universally recognized that expeditious handling of perishable 
food products is a prime requisite for maintaining quality. Limited in
formation is available on the effect of length of time for ice storage of 
shrimp on their subsequent quality during frozen storage (Fieger and 
DuBois, 1946; Fieger et al., 1950). Duggan and Strasburger (1946) give 
results obtained from one experiment in which freshly caught shrimp 
were allowed to remain 6 hr. at air temperature prior to icing. These 
shrimp were spoiled after 6 days' ice storage as indicated by organoleptic 
observation and the indole content. 

To study further the effect upon quality of short-time exposure of 
shrimp to air temperatures on trawlers prior to washing and icing, ex-
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periments were conducted with shrimp from Barataria Bay, Louisiana 
(Fieger et al., 1958). In the first experiment, one-third of the catch was 
immediately headed, washed with bay water, and stored in aluminum 
pans packed in ice. The remaining two-thirds of the whole shrimp were 
held without refrigeration in the Marine Laboratory of the Louisiana 
Wildlife and Fisheries Commission, where the temperature varied be
tween 79 and 84°F. After 2 and 6 hr., samples were removed and handled 
in the same manner as described above. 

The second experiment was conducted in a similar manner with the 
following changes. The headless shrimp were washed and divided into 
two portions. One portion was soaked in bay water for 5 min., drained 
2 min., placed in aluminum pans, and packed in ice. The other portion 
was treated similarly, except that it was dipped in 20 p.p.m. CTC and 
5000 p.p.m. isoascorbic acid dissolved in bay water. Because the catch 
was small, only a 2-hr. holding period was used before heading, washing, 
dipping, packing in aluminum pans, and storing in ice. 

Although exposure to unfavorable temperatures was of relatively 
short duration, this had a pronounced effect upon quality after 6 and 11 
days' ice storage, as measured organoleptically and by pH. When the 
pH of the shrimp reaches 7.7, the characteristic sweet flavor of fresh 
shrimp generally has completely disappeared (Fieger and Friloux, 1954; 
Bailey et al, 1956). Those shrimp which remained at air temperatures 
for 2 hr. showed only a slight increase in bacterial count compared to 
freshly caught shrimp, but after 6 and 11 days' ice storage the increase 
in bacteria was two- and threefold respectively, compared to the controls. 
The bacterial count of shrimp held 6 hr. at air temperature prior to ice 
storage was twice that of freshly caught shrimp. After 6 days in ice 
storage, this increase was fivefold, and after 11 days seventyfold in com
parison with the controls. Similar results were obtained for melanin 
formation in shrimp ice-stored immediately after catching, in comparison 
with shrimp held at room temperature prior to ice storage. 

Among the numerous breakdown processes in sea food, proteolysis 
is prevalent. For a detailed discussion see Chapter 14, this volume. Hold
ing shrimp at 32°F. or 20°F. generally results in a much slower rate of 
protein breakdown. Similarly, keeping shrimp at air temperature prior 
to ice storage involves an increased protein decomposition with the re
lease of amino acids, including tyrosine, and the subsequent rapid con
version of the latter to melanin through the action of phenolases. In 
previous unpublished work the authors have shown increases in certain 
free amino acids during such ice storage. There might, nevertheless, also 
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be a loss of certain other amino acids. This is also indicated by findings 
on Indian shrimp (Velankar and Govindan, 1958), icing facilitating a 
leaching of phosphates and free amino acids. Simidu and Hujita (1954a, 
b ) clearly established in no less than 10 commercial shrimp varieties 
that the flavor is related to the content of amino nitrogen, particularly of 
the monoamino group. More than half of this was represented by glycine, 
which gradually declined in amount during storage. This decidedly re
duces the palatability. It is notable that no cysteine or cystine has been 
found in shrimps (Ranke, 1955). 

Two principal types of decomposition in raw shrimp are postulated 
by Duggan and Strasburger (1946) on the basis of their work and 
previous reports from their laboratory. One of these, the putrefactive 
type, occurs when shrimp, before icing, are exposed for a time and at a 
temperature favorable for bacterial incubation. This breakdown is char
acterized by the appearance of indole, presumably formed by tryptophan 
through bacterial action. No indole is ever found in fresh shrimp. Once 
started, this type of decomposition proceeds fairly rapidly, even though 
the shrimp are subsequently well iced. The ammoniacal type of decom
position is necessarily slow and is characterized by an odor of free am
monia, in addition to other odors associated with protein decomposition. 

Indole is a reliable indicator of spoilage of the raw material prior to 
freezing and canning (Duggan and Strasburger, 1946). For further ref
erence, see Duggan (1948) . It has been commonly used as a criterion 
of inferior sanitation in processing plants or deterioration in storage 
prior to final processing. This was confirmed in a recent study (Barry 
et al.9 1956), although in the canned product a slow disappearance of 
indole takes place. 

Few studies are available on the icing of cooked and peeled shrimps. 
A preliminary study was made available in 1944 by Kapalka and Pot
tinger but with few conclusive results. This field would need expanded 
research in order to shed better light on the biochemical and microbial 
changes in cooked shrimp largely distributed through the institutional 
market. 

The CTC-isoascorbic acid treatment had little effect in improving 
quality as indicated by pH or organoleptic score. The bacteriostatic 
agent, CTC at 20 p.p.m., caused a small decrease in bacterial numbers. 
The antioxidant isoascorbic acid was more effective in preventing mela
nosis in shrimp which had not been held at air temperature than those 
which stood 2 hr. at air temperature. Also, it was more effective during 
the early period of storage. 



572 ERNEST A. FIEGER AND ARTHUR F . NOVAK 

( 4 ) Use of Refrigerated Sea Water 

Higman and Idyll (1952) investigated the preservation of freshly 
caught shrimp in refrigerated liquid media. The best results were ob
tained with sea water refrigerated to 28.5 to 30°F. Under these condi
tions, headless shrimp can be stored for 21 days and black-spot develop
ment is prevented, but odor becomes a problem. Changing the sea water 
during storage does not improve the quality of shrimp and may result in 
increased toughness. The quality of shrimp stored in refrigerated solu
tions of sodium chloride was similar to that of shrimp stored in refriger
ated sea water, while calcium chloride solutions induced a bitter taste. 
Since undesirable odors (hydrogen sulfide) developed during storage 
in refrigerated sea water, additions of sodium hypochlorite at 5, 10, and 
20 p.p.m., "Fran-Kern" 500 p.p.m. and 1000 p.p.m., and "Perchloran" 
( 7 0 % calcium hypochlorite) 10 and 50 p.p.m. were investigated with 
negative results. Headless shrimp kept better than whole shrimp. The 
formation of hydrogen sulfide is also reported by Faulkner et al. (1954). 

Bacterial counts on changed and unchanged sea water and on drip 
from ice-stored whole and headless shrimp for each type of storage 
showed a slight or no increase throughout the experiment (20 days). 
The latter occurred for whole shrimp in changed and unchanged sea 
water. The counts varied around 100,000 per cubic centimeter. It is 
unfortunate that the main types of bacteria were not determined and 
their effect upon shrimp tissue studied to determine the nature and 
source of the off-odors. 

CTC added in varying concentrations to freshly caught shrimp 
(Penaeus duorarum) in sea water had no preservative effect in checking 
or retarding spoilage (Higman et al, 1953). 

Several tanks were installed on commercial shrimp boats for the 
purpose of holding shrimp in refrigerated sea water. Commercial ex
perience indicated that after the equipment had been used on several 
trips, the maximum length of storage was about 14 days, due to the odor 
which developed in the shrimp. At the present time, this type of holding 
is not in commercial use. 

f. FROZEN SHRIMP 

The general effect of freezing on the microbial flora and on counts 
is discussed by Shewan in Chapter 14 of this volume. Almost no pub
lished studies on shrimp are devoted to analyzing in a satisfactory way 
the separate effects of the freezing as such, subsequent killing off during 
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frozen storage, and the reduction in count due to defrosting. Nor is any 
investigation available as to the special media required to follow changes 
in the special microbial flora of shrimp. Some observations may, never
theless, be reviewed. 

The first reported results of experiments on freezing United States 
shrimp on board trawlers indicated that shrimp frozen immediately after 
catching maintained an excellent quality during a subsequent 12 months' 
frozen storage (Fieger and Dubois, 1946). In those cases where freezing 
was delayed and the shrimp were held for 48 hr. or longer at 38°F., the 
product was judged unacceptable after 9 months' frozen storage. To 
what degree they were unacceptable earlier or when frozen was not 
established (Green, 1949c). 

Shrimp frozen as late as the ninth and tenth day of iced storage 
showed a minor reduction in count through the freezing and a gradual 
decline in the following 12 months (Green, 1949b, c ) . Whether residues 
of bacteriostatic agents, applied during the previous iced storage, have 
an aftereffect is a possibility, but is not further pursued in this study 
(Green, 1949b). 

The best methods of freezing, packaging, and storing headless 
shrimp were investigated by Fieger et al. (1950) . Waxed cartons over-
wrapped with glassine or not and heat-sealed were used. This was com
pared with regular glazing. Freezing took place at —40 °F. Storage tem
peratures were —40°F. , 0°F. , 10°F., and fluctuating between 0°F . and 
10°F.; storage period was 12 months. Definite evidence of deterioration 
was noted in those samples stored for 3 months at 10 °F. At 10 months, 
they were judged unacceptable. The samples stored at —40°F . had the 
appearance of freshly frozen shrimp, and were of excellent quality at 
the end of the storage period. Those stored at 0°F . were of only slightly 
poorer quality than those at —40 °F. and superior to those held at fluc
tuation temperatures. No significant differences were shown between the 
glazed samples and those having the glassine overwrap. Temperatures 
above 0°F . cannot be recommended for storage of frozen shrimp. Bac
teriological studies of these samples were reported by Holmes and Mc-
Cleskey (1949) . The major problem in keeping and packaging frozen 
shrimp undoubtedly is the gradual drying of the product with ensuing 
chemical changes (Peters and McLane, 1959). Peeled shrimp had lower 
bacterial counts than unpeeled shrimp. Storage at 10°F. gave a lower 
survival rate than for those kept at —40°F . 

Bacterial counts on commercially frozen shrimp were obtained by 
Green (1949c) . Large variations were observed and no distinct trends 
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were discernible. The present practice of peeling and deveining prior to 
freezing naturally means the removal of potent sources of microorgan
isms, which otherwise, after defrosting, exert their deteriorating effect. 

g. FROZEN BREADED SHRIMP 

The validity of certain tests in establishing the sanitary conditions 
and changes of quality in frozen breaded shrimp, caused by bacterial, 
chemical and physical factors, was investigated by Fellers et al. (1956) . 
Enterococci were present in all samples and their number varied from a 
very few to 13,500 per gram. Forty-four per cent contained less than 100 
enterococci per gram of frozen breaded shrimp. In no instance was the 
presence of Escherichia coli confirmed by the use of eosin methylene 
blue agar and the authors state that little information of value is gained 
from making confirmed E. coli tests. These results are at variance with 
those of Green (1949d), who reported 62% of 14 samples of com
mercially frozen headless shrimp contained E. coli even after 2 months' 
frozen storage. Kern (1957) concluded that the enterococci count was 
a more reliable index of sanitary quality of frozen breaded shrimp than 
coliform values. 

In a study of the biochemical aspects of shrimp spoilage, the same 
authors found indole determination, iodine titration, trimethylamine 
nitrogen, and photoelectric reflection number to be of little value in 
estimating the degree of freshness in frozen breaded shrimp. The only 
test that showed a definite correlation with taste panel score and loga
rithm of total bacterial count was the ratio of total volatile bases ( T V B ) 
to total nitrogen ( T N ) , multiplied by 100 ( T V B / T N X 100). On the 
basis of the correlation between such ratio values and average taste 
panel score, 4 zones were proposed (see tabulation). 

Ratio values Quality 
Below 6.0 Very good 
Between 6.0 and 7.5 Good 
Between 7.5 and 8.5 Questionable 
Higher than 8.5 Unacceptable 

These findings were confirmed by Gagnon and Fellers (1958a, b ) . This 
study was based on 144 samples of commercially frozen breaded shrimp, 
representing 24 brands collected in 23 United States cities. The dis
tribution of bacteria varied from a minimum of 21,500 bacteria per gram 
of shrimp to a maximum number of 54 χ 10 5 bacteria per gram; seven 
per cent contained less than 100,000 bacteria per gram; 3 6 % contained 
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less than 0.5 χ 10 6 and 6 1 % had a bacterial count of less than one mil
lion bacteria per gram (Kachikian et al., 1959). 

On the basis of these ratio values and the quality scale, of the 144 
samples, 10.5% were unacceptable, 2 5 % were questionable, 47.2% were 
good, and 17.4% were very good. Improvements both in sanitary con
dition in the plant and in the handling of the shrimp seem imperative 
(see also Dugan, 1954). 

h. D R Y REFRIGERATED STORAGE BEFORE FREEZING 

The lowest bacterial counts in frozen storing were obtained on head
less shrimp (Penaeus setiferus) which prior to freezing had been chilled 
in waxed cartons without direct contact with ice (Green, 1949c). During 
subsequent frozen storage, such shrimp developed more discoloration 
than other lots. Due to the favorable effects as to bacterial counts through 
such dry refrigerated storage, further research is being conducted in 
order to find means of avoiding the mentioned discolorations. Other ad
vantages of this way of storage are: the shrimp are not crushed by the 
upper layers of shrimp and ice; the lower layers are not inoculated with 
bacteria by water from melting ice percolating from upper layers of 
shrimp; and if metal containers are used, they can be sterilized after 
each trip. 

i. IMMERSION FREEZING ON TRAWLERS 

A radical way to avoid microbial deterioration of the raw material 
is freezing at sea. Crowther (1951) reported preliminary results using 
brine (calcium chloride 4 0 % by weight) at a temperature of — 3 ° F . 
Similar trials were conducted in 1952 on both white shrimp (P. setiferus) 
and brown shrimp (P. aztecus) on board the Fish and Wildlife vessel 
"Oregon." Both brine- and air-freezing were tested during exploratory 
trips in the Mexican Gulf (Dassow, 1953). For brine-freezing a circu
lating 85° salometer, brine chilled to 5°F . was used. 

j . COLIFORM BACTERIA 

During 1930-33, a complete bacteriological survey of shrimp was 
made by Freeman and Strasburger from the sanitary point of view 
(Duggan and Strasburger, 1946). In a later survey of shrimp inspection 
activities, mention is also made of the frequent use of polluted waters 
for washing and coli-contamination through operators lacking adequate 
toilet facilities (Clarke, 1937). In a more recent investigation, the colon-
aerogenes bacteria in shrimp were studied in particular by Green 
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(1949d). She found that 4 9 % of 41 samples of freshly caught shrimp 
contained members of this group, but only one sample contained Esche
richia colt. All positive samples contained the genus Aerobacter, A. clo
acae occurring more frequently than A. aero genes. 

Of 105 samples of freshly caught and iced shrimp she examined on 
board the fishing vessels, 4 5 % were positive for coliform bacteria, 3 5 % 
of all samples contained Aerobacter spp., 4 % E. fruendii, and 5% E. 
coli. The colon-aerogenes group was found more frequently in or on the 
cephalothorax than in the headless shrimp. All 14 samples of market 
shrimp examined contained coliform bacteria, 57% of which contained 
E. coli. The high content of this species in market shrimp, rarely en
countered in freshly caught shrimp, is indicative that there still is a need 
for more rigid sanitation in the handling of this product. 

2. European Shrimp 

Because of the perishable nature of the European (North Sea) 
shrimp (Crangon vulgaris, synonym: Leander adspersus), particularly 
in summer months, the method of boiling the shrimp in salted water 
immediately after catching was introduced many years ago. This proce
dure causes difficulties. It is not easy on deck at sea to obtain an equal 
degree of heating. Sometimes, it may even be troublesome to boil or 
cook, as a whole. Another complication is the formation of foam due to 
soluble protein moving out into the water. Frequently, the foaming is 
checked by the addition of cold sea water, diminishing the efficiency of 
the boiling. Chemical additives with antifoaming characteristics have 
been tried, but none is generally accepted (Meyer-Waarden, 1957). 
Boric acid used to be the leading preservative up till recently, when this 
substance was ruled out. 

The same methods are employed in the handling of the Northern 
shrimp in Scandinavia. 

The keeping of fresh raw shrimp encounters chiefly two difficulties. 
Shrimp has a relatively high content of free amino acids (higher than 
fish) (Ranke, 1955). This constitutes a favorable substrate for the de
velopment of microorganisms. The richness in amino acids has been 
observed in Brazilian shrimp, too (de Almeida, 1955). Secondly, they 
contain enzymes, particularly of a proteolytic nature (cathepsin), which 
rapidly break down the protein and provide the bacteria with additional 
feed. These enzymes can be inactivated by applying a sufficient tem
perature for a satisfactory length of time. Studies on board by Degkwitz 
et al. (1954) show that the temperature rarely goes above 90 °C. in the 
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flesh, and under these conditions the enzymes are not wholly inactivated. 
Only when the boiling temperature reaches 100 °C. for a few minutes 
does a complete inactivation take place. At the same time, this treatment 
has the additional favorable effect of killing off part of the intestinal 
bacteria. In order to avoid the above-mentioned complications and 
attain these minimum temperatures, Mann in 1955 introduced the use 
of a specially built heating kettle providing an efficient heat transmission. 
Recent reports by Ludorff et al. (1957, 1958) confirm these observations, 
but, on the other hand, reveal that this raising of the temperature from 
90 to 100°C. in most cases only means increase in shelf life of one day; 
in other words this temperature is not sufficient for anything else than a 
minor pasteurization of the product. Ludorff questions both the use of 
boric acid as a preservative and the application of such a short-time 
pasteurization. Besides, cooking reduces the content of amino acids. Less 
breakdown and better quality are obtained by icing the shrimp at sea 
and transferring the cooking operation to the shore. He also established 
that in spring and fall the shrimp remain in a live condition, if kept 
below 5°C. In summer, when they are coming from waters with a tem
perature around 1 8 ° C , even 5°C. is not sufficient to keep the shrimp 
alive (Ludorff, 1958). Icing is recommended. 

Through microscopic observations it has been established that within 
5 to 10 hr. at 20°C. bacteria of the type of multiple rods appear. The 
number increases appreciably after 18 hr. Parallel to this multiplication 
an increase in pH takes place. In newly cooked shrimp it amounts to 
7.3 and gradually rises to 8.0. Between 7.6 and 8.0, there is clear evi
dence of deviating tastes. They can be picked up by organoleptic analysis 
and are described as being of an ammoniacal nature (Roskam, 1958). 

The shrimp surface at this stage acquires a sticky to glossy appear
ance. These nonsporogenic mobile rods belong to the genus Pseudomonas 
and grow at a remarkable rate also at 1°C. This might explain the minor 
effect of cooking and subsequent cooling on the majority of the bacteria. 
Unpeeled shrimp are more perishable than peeled ones. At 1 ° C , a 
keeping time of 7 days was observed under these cool conditions, in sea 
water containing 2.5 χ 10 5 bacteria per milliliter. Perhaps this has some
thing to do with the observation of practice that shrimp in water keep 
better than those in the air, it being easier to keep the temperature down 
by using water for a rapid removal of heat. Through cooking experi
ments on board shrimp-catching vessels, it was established that shrimp 
are cooked at 98°C. and temperatures in the flesh may reach 92-95 °C. 
Under these conditions, nonsporeforming bacteria do not survive. So, it 
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was earlier assumed that spoilage of cooked shrimp was primarily caused 
by recontamination. 

In 1955, Mann proved that the deterioration of shrimp also was 
attributed to enzymic activity. Most of the cooking was too brief to 
allow a sufficient degree of inactivation. As mentioned above, some of 
these are strongly proteolytic. In addition, it can be inferred that the 
Pseudomonas with just these characteristics survive in the intestinal 
systems of the shrimp and from there may invade the flesh, causing 
spoilage. 

On the Dutch coast, a special feature influences the keeping quality 
of shrimp. Large quantities of a small fish (Gobius minutus), just the 
size of the caught shrimp, follow them on board and cover them with 
slime, extruding waste matter from their intestines, etc. Thus, the bac
terial load increases and renders the pasteurizing cooking still less ef
ficient (Roskam, 1958). 

The breakdown pattern of the North Sea shrimp has been inves
tigated chromatographically by Ranke and Bramstedt (1954) . Sig
nificant changes appeared from the fourth day onward. Extensive studies 
on the effect of the raw material changes on the final quality of frozen 
shrimps have been executed by a Danish research group, headed by 
Bramsnaes (see Bramsnaes et al, 1954). 

Boiled shrimps are packed with butter and spices and marketed 
without further processing. This product naturally has a restricted 
shelf-life and needs keen observation. Specific spoilage problems are 
encountered [see further, Walker (1954) and Dewberry ( 1 9 5 8 ) ] . 

Smoked shrimp also are subject to a gradual microbiological de
terioration (Young, 1948). 

B . LOBSTER 

1. In General 

Lobsters are most hardy and can withstand diverse conditions to a 
considerable degree without succumbing. Thanks to this, the "live pack" 
method, placing the lobsters in hermetically sealed cans and keeping 
them cool, could be developed. They survive under these conditions for 
6 to 16 days. Nevertheless, they are sensitive to rapid changes of tem
perature but adjust readily to gradual, slow changes in temperature 
(Thomas, 1958). Detailed recommendations based on extensive in
vestigations indicate the temperature, humidity and air conditions most 
favorable to a long-time survival of lobsters (Chaisson, 1932; McLeese, 
1956; Thomas, 1958). Primarily, the time span during which it is pos-
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sible to keep the lobster alive determines the initiation of spoilage and 
finally also the keeping time. In the Philippines, the holding and trans
porting of live lobsters is limited to 10 hr. (Hinkle, 1950). 

No significant data are available which account for deteriorative 
changes causing spoilage in raw lobsters. There are, however, several 
indications that they follow the general pattern for crustaceans. Bio
chemically, lobsters are characterized, like most crustaceans, by a pro
portionately high content of monoaminonitrogen (Boyd, 1921; Campbell, 
1935). The breakdown through autolysis and bacterial decomposition 
in broad terms was studied by Reed (1925; Reed et al, 1929). Primarily, 
spoilage is an attack on protein. This manifests itself in a relative de
cline in protein content and increase in chitin yields (Dreosti and van 
der Merwe, 1955-1956). 

Taking into consideration the extensive consumption of lobsters in 
both the United States and Europe and of the related langouste in other 
parts of the world it is most surprising to find that almost no microbial 
studies are available that clarify the breakdown pattern of lobsters from 
the bacteriological or biochemical point of view. This might establish 
the general impression that these organisms have good keeping char
acteristics and when they become spoiled this becomes so obvious 
through disagreeable taste and flavor that no one would risk eating them. 
This undoubtedly is a fruitful field for research. 

It goes without saying that cooking always is beneficial to quality 
and shelf life. The South African rock-lobster fishing is done with mother 
ships, to which the dinghies carry their load for immediate icing and 
keeping in insulated holds (Anonymous, 1958). 

2. Discoloration 

Harrison and Hood in 1923 (Tanner, 1944) investigated a condition 
known as blackening but were unable to show that bacteria were the 
only cause of this discoloration. Several organisms isolated from freshly 
caught lobsters were able to produce dark compounds when grown on 
a laboratory medium. In a Japanese study, the black discoloration was 
confirmed to be due to black pigments being formed by the action of an 
enzyme in the blood of the lobster on a certain constituent of the liver. 
The distribution of tyrosine and tyrosinase in organs of a lobster (Panu-
lirus japonicus) was mapped. Blood was found to be the most powerful 
in tyrosinase activity as compared with the organs and flesh. p-Amino-
benzoic acid revealed an inhibitory effect on this darkening reaction 
(Kakimoto and Kanazawa, 1956). 
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A yellow discoloration has been reported from frozen lobster meat 
and seems to be associated with the oxidation of the red pigments to 
yellow ones (Dyer and Home, 1953). This oxidation occurs especially 
in the tips of the claws, which have a higher fat content than the rest 
of the meat (Anonymous, 1953). This might also point to an oxidative 
breakdown of fat. Although this process is primarily of a biochemical 
nature, there is still the possibility that previous microbial activities 
might pave the way for those changes. This seems to be the case with 
the South African rock lobster. 

C. CRABS 

1. General Remarks 

As in other crustaceans, crab deterioration sets in only after death. 
The better the crabs survive, the longer it takes for putrefactive spoilage 
to gain ground. In cooled sea water (38°F . ) crabs survive 5 days, ac
cording to Roach (1956) . 

A black surface discoloration of whole crabs reported by Idler and 
MacLeod (1953) proved to be not of a microbiological nature, but due 
to the deposition of manganese oxide. 

Like those of most other invertebrates, crab muscles show a high 
level of α-aminonitrogen (Velankar and Govindan, 1957). This un
doubtedly has an effect on the biochemical and microbial breakdown 
pattern. 

2. Crab Meat 

Crabs are characterized by particularly rapid and deleterious changes 
in their meat, starting at death. They readily succumb then to microbial 
attacks. The meat of newly caught crab is, however, claimed to be 
almost sterile, but bacteria multiply rapidly (Timofeev, 1949a). The 
bacterial invasion starts primarily from the intestinal tube. 

Crab meat exhibits discoloration phenomena of the same nature en
countered in most crustaceans. Such darkening reactions are of an 
enzymic nature and due specifically to tyrosinase activity (Fellers and 
Parks, 1926). A bluish discoloration is caused by changes in blood pig
ments and enhanced by deficient bleeding in the butchering (Färber, 
1953). None of these changes appears to be directly connected with any 
microbial action. 

3. Breakdown Pattern 

The bacteria appear to be mainly on the surface of the body; rela
tively few are found in the intestinal tract (Goresline and Smart, 1942). 
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A study of crabs and crab meat by Harris (1932) led to the conclusion 
that decomposition is due principally to organisms of the Proteus, Pseu
domonas, and Flavobacillus groups. It is accompanied by an increase 
in pH with the appearance of free ammonia. E. coli was present at 20°C. 
during the early stages of spoilage but almost absent when kept at 2 to 
5°C. The appearance of a positive Nessler reaction was proposed as a 
test for the initial stages of decomposition prior to any visible indica
tions. In another study, organisms belonging to the Escherichia, Zopfius, 
Alcaligenes, Achromohacter, Sarcina, and Streptococcus genera were 
isolated. It was concluded that decomposition was progressive prote
olysis due to organisms belonging to the Proteus group. This is con
firmed by Soviet investigations (Timofeev, 1949a), which claim that 
bacteria of this latter group multiply rapidly in crabs, but signs of de
composition are slow to appear. Food poisonings through crabs have 
been attributed to Proteus attacks (Timofeev, 1949b). 

Fresh crab meat packed in 1-lb. snap-lock cans stored at 33.8° to 
41 °F., and having initial counts of 100,000 to 3,000,000 per gram, was 
examined by Tobin et al. (1941) . Bacteria at the time of storage were 
chiefly cocci, although some Bacillus, Achromohacter, Flavohacterium, 
Alcaligenes, Aerohacter, Escherichia and Pseudomonas were present. 
Originally, counts increased considerably during the onset of spoilage, 
and Pseudomonas and Achromohacter became dominant. Pure cultures 
of these organisms produced typical crab-meat spoilage at storage tem
peratures. The pH was found to increase from 7.2 to 7.8-8.2 during the 
onset of spoilage. 

The determination of volatile-base nitrogen is the best method of 
assessing the freshness of raw crab meat, according to Tanikawa et al. 
(1953c) . At the stage of incipient spoilage, the meat contained 20 mg. 
per 100 g., compared to 30 mg. in fish. The amount of volatile-base 
nitrogen was in accordance with the organoleptic findings. When the 
volatile-base nitrogen content reached 20-25 mg. per 100 g., a distinct 
deviating odor was noticeable. Simidu and Hibiki (1954) also found the 
production of volatile-base nitrogen to be high in spoiling crab meat, 
but did not discuss its reliability as an index of freshness. 

Fresh crab meat is usually sold in three forms; "lump" (the muscles 
of the back fin or fifth pereiopod), "regular" (promotor muscles of the 
pereiopods), and "claw" (muscles of the chelipeds) which appears to 
be the order of desirability. Although official bacterial standards are the 
same for each of these types of crab meat, little information is available 
about their specific pattern of deterioration. Crab meat regulations do 
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not mention different types of meat. It is tacitly assumed that all meat 
spoils in the same way, although little evidence is to be found for such 
assertions. A preliminary report by Benarde (1958) seems to indicate 
that these three types of meat largely have similar spoilage character
istics, although they may have a distinctly different initial pH. Available 
earlier studies (Afford et al, 1942; Harris, 1932; Tobin and McCleskey, 
1941), do not specify the type of meat tested. 

4. Chilling 

Tobin and McCleskey (1941) examined fresh and iced crab meat 
and found the plate counts to vary from 87,000 to 16 million bacteria 
per gram. Escherichia coli was present in many samples and was found 
to originate largely from hands of workers, ice, and dipping brines. 

Carlson (1954) reported on storing chilled Dungeness crab meat at 
40°F. (4°C. ) in hermetically sealed cans. Organoleptic examination in
dicated that the storage (4°C. ) of chilled Dungeness crab meat was 7 
days when the cans carried a high vacuum, and 5 days when the cans 
were sealed at atmospheric pressure. There was definite and gradual 
increase in volatile nitrogen and volatile reducing substances in the 
meat. Changes in quality were not detected organoleptically until after 
2 to 3 days, when a significant increase did occur in the number of 
bacteria. Those packed in vacuum showed the same spoilage pattern, 
but spoilage was delayed 2 days. A similar retardation under anaerobic 
conditions was reported by Tanikawa et al (1953c) for Erimacrus isen-
beckii. 

There is a certain relationship between the initial bacterial count 
and the length of possible storage time at 40°F. (4°C. ) of hermetically 
sealed crab meat, but very little correlation between acceptable storage 
life (as judged by odor and appearance) and the bacterial count of the 
crab meat up to the day it becomes unacceptable (Carle and Kyte, 1955). 
Washing the crab meat in brine prior to packing not only removes 
debris but reduces the bacterial load. 

Data regarding pH do not seem to be a reliable index for spoilage. 
It has been indicated that the pH of fresh crab meat is 7.2-7.4, while 
spoiled meat has a pH of 8.0 to 8.5 (Harris, 1932; Tobin and McCleskey, 
1941). Afford et al (1942) , however, established that the bacterial count 
could not be predicted from pH determinations. Besides, the pH's of 
different kinds of crab meat as indicated above have different initial 
values and become markedly irregular as spoilage proceeds (Benarde, 
1958). 
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5. Pasteurization 

Pasteurization of crab meat is undertaken to extend its keeping 
quality and destroy any pathogens that might be present (Reedy and 
Anzulovic, 1942a, b; Anzulovic and Reedy, 1954). They found that crab 
meat pasteurized at temperatures between 145°F. (62.8°C.) for 30 min., 
160°F. (71°C.) for 10 min., and 170°F. for 1 min. and kept as long as 
5 weeks at 41 to 43 °F. was free from E . coli, and the color, odor, and 
taste were not impaired. They employed a modified Frost "little plate" 
method with MacConkey's agar (Difco) at 43 °C. as a rapid test for the 
estimation of E . colt. 

Longevity of the coliform bacteria and enterococci in crab meat was 
investigated by McCleskey and Boyd (1949) . Coliform organisms in
creased during storage of fresh-iced meat, while enterococci remained 
unchanged. When spoilage occurred, there was an increase in entero
cocci. 

A new bacterial species producing a musty odor in crab meat was dis
covered by Alford and McCleskey (1942) . This organism was compared 
with known organisms producing a musty odor in eggs. The organism, 
believed to be a new species, was named Achromohacter mucidus. 

In commercial operations, the live crabs are generally steam-heated 
for 10 min. at 250°F. (15 psi) , then allowed to cool—generally overnight 
at 1 to 3 ° C , after which the meat is removed by trained pickers. The 
reduction of bacteria taking place in the heat treatment is counterbal
anced by the inevitable contamination taking place in the picking. So, 
from the point of view of preservation, such a product is not to be con
sidered "pasteurized" unless a new heat treatment is applied after the 
packing and prior to placing the packed cans under refrigeration. 

6. Canning 

Because of the rapid bacterial decomposition of crab meat, it is 
strongly recommended that no storage take place in canneries prior to 
retorting (Reed, 1925; Elliot and Harvey, 1951). The freshness of the 
crab meat greatly influences the final quality of the canned crab. This 
was clearly established by Sasa back at the end of the nineteenth cen
tury (Tanikawa, 1953). A certain autolytic formation of amino nitrogen 
takes place (Tanikawa et al., 1953a), but far more profound are the 
changes induced by bacteria (Inoue and Tanikawa, 1952; Tanikawa et 
al, 1953b). 

Bacillus megatherium and B. mesentericus vulgatus, both spore-form-
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ing anaerobes, discovered after swelling of canned crab (Paralithodes 
camtschatica) were both traced to the cannery. The crab meat was 
heavily contaminated prior to processing and the bacteria survived nor
mal heating (Tanikawa and Nenohi, 1954). 

Meat of the crabs Erimacrus isenbeckii and Paralithodes camtschatica 
becomes unsuitable for canning when the content of volatile-base nitro
gen rises above 0.02%. The meat of P. camtschatica undergoes bacterial 
decomposition less rapidly than that of Erimacrus isenbeckii, but the 
temperature coefficient for spoilage temperature is higher for the former 
(Tanikawa and Akiba, 1955a). 

Samples of raw, boiled, and canned crab meat were stored, under 
aerobic or anaerobic conditions at 4° , 22° to 25°, or 35°C. for up to 150 
hr. Changes in the volatile-base nitrogen contents of the crab meat, and 
the rates of bacterial decomposition, were rapid, particularly under 
aerobic conditions. Decomposition started later in the boiled meat than 
in the raw meat, but once started, it developed more rapidly. The canned 
meat decomposed more rapidly than the raw or boiled meat. The keep
ing quality of raw or boiled meat in the shell was better than that of 
similar meat removed from the shell. Shoulder meat decomposed more 
rapidly than that of claws (Tanikawa et al., 1953b). 

7. Inoculation Experiments 

Multiplication of bacteria in sterile crab meat was described by 
Berry (1942) . Cultures of E. coli, Proteus sp., Salmonella aerotrycke, S. 
morgani, S. typhosa, Shigella dysenteriae, and Staphylococcus aureus 
were inoculated into autoclaved crab meat and the rate of growth was 
observed. Significant increases in the bacterial plate count were observed 
with each culture when incubated at 25°C. or 37°F. At 5 ° C , the number 
decreased, although viable organisms were still present after 15 days at 
this temperature. 

The spoilage of crab meat through a histamine-producing strain of 
E. coli was followed chromatographically by Yagasaki et al. (1959) , who 
studied the pH increase, volatile nitrogen, changes in various amino acids, 
and the appearance of histamine (and loss of histidine) with the ad
vancing spoilage (7 days). 

8. Cleansing 

Purification processes employed for oysters were applied to crabs by 
Nickerson et al. (1939) . Fresh crabs were washed in sea water and 
placed in experimental tanks containing sea water with 0.5 p.p.m. active 
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chlorine and 6.5 p.p.m. dissolved oxygen. This method of treating crabs 
for periods of 24 to 48 hr. caused significant reductions in the percentage 
of fecal organisms, although some of these survived. Since approximately 
14% of the crabs died during the treatment, however, this method is 
not feasible for commercial use. 

D . CRAYFISH 

Few papers offer pertinent information concerning the microbiology 
of crayfish. Far more is known about the diseases of living crayfish, par
ticularly the crayfish pestilence, than in regard to its spoilage pattern. 
Crayfish, consequently, offer a fertile field for bacteriological research, 
on almost all phases of handling, transportation, and processing. 

Worth mentioning is an observation on Australian crayfish (Jasus 
Mhndi) that a portion of cooked tail meat from crayfish frozen raw may 
be converted into a soft, mushy texture with considerable free liquid 
(drip). The affected area was largely confined to the "butt-end" of the 
tail but occasionally extended with decreasing severity to one-third of 
the length. The possibility that microorganisms invade from this end 
seems to be ruled out (Anderson, 1956). The nature of the texture break
down strongly suggests proteolytic attack as proposed by Reay (1950) 
and Anderson (1956) , presumably by visceral and stomach enzymes 
having diffused into the tail flesh, possibly during the thawing. As to 
satisfactory handling of Australian crayfish, see Sheard (1950) . 

III. Mollusks 

A. OYSTERS 

1. Public Health Problems 

Cultivation, processing, and packing procedures for market oysters 
subject this food to many potential sources of microbiological contamina
tion. Therefore, thorough and constant control must be maintained to 
ensure ultimate consumers of receiving a safe and edible product. A 
survey of the literature offers considerable information concerning the 
nature of the problems involved. 

Areas designated for oyster cultivation usually present infinite pos
sibilities of chemical, biological, and physical changes which contribute 
to a favorable environment for microbial growth. Changes in rate of 
flow of water in the area, weather variations, industrial developments, 
concentration of pollutants, and availability of nutrients for food are but 
a few factors contributing to the problem. Since such variable circum-



586 ERNEST A. FIEGER AND ARTHUR F . NOVAK 

stances exist over short periods of time, innumerable strains of bacteria 
and yeasts will find suitable conditions for optimum growth during the 
lifetime of any given oyster. Strict enforcement of regulations is necessary, 
therefore, to prevent the oyster industry from becoming a health menace. 

In 1902, Fuller traced the sewage flow of Providence, Rhode Island, 
which discharged approximately 14 million gallons a day into Narra-
gansett Bay. This pollution came in contact with some of the oyster beds 
because of the tide. Water and oyster samples were collected from 
various locations, and analyses showed that the water, oysters, mussels, 
and clams from the beds near the sewer opening contained Escherichia 
coli and Aerobacter aerogenes. Approximately 3 0 % of the oysters and 
60% of the water samples from a bed situated under a strong tidal cur
rent several miles from the sewer were contaminated, and oysters from 
a bed 6 miles distant were also infected. This proved that oyster beds 
can become contaminated quite a distance from the source of pollution. 
Recently, evidence was given that oysters convey not only bacteria but 
virus. In a Swedish jaundice epidemic they were the culprits. 

Many European countries were confronted with health problems due 
to contaminated oysters during the latter part of the nineteenth century. 
Numerous papers and articles published during this period offered many 
comments in which typhoid fever cases were related to oysters which 
were contaminated with the causative agent. A detailed discussion of 
poisonings caused by oysters as a conveying agent is found in Vol. II, 
Chapter 11, Part I. So, our review will be devoted chiefly to a discussion 
of the nonpathogenic aspects of oyster handling. 

Studies by a committee of the American Public Health Association 
raised demands for an improved sanitation of the sea-food industry 
(Hunter et al, 1932-1933). Need for prompt and careful handling of 
all types of shellfish and clean equipment for processing these products 
was underlined. Since that time the United States industry has made 
constant improvements which have virtually eliminated any fear of shell
fish as food, even though they are considered to be perishable products 
which require adequate refrigeration to prevent deterioration. 

2. Microorganisms in Market Oysters 

Hunter and Linden (1923, 1925) showed that no relationship existed 
between the total number of aerobic bacteria present and the condition 
of the oyster. They theorized that spoilage of oysters depends upon the 
presence and development of bacteria of certain types or groups, rather 
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than on the total number of organisms present, particularly those causing 
fermentation or putrefaction. 

A great many soil and water bacteria which apparently had no effect 
on oysters were isolated from the decomposing material, a majority of 
which belonged to the genera Achromohacter, Eberthella, and Flavo-
bacterium. 

A comprehensive survey of E. colt in market oysters was made avail
able by Tonney and White (1926) . Perry and Bayliss (1936) ascertained 
the value of E. colt as an indicator of significant fecal pollution. Tanikawa 
(1937) in an extensive study established the existence of a specific Coli-
flora in the intestines of Japanese oysters, readily distinguishable from 
any of human origin. The sanitary problems of oysters are discussed at 
some length by Buttiaux in Vol. II, Chapter 13. 

Decomposition of shucked oysters at the start is due to activities of 
some members of the Serratia, Pseudomonas, Proteus, Clostridium, Bacil
lus, Aerobacter, and Escherichia group of bacteria. Later in the course 
of spoilage, streptococci, lactobacilli, and yeasts find more suitable con
ditions for growth, until, in the late stages of decomposition, when 
oysters become very sour and putrid, they contain almost exclusively 
colonies of these latter groups of organisms. 

Apparently, the role of yeasts in oyster decomposition has not received 
sufficient attention, even though all available evidence indicates these 
organisms to be a problem to the industry. Hunter (1920) found a pink 
yeast to be responsible for spoilage of oysters during shipment. A Torula-
yeast was isolated which grew readily at low temperatures, and was 
present in surface and bottom water of New England beds. Although 
the yeast was found on normal oysters, the major source of contamination 
was found to be packing-house equipment. Such red yeasts were col
lected from heavily contaminated processing equipment. Like most 
microorganisms, such yeast strains survive freezing. Pink yeasts were 
isolated from frozen oysters held at temperatures between 0°F . and 
—35 °F. (McCormack, 1950, 1956). This has been confirmed by the 
present authors. It was, furthermore, discovered by McCormack (1956) 
that this pink yeast produces spores. This greatly increases the risks for 
deterioration through this microorganism. The avenues of contamination 
are then likely to be much more numerous than was formerly believed 
and explain the concern felt about the problem of "colored" oysters. 

A brown discoloration not uncommon in Southern oysters is of an 
intrinsic and biochemical nature and has no relationship to any microbial 
activity (Fingerman, 1956). 



588 ERNEST A. FIEGER AND ARTHUR F . NOVAK 

3. Microorganisms Associated with the Cultivation 
Most bacteriological surveys have established the presence of Esche

richia coli as an indication of pollution rather than the total number of 
microorganisms present. The latter value can be misleading, and is more 
or less important according to the nature of other microorganisms present. 
If contaminants initiate decomposition, they must be recognized as 
essential to the length of the storage life of oysters. 

Shellfish entering into interstate commerce in the United States are 
subject to microbiologic examination by both the federal and state health 
agencies. Most states maintain sanitary regulations over shellfish desig
nated for interstate deliveries. 

Eliot (1926) classified bacteria capable of decomposing raw oysters 
into several principal groups: the colon-aerogenes group; the strepto
cocci; the "water bacteria," including members of the pigmented, non-
pigmented, fluorescent, and vibrio groups; and incidental organisms, in
cluding the chromogenic cocci and aerobic sporeformers. She showed a 
marked increase in numbers of Escherichia coli in shell oysters kept at 
laboratory temperature for 14 days, but with a subsequent decline when 
other bacteria took the lead and evident signs of spoilage became evi
dent. Shell oysters have only minor changes in acidity, while shucked 
ones become markedly acid during the first 4 days and only gradually 
regain the original pH. 

This work was confirmed by Bacon in 1927 (Tanner, 1944) who 
maintained fresh oysters at temperatures between 70 °F. and 75 °F. and 
made daily analysis by standard methods. 

Sandholzer and his associates (1941) found that macerated meat of 
oysters gave higher bacterial counts than whole oysters, and that the 
count was proportional to the amount of disintegration. Oysters sub
jected to maceration contain the microorganisms from the internal organs 
and, consequently, the observed counts generally are higher. 

More recently, Kelly and Arcisz (1954b) conducted investigations to 
determine relative survivals of Escherichia coli and Salmonella Schott-
mülleri in shell oysters and soft clams, stored under conditions simulating 
commercial practice. To accomplish pollution, shellfish were allowed to 
feed in sea water containing added suspensions of the test organisms. 
After definite time intervals, the survival rate was determined by quan
titative methods. S. Schottmülleri were recovered in significant numbers 
from shell oysters after dry storage at 40°F. for over 50 days. The rate 
of reduction of Salmonella was not as great as that of E. coli during usual 
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storage periods. Reduction of both organisms ran more parallel in soft 
clams. However, both organisms persisted in the shellfish at least as 
long as they might be in transit from harvesting to consumption. There 
was little evidence of multiplication of these organisms in shellfish still 
in marketable condition, except in oysters or clams that had died or had 
become so weakened that putrefaction had started. 

4. Regulton for Sanitary Control 

A review of sanitary control practices for the oyster industry pub
lished by Pottinger and Lemon (1948) pointed out that it was doubtful 
whether any food product in the United States is subject to more strin
gent sanitary regulations than the oyster. Waters for their cultivation are 
examined bacteriologically at intervals, then tests are made after the 
oysters are removed from the shells, and in a like manner the shucking 
plants and employees are given periodic examinations, all of which con
tribute to the production of high-quality oysters. For a complete resume 
of laws pertaining to the production and handling of shellfish, consult 
the legal publications issued by state and federal agencies. 

Hunter and Harrison (1928) found that, from the bacteriological 
standpoint, the best cleansing of oysters is accomplished by the use of a 
blower, even in the washing. Haenni and Waters (1941) , in studying 
oysters preparatory to the formulation of standards, recommended shuck
ing oysters into water instead of into dry pots, the oysters then being 
easier to clean. Loss of solids is not increased by bleeding into the water. 

In August, 1957, the United States Public Health Service issued a 
revised guide to the "Sanitary Control of the Shellfish Industry" (Manual 
of Recommended Practice for Sanitary Control in the Shellfish Industry, 
Part I I : Sanitation of the Harvesting and Processing of Shellfish, PHS 
Publication No. 3 3 ) , which outlines the basic sanitary standards for the 
cooperative state-industry-Public Health Service program for the certi
fication of interstate shellfish shippers. It includes recommended sanita
tion practices for harvesting boats and establishments which process 
oysters, clams, and mussels. 

Bacteriological standards for oysters grown in a semitropical climate 
were suggested by Gehres et al. (1952) . 

Bacteriological studies of oyster conditioning by Sandholzer and 
Buckner (1947) led to two notable conclusions. Oysters having access to 
a continuous supply of clean, free-flowing water are capable of freeing 
themselves of demonstrable coliform bacteria within a very short period, 
possibly within 30 min. Also, storage in a tank at a concentration of 
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chlorine which permits the normal functioning of the oyster (Galtsoff, 
1946) over a period of 48 hr. does not however, result in coliform-free 
specimens, nor does it lower the total bacterial content of the oyster. 
Therefore, conditioning by the described method of chlorination is prob
ably inadequate for the production of free oysters, free from coliforms. 
Tohyama and Yasukawa (1935) also established the rapid rate for self-
purification of oysters. 

Purification plants have been introduced in a great number of coun
tries for the conditioning of molluscan shellfish, including oysters, clams, 
and mussels. There are more than 40 such establishments in the United 
Kingdom (Sherwood, 1952). Modern installations of this sort were quite 
recently built in the port of Tarragona in Spain. The designs for this place 
have been published (Romagosa-Vila, 1957). A comprehensive report is 
also available from France (Ladouce et al.9 1958). Manila conditions 
were investigated by Clague and Crisanto (1950) and sanitary precau
tions outlined. 

5. Spoilage Tattern of Shucked Oysters 

Almost all reported investigations of oyster spoilage have been made 
with fresh or frozen raw oysters in which the spoilage is of a fermenta
tive type, characterized by a sour odor, or putrefactive in nature. Bald
win et al. (1941) measured the changes in pH, water-soluble and al
cohol-soluble nitrogen, and total titratable acids during storage of raw 
Eastern oysters. From the standpoint of ease, rapidity, and reliability of 
results, pH values seemed to them to be the most promising of these 
measurements as an indicator of oyster freshness. They described oysters 
at a pH of 6.2 to 5.9 as being in good condition, at pH 5.8 in an "off" 
condition, at pH 5.7 to 5.5 in musty condition, and at pH 5.2 and below 
as sour or putrid. Similar findings were reported by Hunter and Linden 
(1923) , Piskur (1947) , and Pottinger (1948, 1952), all of whom used 
changes in pH and organoleptic ratings as the criteria for judging the 
quality of raw oysters. 

In Southern oysters, the drop in pH is not necessarily correlated with 
the sour odor. The seasonal variation in pH, initially and at intervals 
during subsequent storage at 41°F. (5 °C . ) , was observed, with the 
values being lowest during the summer and highest during the winter 
(Gardner and Watts, 1956a, b ) . 

This continued drop in pH is a distinctive feature as compared to 
fish (see Chapter 11, this volume) and has been particularly studied by 
a number of Japanese fish scientists, all finding considerable amounts of 
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acid accumulating in the course of spoilage of Ostrea gigas (Kobayashi, 
1929; Takagi and Simidu, 1957; Simidu and Hibiki, 1957). See also the 
U.S. study by Watts et al (1956) . 

The degree of washing and quality of water also influences the course 
of decomposition. A thorough clean-water washing seems to remove 
putrefying agents, leaving such microorganisms as favor fermentation 
and souring to dominate the subsequent deterioration (King et al, 
1945). Indole formation in spoiling oysters, particularly in lots delivered 
for canning, has been studied by control agencies (King et al, 1945). 

Apparently, acids are formed from the breakdown of glycogen, known 
to be distributed throughout the oysters. This breakdown is presumed to 
be due to bacterial action or glycolytic enzymes, or both together, within 
the oyster tissue. In a basic study of glycolysis in the oyster adductor 
muscle, Humphry (1942, 1950) demonstrated a relatively slow produc
tion of lactic and pyruvic acids in tissue homogenates. Glycolytic activity 
in the oyster muscle proceeds at a much slower rate than in mammalian 
muscle, where all available glycogen is converted into lactic acid within 
a few hours under anaerobic conditions which develop within the tissues 
following slaughter. Apparently, no investigation has been made of 
glycolytic systems in other oyster tissues, although Hatanaka (1941) 
found that most of the glycogen is in the soft tissue. 

This formation of acids naturally has an effect on the development of 
the bacterial flora and might explain seasonal differences in the keeping 
quality of oysters. For Southern oysters, a peak in carbohydrates is reg
istered for May and a minimum in August (Lee and Pepper, 1956). A 
clear distinction is not always made between pH changes and other bio
chemical differences as they manifest themselves in still-living oysters as 
compared to those taking place in dead specimens, whether in the shell 
or shucked. Gardner and Watts (1956b) were able to establish large 
seasonal differences as to the initial pH when Southern oysters were 
harvested. The exact effect of this on subsequent pH changes needs fur
ther clarification. 

The content of volatile acids is not a reliable index for quality in 
oysters. Sound specimens very frequently contain substantial amounts, 
including propionic acid. Nevertheless, during decomposition, volatile 
acids increase in quantity (Beacham, 1946). 

The total aerobic counts for shucked oysters in various stages of de
composition were studied by Hunter and Linden (1923) . No definite 
correlation was found between the total number of bacteria present and 
the stage of decomposition, but a distinct relationship between the hydro-
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gen-ion concentration of the oyster liquor and the stage of spoilage was 
determined. 

The decomposition of shucked oysters is due primarily to the presence 
and development of certain members of the following groups of bacteria: 
Serratia (water and soil bacteria producing red pigment), Pseudomonas 
(the fluorescent group), Proteus, Clostridium (anaerobic sporef ormers), 
Bacillus (aerobic sporef ormers), Escherichia (the colon bacteria), Aero
bacter (of the aerogenes group), Streptococcus, and Lactobacillus. At 
low temperatures close to freezing, Pseudomonas or Achromobacter are 
the dominating spoiling organisms, although Fhvobaeterium and Micro
coccus still grow. Some decomposition is also caused by certain yeasts 
(Hunter and Linden, 1925). 

The streptococci, lactobacilli, and yeasts predominate in the late stage 
of spoilage, when the hydrogen-ion concentration is between pH 5.0 
and pH 4.6, while the other forms predominate in the early stages of 
decomposition. The remaining organisms comprising the microflora of 
oysters are, for the most part, ordinary nonspore-forming soil and water 
bacteria and yeasts. Nevertheless, a swelling of canned oysters was traced 
by the Japanese scientist Amano (1948) to a strict anaerobe of the genus 
Clostridium, settled in the digestive tracts of fresh oysters. 

Hunter and Harrison (1928) stated that in shucked oysters stored at 
temperatures below 10°C. (50°F . ) no multiplication of E. colt or other 
lactose-fermenting bacteria occurs. Tonney and White (1926) , on the 
other hand, reported that E. coli did multiply at 5 to 8°C. (41-46°F . ) 
Wilson and McCleskey (1951b) could not confirm this, but found that 
coliform organisms readily developed when shucked oysters were stored 
at 4 to 6° C. (39-43° F . ) . Initially, the increase was slow, but enormous 
numbers were encountered after 3 to 4 weeks. Escherichia coli did not 
multiply and usually decreased during refrigerated storage. The entero
cocci usually remained practically unchanged for about 2 weeks, and 
often increased after 3 to 4 weeks of storage. Consequently, E. coli ap
pears to be a better indicator of pollution in stored oysters than either 
the coliform group or the enterococci. 

The best initial means of retarding bacterial spoilage and avoiding 
associated dangers is to minimize the degree of contamination in proc
essing areas and maintain careful sanitation during the preparation. 
Cooking is, however, an indispensable adjunct for keeping bacterial 
growth at a minimum. Experimental results also clearly indicate that 
rapid cooling and low temperatures, as close to 32 °F. as possible, will 
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appreciably prolong the storage life. Slow cooling and higher storage 
temperatures are conducive to rapid spoilage (Liebman et al, 1957). 

Cooked oysters show a distinctive spoilage pattern. Instead of a 
sour odor they develop a typical rancid one, if cooked sufficiently long 
to inactivate the enzymes. Otherwise the sour odor prevails (Watts et al., 
1956). 

CTC has been tried under varying conditions and its usefulness in 
keeping down the bacterial count has been well established (Boyd and 
Tarr, 1956; Abbey et al, 1957; Novak et al, 1958; Table I I ) . 

The dependability of pH as an index of relative freshness was ex
amined by Abbey et al. (1957) . The pH trends appear to be less in
dicative than organoleptic and microbial counts. These latter are, how
ever, useful quality guides for oysters processed with CTC. So is the 
content of TMA (see Table I I ) . 

The indole formation in the decomposition of oysters has repeatedly 
been subject to investigation (Beacham, 1946; Duggan, 1948), but the 
reliability of using this compound as an indicator of the degree of spoil
age was never studied until recently (Lartigue et al, 1960). No con
clusive pattern could be detected, nor was this true for the appearance 
of TMA. 

B. CLAMS 

A bacteriological study of the coliform group in clams stored under 
normal conditions was made by Sandholzer and Arcisz (1946) . It was 
recommended that 3 days be considered the longest safe period of 
storage. Too long a storage period and unsanitary handling conditions 
are the major causes of contaminated clams. Conditions for safe self-
purification of soft clams were established by Arcisz and Kelly (1955) . 

Rice (1929) isolated 38 species of organisms from clams. The Bacillus 
and Pseudomonas groups were the most common bacteria present. Sim
idu and Hibiki (1957) showed for two different clams that they followed 
the same pattern of increasing acidification (falling pH) as described 
above for oysters, Section I I I , A, 5. 

Ito (1959) established for three clam species that when they are 
spoiling, the amount of free arginine falls abruptly and, somewhat less, 
that of glutamic acid. Together with alanine and glycine they constitute 
the dominating free amino acids in clams. 

In an investigation of several Japanese baby-clam canneries, Amano 
(1948) found heat-tolerant microorganisms of the genera Bacillus and 
Clostridium in the soils, rubbish, factory wastes, sand, and sea waters 



T
A

B
L

E 
I

I 
B

A
C

T
E

R
IA

L 
C

O
U

N
T

S 
A

N
D

 
T

R
IM

E
T

H
Y

L
A

M
IN

E 
N

IT
R

O
G

E
N

 
O

F
 O

Y
ST

E
R

 
M

E
A

T
, 

U
N

W
A

SH
E

D
, 

W
A

SH
E

D
 

IN
 W

A
T

E
R

, 
A

N
D

 
W

A
SH

E
D

 
IN

 C
T

C
 S

O
L

U
T

IO
N

 P
R

IO
R

 T
O

 I
C

E
 S

TO
R

A
G

E®
 

U
nw

as
he

d 
W

at
er

 w
as

he
d 

C
.T

.C
. 

20
 p

.p
 .m

. 
w

as
he

d 

B
ac

te
ri

al
 

T
ri

m
et

hy
la

m
in

e 
B

ac
te

ri
al

 
T

ri
m

et
hy

la
m

in
e 

B
ac

te
ri

al
 

T
ri

m
et

hy
la

m
in

e 
D

ay
s 

co
un

t 
Χ

 1
06 

m
g.

 N
/1

00
 g

m
 

co
un

t 
Χ

 1
0

6 
m

g.
 N

/1
00

 g
m

. 
co

un
t 

Χ
 1

06 
m

g.
 N

/1
00

 g
m

. 
0 

0.
04

 
0.

00
 

0.
05

 
0.

00
 

0.
04

 
0.

00
 

2 
—

 
—

 
0.

08
 

0.
15

 
0.

05
 

0.
19

 
4 

0.
12

 
0.

09
 

0.
14

 
0.

09
 

0.
04

 
0.

04
 

6 
—

 
—

 
0.

27
 

0.
28

 
0.

06
 

0.
38

 
8 

0.
39

 
0.

24
 

0.
44

 
0.

22
 

0.
10

 
0.

16
 

10
 

—
 

—
 

—
 

0.
32

 
—

 
0.

20
 

13
 

19
.4

0 
2.

30
 

2.
32

 
2.

10
 

—
 

2.
05

 
15

 
—

 
—

 
—

 
2.

40
 

0.
80

 
2.

40
 

17
 

26
.2

0 
3.

40
 

—
 

3.
10

 
0.

60
 

2.
40

 
20

 
Sa

m
pl

 e 
co

m
pl

et
el

y 
18

.6
0 

—
 

0.
75

 
—

 
sp

oi
le

d 
α

 S
ou

rc
e:

 N
ov

ak
 e

t 
al

. 
(1

95
8)

. 

594 ERNEST A. FIEGER AND ARTHUR F. NOVAK 



15. MICROBIOLOGY OF SHELLFISH DETERIORATION 595 

surrounding the processing plants. No Clostridium botulinum or any 
related toxins were present. Apparently, anaerobic bacteria are the 
principal viable organisms in the shells of living baby clams. A heat-
resistant anaerobe related to Clostridium bifermentans was isolated from 
fresh clam meat of the species Venerupis philippinarum. 

Fresh clams seem to be free of indole, but upon decomposition, 
indole is found in increasing concentrations (Beacham, 1946). Formic 
acid and other volatile acids increase from very low levels in the sound 
specimens to rather high values when decomposed. 

The occurrence of paralytic shellfish poisoning on the United States 
West Coast was summarized by Pivnick (1951) . This condition results 
from consuming clams or mussels that have recently fed upon Gonyaufox 
cateneUa, a. dinoflagellate synthesizing a potent toxin. This type of poi
soning has been reported from many countries and is discussed by 
Halstead in Vol. II, Chapter 14. 

C. MUSSELS 

Food poisoning appears to be the major microbiological problem 
associated with mussels. Numerous papers are available which describe 
the presence of contaminating bacteria and toxic substances in mussels 
and related species (see Chapters 11 and 14, in Vol. I I ) . 

Fuller (1902) collected samples near several areas designated as 
being polluted, and analyses proved that water and mussels from beds 
located near a sewer opening were contaminated with Escherichia colt 
and Aerobacter aerogenes. 

The significance of reducing the initial bacterial load of undesirable 
species to retard spoilage and avoid hazards is equally true for mussels 
as for oysters (Allen et al. (1950) . The same cleansing arrangements are 
applied to mussels and clams as described for oysters (see above, Section 
II I , A, 4 ) . A simplified system for such purification is outlined by Rey
nolds (1956) . Dirt on the outside can be mechanically removed, but 
special methods are required for dirt inside the shells. The mussels have 
to be placed in salt water, where they readily open up and a complete 
washing is made. A new type of purification float was reported from 
Germany to solve the difficulties of efficient washing in tidal areas 
(Bahr, 1950). 

Fresh-water mussels as affected by the bacterial content of water 
were studied by Moon and Glenn (1932) . Although it had been thought 
that fresh-water mussels assisted in removing bacteria from contaminated 
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water, experimental results indicate mussels add to the bacterial content 
of tap water. 

Several methods for the bacteriological examination of mussels have 
been offered by Bigger (1934) and Dodgson (1937, 1938). Bigger found 
that cultivation in lactose-bile broth of the bacteria of 100 mussels in 10 
batches yielded 371 cultures, of which 3 0 % were gram-negative, 10% 
were gram-negative nonfermenters of lactose and glucose, and 5 9 % 
were coliform bacteria. Most reliable results were obtained by reading 
in lactose-bile broth after 24-hr. incubation, and by regarding as positive 
those tubes showing strong acid and good gas production. It was sug
gested that a batch of mussels showing more than 7 positive in the tubes 
inoculated with 0.5 ml. of mince, or more than 3 in those with 0.1 ml., or 
more than 1 in tubes with 0.022 ml. should be considered undesirable. 

As with oysters, the pH of the body tissue has an influence on the 
rate of spoilage. This is partly connected with the available amount of 
glycogen and its conversion into sugars and, later, lactic acid. Fraga 
(1956) discovered in both wild and cultured mussels seasonal trends in 
glycogen content, a maximum reached in October ( 7 . 6 % ) and a min
imum in February ( 0 . 2 % ) with wild specimens. Cultured mussels show 
the peak in September ( 5 . 3 % ) and have the lowest figures also in Feb
ruary ( 0 . 7 % ) . 

D. SQUID 

Information on the microbiology of squid is limited to publications 
which are not readily available. Since this is a popular food in Japan, 
several attempts at a scientific approach to the cultivation and prepara
tion of squid are reported. Other investigations have been made in France 
and Italy. 

A common property of all molluscan and crustacean shellfish seems 
to be the high amount of amino nitrogen in their flesh. This is also true 
of squids (Endo et al., 1954; Velankar and Govindan, 1957)—in some spe
cies amino nitrogen may constitute even half of the total nitrogen. One 
important constituent in this group is glycine, the amount of which is 
related to the taste of the product (Endo et al., 1954). To what extent 
this compound is microbiologically influenced is so far not established. 

The pH values do not seem to fall initially, as in fish and some other 
shellfish, but increase steadily. The volatile-base nitrogen also mounts 
constantly (Motohiro and Tanikawa, 1952). Figures for this group of 
compounds are reliable indicators of freshness and, consequently, of 
degree of spoilage, too. There is a direct relationship between the fresh-
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ness of the raw squid and the quality of the dried product (Tanikawa 
et al, 1956). 

As to other biochemical characteristics of squid muscle, see this 
volume, Chapter 11. When in process of spoiling, chiefly a microbial 
process, squids exude ammonia and trimethylamine (TMA) abundantly. 
Precursors are monoamino acids and the TMA oxide (Simidu and Hibiki, 
1953). TMA values may even be used as an indicator of freshness of 
oysters, according to Asano and Sato (1954). 

In the early, presumably autolytic, phase of the spoilage of squid, 
lysine, histidine, tyrosine, proline, plutamic and aspartic acids decrease 
in amount with time, while most other constituents augment (Nozaki 
and Nishimura, 1956). The normal composition of squid as to basic amino 
acids has been studied by many, but reference is particularly made to 
Yoshimura and Shibata (1953) . 

Simidu et al (1955) found trimethylamine to be the chief microbial 
breakdown product of amino nitrogen compounds in squid muscles. 
Small amounts (150-250 μg. per gram) of histamine are encountered 
after keeping 6 days, though not sufficient to account for any poisoning. 
Motohiro and Tanikawa (1952a, b ) particularly studied the appearance 
of amines in the sequence of spoilage and established the order as 
arcaine, histamine, tryptamine, etc. Indole is tied to anaerobic spoilage. 

Getzel (1934) examined the morphological and cultural character
istics of symbiotic bacteria responsible for the vivid colors of squid. 

Nagäo and Kimura (1951) performed a series of experiments on 
enzymes from bacteria of squid. Catalase was isolated from shiokara or 
"soused squid." 

After the landing of the squid, the number of surface enterococci 
increases considerably. This is attributed to washing with polluted sea 
water in the ports (in spite of this being forbidden), to the handling by 
fish dealers, or to contamination from contact surfaces of boxes, tables, 
etc. These additional enterococci are largely distinguished from the 
marine types, originating from the natural environment, and were classi
fied as of human origin (Tanikawa and Oyama, 1954). A similar ob
servation is on record for the more restricted coli group (Tanikawa et al, 
1953). 

E . SCALLOPS 

Research on the bacteriology of scallops has been neglected and, 
except for a few articles on this topic, most information available is in 
survey articles where numerous shellfish products have been investigated 
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simultaneously. Dark meat and shell disease of scallops were studied by 
Medcoff (1949) , who correlated darkening of meat in scallops with the 
degree of severity of shell disease caused by a boring sponge, and be
lieved it to result from this infestation. 

Composition and spoilage changes were investigated by Lopez-Bonito 
(1953) . Eighteen samples of scallops purchased in stores in Massachu
setts were analyzed bacteriologically by Larkin et al. (1956) . 

IV. Bacteriological Methods for the Examination of Molluscan Shellfish 

Methods for the bacteriological examination of shellfish and shellfish 
waters are available in the American Public Health Association Year 
Book (1941-1942). The term "shellfish" is there used in a restricted sense 
and refers only to molluscan shellfish, such as oysters, soft-shelled clams, 
quahaugs, and mussels. 

A summary of studies on the pollution of shellfish was presented by 
Perry (1939) , Perry and Hajna (1935) , and Hajna and Perry (1939) , 
who reported on the value of a modified Eijkmann test for coliform 
bacteria in oysters. Evidence was given for the use of an altered medium 
substituting lactose for dextrose and an increased incubation temperature. 
Many coliform organisms are present in oysters that are without sig
nificance as indications of pollution, and should, therefore, be disre
garded. Uses and limitations of the coliform groups in the sanitary con
trol of food production, including oysters and crab meat, were outlined 
by Hunter (1939) . 

Standard methods for the isolation of coliform organisms were ana
lyzed by Kelly (1940) , who concluded that the employment of brilliant-
green bile broth ensured a more accurate test for the presence of coli-
forms in shellfish products and in sea water. Sandholzer et al (1941) 
considered the most satisfactory medium for the direct enumeration of 
coliform bacteria by the plate count method to be brilliant-green 
lactose bile agar. 

Clegg and Sherwood (1939, 1947) discussed the subject of bacterial 
contamination in shellfish and reviewed selected methods of examination. 
They made comparative tests for enumeration of coliforms and found 
the use of a solid medium (MacConkey's) to be reliable. A new roll tube 
method was also described. This procedure was considered complicated, 
and a simplified method and medium were put forth by Reynolds and 
Wood (1956) . 

Procedures for the bacteriological examination of shellfish and shell
fish waters were recommended by Gibbard (1947) . Complete technical 
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details for the examination of shellfish are given. These include col
lection, transportation, and preparation of samples for the detection of 
coliform bacteria by the "Most Probable Number" (MPN) from con
firmed lactose broth dilution tubes in series, and total bacteria counts 
upon tryptone glucose agar. Α rapider method for detecting coliform bac
teria in natural waters and shellfish was outlined by Quimby et al. (1946). 
French methods recommended for the waters and for molluscan shellfish 
are discussed by Boury and Borde (1957). 

Rapid procedures for approximate counts as to shrimp and oysters 
were suggested by Novak et al (1956) . Since the quality of a particular 
oyster sample is to some extent dependent upon its bacterial count, 
knowledge of the approximate number of bacteria present is important 
in determining the desirability and safety of distributing the product for 
human consumption. Lack of laboratory facilities or technically trained 
personnel in sea-food industries necessitates the development of rapid 
tests requiring only minor equipment and a minimum of personnel train
ing. Two such tests have been developed at the Louisiana State University 
which seem to meet all simplicity requirements and are still reliable and 
sufficiently accurate. 
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