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ABSTRACT

The investigation reported in these studies was undertaken to
isolate and identify bacteria from fresh Gulf oysters which are resis
tant to radiation-pasteurization doses, and to ascertain if physiologi
cal changes are induced in the bacteria by the gamma radiation treatment.
Seventeen non-irradiated strains of bacteria (controls) were iso
lated.

All of them were resistant to 0.1 Mrad irradiation but only

four were resistant to 0.8 Mrad.

These ten strains were identified

and classed into the following genera and species;
Pseudomonas erythra
Genus Pseudomonas
Genus Flavobacterium
Neisseria flavescene
Neisseria sicca
Paracolobacterium intermedium
Alcaligenes metalcaligenes
Achromobacter butyri
Bacillus laterospores
Protaminobacter alboflavus
Only Neisseria flavescene. Neisseria sicca, Bacillus laterospores. and
Paracolobacterium Intermedium were 0.8 Mrad resistant.
Irradiation of the cultures affected the optimum incubation tem
perature of three organisms, Pseudomonas erythra. Achromobacter butyri.

and Bacillus laterospores.

In each case the temperature required for

best growth was lowered 12-15°C.

Another change induced by radiation

was culture chromogenesls in the agar stroke technique for Neisseria
flavescene. Neisseria sicca, and Bacillus laterospores. Another impor
tant change induced by radiation was indole production for Bacillus
laterospores. The 0.8 Mrad resistant organism of this strain was nega
tive for indole production while its non-irradiated and 0.1 Mrad resis
tant counterparts were positive.
Changes were also observed in the action on litmus milk by
Bacillus laterospores. The non-irradiated culture of this bacterium
showed a neutral reaction and no reduction after seven days while the
0.1 and 0.8 Mrad resistant cultures displayed an acid reaction after
four days and reduction after seven days.

The non-irradiated culture

also formed a curd at four days whereas the 0.1 and 0.8 Mrad irradiated
cultures failed to display curd formation at seven days.
Irradiation did not alter the organisms' metabolism of nitrate,
hydrolysis of gelatin, hydrolysis of urea, motility, production of
hydrogen sulfide, reaction to MR-VP tests, and their growth character
istics in nutrient broth.
All the organisms were tested for the utilization of eight dif
ferent sugars.
utilize any.

Some strains utilized some sugars, and several did not
Organisms which utilized sugars produced acid but no gas.

No variation was observed between non-irradiated and radiation-resis
tant organisms within each strain in utilizing these sugars, except in
the genus Flavobacterlum and Neisseria sicca.

ix

Low level gairena Irradiation did not affect glycogen, sugar, total
nitrogen, proteolytic activity, and trimethylamine nitrogen in oysters.
The effects of non-irradiated and radiation-resistant bacteria
on oyster glycogen, sugars, total nitrogen, proteolytic activity, and
trimethylamine nitrogen production were studied.

These investigations

showed that these radiation-resistant organisms were lower in their
metabolic activity in comparison to their non-irradiated counterparts.
The activity of two radiation-resistant and strongly proteolytic
strains of Pseudomonas and Achromobacter were compared to the activity
of other strains of resistant bacteria on fresh oysters during ice (32°F)
and refrigerated storage (40°F) for 15 days.

It was concluded that

oyster tissue autolysis was not affected by gamma irradiation.

Neither

the non-irradiated nor the irradiated oysters displayed significant
increases in proteolytic activity when they were ice stored for 15 days,
but storage at 40°F for the same period resulted in significant increases
in activity.

This emphasizes storage temperature as a related factor.

Results showed that the initial pH of the non-irradiated and irradiated
oysters was 6.5.

There was a slight decrease in the pH after 15 days

storage of both non-irradiated and 0.1 Mrad irradiated oysters.

This

corresponded to the increase in numbers of bacteria.
Studies conducted on the level of gamma irradiation which reduces
proteolytic activity of radiation-resistant bacteria showed that 0.2
Mrad was the level that could be used in this respect.
Studies on the changes in amino nitrogen in oysters by radiationresistant bacteria gave an indication that the increase in amino nitrogen

x

coincided with the increase in the numbers of bacteria.

This increase

in amino nitrogen in the irradiated samples was limited to the bac
terial enzymes remaining in the oyster tissue, which survived 0.8
Mrad of irradiation.
It was ultimately concluded that the radiation-resistant bacteria
are lower in their metabolic activity than their non-irradiated counter
parts.

This emphasizes the fact that gamma irradiation is a useful

tool for oyster pasteurization at levels of 0.2 Mrad.

xi

INTRODUCTION

The preservation of foods in their natural state for extended
lengths of time after harvest has been a continuing goal of food science
research.

This has meant control of the numerous variables involved,

such as color, texture, taste, odor, and nutrient values.
Present day marketing of fresh foods has become more and more
complex because centers of consumption are Increasingly removed from
centers of production.

Maintenance of harvest-fresh quality during

transit, distribution, and on the retailer's shelf has thus become a
problem of growing importance.

The basic tools for the preservation

of foods have been few; reliance has been placed, for the most part,
upon refrigeration, freezing, canning, and heat which have enabled
processors to extend the marketable life of many food products and
provide the consumer with products of high quality.

No single method

of preservation, however, is universally applicable to seafood, and all
methods have technical limitations.

Refrigeration at temperatures just

above freezing gives only limited extension of shelf-life.

Freezing

is not suitable for all species of fish or shellfish, and, in fact,
causes extensive changes in the flesh.

Heat sterilization alters the

flavor, odor, and texture of all fresh foods.
There is, therefore, a continual search for new methods of preser
vation that will enhance or at least retain the quality of seafoods and
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enable the consumer to obtain preserved products that are comparable
in flavor to freshly caught shellfish.

The application of so-called

sterilizing levels of radiation to foods has been under investigation
for several years.

These high levels of radiation are not suitable

for all the seafoods, because of off-flavor and odors imparted to some
products.

Low-level radiation plus refrigeration temperatures shows

a promise of extending the shelf-life of seafoods without seriously
changing normal flavor and odor or nutritional values.

The benefi

cial effect of low-level Irradiation is largely the result of a large
reduction of bacterial flora.
Certain biochemical characteristics appear to be common to all
shellfish, crustaceon 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 bac

terial growth and presumably explains their ready spoilage, which is
so evident in,most shellfish (143).

Shellfish in general are subjected

to types of microbial spoilage similar to those for fish.
Cultivation, processing, and packing procedures for market oysters
subject this food to many potential sources of microbiological contami
nation.

Therefore, thorough and constant control must be maintained

to ensure ultimate consumers of receiving a safe and edible product.
Areas designated for oyster cultivation usually present Infinite possi
bilities of chemical, biological, and physical changes which contribute
to a favorable environment for microbial growth.
There are major disadvantages Inherent in all of our present
methods of food preservation.

Canned foods contain added water which

extracts vitamins, and makes the finished product heavy.
must be kept frozen or they decompose.

Frozen foods

Dried foods are relatively

light and require no refrigeration, but their appearance and palatability are often less favorable than fresh foods.

Recent advances in

dehydration and spray-drying techniques have improved dried foods con
siderably, but they still possess many undesirable attributes.

Chemi

cal additives partly satisfy the requirements of heat sterilization,
but by their nature many are usually objectionable in a diet.

Preser

vation of foods by irradiation is a fresh approach, and eliminates many
of the aforementioned problems, and may enjoy a special position in pre
serving, disinfecting and stabilizing man's food.
Since some perishable foods cannot be irradiated with a steri
lization dose of gamma radiation because of the destruction of nutri
ents and production of off-odors and flavors, it is often necessary to
employ low dose pasteurization levels of radiation.

The use of these

low levels often give rise to radiation-resistant bacteria which recover
upon storage.

Irradiation preservation of oysters falls into this cate

gory.
A study of resistant bacteria in oysters is essential if they
contribute to the spoilage of oysters in storage.

Knowledge of the

metabolic patterns of these bacteria could be useful in the development
of physical and chemical processes to destroy or at least inhibit the
growth and action of these bacteria during ice and refrigerator storage.
The investigation reported here was undertaken to isolate and
identify bacteria from fresh Gulf oysters which are resistant to radiation-pasteurization doses, and to ascertain if physiological changes

are induced in the bacteria by the gamma radiation treatment.

Since

proteolysis of oyster tissue constitutes a major problem in spoilage
during storage, major emphasis was placed on the ability of radiationresistant bacteria to degradate protein in oysters.

REVIEW OF LITERATURE

I.

The Development of Redletion Preservation:
Since Appert -devised a process for canning foods Ln 1795, the

principles of food preservation have undergone few significant changes.
Expanded research programs brought about refInementa in methods, whioh,
in turn, have greatly Improved the Quality of processed foods.

However,

one-fourth of all food produced in the world is still lost due to deter
ioration in one form or another, and any acceptable technique to reduce
this loss has attractive commercial possibilities.
It is Some 50-odd years since Roentgen's epochal discovery of Xrays in 1895.

His work coupled with that of the Curies had a tremen

dous effect on the science of physics.

The classical phyeics of that

time was revolutionized and a new branch was developed whitfh -has been
a great boon to mankind.
However, it was about 50 years after Roentgen's discovery that
there was any effort made to apply his discovery and subsequent devel
opments to foodstuffs.
In 1900, Paul ViLlard discovered the gamma rays.

This discov

ery led to the initiation of many experiements in all the related
scientific fields.
Experiments on the effect of electrons on bacteria were per
formed in 1926 by Coolidge," inventor of the modern X-ray tube.

Using

90,000 V electrons, he found that Staphylococcus aureus. Escherichia
coli. Bacillus prodlgiosus. and Bacillus subtllls were killed.
5

6
Since the early experiments on radiation preservation -- and
especially in recent years -- there have been a great many investi
gations of the effect of radiations on bacteria and other organisms.
Proctor, Van de Graff, and Fram (113) showed that X-rays could be
used to sterilize foods.

Proctor and Goldblith (109) have focused

much attention on ionizing radiations as a means of stabilizing food
against deterioration due to bacterial action.

As early as 1926,

Schereschewsky (117) found that mice responded to high frequency fields
by rise in temperature.

This and succeeding work on the subject has

been reviewed by Ark and Perry (5).
Brown, Hoyler, and Bierwith (18) have successfully pasteurized
milk and beer using radio-frequency power.
Although reports on the use of radiation to destroy microorgan
isms and insects were found in the literature early in the twentieth
century, it was not until the middle 1950's chat large-scaled efforts
were directed to exploiting radiation as a sterilizing agent for foods.
Proctor and associates at Massachusetts Institute of Technology (109),
Huber and his co-workers in New York (59), Dunn, Campbell, Fram, and
Hutchins (37), who showed that cathode rays are lethal to microorgan
isms, and others in the late 1940's performed the basic studies which
assured the technical feasibility of this application of radiation.
In a study to evaluate the technical and economic feasibility
of radiation preservation of fish, Proctor et al. (Ill) reviewed avail
able literature on the substerilization of marine products by radiation.
They concluded that radiation treatment of certain seafoods can provide
advantages for the producer, processor, distributor, and consumer, and

recommended that a comprehensive synchronized government-industry pro
gram be started for the development of a radiation-pasteurization pro
cess for marine products.

A search of the literature on radiation-

preservation of edible fish, mollusks, and crustaceans (29) was also
made for AEC.

Several studies (12, 36, 52, 55, 66, 87, 92, 109, 139)

emphasize the commercial potentialities of this method of preservation
by the use of radiation intensities which either accomplish steriliza
tion or which reduce the number of contaminant organisms and hence
bring about a prolongation of "shelf-life" of the treated food (12,
66, 92, 109).

Treatments of the latter kind are referred to as "pas

teurizing doses" of irradiation.
Bacteria and other unicellular organisms were more resistant
than mammals.

The reason for this difference was not understood.

How

ever, it must be remembered that the criteria for death differ with the
organism.

In bacteria the ability to multiply and form colonies is

usually studied, and failure in this respect is termed "inactivation."
Haurowitz and Turner (56) explained the destruction of one single
bacterium cell by irradiation on the basis that the destruction of one
single protein molecule brings about the death of the whole bacterium.
They further stated that the injuring effect of ultraviolet light on
living organisms is attributed to the formation of points of attack
for the intracellular protolytic enzymes.

The subsequent action of

these enzymes leads to the breakdown of the cellular framework and to
the death of the cell.

Nevertheless, a population of bacteria in which

99.9% were inactivated might retain its motility, and most of its enzyme
activity....etc., so, its activity would not be greatly reduced.

So,

the term "inactivation" has clearly a very specialized meaning in this
instance.
Although numerous investigators have shown that gamma radiation
is effective In destroying most food spoilage organisms, chemical alter
ation of the food also occurs, affecting its organoleptic acceptability.
At the same time that organisms are being destroyed, radiation unfor
tunately acts on other constituents of the product.

The most notice

able effects from radiation are changes in food flavor and color.

Other

changes may be detected by chemical analysis.
Oysters, as other shellfish, are a very perishable product.

Pre

servation methods which would provide for a longer storage life of
oysters would be advantageous to the growth of this industry.

Freshly

caught oysters have an iced storage life of ten to twelve days when
handled carefully.

This can be extended to no more than twenty days

when various antibiotic washes, dips, and ices are employed.

Hence, it

is impossible to transport high quality oysters to inland cities and
distribute them through regular channels before some deterioration has
occurred.
Twelve million pounds of oysters were caught in Louisiana waters
in 1963.

Average value of the oysters caught and reported in Louisiana

is between 15 and 20 million dollars annually.

Radiation pasteuriza

tion of these oysters could potentially increase their values and con
sequently benefit the economy of the state.
Studies in the laboratory have shown that low dose gamma-irradi
ation (0.2 Mrad) extends the iced storage life of oysters for ten days
(99).

At this dose level organoleptic and chemical tests were con

sistently better than the non-irradiated samples.

These oysters should
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bring a premium price in markets removed from the Gulf Coast, and
vould contribute extensively to the economy of the oyster-producing
areas.
Ionizing radiations produce undesirable side effects in seafoods,
primarily flavor changes.

Data on the level of threshold - that may

be defined as the maximum permissible irradiation dose at which no
significant odor or* flavor is imparted to the product - reported by
various workers are not consistent.

Miyauchi e_t al. (85) gave 0.7

Mrad for cod fillets, whereas Schewan (118) reported 0.8 to 1.5 Mrads
to be the threshold doses.

Scholz e£ al. (124) gave 0.5 to 0.75 Mrad

for shrimp and 0.35 to 0.5 Mrad for crabmeat. The respective values,
as well as others compiled by Schewan (118), are shown in Table 1.
As will be apparent in Table 1, the non-fatty fish such as cod,
halibut and sole and shellfish stand Irradiation better than the fatty
fish.

Although the search for the species of fish and shellfish most

suitable for pasteurisation is still continuing, the preliminary results
accumulated up to now support very strongly the possibility of commer
cial application in pasteurizing a variety of seafoods with ionizing
radiation.

II.

The Effect of Radiation on Bacteria:
The bacterial action of ionizing radiation has been known for

more than half a century.

Proctor and Goldblith (108) showed that con

taminated meat could be sterilized by high-energy X-rays produced by a
Van der Graaf accelerator.

Brusch and Huber (14) were the first to

introduce penetrating electrons as a tool for sterilizing and preserving
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TABLE 1
The maximum permissible irradiation doses that can be given to
various fish and fishery products (after Schewan, 1959).

Threshold Dose (Mrad)

Species of Fish

Butterfish
Butterfish (blanched at 140°F for 5 min.)
Cod
Cod (blanched at 140°F for 5 min.)
Haddock
Halibut
Lemon sole
Ling
Mackerel
Pollack
Pollack (blanched at 140°F for 5 min.)
Salmon
Tuna
Whiting
Whiting (blanched at 140°F for 5 min.)
Ocean perch
Kippered herring
Kippered sable fish
Kippered sturgeon
Crab meat
Shrimp
Pacific oyster (blanched)

food in the raw state.

0.5-0.7
1.5
0.8-1.5
1.5
0.6
1.0-2.0
0.5-1.0
0.5-1.0
1.0
0.5-0.7
0.8
0.5
1.0
0.2-0.25
0.8
0.8
1.0
1.0
1.0
1.0
1.0
5.0

Fish were among the first foods tested.

In

1953, an intensive investigation of ionizing radiation as a means of
preserving food was started by the United States Quartermaster Corps
in close cooperation with the Office of Surgeon General.

The over-all

objectives were to determine if undesirable physical and chemical
changes resulted when different foods were Irradiated and to evaluate
the acceptability and wholesomeness of these foods.

In 1959, a revised
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Army Program was concentrated on total sterilization.

This program

and the available results were reviewed by Read (116).
There is some evidence that low-level radiation (pasteuriza
tion) can be used to produce fresh, unfrozen fishery products with
extended shelf life and satisfactory acceptability.

Radiation pas

teurization usually refers to radiation at levels below 1,000,111
rads.
This pasteurizing effect is largely the result of a reduction
in the bacterial flora (118).

The predominant bacterial flora of

freshly caught fish or shellfish is the Pseudomonads groups, which
frequently compose 607. of the total flora.

Achromobacter is usually

the second largest group, varying from 14 - 407..

As spoilage pro

ceeds in fish, the Pseudomonads group may increase to 907. of the
microbial population (121).
the Pseudomonads group.

Low-level radiation virtually eliminated

Schewan (119) gave a table that includes

thirty-eight fishery products subjected to different treatments and
exposed to radiation pasteurization doses of 50,000-750,000 rads.
The resulting extension of refrigerated storage life varied from 7
days to 166 days, depending on the species.
The sequence of events in radiation damage to living organ
isms is shown dlagrammatlcally in Figure I.

This stresses the fact

that the initial physical and chemical changes are extremely rapid,
whereas subsequently both mutations and death require processes of
cell metabolism which take a comparatively long time before they
become manifest.

Factors applied by the experimenter can affect this

sequence at different stages.

For Instance, chemical protective agents
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Sequence of events

Time taken

Modification of
development of
injury by

Exposure to radiation
10 -16 sec

energy!
absorption I
Ionized and electronically
excited molecules
by direct
action

10 ^ sec

by free
radicals from
vater ("indirect
action")

Chemical pro
tective agents
Oxygen effect

t
/

Molecular changes

/
/
Seconds
to
hours

Minutes
to
hours

\

/
Early physiological
effects
(usually reversible)
/

/
/

metabolic
development
needed /

/

Mutations
ms
(i.e. genetic damans)

I possible
. somatic
I mutations

development of
/Possible re\molecular lesion I versal of
\ by metabolism
/ biochemical
^
lesion
Biochemical
(hope for the
/lesions
future!)

/

7

/ development of
biochemical
lesion by
metabolism
(Submicroscopical Lesions) ^
Visible lesions

Cell death
Delayed somatic
effects
(e.g. cancer, leu
kaemia, shortening
of life span)

Figure 1.

Intracellular
•^repair (also
I applies to
I mutations)

1

Cell replaceament by sponI taneous
f regeneration
or by graft
ing

I

Death of organ
ism

The sequence of events in radiation injury (from Bacq &
Alexander, 1961).
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such as cystein and cysteamine reduce the damage only if they are
present at the time of irradiation, hence they are presumably involved
in the initial molecular changes.

Post irradiation variations in

environment can also influence the final result, evidently by altering
the metabolic development or repair of the damage.
The nature of the "target" molecules -- the alteration of which
by ionizing radiation leads to the eventual damage -- has not yet been
established.

It is most often assumed that the changes in deoxyribonu

cleic acid (DNA) are responsible, but there are some objections to this
assumption.

An alternative theory proposed by Bacq and Alexander (7)

stated that rupture of internal membranes might disorganize the enzyme
systems of the cell.

So, in general, the effect of ionizing radiation

on the living cell is concentrated in the disturbance which it causes
in nucleus makeup.

The genetic material located in the nucleus is

responsible for transporting the characteristics from the parent cell
to the daughter cell.

According to the one gene-one enzyme theory,

for each enzyme synthesized in the cell there is a certain gene which
is responsible for its synthesis process.

Therefore, any change which

takes place in the DNA structure means disturbance in the synthesis
processes of the different enzymes which are responsible for all of
the various biological processes in the cell.
However, the absence of knowledge on the vital initial steps of
radiation damage makes the investigation of resistance mechanisms a
very speculative matter.
Thornley (137) indicated that the inactivation of bacteria is
a complex process involving rapid energy absorption and molecular

14
changes followed by much slower metabolic processes leading eventually
to reproductive failure.

It was found that the doses required for 90%

inactivation of different bacteria vary by a factor of more than fifty
fold.

Micrococcus radiodurans and some Clostridial spores, particularly

those of Cl. botullnum type A, are the most resistant bacteria; spores
of some Bacillus species are moderately resistant.

Among vegetative

bacteria, the most resistant strains (Micrococci and Streptococci) are
Gram-positive and the most sensitive (Pseudomonads and Flavobacteria)
are Gram-negative; many genera of both groups occupy an intermediate
position.

At the much higher level of resistance occurring with Bacil

lus spores, the mechanism may take the form of a protective compound
which modifies the initial molecular changes.
located in the spore coatis difficult

A cystine-rich compound

to envisage

as having any pro

tective effect on DNA (144).

III.

Types of Bacteria in Fishery Products:
Early investigations dealing with bacteria in seafoods were

mostly public health projects designed to ascertain the role of the
foods as carriers of infectious microorganisms.

Later studies were

made to determine the types of microorganisms normally associated
with shellfish and their environment and in some cases with their
role in decomposition under various conditions.

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
handling, and processing.

shellfishor introducedduring catching,
Spoilageof the product

is believed to be
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mainly the result of bacterial action and is caused by the consequent
formation of compounds which impart off-odors, color changes, and offflavors.
Colwell and Liston (26) reported that Pseudomonas and Flavobacterium were predominant in fresh oysters.

Gram-positive organisms

constituted less than 20% of the Isolates.

Novak et^ al. (97) mentioned

that most bacteria found on Gulf oysters belong to the genera Achromobacter. Pseudomonas. Alcaligenes, Aeromonas. Aerobacter. Escherichia.
and Flavobacterium.
Joseph (64) described the occurrence of spore-bearing, asporogenous, pigmented, and non-pigmented bacteria in market oysters.

Berry

(13) and Geiger £t al. (49) noted the presence of Proteus. Alcaligenes,
and Pseudomonas fluorescens together with other common "water bacteria"
also in market oysters.

Eliot (41) found that the green fluorescent,

yellow, pigmented, non-pigmented, and "vibrio" groups of microorganisms
rapidly Increased in number during the spoilage of market oysters at
20°C.

Tanikawa (134) found that typical water bacteria of the genera

Achromobacter, Pseudomonas. Flavobacterium, and Micrococcus were of
great importance in the spoilage of market oysters held at 0°C.

In the

latter case, it has been quite well established that the spoilage organ
isms were derived from the flora of the living fish which was predomi
nantly asporogenous Gram-negative rods (50).
Many attempts have been made to correlate bacterial counts with
oyster quality, since bacterial contamination contributes to spoilage.
All of the chemical tests pointed out by Sigurdsson (128) may give a
fairly good estimate of the sanitary history and handling of the
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product, but a high bacterial count does not mean that the product is
spoiled.
Hunter and Linden (62) showed that no relationship existed
between 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
than on the total number of organisms present, particularly those
causing fermentation or putrefication.

A great many soil and water

bacteria which apparently had no effect on oysters were isolated from
decomposing material, a majority of which belonged to the genera Achromobacter and Flavobacterium.
Castell et al. (23)

stated that their data indicated that bac

terial counts are valueless as a measure of the degree of spoilage in
fresh fish fillets; they found spoilage more closely related to growth
and activity of the bacteria rather than to total numbers.

Other work

ers, however, have found bacterial counts useful as Indices of spoilage
especially in conjunction with other tests; these include studies by
Wood, Sigurdsson, and Dyer (146), Castell and Anderson (22), Dyer, Dyer,
and Snow (40), and Tarr (135).
Decomposition of shucked oysters at the start is due to activi
ties of some members of the Serratia. Pseudomonas, Proteus, Clostridium.
Bacillus, Aerobacter. and Escherichia group of bacteria.

Later in the

course of spoilage, Streptococci. Lactobacilli, and yeasts find more
suitable conditions for growth.

In the late stages of decomposition,

when oysters become very sour and putrid, they contain almost exclusively
colonies of these latter groups of organisms.
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Eliot (41) classified bacteria capable of decomposing raw
oysters into several principal groups:

the colon-aerogenes group;

the streptococci, the "water bacteria," including members of the pig
mented, nonpigmented, fluorescent, and vibrio groups; and incidental
organisms, including the chronogenic cocci and aerobic sporeformers.
She showed a marked increase in numbers of IS. coli in shucked oysters
kept at laboratory temperature for 14 days, but a subsequent decline
occurred when other bacteria took the lead and evident signs of
spoilage became apparent.

Shell oysters had only minor changes in

acidity while shucked ones became markedly acid during the first four
days and only gradually regained the original pH.
Baldwin e£ _al, (8) measured the changes in pH, water soluble
and alcohol soluble nitrogen, and total titratable acids during stor
age of raw eastern oysters.

They reported that from the standpoint of

ease, rapidity, and reliability of results, pH values seemed to be the
most promising of these measurements as an indication of oyster fresh
ness.

They described oysters at a pH of 6.2-5.9 as being in good

condition, at pH 5.8 in an "off" condition, at pH 5.7-5.5 in musty
condition, and at pH 5.2 and below as sour or putrid.

Similar find

ings were reported by Hunter and Linden (61) , Piskur (102) , and Pottinger (104, 105).

Each of them used changes in pH and organoleptic

ratings as the criteria for judging the quality of raw oysters.
Novak and Fieger (94) reported that in southern oysters, the
drop in pH is not necessarily correlated with the sour odor.
The total aerobic counts for shucked oysters in variops stages
of decomposition were studied by Hunter and Linden (61).

They reported
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no definite correlation was found between the total number of bacteria
present and the stage of decomposition, but a distinct relationship
between the hydrogen-ion concentration of the oyster liquor and the
stage of spoilage was determined.
Several workers, among them Stansby and Lemon (132), considered
the decomposition of protein to be the only change of any importance
caused by bacterial action.

One of the important end products of bac

terial metabolism of proteins is trimethylamine. Therefore, the work
which followed was largely concerned with trimethylamine.

Beatty and

Gibbon (10) showed that there was a definite increase of trimethyl
amine during the bacterial action causing spoilage of fish flesh.

Dyer

and Dyer (38) compared fish quality as measured organoleptically with
trimethylamine content; their results showed that a level of 15 mg of
trimethylamine nitrogen per 100 gm of tissue represented the border
line of acceptability of the fish.

Stander £t a_l. (131) found that

with stock fish stored in air at 32°F (0°C), the first detectable odor
change occurred in the range of 6 to 15 mg of trimethylamine nitrogen
per 100 gm of fish; above 15 mg the fish were definitely spoiled.
The trimethylamine test of Dyer (39) has been employed with
some success in quality studies on shrimp by Fieger and co-workers (44).
Novak e£ a_l. (95) reported some favorable results on oysters and pos
tulated that this may be a possible test for oyster quality.
Sigurdsson (128) reported that at all temperatures of storage
of fish, amino acids increased with time, although their rate of in
crease varied considerably with temperature of storage.

Beatty and

19
Collins (11) reported a decrease of amino acid nitrogen with time in
their study on fish; they attributed the decrease to deamination of
the amino acids by bacteria.

IV.

Radiation*resistant Bacteria in Foods:
Radiation sterilization can easily destroy all the microorgan

isms in a food.

However, the storage life of many foods cannot be

extended by radiation doses which result in sterilization because
artifacts produced by these high levels are detrimental to the flavor
and odor of foods.

Consequently, the lower pasteurization doses em

ployed often result in the survival of certain microorganisms which
resist radiation or which may recover from radiation effects upon
storage in a suitable environment.
Kelner £t _al. (65) reported that the physiological state of
the organisms at irradiation determines to some extent their sensi
tivity to radiation, and that under certain conditions a fraction of
the bacterial population can recover from the damaging effects of ion
izing radiation.
Fields et £l. (46) determined the effect of irradiated media on
growth and spore germination of Aspergillus oryzae. They stated that
the radiation changed the medium in such a manner as to stimulate or
retard the growth of Aspergillus oryzae. Growth was also retarded
when A. oryzae was grown in sucrose-nitrate broth previously irradiated
at doses of 0.436 X 10^ rads to 3.05 X 10^ rads.

So, they concluded

that the physical form of a medium subjected to radiation can determine
the states of organism resistance.
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The relative sensitivity of Flavobacterium, Pseudomonas, and
Achrcrmobacter species to relatively low doses of either beta or gamma
radiation has been discussed many times (25, 53, 54, 79, 80, 89, 93).
Radiation-resistant organisms in seafoods have been reported
primarily for codfish by Maclean and Welanden (25) who reported that
gamma irradiation of cod fillets at relatively low levels prolongs the
bacteriological storage life at 0°C and appears particularly effective
against the genera usually associated with the production of odors
characteristic to typical spoilage.

They added that in nonirradiated

control samples the genera Micrococcus, Achromobacter, Flavobacterium.
and Corynebacterium predominated while Sarcina, Pseudomonas. Alcali
genes . Mycoplana, Protamlnobacter. Bacillus. Yeast (Torulopsis). Aerobacter, and Streptococcus were in minor numbers.

Irradiated samples

showed predominant genera to be Micrococcus, Sarcina, Achromobacter,
Flavobacterium, and Corynebacterium, while Alerligenes. Bacillus.
Yeast (Torulopsis). and Mycoplana were less numerous. They mentioned
that organisms of the genus Micrococcus appear to be resistant to radi
ation under conditions of their experiments.

However, the Micrococcus

found do not appear to be typical food poisoning organisms.
Lerke e£ a_l. (73) worked on radiation-resistant organisms in
flounder, rockfish, and salmon.

They indicated that low doses of beta

radiation, as low as 11,800 rads, have a definite though limited inhibitory action on spoilage rate.
chlortetracycline.

Inhibition was further increased by

Beta radiation in the range of 50,000-300,000 rads

in a variety of fish and shellfish depressed spoilage sufficiently to
make this level practical for application.

In medium-fatty fish, such
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as the rock fish, and the definitely fatty fish, such as salmon, and
tuna, fat spoilage during storage became a complicating factor in
addition to protein spoilage, which generally becomes important only
during extended storage periods at relatively high temperatures in the
range of 30-40°F or higher.

They further stated that significant pre

servation of these fish requires a suitable antioxidant to minimize
or prevent fatty changes lending to rancidification.

They added that

when cooked Pacific crabmeat (Dungeness crab) and California shrimp
were treated with beta radiation, they were markedly preserved, the
increased storage time being dependent on the dose level.
Just as initial bacterial loads in foods are important in other
preservation methods, it follows that levels of contamination are sig
nificant in the selection of a bacterlologically safe dosage for radi
ation processing.

Sanitation measures to reduce the bacterial load

prior to irradiation of foods must be a consideration in establishing
a recommended dose.

Information on normal or average levels of con

tamination is, of course, desirable for this purpose.

Since each food

product has its own characteristic microflora and specific physical
and chemical properties, one may reason that a recommended radiation
dose will need to be established consistent with the over-all treat
ment accorded the particular product.

Thus, the determination of

radio-resistance for pertinent organisms in each type of food product
must be known in order to select a safe radiation process.
Liuzzo eit al. (77)

reported that gamma radiation affected the

optimum Incubation temperature of three organisms which were radiationresistant in shrimp.

In each case the temperature required for best
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growth was lowered 12-15°C.

These three organisms were Sarcina flava,

Achromobacter eurydice, and Bacillus firmus. One of the most important
'to
changes induced by radiation was in culture chromogenesis in the agar
stroke technique for S. flava and B. firmus. The only changes in carbo
hydrate utilization resulting from radiation were experienced by B.
firmus and B. pumilus.

In each case the irradiated culture failed to

ferment glucose as did the nonirradiated counterpart.

Changes were

also observed in the action on litmus milk by B. pumilus and B. megaterium. The nonirradiated culture of the former bacterium showed a
neutral reaction and no reduction after seven days while the Irradiated
culture displayed an acid reaction after four days and reduction at
seven days.

The major difference observed in the latter bacterium was

observed in curd formation.

The nonirradiated culture formed a curd

at four days whereas the irradiated culture failed to display curd for
mation at seven days.

It was also stated that irradiation did not alter

the organisms1 metabolism of nitrate, hydrolysis of gelatin, motility,
production of hydrogen sulfide, reaction to the MR-VP tests, their growth
characteristics in nutrient broth, and reaction in tryptone medium for
the production of indole.
Anderson (3) isolated a radiation-resistant pigmented organism
from cans of meat exposed to 2 to 6 X 10^ rep.

Kilburn et _al. (67)

found a pigmented Sarcina species which was found to be far more radi
ation-resistant than any nonspore-forming bacteria previously reported.
Extraction of the pigments and spectrophotometric analysis indicated
that they were mostly carotenoids.

The pigment(s) was very sensitive
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to radiation.

The dry pigment is equally radiosensitive inside or

outside the cell.
Anderson e£ aJL. (4)

described a Micrococcus that became resis

tant to six million rep. of ganma radiation.
Lerke et a_l. (73) Isolated from fillets of fish irradiated with
280,000 rads that ultimately spoiled, one Achromobacter strain that
was somewhat more resistant to irradiation than similar organisms iso
lated from fresh fish or from nonirradiated fish that had spoiled.
Levinson and Hyatt (74) reported that spores of Bacillus megaterium, irradiated at dose levels sufficient to destroy the capacity
for cell division, might retain their ability to germinate in glucose.
When suspensions of such irradiated spores germinated, they consumed
oxygen at a rate approximately equal to that of nonirradiated spores.
Higher levels of irradiationmay alter spore permeability, simulating
the responses characterizing germination even in the absence of glucose.
Zhestyanikov (148) reported on work of suspensions of vegetative
cells (3 X 10^ - 4.5 X 10^ cells/ml) of Bacillus megaterium No. 3,

JJ.

cereus. and B. Subtills No. 36 subjected to X-irradiation 6, 12.5, 25,
50 and 100 Kr with a source strength of 3820 r/min.

There was a def

inite relationship between the dose of radiation and the survival rate
of the microorganisms.

With Increasing dose there was a decrease in

viable cells and an increase in the per cent of irreversibly damaged
cells.

Vegetative cells of these bacilli were able to undergo cell

division after exposure.

Reactivation of damaged cells was generally

complete in the first few days of incubation and its rate was a func
tion of the dose of radiation.
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Thornley (136) reported that strains of Pseudomonas and Achromobacter, isolated from poultry carcasses in previous experiments on
radiation pasteurization, were tested in pure culture.

By exposing 18

strains of Pseudomonas. inducing both pigmented and nonpigmented types,
and 15 strains of Achromobacter. to Cobalt-60 gamma rays, the Pseudom
onas strains showed approximately exponential survival curves while
Achromobacter strains gave sigmoid survival curves with a very wide
range in resistance.
Novak and Lluzzo (99) reported that the dose of radiation which
was judged to be optimum for preservation of oysters was 0.2 Mrad.
Levels beyond this point resulted in the production of a light yellow
exudate from the oysters which lowered their acceptability for the attri
bute of appearance.

They also stated that results on destruction of

Coliform organisms in oysters by gamma irradiation strongly emphasized
the need for irradiation of Gulf oysters as a safeguard to public
health.
Pseudomonas spp. are frequently associated with the spoilage of
fresh meats and fishery products (12, 120) and are often strongly pro
teolytic (63, 101, 120, 140).

Furthermore, it is known that these

organisms are particularly radiosensitive (123) and are completely inac
tivated by low doses of radiation (92).
Schewan and Liston (123) published data indicating that in cod
subjected to irradiation (Cobalt-60 gamma) at 250 Krad, Pseudomonas,
though actually reduced from 40% to 3%, ultimately reestablished their
predominance in the microflora, reaching 99% after three weeks of stor
age.
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Since enzymes apparently are more radioresistant than micro
organisms (92, 115, 133), it is possible that the spoilage of irra
diation pasteurized products could continue even after the initial
viable microbial contamination is reduced.
Van Der Zant (140) studied the characteristics of an extra
cellular proteolytic enzyme system in Pseudomonas putrefaciens and he
found that its extracellular proteolytic enzyme system was heat-labile
and showed optimum activity at pH values from 7.0 to 7.5.

Unfortu

nately, the pH of fresh oysters lie in this range.
Van der Zant and Moore (142) studied the influence of certain
factors on the proteolytic activities of several psychrophilic organ
isms belonging to the genus Pseudomonas. He measured proteolysis by
the production of nitrogen fractions soluble in trichloroacetic acid
by a Kjeldahl procedure (57).

He concluded that proteolytic activity

at the higher temperatures was more rapid, which may be due to either
increased production or activity of the enzyme at the higher tempera
tures.

He further stated that no direct relation could be established

between level of population and proteolytic activity.
(63) and Drake et a K

Hurley e_t al.

(35) confirmed this conclusion when they were

working with Pseudomonas fluorescens.
Peterson and Gunderson (101) studied some characters of the
proteolytic enzymes isolated from a pure culture of Pseudomonas fluor
escens , and they found that this culture produced heat labile endoand extracellular proteolytic enzymes.

Extracellular proteolytic

enzyme elaboration was shown to be inversely proportional to the temper
ature at which the culture was grown, at least 0°C to 30°C.

V.

Chemical Changes in Fishery Products Induced by Radiation;
Chemical changes in irradiated foods are caused by direct alter

ation of the composition of the food and by resistant bacterial activity.
Therefore, it is necessary to ascertain chemical changes in foods direct 1
associated with irradiation levels prior to assessment of the bacterial
role in these changes.
Brooke et a_l. (17) reported that irradiation of air-packed clams
at 4,500,000 rads caused an increase of about 40% in the free amino acid
content.

Irradiation of air-packed clams at 450,000 rads, followed by

storage for 30 days at 33°F, caused an increase of about 50% in the free
amino acid content.

Irradiation of vacuum-packed clams at 350,000 rads,

followed by storage for 30 days at 33°F, caused an increase of about 70%
in the free amino acid content.

They concluded that in general the amino

acids of clam meats were affected only slightly by radiation or radiation
and storage.
It is well known that carbohydrates occur widely in nature, and
they are widespread in foods.

The irradiation of carbohydrates has re

ceived little attention although these substances may be present in
biological material as simple sugars and as derivatives.

In general,

they are not particularly radiosensitive although individual derivatives
will clearly differ widely in this respect.
Wolfrom e_t jal. (145) studied the chemical and organolytic changes
in carbohydrates and proteins produced by radiation sterilization and
they suggested that at the sterilization dosage of 2 MRep, there was
very little change in the chemical reactions of the monosaccharides Dglucose and D-xylose with glycine.

Polymerization, depolymerization,

27
as well as other reactions which may be classified as oxidative were
found to be dependent upon conditions of temperature of radiation, radi
ation dosage, and mositure content of the substance being irradiated.
Long and Lirot (78) stated that the effect of radiation on monoand disaccarides was closely related to the water present.

In the

absence of moisture, radiation caused only slight changes.

As most

foodstuffs contain moisture, the result of radiation in the presence
of moisture is the more important
to radiation effects.

since water is known to be subject

Therefore, it is not surprising to find increased

hydrolysis of carbohydrates due to the presence of moisture.

Oxidation

occurred as a result of the free radicals formed in the aqueous medium.
Therefore, control of irradiation of water would be an important step
formed in affecting the control of the irradiation of carbohydrates
present in food.
Fieger et _al. (45) reported that the percentage of glycogen in
oysters ranged from 0.5 to 2.0% according to the seasons and the areas.
Schweigert (126) observed that meats treated with sterilization dosages
showed a decrease in glycogen content.

Alexander e_t a_l. (32) studied

the effect of gamma irradiation and ice storage on the glycogen content
of Pacific oysters, Crassostrea Elgas, and they stated that no changes
in glycogen could be detected during 35 days of ice storage either in
irradiated or non-irradiated products.
Inactivation of enzymatic activities in food systems would be
expected to be small in view of many potential protective compounds
usually present.

This is indicated indirectly by the ability of living

cells to continue functioning after irradiation.

Little quantitative
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information has been recorded in this respect.

However, foodstuffs

irradiated with doses of the order of 2,000,000 rep. showed much of
their normal enzymic activity.

Two examples may be quoted:

peroxidase and phosphatase of milk

1) the

are partially inactivated (70, 110);

2) the catalase of Staphylococcus aureus only loses about a third of
its activity in irradiation with 700, 000 rep. of cathode rays, although
further loss of activity occurs on storage (107).
Enzymes are relatively resistant to inactivation by irradiation.
In most cases inactivation requires over 5 Mrad, while many proteolytic
enzymes require 21 to 70 Mrad.
The principal effort during the past year has been to determine
whether or not tissue enzymes were relatively important as a cause of
proteolysis in seafood tissues.
Alexander £t a^. (32) found that when fish tissues were excised
from fish which were sterile or relatively free of bacterial contami
nation, there was negligible proteolysis during storage or during incu
bation at room temperature for 16 hours.

However, when fish tissues

were excised from fish exposed to normal ice storage, proteolysis was
found to increase in direct relationship to the time storage.

They

further stated that when sterile fish tissues were inoculated

with

Pseudomonas species known to be proteolytic, the proteolytic activity
was found to increase during storage.

They concluded from their study

that it was quite evident that there was very little endogenous protein
ase activity, and that virtually all hydrolysis of proteins resulted
from the action of bacterial enzymes.
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Zender et al. (147) indicated an aseptic autolysis of meat.

He

stated that endocellular proteolytic enzymes (cathepsins) were respon
sible for much of the exudation and increase in amino acids and peptides
during storage.
Proctor £t _al. (112) have shown recently that autolysis is not
an important factor in the spoilage of haddock fillets.
Doty and Wachter (33) observed little inactivation of the pro
teinase in beef irradiated at 0.5 X 10^ rep.

At a higher dose, 1.6 X

10°, there was approximately 50% loss in apparent activity in some
samples.

The fact that proteolytic activity in seafoods continues dur

ing post-irradiation storage at high temperatures led them to investi
gate the storing of irradiated-treated oysters in ice packed (0°C) and
in refrigerator temperature (15°C) to ascertain this fact.
Since indole is formed during the decomposition of proteins, it
was interesting to follow the pathway of its formation.

Indole forma

tion in spoiling oysters, particularly in lots delivered for canning,
has been studied by control agencies (68).
Humphrey (60) stated that indole resulted as an enzymatic or
chemical decomposition of the amino acid tryptophane but not via the
bacteria which grew on the oysters.

All workers in the field of pro

tein irradiation have agreed that the most obvious effect of exposing
protein to radiant energy is the denaturation of the protein (20).
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VI.

Effect of Storage Temperature on Fishery Products:
Investigations have shown that irradiation of most fishery pro

ducts must be followed by adequate storage temperatures.

This is espe

cially true if radiation-resistant bacteria are present.

Generally,

an iced or refrigerated temperature will control the increase in num
bers of these resistant organisms for suitable petlods of time.
Ifickerpon et a K

(88) studied the effects of subrsterillaation

doses of radidtion on the storage life extension of soft-shelled clams
and haddock fillets.

They stated that the total microbial count of

haddock fillets irradiated at 700,000 to 800,000 rads remained below
60 X 10^ per gram at 6°C, and 55 X 10^ per gram at 0°C, respectively,
after two months In storage, but went into the millions per gram fol
lowing three months in storage.

In the dose range of 550,000 to

650,000 rad, counts of 5 X 10^ per gram at 6°C and 67 X 10^ per gram
at 0°C were attained after only one month in storage, and exceeded ten
million per gram after about two months of storage.

Fillets treated

at doses from 450,000 to 500,000 rad became spoiled after two weeks
to a month of refrigerated storage.

They further added that adverse

changes in the olfactory and textural properties of the irradiated
fillet sections closely paralleled the progress of microbial popula
tion increase, and the emergence of a dominant proteolytic-lipolytic
flora composed of the Pseudomonads and related species.

Nonirradi

ated fillet sections spoiled in little over a week under the same
storage conditions, due chiefly to a high proportion of the microflora
consisting of Pseudomonas and similar species from the beginning of
storage.

Approximately 99% of the initial commerclal-contamination
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microflora of shuckad, softshelled clams was destroyed at doses of
from 350,000 to 800,000 rads of Cobalt-60 gamna rays.
they showed that the total aerobic-facultative counts of clams
receiving 650,000 to 800,000 rads generally remained below 10 X 103
per gram at 6°C, and between 2-10 X 10^ per gram at 0°C; but were
well over a million per gram after three months in storage.

In the

dose range from 500,000 to 600,000 rad counts approached a million
per gram after about two months of storage, whereas shucked clams
irradiated at doses of 300,000 to 350,000 rads showed signs of spoil
age and had counts in the millions of microbes per gram, after periods
of from two to six weeks of refrigerated storage.

They stated that

the irradiated aerobic-facultative clam microflora shifted markedly
to such radiation-resistant, Gram-positive types as spore-forming
bacilli, certain members of mlcrococcoseae, yeasts, and actlnomyces.
Spoilage of this product, as with the haddock fillets, progressed as
the Gram-negative Paeudomonades and related species became re-estab
lished during cold storage.

After three months in storage some

samples showed a decline in the Pseudomonades, and a re-emergence of
yeasts and mlcrococcl.
Liuzzo and Novak (76) showed that ammonia nitrogen and trimethlyamine nitrogen, products of spoilage in shrimp, were consider
ably lower in irradiated than in the nonirradiated samples at 21 days
of storage.

They added that the organoleptic scores showed that at

37 days storage, the panel judged the irradiated (32°F storage) shrimp
as being acceptable for consumer use.
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Scholz

ad.. (124) reported that the quality of shrimp and

crabmeat irradiated with pasteurization doses of gamma radiation and
stored at 38°F was determined by subjective evaluation, chemical analy
sis, microbiological examination for total numbers of surviving organ
isms, and detection of pathogenic microorganisms.

They reported a

slight increase in decomposition products at the end of one week of
storage of nonirradiated samples of crab held at 38°F.

At this time,

numbers of microorganisms had increased so that spoilage odors were
apparent.

By two weeks, a five-fold increase in degradation products

occurred as measured by chemical tests, and a similar five-fold increase
in numbers of microorganisms was also found.
cated definite spoilage of crab at this time.

Sensory observations indi
Over the 9-week storage

period, numbers of microorganisms showed a fairly rapid and constantly
increasing progression with time.
Samples irradiated at 0.25 megarad were undergoing spoilage at
four weeks, and there was a rapid increase in numbers of microorganisms
and degradative products.

At six weeks the values for the volatile

acids, volatile bases, and trimethylamine indicated definite spoilage
of the crab irradiated at 0.25 megarad.

This level of radiation re

duced the numbers of microorganisms although the growth rate was sim
ilar to the nonirradiated samples.

The crab irradiated at 0.50 megarad

had begun to develop off odors of mustiness at six weeks.

The produc

tion of trimethylamine nitrogen and volatile bases or acids paralleled
the first indication of spoilage at this level of irradiation.
These investigators reported that shrimp irradiated at 0.5 and
0.7 megarad remained in good condition throughout the 18-week storage
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period; no viable microorganisms were found, and production of decom
position products was slight as measured by the chemical tests.
sion of shelf-life was three-fold.

Exten

They also reported that taste-panel

tests of the irradiated crab and shrimp indicated that irradiation fla
vor declined during storage.

Spinelli £t al^ (129) studied the relation of bacterial counts,
trimethylamine (TMA) and total volatile base (TVB) to sensory evalua
tion in vacuum-packed king crabmeat irradiated at 0.0, 0.2, and 0.4
megarad and stored at 33° and 42°F.

In the irradiated crabmeat, bac-

Q

terial counts approached I X 10

per gram before significant changes

were noted by sensory judgments, whereas populations of slightly over
1 X 10^ per gram produced significant sensory changes in the nonirra'l

diated product.

They further added that the bacteria that survived

and grew in the early stages of storage in the irradiated product were
quite feeble in their ability to produce changes in TVB and TMA and
changes in these two indices were only gradual until bacterial counts
approached 1 X 10^ per gram.
Miyauchi et a_l. (85)

determined the proteolytic plate counts

(Gelatinolytic) in an effort to study gross changes occurring in the
bacterial populations in stored non-irradiated and irradiated petrole
sole fillets.

They found that prior to irradiation, proteolytic

counts varied from 1.5 X 10^ to 1.5 X 10^ per gram and increased to a
total of 3.2 X 10^ per gram on nonirradiated samples stored for 11
O

f\

days at 33 F and to 4.5 X 10
42°F.

per gram on samples stored for 7 days at

After the samples were irradiated at 0.2 and 0.3 megarad, the

proteolytic counts were reduced to less than 3 X 10^ per gram.

When
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these were subsequently stored at 33° and 42°F, the proteolytic counts
varied considerably from sample to sample.

In certain 0.2 megarad samples,

the proteolytic counts increased to 5.0 X 10J per gram after 35 days of
storage at 33°F and 1.5 X 10^ per gram on samples similarly treated but
stored for 17 days at 42°F.

Similar results were obtained when samples

were irradiated at 0.3 megarad and stored at 33°F and 42°F.
They further stated that the proteolytic bacterial colonies from
nonirradiated fish fillets displayed strong gelatinolytic properties
after only 24 hours of incubation on gelatin agar, whereas the proteo
lytic colonies isolated from the irradiated fillets showed only weak
gelatinolytic properties even after 72 hours of incubation.

They added

that although proteolytic plate counts showed considerable variation
from sample to sample, they generally indicated changes in biochemical
activities of the different microbial flora with storage time.
Miyauchi et al. (85) studied the storage-life of crabmeat and
they found that the dose of 0.2 megarad was the optimum for producing
a product with good sensory characteristics and good extension of stor
age life.

They reported that the storage life of five different lots

of king crabmeat vacuum packed and irradiated at 0.2 megarad was extended
from four to more than six weeks, whereas the storage life of the non
irradiated control samples was only extended one week.

With petrole

sole fillets irradiated at 0.2 and 0.3 megarad and stored at 42° and
33°F, the air-packed samples were rancid within one week of storage at
both temperatures, whereas the vacuum-packed samples had a storage life
of four to seven weeks at 33°F, and of four to seven days at 42°F.

They

concluded from their work that for all of the products irradiated at the
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optimal dose of 0.2 megarad, the storage life at 33°F was over two
times greater than that at 42°F.
Liuzzo and Novak (76) stated that shrimp storage life could be
extended from 21 to 37 days when irradiated at 50,000 rads and stored
at 32°F.

The bacterial count showed that irradiation held the bacter

ial growth down to 40,000 as compared to 800,000 for the nonirradiated
samples when they were stored at 32°F.

It was also evident that stor

age at 32°F was more beneficial than at 36-40°F in keeping the bacter
ial count low.
Carver and Steinberg (21) performed screening studies on raw
and blanched cod (Gadus morhua), pollock (Pollachius vlrens) , whiting
(Merluccius bilinearis), and butterfish (Poronotus triocanthus) and
raw flounder (Pseudoplevronecte americanus) irradiated at 116,5001,860,000 rads.

They found that samples irradiated at 450,000 rads

and less had the greatest acceptability.

Storage life studies at 35°F

were performed on raw and blanched cod fillets and dressed butterfish
irradiated at 332,500 and 465,000 rads.

Irradiation nearly tripled

the storage life of butterfish and doubled that of cod.
Connors and Steinberg (27) stated that radiation levels of
350,000, 450,000, and 550,000 rads extended the shelf life of soft-shell
clam meats at 33°F from an average of 5 days to at least 30 days.

At

42°F the shelf life was extended from 2-3 days to 20 days, but the level
of quality was lower than that of clams stored at 33°F for the same
period.

Air-packed clams at 450,000 rads resulted in a product less

different than fresh controls at 250,000, 350,000, or 550,000 rads.
Vacuum-packed clams at a level of 350,000 rads resulted in a product
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l6ss different from fresh controls than did 250,000, 450,000, or
550.000 rads.

After 20 days at 33°F, air-packed clams Irradiated at

450.000 rads And vacuum-packed clams Irradiated at 350,000 rads were
as acceptable as freshly ehucked nonirradiated fried clams.

After

30 days at 33°1F, the irradiated clams were still acceptable, but not
as much as the freahly dhucked nonirradiated fried clams.
Schewan (118) noted that the limit of edibility of cod fillets
I

irradiated at levels of from 0.25 to 0.50 Mrad, could be extended from
about 20 to 100 days at 0°C.

The extension was by about 30 to 50 days

at 5°C with pollock and butterfish.

The extension was of the order of

10 to 20 days at 1.5°C and with crabmeat, 50 days at 0°C.

He further

added that these extensions of the shelf life were due, in a large
measure, to the reduction in the bacterial load as a result of irradi
ation.

He atated that irradlation-pasteurizatlon not only reduced the

bacterial load but also had a marked selective action on the various
microbial groups present.

In particular, the Pseudomonads, which are

known to be very active in fish spoilage (122) were almost completely
eliminated (123).

He further indicated that during the storage of

these Irradiated pasteurized cod fillets at 0°C, the Pseudomonas spe
cies gradually reasserted themselves so that by the 21st day they
constituted over 907. of the flora.
Mlyauchl et ml. (86)

reported that king crabmeats packed In

cans, irradiated at 0.1 - 0.6 megarad and stored at 33 and 42°F, were
given sensory evaluation.

They found that doses of 0.2 and 0.4 mega

rad were judged to be the most suitable for the storage-life studies
that followed.

At 33°F, the storage life of five different lots of
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irradiated crabmeat varied from four to more than six weeks, whereas
the nonirradiated control samples had a storage life of about one week.
The storage life of radiation-pasteurized crabmeat was more than twice
as long at 33° as at 42°F.

VII.

Levels of Irradiation for Pasteurization of Fishery Products:
In killing bacteria, it has been observed that vegetative types

are more easily destroyed than spore-formers.

In some instances,

three or four times the radiation required for vegetative forms is
needed to kill spores.

The amount of radiation required to obtain

sterility, therefore, is somewhat dependent upon the type of organism
present.

From the nature of the process, it appears that equal doses

of radiation kill a certain percentage of the organisms present, re
gardless of the total.

This makes the destruction of the last few

organisms very difficult.

Consequently, the determination of the

sterilizing dose has been the subject of much study.

It is very im

portant to know the magnitude of this dose because other factors such
as costs, equipment size, and product quality determine its applicabil
ity,

In general, complete sterilization appears to require about

2,000,000 rep.

Lawrence e_t a_l. (71) prepared 18-hour cultures of Proteus
vulgaris and Escherichia coli (non-spore forming bacteria) grown on
nutrient agar slants.

The cells were washed twice with saline solu

tion (0.85% sodium chloride); after centrifuging, the supernatant
solutions were discarded and the cells finally suspended in saline
solution containing 0.5% gelatin.

They exposed 5 ml of the latter
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suspensions to gamma radiations.

They reported that 997= reduction in

viable organisms was obtained after 50 min. irradiation.

Exposure for

approximately 0.29 million rep. resulted in sterile solutions of both
bacterial suspensions.

They also prepared a four-day old culture of

Bacillus subtilis (spore-forming bacteria) and a 22-hour culture of
spore-forming Bacillus originally isolated from canned evaporated milk.
Both were grown on nutrient agar slants.

Suspensions of the organisms

and their spores were prepared for irradiation in 5 ml aliquots.
They concluded that the dose of gamma radiation required to
destroy the sporulating organisms is much larger than that required
to kill organisms of the non-spore-forming varieties.

A radiation

dose of 1.7 to 2.0 million rep. was needed to destroy the spore-form
ing microorganisms completely.

A 94.67= and 99.997= reduction in the

members of viable organisms were obtained following 0.34 million rep
radiation of ji. subtilis and spore-forming bacillus isolated from milk,
respectively.
Miyauchi ^t a_l. (85) reported that irradiation of crabmeat at
0.1 megarad reduced the original bacterial counts by about 937.; at 0.2
megarad by over 987=; and at 0.3, 0.4, and 0.6 megarad by over 997=.
With the commercially available fishery products, psychrophilic counts
were generally reduced in count to less than 600 per gram when irradi
ated at 0.1 megarad and to less than 100 when irradiated at 0.2 mega
rad'.

At the higher dose levels of 0.3, 0.4, and 0.6 megarad, the psy

chrophilic count was reduced to less than 10 per gram.
Novak and Liuzzo (99) reported that the dose of radiation which
was judged to be optimum for preservation of shrimp was 0.15 to 0.2
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Mrad.

They further added that the dose of radiation which was optimum

for preservation of oysters was 0.2 Mrad.

MATERIALS AND METHODS

A two-fold approach employed in this study to ascertain changes
induced by low-dose gamma irradiation in metabolism and in the meta
bolic products of radiation-resistant bacteria from Gulf oysters was:
(1) the isolation and identification of bacteria isolated from fresh
Gulf oysters which were resistant to radiation-pasteurization doses (0.1
and 0.8 Mrad), and (2) a study of physiological changes in the bacteria
induced by irradiation.

I - The Isolation and Identification of Radiation-Resistant Bacteria
from Gulf Oysters.
These studies originated in September, 1963, by obtaining freshly
shucked oysters from commercial packing plants in New Orleans.
Oysters used in these studies were collected from oyster beds
near New Orleans and transported to a nearby commercial packing house
in a refrigerated truck maintained at 40°F.

They were stored in a

refrigerated room overnight (40°F) and shucked by professional shuckers early the next morning.

The facilities of this commercial packing

plant allowed the packing of oysters according to present FDA regula
tions (FDA Definitions and Standards for Shellfish, Title 21, part 36,
Section 36.10).

The oysters were washed in running tap water for two

minutes and allowed to drain for a period of five minutes.

All draii\-

ing was on FDA approved stainless steel skimmers, which had perfora
tions of at least ^th inch in diameter located not more than 1^ inches
apart.

The oysters were distributed evenly over the draining surface

of the skimmer but were not otherwise agitated during the draining period.
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After the oysters were washed and drained as described above,
they were packed into one-pint cans, which were placed in Arctic Hamp
ers and covered with ice.

They were irradiated within four hours at

the Louisiana State University Nuclear Science Center in Baton Rouge.
In these studies, oysters which were irradiated had been out
of the water for approximately two days.

It is believed that it would

be practical on a commercial basis to irradiate oysters within hours
after shucking, and within one to three days after removal from the
water providing proper refrigeration is employed when they are stored
in the refrigerator before shucking (40°F).

Irradiation of oyster samples.
One pint of oysters was kept as the non-irradiated sample (con
trol), and two pints were irradiated in the 11,000 Curie Cobalt-60
irradiator located at the Louisiana State University Nuclear Science
Center employing dosages of 0.1 and 0.8 Mrad, respectively.

Fricke

Dosimetry (2) was used to determine that the average dose in the cen
ter of the diving bell was 2,000 rads per minute.
Samples were irradiated by placing oyster pints inside a waxed
cardboard cylinder which was placed in the middle of the diving bell
bottom so that the samples were in the center of the bell.

Isolation and identification of bacteria.
After irradiation, 100 gm of each pint were asceptically removed
to 250 ml beakers.

Each sample was independently placed in a sterilized

Waring blender bowl, to which was added 100 ml of sterilized distilled
water.

They were homogenized at high speed for two minutes.

Serial
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dilutions were made and then plated by using the pouring-plate tech
nique (130).

These plates were incubated at 25°C for 36 - 48 hours.

Each distinct colony was picked from the plates and streaked on
fresh sterile

nutrient agar plates and incubated until moderate

growth appeared.

Pure cultures were transferred to nutrient agar

slants and incubated.

Seventeen pure cultures were obtained from

the non-irradiated oysters; 16 from the oysters subjected to 0.1 Mrad;
and 6 from the oysters irradiated at 0.8 Mrad.
Numerous identification tests were made with each pure culture,
such as description of the colonies on nutrient agar plates, gram
stain, agar stroke, litmus milk, and nutrient broth for optimum tem
perature determination by using a Bausch and Lomb Spectronic 20
(measuring the turbidity at 640 Mu).
After concluding these identification tests, an attempt was
made to match each organism of the non-irradiated treatment with its
counterpart in the 0.1 and 0.8 Mrad treatments.

However, this method

was discarded since variations in morphological and physiological
characteristics, of similar species, could be introduced by irradia
tion treatment.
An alternate method was used to compensate for this difficulty,
by making three agar slant replicates of each culture from the latter
series of agar plates.

After incubation, one slant of each culture

was stored under refrigeration; two replicates were irradiated at 0.1
and 0.8 Mrad, respectively.

After exposure, the cultures were trans

ferred immediately to fresh nutrient agar slants.

Reports indicate

that irradiated medium ingredients can destroy certain micro-organisms
(46).

The slants were incubated at 25°C until sufficient growth
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appeared.

However, if no growth was obtained after four days incu

bation, indications were that the organism was killed by the dose.
Seventeen non-irradiated strains (controls) were isolated.

All

of them were resistant to 0.1 Mrad irradiation but only four were
resistant to 0.8 Mrad.
Twenty-two identification tests were made for each culture and
the identical cultures were condensed into ten distinct strains.

These

ten strains were identified and classed into general and species accord
ing to Bergey1s Manua1 for Determinative Bacteriology (16).

The major

tests included Gram-stain, characteristics of agar stroke, inoculation
into methy1-red-Vogas-Proskaur (MR-VP) medium, litmus milk, and Knox
gelatin.

Tests for indole production as a by-product of bacterial

metabolism are of definite value in identification and classification
of bacteria, therefore, two types of indole tests were conducted.

Try-

ptone broth (17») and Difco Bacto Semi-Solid Medium were employed for
these tests which were conducted according to methods cited in the
Difco Manual (31).
One of the bacteria, Bacillus laterospores, resulted in a posi
tive indole test, therefore, an additional confirmatory determination
was performed employing Bacto-tryptophane Assay medium.

Tryptophane

was added to the medium at the rate of 1%, and the test performed
according to the Difco Manual (31).

A positive reaction would con

firm the ability of the bacterium to convert tryptophane to indole.
All the organisms were tested
ferent sugars:

for the utilization of eight dif

dextrose, dextrin, D (+) Lactose, D (+) mannose, D (+)

galactose, D (+) maltose, D (+) levulose, and sucrose.

Phenol red
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broth base medium plus 1% of the test sugar was used in the carbohy
drate tests.

These determinations were also performed according to

the Difco Manual (31).

The assays were incubated for 2, 4, and 7 days

and observed for acid and gas production.
All metabolic tests were conducted at different temperatures
(10°, 25°, 37°C) and periods (1 - 10 days) to ensure that metabolic
reaction would occur under the optimum conditions for the organism.

II.

Physiological Changes in Bacteria Induced by Low Dose
Radiation.

The effects of gamma irradiation on glycogen
and sugar content of oysters.

The possibility existed that the glycogen and sugar contents of
irradiated oysters were not altered by changes in metabolism of the
radiation-resistant bacteria.

Therefore, it was necessary to deter

mine the effects of irradiation on the glycogen and sugar contents of
the oysters themselves.
Oysters used in this study were obtained freshly shucked from a
commercial packing plant in tlew Orleans.

Oysters were subjected to

radiation at two different dose levels; 0.1 and 0.8 Mrad as previously
described.
Chemical analysis to determine the effect of gamma irradiation
on glycogen and sugar content of oysters - After irradiation, 100 gms
of each pint was homogenized with 7.5 volumes of 80% ethanol in a
"VIRTIS 45" homogenizer. These solutions were allowed to stand over
night to separate the glycogen from other carbohydrate materials.
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They were centrifuged at 10,000 r.p.m. for 10 minutes in an Inter
national refrigerated centrifuge.
glycogen determinations.

The precipitate was saved for

A suitable aliquot of the supernatant was

evaporated to dryness in a "Evapo-mix" rotary evaporator.

These

samples were re-dissolved in 1 ml of water and subjected to the
enthrone method of Carroll et al, (19).

The sugars were determined

as glucose equivalents by a curve obtained from standard glucose solu
tions using the anthrone method.

The optical density was measured at

620 millimicrons with a Beckman DB spectrophotometer.
The ethanol precipitate was re-homogenized twice with 5% tri
chloroacetic acid (TCA) in the "VIRTIS 45" homogenizer and centrifuged
as before for the same period.

The precipitate, which contained de

natured protein, was discarded, and a suitable aliquot of the super
natant was removed.

An amount of 95%, ethanol was added to the aliquot

so that the final volume of the alcohol was 80%.

The samples were

allowed to stand overnight at room temperature, centrifuged, and the
supernatants discarded.

The precipitated glycogen was diluted with

1 ml of water, reacted with anthrone reagent, and the glucose pro
duced determined spectrophotometrically. A factor of 0.9 was used
to convert glucose to glycogen.
Chemical analysis to determine the effect of non-irradiated
and radiation-resistant bacteria on oyster glycogen and sugar con
tents -

Three hundred grams of fresh non-irradiated oysters were

weighed into a sterile Waring blender bowl, an equal volume of ster
ile distilled water was added to make 1:1 (w/v) dilution.
sample was homogenized for two minutes at 12,000 r.p.m.

This
Fifteen

milliliter aliquots of the homogenate were placed in 50 ml erleruneyer
flasks and plugged with cotton,

these samples were autoclaved at 121°C

for 10 minutes under 15 p.s.i.

Upon cooling, the flasks were inoculated

with a 1 ml isotonic suspension of the various species of young pure
cultures.

Each culture species was inoculated into three sample flasks

which were subjected to three respective treatments - non-irradiated,
and irradiated at 0.1 and 0.8 Mrad.

The samples were incubated with

each organism for five days at its optimum temperature.

The samples

were removed from the incubator and subjected to the ethanol precipi
tation and TCA extraction procedures previously described.

The effects of gamma irradiation on the total
nitrogen content of oysters.
Oysters used in this study were obtained freshly shucked from a
commercial packing plant in New Orleans.

Oysters were subjected to

Cobalt-60 gamma radiation at two different dose levels; 0.1 and 0.8
Mrad, as previously described.

After irradiation, 50 gm of each pint,

including the control, was homogenized with a Waring blender bowl for
two minutes at high speed.

The homogenates were put in aluminum

dishes, placed in a vacuum drying oven and dried under 30 inches of
vacuum at 78°C for 48 hours.

The dried ground weighed samples (approx

imately 1.4 grams) were placed in Kjeldahl flasks to which was added
15.7 grams of "Kel-Pak" (0.7 gram mercuric oxide and 15 grams powdered
potassium sulfate).

Twenty-five milliliters of concentrated sulfuric

acid were added and total nitrogen was determined by the KjeldahlGunning Procedure (100).
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The effect of the non-irradiated and radiation-resistant bac
teria on oyster total nitrogen content was also studied.
Three hundred grams of fresh non-irradiated oysters were weighed
into a sterile Waring blender bowl.
tilled water was added.
at high speed.

An equal volume of sterile dis

This sample was homogenized for two minutes

Fifteen milliliter aliquots of the homogenate were

placed in 50 ml erlenmeyer flasks and were plugged with cotton.
samples were autoclaved at 121°C for 10 minutes.

These

Upon cooling, the

flasks were inoculated with a 1 ml Isotonic suspension of various
types of the young pure cultures.

Each strain of organisms was

divided into three treatments consisting of non-irradiated, and irra
diated

at 0.1 and 0.8 Mrad.

The inoculated samples were incubated

for 5, 10, and 15 days at the bacteria's optimum temperature.

The

samples were removed from the incubator and subjected to vacuum drying
at 30 inches of vacuum and 78°C for 48 hours.

Total nitrogen was deter

mined by the Kjeldah1-Gunning procedure (100).

The effect of gamma irradiation on proteolytic
activity in oysters.

This study was designed to determine the effect of Cobalt-60
gamma radiation on oyster proteolysis and to ascertain the proteolytic
activity of the radiation-resistant bacteria in oysters.
Oysters used in this study were obtained freshly shucked from a
commercial packing plant in New Orleans.

Oysters were subjected to

gamma irradiation at two different dose levels;
previously described.

0.1 and 0.8 Mrad as

After irradiation, 100 gm of each pint were

homogenized with a Waring blender bowl in an equal volume of sterile
distilled water.

The samples were homogenized for two minutes at
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high speed.

Fifteen milliliter aliquots of the homogenate were placed

in test tubes, in duplicates.
r.p.m. for ten minutes.

The test tubes were centrifuged at 1200

The supernatants were poured carefully into

clean test tubes and 5 ml of 57, TOA was added.

The tubes were allowed

to set for 30 minutes to allow maximum precipitation of proteins.
This procedure was repeated with the supernatant to assure complete
protein removal.

The supernatants were poured into 1M0 ml beakers

and proteolytic activity determined by Sorenson's formal titration
procedure (83, 84).

Proteolytic activity was expressed as milliliters

of 0.1 N sodium hydroxide required to neutralize the liberated amino
acids.
Successful preservation of irradiated oysters is dependent in
part upon the assumption that very little proteolysis will result from
the few radiation-resistant organisms that remain after the product
has been irradiated.

In order to test the proteolytic activity of

the radiation-resistant bacteria isolated in this study, the follow!

ing investigation was initiated.

Three hundred fifty grams of fresh

non-irradiated oysters were weighed into a sterile Waring blender
bowl with an equal volume of sterile distilled water.
was homogenized for two minutes at a high speed.

This sample

A medium composed

of 350 ml of water and 5.6 gm of nutrient broth was mixed with the
oyster homogenate.

Fifteen milliliter aliquots of this mixture were

dispensed into 50 ml erlenmeyer flaks and were plugged with cotton.
The samples were autoclaved at 121°C for 10 minutes, and upon
cooling, the flasks were inoculated with a 1 ml isotonic suspension
of the various types of young pure cultures.

Each was done in
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duplicate and two flasks served as blanks.

Each strain of organism

was divided into three treatments consisting of non-irradiated, and
irradiated

at 0.1 and 0.8 Mrad.

The samples were incubated for 5,

10, and 15 days at the optimum temperature of the bacteria.

After

incubation, the supernatants were poured from the 50 ml erlenmeyer
flasks to clean test tubes.

The precipitates were washed with 5 ml

distilled water, and the free amino acids determined by Sorenson's
formal titration (83, 84).

The level of gamma Irradiation which reduced proteolytic
activity of radiation-resistant bacteria.

This experiment was designed to determine the limits of irradi
ation which could be employed for pasteurization of oysters to reduce
the proteolytic activity of radiation-resistant bacteria.
Each organism used in this study was divided into 10 treatments
consisting of non-irradiated

and irradiated

0.5, 0.6, 0.7, 0.8, and 0.9 Mrad.

at 0.1, 0.2, 0.3, 0.4,

After exposure, the cultures were

transferred immediately to fresh nutrient agar slants and incubated
at optimum temperature until sufficient growth appeared.

If no

growth was obtained after four days incubation, indications were
that the organism could not survive the exposure level.

Seven hund

red grams of fresh non-irradiated oysters were weighed into a sterile
Waring blender bowl to which was added an equal volume of sterile dis
tilled water.
speed.

This sample was homogenized for two minutes at a high

A medium composed of 700 ml of water and 11.2 gm of nutrient

broth was mixed with the oyster homogenate.

Fifteen milliliter ali

quots of this medium were dispensed into 50 ml erlenmeyer flasks and
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were plugged with cotton.

These samples were sterilized and inoculated

with a 1 ml isotonic suspension of the various radiation-resistant young
pure cultures.
temperature.

These samples were incubated for five days at optimum
The samples were removed from the incubator at 5 day in

tervals and the proteolytic activity was measured as previously men
tioned.

Proteolytic studies with Pseudomonas and Achromobacter.

This study was designed to investigate the activity of two radi
ation-resistant and strongly proteolytic strains of Pseudomonas and
Achromobacter. as compared to the activity of other strains of resis
tant bacteria on fresh oysters during ice (32°F) and refrigerated
storage (40°F) for 15 days.

The experiment on the characteristics of

proteolytic action of bacteria is based on the hypothesis that the
psychrophilic and proteolytic nature of Pseudomonas and Achromobacter
is a determining factor for gaining predominancy as the oysters enter
the advanced stage of spoilage during both ice and refrigeration stor
age.

In order to simulate more practical conditions, this experiment

was conducted on oysters packed in pint size cans.

By this manner,

a more applicable study could be designed which would more closely
show the effect of radiation on proteolysis under commercial condi
tions.
Erdman £t a_l. (42) reported that the nature of the suspending
medium can greatly influence the relative sensitivity of a specific
culture.

The effect of the suspending medium on radiation sensitiv

ity may become important in determining effective irradiation treat
ments for food processing.

Oysters used in this study were obtained
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freshly shucked end pecked in pint tin cens from e commercisl pecking
plent in New Orleans.

Oysters were subjected to gemoe redletion from

Cobelt-60 et two different levels:

0.1 end 0.8 Mred.

The proteolytic

ectivity wes meesured by Sorenson's formel titretion et sero time storege (83, 84).

One helf of the remeining pint semples were stored in

ice for 15 deys while the other helf were stored in the refrigeretor
et 40°F.

At the conclusion of this storege period, the proteolytic

ectivity wes determined in these semples.
Pints of fresh oysters (350 gm of oysters per pint) were inoculeted with e 1 ml Becto-nutrient broth suspension conteining 3.5 X 10**
cells of Pseudomones erythre, Nelsserie flevescene. Genus Pseudomones.
Achromobecter butyrl. end Bacillus leterosnores.
inocule wes 10^ cells per grem of oyster.

to the oyster pints sseptically.

The density of the

These inocule were edded

Gech strain of organism was divided

into three treatments consisting of no irradiation, and irradiation
at 0.1 and 0.8 Mrad.

Concentration of cells in a 1 ml suspension of

nutrient broth was determined by McFarland's Nephelometer method as
cited in Manual of Clinical Methods (82).

Bacterial count was deter

mined on each sample by the standard pour-plate technique (130).
These pints of oysters were divided into 9 groups plus two
pints which served as controls:
Control - two pints which were uninoculated and non-irradiated.
Group I - pints Inoculated with 10** cells of non-irradiated bacteria
per gram of oyster but no Irradiation,
Group II - pints inoculated with 10^ cells of nonirradiated bacteria
per gram of oyster before irradiation at 0.1 Mrad.

Group III - pints inoculated with 10^ cells of non-irradiated bacteria
per gram of oyster before Irradiation at 0.8 Mrad.
Group IV - pints inoculated with 10^ cells of the 0.1 Mrad radiationresistant bacteria per gram of oyster but no irradiation.
Group V - pints inoculated with 10^ cells of the 0.1 Mrad radiationresistant bacteria per gram of oyster, before irradiation
at 0.1 Mrad.
Group VI - pints inoculated with 10^ cells of the 0.1 Mrad radiationresistant bacteria per gram of oyster before irradiation at
0.8 Mrad radiation dosage level.
Group VII - pints inoculated with 10^ cells of the 0.8 Mrad radiationresistant bacteria per gram of oyster but no irradiation.
Group VIII - pints inoculated with 10^ cells of the 0.8 Mrad radiationresistant bacteria per gram of oyster before irr-diation at
0.1 Mrad.
Group IX - pints inoculated with 10^ cells of the 0.8 Mrad radiationresistant bacteria per gram of oyster before irradiation at
0.8 Mrad.
All of these groups were conducted in duplicate.
15 days at 32° and 40°F.

They were stored for

At the end of 15 days, their proteolytic

activity as well as their pH values were determined as previously
described.
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The production of trlmethylamine nitrogen
by radiation-resistant bacteria.

Since trimethylamine nitrogen is a product of oyster spoilage,
this study was initiated to determine the production of trimethyla
mine nitrogen by radiation-resistant bacteria in oysters during 5,
10, and 15 day incubation intervals.
One thousand grams of fresh non-irradiated oysters were
weighed into three sterile Waring blender bowls.
homogenized for two minutes at high speed.

This sample was

Fifty milliliter aliquots

of this mixture were dispensed into 100 ml erlenmeyer flasks and were
plugged with cotton.
minutes.

These samples were autoclaved at 121°C for 10

Upon cooling, the flasks were inoculated with a 4 ml iso

tonic suspension of the various types of young pure cultures.

The

tests were conducted in duplicates, two flasks serving as uninoculated
blanks.

Each strain of organism was divided into three treatments:

no irradiation, and irradiation at 0.1 and 0.8 Mrad.

The samples

were incubated for 5, 10, and 1£ days at optimum temperature.
Trimethylamine nitrogen content of each sample was determined
by a modification of the Dyer method (39).

Twenty-five grams of

oysters from each sample were weighed into a small beaker.

The

weighed portion of the sample was added to a quart-size Waring blender
bowl with 100 ml of 57. trichloroacetic acid and 25 ml of water and
blended for two minutes at high speed.

The contents of the bowl were

transferred quantitatively to a 250 ml volumetric flask and made up
to volume with water.

About 50 ml of this preparation were centrifuged

at 2500 r.p.m. for 15 minutes.

An aliquot of 1 to 4 ml of the clear
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supernatant was added to glass stoppered thiamine tubes and made up
to 4 ml volume with water, 1 ml of 107. formaldehyde was added to each
tube followed by 10 ml of toulene and 3 ml of a 507. potassium carbon
ate solution.

The tubes were stoppered and shaken for 1 minute in a

mechanical shaker.

The lower aqueous layer was removed by suction

with a glass tube drawn to a fine tip.
with anhydrous sodium sulfate.

The toluene layer was dried

Five milliliters of the dried toluene

portion were then added to "Spectronic 20" tubes containing 5 ml of
0.027. picric acid-toluene solution.

The per cent transmission of the

yellow trimethylamine picrate, which developed, was determined with a
"Spectronic 20" colorimeter at a wave length of 400 millimicrons.
The concentration of the trimethylamine was expressed in mg of tri
methylamine nitrogen per 100 gms of oysters.

Changes in amino nitrogen in oysters by radiationresistant bacteria.
Studies of sterile fish muscles permit a distinction between
endogenous (tissue) and exogenous microbial proteinase activities.
This investigation was undertaken to study this distinction in oyster
tissues.

The oysters used were purchased freshly shucked from a pack

ing house at New Orleans.

The oyster pints were packed immediately

in ice and transported to the Food Science Building, Louisiana State
University at Baton Rouge, and stored in a cold room.
The oysters were re-iced every second day during 21 days of
storage.

At intervals of 0, 1, 2, 4, 8, 16, and 21 days of storage,

two samples weighing 100 gm were taken from each pint.

Twenty-five
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grams were homogenized at 0°C with 20 volumes of chilled, sterile
distilled water in a sterile VJaring blender bowl for two minutes at
high speed.

A second 25 gm portion was used for amino nitrogen

determination.

The remaining 50 gm of oysters were allowed to stand

at room temperature (20°C) for two hours before they were homogenized.
After homogenation, they were divided into two 25 gm portions.

Twenty-

five grams were used to estimate the numbers of bacteria by the stand
ard pour-plate technique (130), using saline solution as a diluent and
Bacto-nutrient agar (pH 6.8).

The second 25 gm portion was used for

amino nitrogen determination.
Two 100 ml aliquots of each homogenate were transferred to ster
ile, dry, square bottles.

One bottle from each pair was exposed to

0.8 Mrad of gamma radiation, while the other was kept refrigerated at
0°C as a control.

The non-irradiated control and irradiated samples

were placed in a 25°C water bath.

At intervals of 0, 2, 4, 8, and 17

hours of incubation, aliquots were drawn from each sample for viable
count, using the pouring plate method (130).

Colonies on the plates

were counted after 2 days of aerobic incubation at 30°C.
Amino nitrogen analyses were performed using the copper-iodate
method of Pope and Stevens (103).

Twenty-five grams of oysters were

blended for two minutes in 50 ml of water.

The content of the blender

bowl was transferred quantitatively to a 250 ml volumetric flask and
was made up to volume with distilled water.

After centrifugation, 5

and 10 ml samples were pipetted into 50 ml volumetric flasks; four
drops of thymolphthalien were added to each flask followed by the
addition of 0.5 N sodium hydroxide to produce a faint blue color.

To
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each flask, 30 ml of a freshly prepared copper-phosphate suspension
was added and they were brought up to volume with distilled water.
The suspension was filtered through Whatman no. 12 fluted filter
paper and 10 ml of the clear blue filtrate was
meyer flasks.

addedto small erlen

One half milliliter of glacial acetic acid and approx

imately 1 gm of potassium iodide were added to each flask.

The free

liberated iodine was titrated with standard sodium thiosulfate using
Pope and Stevens' calculated factor of 1 ml of 0.01 N thiosulfate
being equivalent to 0.28 gm of amino nitrogen. The amino

nitrogen

in mg per 100 gm of oysters was calculated.

Intermediary metabolism of indole synthesis
by radiation-resistant bacteria.

In this study, the metabolism of the intermediate products of
indole synthesis, such as trimethylamine and ammonia, by radiationresistant bacteria were investigated.

This would determine if the

radiation-resistant bacteria are physiologically affected in their
synthesis of these precursors of indole formation.
Three components: trimethylamine nitrogen, ammonia nitrogen,
and indole were determined.

Oysters used in this study were ob

tained freshly shucked from a commercial packing plant in New
Orleans.

Oysters were subjected to Cobalt-60 gamma radiation at two

different levels; 0.2 and 0.8 Mrad, as previously described.

Determination of trlmethy1amine nitrogen:
After irradiation, 800 gins of oysters from each treatment, in
cluding the control, were homogenized with a Waring blender for two
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minutes at high speed.

Fifty milliliter aliquots of this mixture

were dispensed into 100 ml erlenmeyer flasks and were plugged with
cotton.

These samples were autoclaved at 121°C for 10 minutes.

Upon

cooling, the flasks were inoculated with a 4 ml isotonic suspension
of the various types of young pure cultures.
was divided into three treatments:
0.2 and 0.8 Mrad.

Each strain of organisms

non-irradiated, and irradiated at

The tests were performed in duplicates, two flasks

serving as uninoculated blanks.

Trimethylamine nitrogen content of

each sample was determined by a modification of the Dyer method (39)
as previously described at 0, 2, and 5 days of incubation at optimum
temperature.

The concentration of the trimethylamine nitrogen was

expressed in mg of trimethylamine nitrogen per 100 gms of oysters.

Determination of ammonia nitrogen:
After irradiation, 800 gms of oysters from each treatment, in
cluding the control, were homogenized with a Waring blender for two
minutes at high speed.

Fifty milliliter aliquots of this mixture were

dispensed into 100 ml erlenmeyer flasks and were plugged with cotton.
These samples were autoclaved at 121°C for 10 minutes.

Upon cooling,

the flasks were inoculated with a 4 ml isotonic suspension of the
various species of young pure cultures.
divided into three treatments:
and 0.8 Mrad.

Each strain of organism was

non-irradiated, and irradiated at 0.2

The tests were done in duplicates, two flasks serving

as uninoculated blanks.

Ammonia nitrogen content of each sample was

determined by the Conway and Byrne method (28) at 0, 2, and 5 days of
incubation at optimum temperature.

Twenty-five grams of oysters from
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each sample were weighed into a small beaker.

The weighed portion of

the sample was added to a quart-size Waring blender bowl with 100 ml
of 5% trichloroacetic acid and 25 ml of water, and blended for 5 min
utes at high speed.

The contents of the bowl were transferred quan

titatively to a 250 ml volumetric flask and diluted to volumes with
water.

About 50 ml of this preparation were centrifuged at 2500

r.p.m. for 5 minutes.

Two milliliters of standard acid with indi

cator (0.0002N HCL with Tashiro's reagent) were pipetted in the
center well of a Conway dish.

Two milliliters of clear supernatant

were placed in the outer chamber.

One milliliter of saturated potas

sium carbonate was added and the dish immediately covered with a lid.
The dish was rotated to mix the solutions in the outer chamber.

The

dishes were incubated at 36°C for 2 hrs., then the excess acid in the
center well was titrated with standard barium hydroxide (0.0002N).
The concentration of the ammonia nitrogen was expressed in mg of ammonia
nitrogen per 100 gms of oysters.

Determination of indole:
After irradiation, 800 gms of oysters from each treatment includ
ing the control, were homogenized with a Waring blender for two minutes
at high speed.

Fifty milliliter aliquots of this mixture were dispensed

into 100 ml erlenmeyer flasks and were plugged with cotton.
samples were autoclaved at 121°C for 10 minutes.

These

Upon cooling, the

flasks were inoculated with a 4 ml isotonic suspension of the various
species of young pure cultures.
into three treatments:

Each strain of organism was divided

non-irradiated and irradiated at 0.2 and 0.8
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Mrad.

The tests were done in duplicates, two flasks serving as uninoc

ulated blanks.

Indole content of each sample was determined by Turner's

method (138) at 0, 2, and 5 days of incubation at optimum temperature.
Twenty-five grams of oysters from each sample were weighed into a small
beaker.

The weighed portion of the sample was added to a quart-size

Waring blender bowl with 100 ml of 57., trichloroacetic acid and 25 ml
of water, and blended for 5 minutes at high speed.

The contents of

the bowl were transferred quantitatively to a 250 ml volumetric flask
and diluted to volume with water.

About 50 ml of this preparation

were centrifuged at 2500 r.p.m. for 5 minutes.

Twenty milliliters of

the clear supernatant were transferred into a 250 ml separatory fun
nel.

Ten milliliters of petroleum ether were added and the contents

were shaken vigorously.

The water layer was transferred to another

250 ml separatory funnel to which was added 10 ml of petroleum ether
and the mixture was shaken.
bined in a separatory funnel.

The petroleum ether fractions were com
Ten milliliters of p-dimethylamino-

cinnamaldehyde reagent were added to the combined ether fractions
and shaken vigorously.
tube and centrifuged.

The colored aqueous layer was drained into a
Eight milliliters were pipetted into Klett

tubes, the reagent added and allowed to stand for 30 minutes, after
which time they were read in the Klett using a 640 mu. filter No. 64.
The concentration of the indole was expressed in micrograms of indole
per 100 gms of oysters.

RESULTS AND DISCUSSION

I.

The Isolation and Identification of the Radiation-Resistant
Bacteria.
Ten bacteria resistant to gamma irradiation at a level of 0.1

Mrad and 4 resistant at 0.8 Mrad were isolated and identified from
fresh Gulf oysters.

These bacteria were classed into the following

genera and species:
1)

Pseudomonas erythra

2)

Genus Pseudomonas (It belonged to the genus Pseudomonas but did
not fit the characteristics of any of the
species described by Bergey1s Manua1 (16)
because of variable changes).

3)

Genus Flavobacterium

4)

Neisseria flavescene

5)

Neisseria sicca

6)

Paracolobacterium intermedium (may be from oyster ice water).

7)

Alcaligenes metalcaligenes

8)

Achromobacter butyri

9)

Bacillus laterospores

10)

Protaminobacter alboflavus
Irradiation of the cultures affected the optimum incubation

temperature of three organisms (Table 2).

In each case the tempera

ture required for best growth was lowered 12-15°C.

Since shellfish

are usually preserved under refrigeration, the ability of the organ
isms to grow more rapidly at lower temperatures could become a problem
in extension of storage life of irradiated oysters.
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TABLE 2
Radiation effect of optimum incubation temperature, chromogenesis,
and indole production of resistant organisms.

Bacteria___________________ Temp. (C°)
Pseudomonas erythra

Achromobacter butyri

Bacillus laterospores

Neisseria flavescene

Neisseria sicca

Chromogenesis

UI

25

R1

10

UI
Rl

25
10
10

UI

37

White

R1

25

Brown

R8

25

Brown

UI

Yellow

R1

White

R8

White

UI

Yellow

R1

White

R8

White

Indole
production

aR^ designates irradiated culture at 0.1 Mrad; R® designates
irradiated culture at 0.8 Mrad; UI, the non-irradiated cul
ture .

One of the most important changes induced by radiation was in
culture chromogenesis in the agar stroke technique for Neisseria flavescene, Neisseria sicca, and Bacillus laterospores (Table 2).

The deter

mination was repeated several times to confirm this alteration in
visual cultural coloration.
was observed.

In each case the distinct color change
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Chromogenesis, in general, is greatly influenced by composition
and pH of the medium, incubation temperature, intensity of light, and
oxygen tension.

It is also generally accepted that pigments produced

during chromogenesis are a result of metabolism.

The irradiated

organisms that altered pigmentation were treated similarly to their
nor.-irradiated counterparts with respect to the above influencing fac
tors.

Therefore, it is suggestive that the changes in chromogenesis

were due to alterations in metabolism as a result of radiatiop.
Another important change induced by radiation was indole pro
duction for Bacillus laterospores (Table 2).

Since indole is formed

during the decomposition of proteins, it was presumed that the indole
content might parallel spoilage.

The irradiated organism that altered

indole production was treated similar to its non-irradiated and to
its 0.1 Mrad radiation-resistant counterparts.

Therefore, it was sug

gestive that the changes in indole production were due to an effect
of radiation on the bacterium's ability to synthesis the enzymes
necessary to catalyze the reaction.

It is possible that radiation

retards the synthesis of the enzyme, tryptophanase, which catalyzes
the breakdown of tVe amino acid tryptophane to indole.
Table 3 shows that in the absence of tryptophane from the medium,
indole production was negative.

This indicated the necessity of its

presence as the substrate (tryptophane) for the production of indole.
Table 4 shows that when the medium was enriched with 170 trypto
phane, non-irradiated B. laterospores and the culture resistant to 0.1
Mrad were positive for indole production, while 0.8 Mrad radiationresistant counterpart was negative.

This emphasizes the effect of

radiation at this level to retard indole production.

63
TABLE 3
Indole production by using Bacto-tryptophane assay medium.

Bacteria®
Bacillus laterospores

Temp. (C°)

Indole
Production

UI

37

_

R1

25

-

R8

25

-

TABLE 4
Indole production by using Bacto-tryptophane assay medium
enriched with 17, tryptophane.

Bacteriaa
Bacillus laterospores

Temp. (C°)

Indole
Production

37

+

R1

25

+

R8

25

-

ui

•

aRl designates irradiated culture at 0.1 Mrad.
R® designates irradiated cuLture at 0.8 Mrad.
UI designates the non-irradiated culture.
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Changes were also observed in the action on litmus milk by
Bacillus laterospores (Table 5).

The non-irradiated culture of this

bacterium showed a neutral reaction and no reduction after seven days
while the 0.1 and 0.8 Mrad resistant cultures displayed an acid reac
tion after four days and reduction after seven days.

The non-irradi

ated culture also formed a curd at four days whereas the 0.1 and 0.8
Mrad irradiated cultures failed to display curd formation at seven
days.

TABLE 5
Differences induced by radiation on culture
action on litmus milk.

Bacteria
Bacillus laterospores

UI

R1

R8

Age
(day)

Reaction

2
4
7

Neutral
Neutral
Neutral

2
4
7

Neutral
Acid
Acid

2
4
7

Neutral
Acid
Acid

Curd

Peptonization

+
+

+
+

-

_

_

_

-

+

+

_

_

_

-

-

-

—

+

+

aR^ designates irradiated culture at 0.1 Mrad.
g

R

Reduc
tion

designates irradiated culture at 0.8 Mrad.

UI designates the non-irradiated culture.

-
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Irradiation did not alter the organism's metabolism of nitrate,
hydrolysis of gelatin, hydrolysis of urea, motility, production of
hydrogen sulfide, reaction to the MR - VP tests, and their growth
characteristics in nutrient broth.
The only changes in carbohydrate utilization resulting from
radiation were experienced by genus Flavobacterium and Neisseria sicca
(Table 6).

Some strains utilized some sugars, a few utilized all of

the sugars, and several did not utilize any.
sugars produced acid but no gas.

Organisms which utilized

No variation was observed between

non-irradiated and radiation-resistant organisms within each strain
in utilizing these sugars, except in the genus Flavobacterium and
Neisseria sicca.

In the genus Flavobacterium. the non-irradiated

organisms could not utilize mannose while its 0.1 Mrad resistant
counterpart could; in Neisseria sicca, the non-irradiated organism
could utilize dextrose, dextrin, sucrose, maltose, fructose while its
0.1 and 0.8 Mrad resistant counterparts could not use these sugars.
The results in this isolation and identification study empha
sized the role of irradiation in eliminating most of the microorgan
isms responsible for more rapid decomposition of oysters.

These

results also suggest that the pattern of metabolism in radiationresistant bacteria can be altered by low-dose radiation.

A know

ledge of these altered pathways can be helpful in the development
of chemical and physical techniques to render foods sterile in the
extension of their storage life.

This is especially true when foods

cannot be subjected to high levels of radiation because of changes
induced in them by the treatment.

TABLE 6
Radiation effect upon utilization of eight different sugars by resistant organisms.

Organisms
Genus
Flavobacterium
Non-irrad iated

0.1 MradRadiated

Neisseria sicca
Non-irradiated

0.1 MradRadiated

Age
(day) Temp.

2
4
7

30°C
30°C
30°C

+
+
+

-

2
4
7

30°C
30°C
30°C

+
+
+

-

2
4
7

30°C
30°C
30°C

+
+
+

2

30°C
30°C
30°C

4

7
0.8 MradRadiated

Dextrose
Acid:Gas

2
4

7

30°C
30°C
30°C

Dextrin
Acid:Gas

D(+)
Lactose
Acid:Gas

+
+
+

-

+
+

-

-

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

-

-

-

-

+
+
+

_

_

-

-

-

-

-

-

-

-

-

-

-

-

_

_

_

-

-

_

_

Fructose
Acid:Gas

-

-

D(+)
Maltose
Acid:Gas

-

-

-

-

D(+)
Galactose
Ac id:Gas

-

+
+
+

-

D<+)
wannose
Acid:Gas

-

+
+
+

-

+
+

Sucrose
Acid:Gas

-

-

-

-

-

-

+
+
+

-

-

-

-

-

-

-

-

-

+
+
+

_

_

_

—

_

-

-

-

-

-

-

-

-

-

-

_

_

_

_

_

_

_

_

_

—

_

-

_

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
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LI.

Physiological

Gamma

Changes in Bacteria Induced by Low Dose Radiation.

irrad iat i on effects on glycogen and sugar
content of o y s t e r s .

There was no effect
(0.1 and O.d Mrad)
an

increase

increased

of gamma

irradiation at the levels

on the sugar content

of oysters

(Table

tested

7).

However,

in glycogen content was observed as the radiation level

(Table 6).

This

increase was highly significant

(P ^

.01).

No difference was observed be tween the amount of sugar ut i I ized be
the non-irradiaLed and the
s 1 igh L dec reasi

irradiated bacteria.

in the total

inicroorgar. isms from tin

However, there

sugars of tile samples containing

uni noci: la teil controls

and

c o n t r o l s

tin* tr ted .samples which
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cli f 1 ere nee

in

t

!,e amount

tin- n "■ :rr u l m i o l

organisms

organ ;■ • . ami

large amount of

did u.ot

fin

decrease

the organisms at this
also account

t!u
I rec

sugars

i oulci result

temperature and

the

between

the no n- ir r ad i 
fin re was also no
inoculated witii

rad iat ;•>;; .«*t •i ;ta ,t o r g . i : .
present

degradut io - and .■l t a ho I i

in -uigar content

10).

of g lycogeii between samples

Ap j>a rent Iy , tin
m

contained

(lable

a

(Table °).

lie. re v.MS : o great d it 11 -rent e in glycogen content
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was

for the organi «-ri:.

at g 1ycogen .

file

from the norma I act ivi ty of
time ol

for the stabilitv of glycogen

incubation.

levels.
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TABLE 7
Effect of Gamma-irradiation on sugar content of fresh oysters.
Dose
level
(Mrad)

Sample size
analyzed
(ml)

70 glucose
equivalent
in oyster

0

0.100

1.63

0

0.200

1.80

0.1

0.100

1.78

0.1

0.200

1.80

0.8

0.100

1.83

0.8

0.200

1.76

TABLE 8
Effect of Gamma-irradiation on glycogen content of oysters.
Dose
level
(Mrad)

Sample size
analyzed
(ml)

7, glycogen
in
oyster

0
0
0

0.010
0.020
0.050

0.72
0.71
0.69

0.1
0.1
0.1

0.010
0.020
0.050

0.81
0.80
0.80

0.8
0.8
0.8

0.010
0.020
0.050

0.91
0.90
0.89
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TABLE 9
Effect of non-irradiated and radiation-resistant bacteria on
oyster sugar content.

Samp 1e

Incubation
time
(days)

% glucose
equivalent
in oyster

Organism

Control*

5

Non-irradiated
Irradiated-resistant**

5

Non-irradiated
Irradiated-resistant**
Irradiated-resistant***

5
5
5

Neisseria flavescene
11
11

1.05
0.99
0.93

Nor.- irradiated
Irradiated-resistant**

5
5

Genus Pseudomonas

0.87
0.83

No-;-irradiated
Irradiated-resistant**
Irradiated-resistant***

5
5
5

Paracolobacterium intermedium
n
ti

0.95
0.94
0.94

Non-irradiated
Irradiated-resistant**

5
5

Genus Flavobacterium

1.04
1.04

Non-irradiated
Irradiated-resistant**

5
5

Alcaligenes metalcaligenes

1.00
0.99

Non-irradiated
Irradiated-resistant**

5
5

Achromobacter butyri

Non-irradiated
Irradiated-resistant**
Irradiated-resistant***

5
5
5

Baci1lus laterospores
tf
II
H

0.95
0.90
0.90

Non-irradiated
Irradiated-resistant**
Irradiated-resistant***

5
5
5

Neisseria sicca

1.04
1.03
1.03

Non-irradiated
Irradiated-resistant**

5
5

Protaminobacter alboflavus
"
M

1.05
1.04

1.12

Pseudomonas erythra
11

M

ii

M

ii

ir

If

0.95
0.90

1.04
1.00

*Average of three determinations.
**0rganism
nutrient
***0rganism
nutrient

subjected to 0.1 Mrad of gamma-trradiation on Bactoagar slant.
subjected to 0.8 Mrad of gamma-irradiation on Bactoagar slant.

TABLE 10
Effect of non-irradiated and radiation-resistant bacteria
on oyster glycogen content.

Sample

Incubat ion
Time
(days)

% glycogen
in
oyster

Organism
-

Control*

5

Non-irradiated
Irradiated-resistant**

5
5

Pseudomonas erythra

Non-irradiated
Irrad iated-res istant**
Ir rad iated-res istant***
Non-irradiated
Irrad iated-res istant**
Non-irradiated
Irradiated-res istant**
Irradiated-res istant***

5
5
5
5
5
5
5
5

Neisseria flavescene

Non-irradiated
Irradiated-res istant**

5
5

Genus Flavobacterium

Non-irradiated
Irradiated-res is tant**

5
5

Alcaligenes metalcaligenes

Non-irradiated
Irradiated-res istant**

5
5

Achromobacter butyri

Non-irradiated
Irradiated-res istant**
Irradiated-res istant***

5
5
5

Baci1lus laterospores

Non-irradiated
Irradiated-res istant**
Irradiated-resistant***
Non-irradiated
Irradiated-resistant**

5
5
5
5
5

Neisseria sicca

n

0.41
0.35
0.34

ii

IT

II

tl

11

Genus Pseudomonas
ii

ii

Paracolobacterium intermedium
II

II

11

II

11

0.38
0.36

II

ii

ii

II

fl

ii

ii

n

ii

n

ii

ii

ii

Protaminobacter alboflavus
ii

0.40
0.36
0.32
0.40
0.40
0.39
0.39
0.38

ii

0.38
0.38
0.39
0.35
0.34
0.36
0.39
0.36
0.34
0.36
0.38
0.38

^Average of three determinations.
**0rganism subjected to 0.1 Mrad of ganrna-irradiation on Bactonutrient agar slant.
***0rganism subjected to 0.8 Mrad of gamma-irradiation on Bactonutrient agar slant.
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The effects of gamma irradiation on the total
nitrogen content of oysters.

There was no significant effect of gamma-irradiation (0.1 and
0.8 Mrad) on the total nitrogen content of fresh oysters (Table 11).
This agrees with the results obtained by Van der Zant and Moore (142).
No difference was observed between the amount of total nitrogen util
ized by the non-irradiated bacteria and those resistant to 0.1 or
0.8 Mrad for the 5 and 10 day intervals of incubation (Table 12).
However, there was a significant decrease in the amount of total
nitrogen after 15 days incubation in the case of Pseudomonas erythra.
genus Pseudomonas. Alcaligenes metalcaligenes, and Achromobacter
butyri. This decrease would reflect a reduction of oyster protein
at a rate of 5% to 67,.

TABLE 11
Effect of gamma-irradiation on total nitrogen
content of fresh oysters.
Dose level
(Mrad)

% of total
nitrogen

0

8.35

0.1

8.15

0.8

8.10
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TABLE 12
Effect of non-irradiated and radiation-resistant bacteria
on total nitrogen content of fresh oysters.
% total
Incubation Time
Sample_______________ (days)____________ Organism__________ nitrogen
Control*

-

5
10
15

8.35
8.35
8.35

-

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

II

M

8.20
8.00
7.90

Irradiated-resistant***

5
10
15

II

II

8.20
8.10
7.90

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant**

5

Pseudomonas erythra

If

8.18
7.60
7.00

II

8.00
7.80
7.10

Neisseria flavescene

8.00
7.95
7.80

Genus Pseudomonas

ir

8.70
8.00
7.70

II

8.55
8.10
7.50

Paracolobacterium intermedium

H

It

(Continued next page)

8.13
8.10
8.00
8.26
8.21
8.10
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TABLE 12 (Cont'd)
% total
Incubation Time
(days’)___________ Organism___________ nitrogen
Sample____________
Irradiated-resistant***

5
10
15

Paracolobacterium intermedium

8.30
8.10
8.00

Non-irradiated

5
10
15

Genus Flavobacterium

8.21
7.90
7.81

Irradiated-resistant**

5
10
15

Non-irradiated

5
10
15

Irradiated-res istant**

5
10
15

Non-irradiated

5
10
15

Irradiated-res istant**

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

11

II

8.32
8,02
7.92

Alcaligenes metalcaligenes

8.60
8.20
7.50

11

11

8.44
8.00
7.40

Achromobacter butyri

8.42
7.95
7.25

11

11

Bacillus laterospores

11

11

(Continued next page)

8.34
7.90
7.25
8.28
8.15
8.05
8.20
8.00
7.90
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TABLE 12 (Cont’d)
Incubation Time
% total
Sample_______________ (days)______________ Organism________ nitrogen
Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

It

M

8.76
8.60
8.55

5

rt

m

8.34
8.20
8.10

Irradiated-resistant***

Neisseria sicca

'8.65
8.50
8.35

10

15
Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

Protaminobacter alboflavus

II

II

8.68
8.50
8.30
8.72
8.65
8.50

^Average of three determinations,
**Organism subjected to 0.1 Mrad of gamma-irradiation on Bactonutrient agar slant.
***0rganism subjected to 0.8 Mrad of gamma-irradiation on Bactonutrient agar slant.

The effect of gamma Irradiation on Proteolytic
activity in oysters.

Apparently, as shown in Table 13, there was no significant effect
of gamma irradiation (0.1 and 0.8 Mrad) on oyster proteolytic activity.
Proctor et jal. (112) showed that proteolysis was not an important fac
tor in the spoilage of haddock fillets.

Beatty and Gibbons (10) and

Beatty and Collins (11) concluded in their investigations that pro
teolysis makes only a small contribution to the spoilage of fish flesh
and that bacteria are one of the chief causes of further breakdown of
the flesh.

TABLE 13
Effect of gamma radiation on oyster proteolytic activity.

Dose level
(Mrad)

Ml of 0.1 N
Sodium hydroxide^

0

3.40

0.1

3.15

0.8

3.33

■'■Amount used to titrate free amino acids to pH 9.1 - 9.2.

No significant difference was observed between the proteolytic
activity produced by the non-irradiated bacteria and those resistant
to the 0.1 Mrad dose at 5 days incubation, but there was a significant
decrease in activity of the 0.8 Mrad resistant bacteria at this inter
val (Table 14).

After 15 days there were significant increases in

proteolytic activity for Pseudomonas erythra, genus Pseudomonas, and
Achromobacter butyri; Protaminobacter alboflavus and genus Flavobacterium showed less marked increases.
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TABLE 14
Proteolytic activity of non-irradiated and radiation-resistant
bacteria on oyster medium.

Sample

Incubation
Time
(days)

Organism

ml of 0.1 N
Sodium
hydroxide^

5
10
15

.

Non-irradiated

5
10
15

Pseudomonas erythra

Irradiated-resistant**

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

ii

tt

4.92
5.55
5.92

Irradiated-resistant***

5
10
15

tt

ti

1.87
2.55
2.88

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

Control*

3.55
3.50
3.50

-

-

It

4.50
8.00
14.50

tt

4.75
7.50
8.25

Neisseria flavescene

5.05
6.40
8.15

Genus Pseudomonas

II

2.75
8.50
14.85

It

2.68
5.50
6.15

Paracolobacterium intermedium

It

If

(Continued next page)

5.73
6.38
7.28
5.38
6.98
7.21
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TABLE 14 (Cont'd)

Sample

Incubation
Time
(days)

ml of 0.1 N
Sodium
hydroxide*"

Organism

Irradiated-res istant***

5
10
15

Paracolobacterium intermedium

Non-irradiated

5
10
15

Genus Flavobacterium

Irradiated-resistant**

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

II

II

2.11
4.11
7.32

Irradiated-resistant***

5
10
15

11

11

0.45
1.02
3.33

ir

h

8.38
8.89
12.95
7.48
7.95
9.05

Alcaligenes metalcaligenes

11

ir

Achromobacter butyri

II

2.77
2.92
3.10

tl

Bacillus laterospores

(Continued next page)

3.03
5.35
8.83
2.23
4.15
5.23
8.98
11.85
16.50
8.36
10.40
13.13
2.23
5.52
8.38
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TABLE 14 (Cont'd)
Incubation
Time
Sample_______________ (days)____________ Organism
Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

Irradiated-res istant***

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

ml of 0.1 N
Sodium
hydroxide ^

Neisseria sicca

ii

if

ii

it

4.50
6.83
7.37
4.43
5.55
7.01
1.98
3.32
4.94

Protaminobacter alboflavus

11

11

10.43
11.01
12.55
9.78
10.81
1 1 . 0 0

^Amount used to titrate free amino acids to pH 9.1 - 9.2.
^Average of three determinations.
**0rganism subjected to 0.1 Mrad of gamma-irradiation on Bactonutrient agar slant.
***Organism subjected to 0.8 Mrad of gamma-irradiation on Bactonutrient agar slant.
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These results agree with Alexander e_t a_l. (32) who stated that
when fish tissues were excised from fish which were sterile or rela
tively free of bacterial contamination, there was negligible proteo
lysis during incubation at room temperature.

However, when fish

tissues were excised from fish exposed to normal ice storage, pro
teolysis was found to increase in direct relationship to the time of
storage, and when sterile fish tissues were inoculated with Pseudo
monas species and Achromobacter species, the proteolytic activity was
found to increase during storage.

They concluded from their studies

that virtually all hydrolysis of proteins resulted from the action of
bacterial enzymes.
Schewan and Liston (123) indicated that in cod subjected to irra
diation, (Cobalt-60) at 250 Krad, Pseudomonads though actually reduced
from 40% to 3%, ultimately re-established their predominance in the
microflora, reaching 99% after three weeks of storage.

From Table

14 it was obvious that in all organisms that had been tested, the 0.1
and 0.8 Mrad resistant bacteria were lower in their proteolytic activ
ity than their non-irradiated counterparts.

This is in agreement with

the assumption that very little proteolysis will result from radiationresistant organisms.

It is also interesting to note that all of the

bacteria resistant to 0.8 Mrad showed lower proteolytic activity at
the 15 day period in comparison to their non-irradiated and 0.1 Mrad
resistant counterparts.

This indicates that as the dose of radiation

is increased, the proteolytic activity decreases.
These results agree with Doty and Wachter (33) who observed little
inactivation of the proteolytic activity of beef muscles irradiated at
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0.5 X 106 rep., but at a higher dose, 1.6 X 10^, they observed
approximately 50% loss in apparent activity.

Schweigert (125) con

firmed these results when he stated that the proteolytic activity of
beef muscle was reduced 50% with a dosage of 1.6 Mrads.

Hurley e_t

a 1. (63) stated that when Pseudomonas fluorescens was grown in nutrient
broth, the proteolysis was slight until the level of viable population
reached a maximum after 5 days.

In the present experiment, the ster

ilized oyster homogenate, nutrient broth, and the organisms were incu
bated at optimum temperature for 5, 10, and 15 days.
Table 15 shows that the viable count of bacteria continued to
increase through the 15 day incubation period.

This supports the re

sults that the proteolytic activity of Pseudomonas, Achromobacter, Protaminobacter. and Flavobacterium species increased after irradiation
and storage at optimum temperature for 15 days because of an increase
of their population.
The results in Tables 13 and 14 merit the conclusion that gamma
radiation of oysters was not an important factor in increasing the
proteolytic activity during 5, 10, and 15 day incubation intervals.
However, proteolytic activity was induced by the bacteria which are
resistant to radiation.
Table 16 shows that 0.2 Mrad was the level at which bacterial
proteolytic activity of Pseudomonas. Achromobacter, Flavobacterium,
Alcaligenes, and Protaminobacter species was significantly decreased.
Therefore, on the basis of these results it is recommended that this
level of radiation be used for oyster pasteurization.

Fortunately,

this level of radiation is not too high to affect organoleptic charac
teristics, as has been demonstrated in laboratory experiments.
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TABLE 15
Total aerobic bacterial cells in oysters incubated
at optimum temperature.

Sample

Incubation
Time
(days)

Control

5
10
15

Irradiated-resistant**

5
10
15
5

Irradiated-resistant**

5
10
15

Irradiated-resistant***

5
10
15

Non-irradiated

5
10
15

Irradiated-res istant**

5
10
15

Non-irradiated

5
10
15

Total Count
(Bacterium/gm*)

-

5
10
15

Nonirradiated

Non-irradiated

Organism

0 ,.00

0,
.00
0,
.00

-

Pseudomonas erythra

It

II

Neisseria flavescene

11

It

II

11

Genus Pseudomonas

II

II

Paracolobacterium inter
medium

9 X 104
2 X io;
9 X 105
8.5 X 104
1.8 X 10^
2 X 105
10 X 104
1.2 X 105
2.1 X 105
8 X 104
10 X 104
11 X 104
2 X 104
2.2 X 104
3.1 X 104
5 X 104
2.1 X 105
9.2 X 105
7.2 X 104
1.5 X lol
1.8 X 105
10.5 X 104
1.6 X 10^
2 X 105

(Continued next page)
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TABLE 15 (Cont'd)

Sample

Incubation
Time
(days)

Total Count
(Bacterium/gm*)

Organism

Irradiated-resistant**

5
10
15

Paracolobacterium inter
medium

Irradiated-resistant***

5
10
15

Non-irradiated

5
10
15

Irradiated-res istant**

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

Non-irradiated

5
10
15

Irradiated-res istant**

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

II

M

4 X 104
5.1 X
10t
1 X 105

Irradiated-resistant***

5
10
15

II

II

0.6 X 104
1.2 X 104
3.0 X 104

II

tl

Genus Flavobacterium

11

11

10.3 X
l 0 t
1.0 X 105
1.7 X 105
3.1 X 104
3.6 X 104
3.9 X 104
1.8 X 105
2.2 X 105
9.1 X 105
1 X 105
1.6 X 105
5.2 X 105

Alcaligenes metalcaligenes

II

II

Achromobacter butyri

II

II

Bacillus laterospores

(Continued next page)

4 X 104
6 X io4
2 X 105
3 X 104
5.8 X 104
6.2 X 104
5 X 10\
9 X 105
1.1 X 106
4.2 X 105
8.1 X 105
9.2 X 105
4.3 X 104
6.2 X 104
1.9 X 105
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TABLE 15 (Cont'd)

Sample

Incubation
Time
(days}

Total Count
(Bacterium/gm*)

Organism

Neisseria sicca

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

M

II

8.1 X 10*
1.6 X 10*
2.0 X 105

Irradiated-resistant***

5
10
15

It

M

1.8 X 10*
2.1 X 10*
3.3 X 10*

Non-irradiated

5
10
15

Irradiated-resistant**

5
10
15

8.8 X 10*
1.8 X 105
2.1 X 105

Protaminobacter alboflavus

II

M

1.5 X 106
1.7 X 106
1.9 X 106
1 X 106
1.3 X 10*
1.6 X 106

*The average of two viable counts.
**Organism subjected to 0.1 Mrad of gamma-irradiation on Bactonutrient agar slant.
***0rganism subjected to 0.8 Mrad of gamma-irradiation on Bactonutrient agar slant.

84
TABLE 16
The relationship of irradiation dose levels to the proteolytic
activity of non-irradiated and radiation resistant
bacteria on oyster medium.1
Dosage of
irradiation
(Mrad)
Control

ml of 0.1 N
Sodium
hydroxide^

Organism
-

3.40
4.32
4.30
3.45
3.25
No growth

0.1
0.1
0.2
0.3
0.4

Pseudomonas erythra

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Neisseria flavescene

0.0
0.1
0.2
0.3
0.4

Genus Pseudomonas

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7 •
0.8
0.9
1.0
0.0
0.1
0.2
0.3
0.4

Paracolobacterium intermedium

6.01
5.81
5.77
5.68
3.02
2.88
2.77
2.23
2.00
2.00
No growth

Genus Flavobacterium

7.55
7.50
4.43
3.83
No growth

(Continued next page)

5.55
5.50
5.44
5.12
2.88
2.75
2.72
1.86
1.77
No growth
2.88
2.77
1.53
1.17
No growth
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TABLE 16 (Cont'd)
Dosage of
irradiation
(Mrad)

OrRanism

ml of 0.1 N
Sodium
hydroxide^

0.0
0.1
0.2
0.3
0.4

Alcaligenes metalcaligenes

3.05
2.89
1.27
1.03
No growth

0.0
0.1
0.2
0.3
0.4

Achromobacter butyri

9.13
8.38
4.33
3.88
No growth

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Bacillus laterospores

2.29
2.09
1.98
1.56
0.38
0.35
0.35
0.27
0.21
No growth

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Neisseria sicca

4.66
4.43
4.22
-4.00
2.86
2.55
2.38
1.93
1.86
No growth

0.0
0.1
0.2
0.3
0.4

Protaminobacter alboflavus

9,38
8.98
5.33
5.29
4.28

^Results are averages of three determinations.
Amount used to titrate free amino acids to pH 9.1 - 9.2.
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In the case of aerobic spore-forming bacteria such as the
Bacillus species, it was found that the bacterial proteolytic activ
ity significantly decreased at 0.4 Mrad.

This level is sufficiently

low for employment with some types of foods.

Investigators have recom

mended the use of low levels of Irradiation for food pasteurization
(33, 35, 99, 123, 125).

These results agree with Novak and Liuzzo

(99) who reported that the dose of radiation which was Judged to be
optimum for preservation of oysters was 0.2 Mrad.

Levels beyond

this point resulted in the production of a light yellow exudate from
the oysters which lowered their acceptability for the attribute of
appearance.

Proteolytic studies with Pseudomonas and Achromobacter.

Oyster tissue autolysis was not affected by gamma irradiation
(Table 17).

Neither the non-irradiated nor the irradiated oysters dis

played significant increases in proteolytic activity when they were
ice stored for 15 days.

Therefore, any evident activity is assumed

to be bacteriologically induced.

Results in Table 17 indicated that

storage in ice of non-irradiated oysters held the bacterial activity
to a minimum while storage at 40°F for 15 days resulted in significant
increases in proteolytic activity.

However, when oysters were irradi

ated (0.1 and 0.8 Mrad), smaller increases were observed after 15 days
storage at 32° and 40°F.

Evidently, the destruction of bacteria by

irradiation was responsible for this phenomena.

The effect of irra

diation on this autolytic activity is further emphasized by the re
duced activity observed in the oysters irradiated at the higher level.
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TABLE 17
Effect of gamma irradiation on the proteolytic activity
of oyster tissues (autolysis).

Dose
level
(Mrad)

ml of 0.1 N Sodium hydroxide1Iced
Refrigerated
storage
storage

Storage
period
(days)

(32°F)

(40°F)

0.0

0
15

2.50
3.40

2.50
5.44

0.1

0
15

2.60
3.40

2.60
3.60

0.8

0
15

2.45
3.25

2.45
2.50

^■Amount used to titrate free amino acids to pH 9.1 - 9.2.

Table 18 shows that the Initial pH of the non-irradiated and
irradiated oysters was 6.5.

Batzer e_t al. (9) reported no significant

difference between the pH values of non-irradiated and Irradiated
meat at the lower dose levels.

However, at a dose of 10 Mrads, slight

increases in the pH of meat were noted (43).

The slight decrease in

pH after 15 days storage of both non-irradiated and irradiated oys
ters (0.1 Mrad) corresponded to the increase in numbers of bacteria.
No decrease was detected in pH of the 0.8 Mrad irradiated oysters.

This was probably a reduction of bacterial growth at this level.

Spoil

age of the oysters usually is characterized by a gradual and continuous
decrease in the pH value.

The general appearance and odor of each

sample after 15 days storage in both ice and refrigeration tempera
tures was recorded.
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TABLE 18
PH values and bacterial counts in oysters stored in Ice.
Time of
storage
in ice
(days)

pH

0

6.5

6 X 105

6.5

2 X 105

6.5

2 X 104

15

6.1

I X 106

6.3

8 X 105

6.5

3 X 10*

Oyster irradiation level (Mrads)
0.1
0.8
0.0
Bacteria/gm ... PH _ Bacteria/gm
pH
Bacteria/gm

In general, all samples Irradiated at 0.1 Mrad remained "seafresh" until after the 15th day, whereas the same state of freshness
for the non-irradiated samples was lost by the 7th to 10th day.

The

samples Irradiated at 0.8 Mrad had a characteristic odor which can
best be described as a spoiled oyster.

In addition to this, the lat

ter sample had a brownish color on the surface and in its fluid.
was probably due to irradiation burn.

This

Novak and Liuzzo (99) reported

that levels of irradiation beyond 0.2 Mrad resulted in the production
of a light yellow exudate from the oysters which lowered their accep
tability for the attribute of appearance.

%

Table 19 shows that the pH of the non-irradiated inoculated
samples (groups I, IV, and VII) and the samples irradiated after inocu
lation with Neisseria and Bacillus (Groups II, III, IV, V, VIII, and
IX) remained unchanged up to 15 days storage at 32°F.
changed slightly after 15 days at 40°F.

However, it

In Pseudomonas and Achromo

bacter . the pH of the non-irradiated inoculated samples, and samples
irradiated after inoculation decreased greatly to below pH 5.6 and
4.0, respectively, by the 15th day at 32° and 40°F.

In the uninoculated
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TABLE 19
Proteolytic activity of radiation-resistant bacteria in
oysters after 15 days of storage.

Group
Control*

Organism
-

: ml of 0.1 N Sodium hydroxide 1
: Storage :
: Storage :
: at 32°F : pH : at 40°F : pH
3.30

6.5

5.55

6.2

I
II
III
IV
V
VI
VII
VIII
IX

Pseudomonas erythra

7.50
6.10
3.40
6.00
4.55
3.20
4.40
3.33
2.50

5.8
6.0
6.5
6.1
6.2
6.5
6.2
6.5
6.8

10.20
8.52
3.85
8.55
6.45
3.30
6.60
4.00
2.80

5.6
5.7
6.4
5.9
6.1
6.5
5.9
6.4
6.7

I
II
III
IV
V
VI
VII
VIII
IX

Genus Pseudomonas

8.20
7.70 .
4.44
7.50
5.55
4.00
5.25
4.00
3.00

5.7
5.8
6.6
5.8
6.2
6.6
6.3
6.4
6.7

11.20
9.55
5.22
9.25
7.77
4.85
7.56
4.45
3.10

5.4
5.6
6.4
5.6
5.8
6.4
5.8
6.3
6.7

I
II
III
IV
V
VI
VII
VIII
IX

Achromobacter butyri

10.22
9.11
5.25
8.33
6.22
4.95
7.33
4.35
3.21

5.5
5.7
6.4
5.9
6.0
6.4
5.7
6.2
6.6

13.52
12.00
7.35
10.21
8.00
5.21
9.00
5.00
3.40

4.2
5.2
5.8
5.5
5.9
6.4
5.5
6 .4
6.5

I
II
III
IV
V
VI
VII
VIII
IX

Neisseria flavescene

5.22
4.83
3.88
5.00
3.58
3.22
3.12
3.00
2.55

6.4
6.4
6.6
6.4
6.6
6.7
6.7
6.7
6.8

9.35
8.55
4.35
9.11
7.11
4.62
6.25
5.36
2.85

5.7
5.8
6.2
5.7
6.0
6.5
6.0
6.4
6.7

(Continued next page)
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TABLE 19 (Cont'd)

Group

: ml of 0.1 N Sodium hydroxide1
: Storage :
: Storage :
: at 32°F : pH : at 40°F : pH

OrRanism
Bacillus laterospores

I
II
III
IV
V
VI
VII
VIII
IX

5.83
5.33
4.12
5.71
4.22
3.53
4.55
3.11
2.43

6.3
6.3
6.4
6.3
6.4
6.6
6.3
6.7
6.8

10.00
8.38
5.00
9.32
8.37
5.12
6.21
4.33
3.10

5.6
5.8
6.3
5.7
5.8
6.4
6.0
6.3
6.7

^■Amount used to titrate free amino acids to pH 9.1 - 9.2.
♦Control is uninoculated and non-irradiated oysters.

samples and samples Irradiated after inoculation with the 0.8 Mrad
resistant strains, a slight decrease in pH was noted by the 15th day
at both 32° and 40°F.

That is explained on the basis that bacterial

count is inversely related to the pH values.

Data shown in Table 19

indicate that the proteolytic activity was kept as low as the control
in all the organisms tested in Groups III, VI, and IX, where the oys
ters were subjected to 0.8 Mrad irradiation after inoculation and
stored to 15 days at 32° and 40°F.
The inhibitory effect of radiation at 0.8 Mrad,upon growth
response and metabolic activity is due to the formation of a toxic
agent, as suggested by Pugsley e_t a_l. (114), or to a radiation-induced
change in oyster proteins, thereby reducing their availability to bac
teria.

The most probable reason is that the 0.8 Mrad dosage killed

a large number of the bacterial flora.

Chung (24) related that a 0.5

Mrad dosage was very effective in killing a high percentage of bac
terial flora in fish muscle.
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The proteolytic activity of organisms in groups II, V, and VIII,
where the oysters were subjected to irradiation at 0.1 Mrad after in
oculation, was less during 32° storage than at 40°F.
storage temperature as a related factor.

This emphasizes

Temperatures above 32°F

induce the psychrophilic bacteria to become more active but at 32°F
or lower, their activity is reduced.

Generally, Groups III, VI, and

IX, where oysters were subjected to 0.8 Mrad after inoculation, were
lower in their proteolytic activity than groups II, V, and VIII, where
oysters were subjected to 0.1 Mrad after inoculation.

The 0.1 Mrad

irradiation was not sufficiently high to kill a large portion of bac
terial flora growing in oysters.

Chung (24) indicated that 957. of

the bacterial population was killed when fish fillets were inoculated
with Pseudomonas and Achromobacter species and irradiated at 0.5 Mrad.
Lower levels were found to be less efficient in destroying these types
of bacteria.
Table 19 shows that the proteolytic activity of Pseudomonas and
Achromobacter were higher than that of Neisseria and Bacillus at both
32° and 40°F after storage of 15 days.

This indicated that the former

genera are an influencing factor in causing oyster spoilage during
iced and refrigerated storage.

Chung (24) reported that Pseudomonas

and Achromobacter were highly proteolytic bacteria and caused spoilage
of seafood generally during storage.

With respect to Neisseria and

Bacillus, it was obvious that storage of irradiated oysters at 32°F
was more effective in keeping the proteolysis lower than storage at
40°F.
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It was concluded from this study that irradiation at levels
ranging from 0.1 - 0.8 Mrad, followed by iced storage, was very
efficient in reducing proteolysis of oysters up to 15 days.

The production of trimethylamine nitrogen by
radiation-resistant bacteria.

A rise in trimethylamine nitrogen (TMA.N) in oysters was always
preceded by a corresponding rise in bacterial count.

These results,

shown in Tables 15 and 20, are in agreement with Beatty and Gibbons
(10) who made the same observations in their

TMA studies on fish.

Tarr (135) and several other workers had previously established that
TMA is produced in fish flesh from TMA oxide by the action of bac
teria.

It is assumed that this is also true in oysters.

Spinelli £t

al. (129) found that there was a relation between bacterial counts
and TMA in vacuum-packed king crabmeat Irradiated at 0.0, 0.2, and
0.4 Mrad and stored at 33° and 42°F.

They stated that the bacteria

that survived and grew in the early stages of storage in the irradi
ated product were quite feeble in their ability to produce changes
in TMA.
It is obvious from results in Tables 12, 14, and 20 that there
was a relationship between the per cent total nitrogen, proteolytic
activity, and TMA.N during incubation at optimum temperature for 5,
10, and 15 days.

These results show that the per cent total nitrogen

decreased, while the proteolytic activity and TMA.N Increased.

TMA.N

is considered as an indicator for proteolysis, as it is one of the
intermediate products in protein metabolism.
undergo hydrolysis to simple amino acids.

Theoretically, proteins

Increased amounts of amino
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TABLE 20
Trimethylamine nitrogen values of non-irradiated and radiationresistant bacteria on oyster medium.

Sample

Trimethylamine
Nitrogen (mg per
100 gms of oysters)

Incubation
Time
(days)
Organism

Control

5
10
15

0.28
0.30
0.30

-

-

Non-irradiated

5
10
15

Pseudomonas erythra

Irradiated-resistant*

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant*

5
10
15

II

H

0.28
0.39
0.83

Irradiated-resistant**

5
10
15

If

II

0.28
0.31
0.52

Non-irradiated

5
10
15

Irradiated-resistant*

5
10
15

T1

tl

Neisseria flavescene

Genus Pseudomonas

II

II

0.32
3.28
3.58
0.28
1.10
3.57
0.28
0.43
1.00

0.28
3.32
3.68
0.26
2.92
3.20

(Continued next page)
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TABLE 20 (Cont'd)

Sample

Incubation
Time
(days)

Non-irradiated

5
10
15

Irradiated-resistant*

5
10
15

Irradiated-resistant**

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant*

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant*

5
10
15

Non-irradiated

5
10
15

Irradiated-resistant*

5
10
15

Non-irradiated

5
10
15

Trimethylamine
Nitrogen (mg per
100 gms of oysters)

Organism

Paracolobacterium
intermedium

0.43
0.66
1.21

H

0.29
0.41
0.78

11

0.28
0.33
0.48

Genus Flavobacterium

II

II

0.73
0.86
2.75

Alcaligenes metalcaligenes

tl

II

Achromobacter butyri

M

0.85
0.96
3.22

11

Bacillus laterospores

(Continued next page)

0.36
0.83
2.22
0.33
0.54
1.96
0.83
3.76
3.91
0.80
3.89
3.96
0.31
0.88
1.84
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TABLE 20 (Cont'd)

Sample

Incubation
Time
(days)

Irradiated-resistant*

5

Organism

Trimethylamine
Nitrogen (mg per
100 gms of oysters)

Bacillus laterospores

10

15
Irradiated-resistant**

0.28
0.30
0.85

5
10

15
Non-irradiated

Irradiated-resistant*

5
10
15

Neisseria sicca

0.31
0.66
0.89
0.29
0.46
0.78

5
10

15
Irradiated-resistant**

0.28
0.39
0.56

5
10

15
Non-irradiated

5
10
15

Irradiated-resistant*

5
10
15

0.28
0.72
1.53

Frotaminobacter alboflavus

3.22
3.76
3.88
2.11

2.56
3.33

*0rganism subjected to 0.1 Mrad of gamma-irradiation on Bactonutrient agar slant.
**0rganism subjected to 0.8 Mrad of gamma-irradiation on Bactonutrient agar slant.

acids indicate more proteolytic activity.

These acids undergo further

steps in protein metabolism to form trimethylamine which is considered
a loss of the total nitrogen content.

This pathway of protein degra

dation is suggested in this investigation.

Frazier (47) explained
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this relation and stated that trimethylamine nitrogen is one phase of
nitrogen loss.
The ability of radiation-resistant bacteria (0.1 and 0.8 Mrad)
to produce TMA.N or enhance proteolytic activity was consistently
lower than their non-irradiated counterparts.

This was especially

true in highly proteolytic and psychrophilic bacteria as the Pseudo
monas . Achromobacter. Flavobacterium. and Protaminobacter species.
This phenomenon indicates that irradiation has an effect on the pro
tein metabolic systems of these bacteria.

This effect is parallel

with the dosage level of irradiation since the 0.8 Mrad resistant bac
teria showed less activity than their 0.1 Mrad counterparts.

Amino nitrogen changes in oysters by radiationresistant bacteria.

Data in Table 21 showed that there were 32,000 bacteria per gram
of oysters.

During the first four days of storage, there was little

or no significant change in numbers of bacteria, but there was a
slight increase in numbers by the 8th day of storage.

This increase

continued until the counts were 6 X 10^ and 1 X 10^ by the 16th and
21st days of storage, respectively.

There were no bacteria in the

oyster homogenates immediately after irradiation at 0.8 Mrad or after
holding the irradiated samples at 25° for 17 hours (Table 21, Figures
2, 3).
The change in amino nitrogen in oyster tissue during ice storage
in both irradiated and non-irradiated homogenates incubated at 25°C
are shown in Table 22.

Values in the table represent the average of

TABLE 21
Bacteria in the ice stored oysters (Log. No. per gram of oyster).

Sample group

Dose
(Mrad)

*

0

Storage of oyster pints in ice (days)
1
2
8
4

16

21

Oyster homogenized
with no holding
time

0.0

0 hr
2
4
8
17

4.80
4.60
4.60
5.30
7.30

4.90
4.70
4.70
5.30
7.50

5.00
4.80
4.80
5.30
7.60

5.20
4.90
4.90
5.30
6.50

5.30
5.20
5.30
6.50
6.60

5.80
5.90
6.70
7.20
7.95

7.00
7.00
7.20
7.80
8.50

Oyster homogenized
after 2 hrs stand
ing at 20°C.

0.0

0
2
4
8
17

4.80
4.60
4.61
5.30
7.40

5.00
4.80
4.80
5.30
7.60

5.20
4.90
4.90
5.30
7.80

5.30
5.10
5.10
5.30
6.60

5.50
5.40
5.50
6.50
6.70

5.80
5.90
6.70
7.20
7.95

7.00
7.00
7.10
7.80
8.50

Oyster homogenized
with no holding
time

0.8

0
2
4
8
17

o+*
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

Oyster homogenized
after 2 hrs stand
ing at 20°C

0.8

0
2
4
8
17

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

4.51

4.49

4.49

4.42

5.20

5.26

7.40

Homogenate of oysters
*Incubation of homogenate at 25°C.

**Zero plate count is taken as 20 viable cells per gm oyster on the basis of the ratio 20:1 (V/W)
used for homogenizing each sample with sterile distilled water.
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Bacterial count in ice-stored oysters as influenced
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Bacterial count in ice-stored oysters as influ
enced by incubation time.
(oysters homogenized after 2 hrs standing at
20°C)

TABLE 22
Amino nitrogen in the oyster tissue stored in ice (mg per 100 gam oyster).

Sample group

Irradiated at
*
(Mrad)

0

1

Storage of oyster pints in ice (days)
4
2
8
16

21

Oyster homogenized
with no holding
time

0.0

0 hr
2
4
8
17

66.1
64.2
63.0
63.0
67.3

55.4
54.2
52.3
54.2
55.7

57.1
55.4
54.2
58.2
60.1

60.1
58.2
57.1
58.2
60.8

50.1
49.2
47.6
40.1
54.2

49.2
47.6
47.6
50.1
53.1

85.1
83.2
87.3
89.9
100.4

Oyster homogenized
after 2 hrs stand*
ing at 20°C

0.0

0
2
4
8
17

67.3
66.1
66.1
68.3
68.9

57.1
57.1
55.4
57.1
58.2

58.2
58.2
57.1
58.2
60.1

60.1
58.2
57.1
60.1
60.8

50.1
49.2
50.4
53.1
54.2

61.8
60.0
62.0
63.3
64.8

87.3
86.1
87.4
98.1
110.3

Oyster homogenized
with no holding
time

0.8

0
2
4
8
17

64.0
66.1
67.9
68.3
68.5

55.4
54.2
52.8
55.4
57.1

58.2
55.4
58.2
60.1
60.4

60.1
58.2
57.1
58.2
60.1

24.5
23.1
23.0
23.1
24.9

25.1
24.5
24.5
25.1
52.8

83.3
88.2
92.3
98.1
99.2

Oyster homogenized
after 2 hrs stand
ing at 20°C

0.8

0
2
4
8
17

68.3
66.1
64.2
67.7
83.7

55.4
54.2
54.2
57.1
58.2

58.2
57.1
58.2
60.1
60.4

60.1
58.2
57.1
58.2
60.8

50.1
21.5
49.2
47.6
53.1

49.2
47.6
49.2
50.1
54.2

68.3
88.0
91.1
98.1
100.2

♦Incubation of the homogenate at 25°C.
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two separate determinations.

The amino nitrogen in oyster tissue

during ice storage at 0 hr of sample incubation, decreased rather
sharply after one day in storage and did not exceed the initial level
until 21 days storage.

Only negligible changes were found when homo

genates were incubated at 25°C for 17 hours, except in the samples
stored in ice for 21 days.
The changes of amino nitrogen in non-irradiated samples (Fig
ure 4) prepared from oysters held 2 hrs at 20°C, did not differ from
the other samples.

There was, however, more nitrogen in the non-irra

diated samples after 17 hrs of incubation at 21 days storage than was
found in the irradiated samples (Table 22, Figure 5).
coincided with the increase in the numbers of bacteria.

This increase
The increase

in amino nitrogen in the irradiated samples apparently was limited to
the bacterial enzymes remaining in the oyster tissue, which survived
0.8 Mrad of irradiation.

Therefore, it is reasonable to conclude

that when pasteurized food products are contaminated with a large
number of microorganisms, the bacterial enzymes can contribute to
storage changes.

Since no significant increases in amino nitrogen

were found in any sample groups prior to 21 days' storage in ice,
and since there was no increase in amino nitrogen in all samples
incubated at 25°C for 17 hours, it would be reasonable to conclude
that bacterial flora of oysters do not release proteolytic enzymes
until late in the log phase of growth.

This finding is in agree

ment with those reported by Hurley ejt al. (63), who found that
proteolysis by a cell-free growth medium of Pseudomonas fluorescens
was negligible until the numbers of bacteria had reached a maximum.
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As can be seen in Table 21, the bacterial count increased expon
entially at 21 days.

These results suggested that amino nitrogen in

oyster tissue during ice storage resulted almost exclusively from the
action of bacterial proteinases.

Nickerson and Proctor (90) found

that the amino nitrogen increased slightly during the first 48 storage
hours of sterile haddock muscle at 0, 5, 10, and 17°C, but then de
creased below the Initial levels by the end of 280 hrs.

Similarly,

Hodgkiss and James (58) showed no significant change in free amino
acids attributed to autolysis in sterile cod muscle during 25 days
of storage at 0°C.
Intermediary metabolism of indole synthesis
by radlation-res1stant bacteria.

The results of this investigation suggest that irradiation of
resistant bacteria affects their quantitative production of intermedi
ary products during indole formation.

Tables 23, 24, and 25 showed

that 0.2 Mrad resistant bacteria were lower in their formation of tri
methylamine nitrogen than their non-irradiated counterparts.

When

Bacillus laterospores was irradiated at 0.8 Mrad, the formation of
this intermediary product was not considerably lower than the 0.2
Mrad resistant counterparts.

This further emphasizes that 0.2 Mrad

of gamma irradiation is the level that should be used for oyster pre
servation by pasteurization.
Indole formation was not detected in this study except in the
case of B. laterospores where there was a very small amount of indole
after 2 and 5 days of incubation in both the non-irradiated and 0.2
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Mrad resistant strains; there was no Indole formation in 0.8 Mrad
resistant strain.

The formation of indole by the 0.2 Mrad resis

tant strain of B. laterospores was less than by the non-irradiated
counterpart.

In a previous study, it was found that the non-irradi

ated and 0.1 Mrad resistant strains of B. laterospores were indole
positive while those irradiated at 0.8 Mrad were indole negative.
This emphasizes the effect of radiation at this level to retard
indole formation.
Tables 23, 24, and 25 show that the formation of trimethylamine
nitrogen increases gradually until five days of incubation at optimum
temperature.
study.

Ammonia nitrogen formation was not detected in this

This is in agreement with Nikkila (91) who studied the forma

tion of trimethylamine nitrogen in fish.
It was also obvious from the values of the controls that almost
no increase in the trimethylamine nitrogen and ammonia nitrogen occurred
while the inoculated samples resulted in a greater increase in trimethyl
amine nitrogen.

This is in agreement with Nickerson and Proctor (90)

who stated that there was no change in trimethylamine nitrogen in ster
ile samples of haddock, but that there was an increase in contaminated
samples.
Tables 23, 24, and 25 also show the effects of irradiation (0.2
and 0.8 Mrad) upon the production of these compounds of uninoculated,
sterile oysters.

It is evident from the results that irradiation does

not induce the formation of these substances and further emphasizes
the role of bacterial formation of these compounds.
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TABLE 23
Trimethylamine nitrogen, ammonia nitrogen, and indole values of
non-irradiated and radiation-resistant bacteria
on non-irradiated oyster medium.

Sample

:
: ug per
:mg per 100 gms: 100 gms
: of oyster
:of oyster
:TMA.N ; NH3.N : Indole

:Incubation:
Time
:
: (days) : Organism

Control

0
2
5

Non-irradi
ated

0
2
5

Irradiatedresistant*

0
2
5

Non-irradi
ated

0
2
5

Irradiatedresistant*

0
2
5

Non-irradi
ated

0
2
5

Irradiatedresistant*

0
2
5

-

0.20
0.20
0.20

0.00
0.00
0.00

0.00
0.00
0.00

0.20
0.25
0.30

0.00
0.00
0.00

0.00

0.20
0.25
0.25

0.00
0.00
0.00

0.00
0.00
0.00

Genus Flavobacterturn 0.25
0.60
0.90

0.00
0.00
0.00

0.00
0.00

0.00

Pseudomonas erythra

II

11

II

II

0.00
0.00

0.00

0.20
0.30
0.50

0.00
0.00

0.00
0.00
0.00

Achromobacter butyri 0.20
0.60
0.80

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

11

tl

0.25
0.35
0.40

(Continued next page)
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TABLE 23 (Cont'd)

Sample

:
: ug per
:mg per 100 gms: 100 gms
: of oyster
:of oyster
:TMA.N :NH3 .N : Indole

:Incubation:
:
Time
:
: (days) : Organism

Non-irradi
ated

0
2
5

Bacillus laterospores

Irradiatedresistant*

0
2
5

II

Irradiatedresistant**

0
2
5

M

0.20
0.30
0.35

0.00
0.00
0.00

0.00
1.50
1.80

T1

0.20
0.25
0.25

0.00
0.00
0.00

0.00
0.50
0.90

II

0.20
0.20
0.25

0.00
0.00
0.00

0.00
0.00
0.00

^Organism subjected to 0.2 Mrad of gamma-irradiation on Bactonutrient agar slant.
★★Organism subjected to 0.8 Mrad of gamma-irradiation on Bactonutrient agar slant.
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TABLE 24
Trimethylamine nitrogen, ammonia nitrogen, and indole values of
non-irradiated and radiation-resistant bacteria
on 0.2 Mrad irradiated oyster medium.

Sample

:Incubation
: Time
: (days)

Control

Non-irradi
ated

: ug per
gms
mg per
gms
:of oyster
of oyster
TMA.N : NH3 .N : Indole

Organism

Non-irradi
ated

0

. 2

0

0

. 0

0

0

. 0

0

2

-

0

. 2

0

0

. 0

0

0 . 0

0

5

-

0

. 2

0

0

. 0

0

0 . 0

0

0

. 2

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

Pseudomonas erythra

0.25
0.35

2

11

It

0

0

. 2

0

0

. 0

0

0

. 0

0

2

0

. 2

0

0

. 0

0

0

. 0

0

5

0.30

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

. 0

0

0

Genus Flavobacterium

2

5
Irradiatedresistant*

II

tt

0
2

5
Non-irradi
ated

0

Achromobacter butyri

M
0

0

Bacillus laterospores

Irradiatedresistant**

0

. 2

0

0

. 2

0

0.30
0.45

2

5
Irradiatedresistant*

. 2

0.30
0.40

2

0

0

II

5
Non-irradi
ated

0.25
0.70
0.90
0.25
0.40
0.50
0.60
0.80

2

5
Irradiatedresistant*

1 0 0

_

0

5
Irradiatedresistant*

:

1 0 0

rt

0 . 0 0

0 . 0 0

0

0

0 . 0 0

0 . 0 0

. 0

1 . 2 0

0 . 0 0

1.50
0 . 0 0

i!

0

0

. 2

0

0

. 0

0

2

0

. 2

0

0

. 0

0

5

0

. 2

0

0 . 0

0

0.30
0.70

0

0

. 2

0

0 . 0

0

0

2

0

. 2

0

0

. 0

0

0 . 0 0

5

0

. 2

0

0

. 0

0

0

m

tr
. 0

. 0

0

0

*0rganism subjected to 0.2 Mrad of gamma-Irradiation on Bacto
nutrient agar slant.
**0rganism subjected to 0.8 Mrad of gamma-irradiatlon on Bactonutrient agar slant.
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TABLE 25
Trimethylamine nitrogen, ammonia nitrogen, and indole values of
non-irradiated and radiation-resistant bacteria
on 0.8 Mrad irradiated oyster medium.

Sample

:Incubation:
:
Time
:
: (days)
:

Control

Non-irradi
ated
Irradiatedresistant*
Non-irradi
ated
Irradiatedresistant*
Non-irradi
ated
Irradiatedresistant*
Non-irradi
ated
Irradiatedresistant*
Irradiatedresistant**

:
:mg per 100 gms
: of oyster
:TMA.N
: NH 3 .N

Organism

0
2
5

_

0
2
5
0
2
5
0
2
5

Pseudomonas erythra

0.20
0.20
0.20

-

-

It

11

Genus Flavobacterium

H

II

0

2
5
0
2
5
0
2
5
0
2
5
0
2
5
0

2
5

Achromobacter butyri

II

IT

Bacillus laterospores

II

If

II

ft

0.20
0.25
0.30
0.20
0.20
0.30
0.25
0.70
0.90

0.00
0.00
0.00
0 . 0 0

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.25
0.40
0.50
0.20
0.60
0.80
0.20
0.30
0.40
0.20
0.25
0.40
0.20
0.20
0.25

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.20
0.20
0.20

0.00
0.00
0.00

: ug per
; 100 gms
:of oyster
: Indole

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.20
1.40
0.00
0.40
0.70
0.00
0.00
0.00

★Organism subjected to 0.2 Mrad of gamma-irradiation on Bactonutrient agar slant.
★★Organism subjected to 0.8 Mrad of gamma-irradiation on Bactonutrient agar slant.
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Results of the investigation herein reported suggest that 0.2
Mrad of gamma irradiation is a suitable level to deter the activity
of radiation-resistant bacteria.

This is especially true in the realm

of proteolytic activity of these organisms.

Fortunately, this level

was found to be convenient from the standpoint of flavor and odor as
stated by Novak and Liuzzo (99).

These radiation-resistant organisms

are also lower in their metabolic activity than their non-irradiated
counterparts.

This emphasizes the fact that gamma irradiation is a

useful tool that can be used for oyster preservation^

It was further

found that low level radiation plus refrigeration temperatures showed
a promise of extending the shelf-life of oysters without seriously
changing normal flavor and odor.

SUMMARY

Fresh oysters are a highly perishable product which during iced
storage deteriorate rapidly through microbial decomposition of the
tissue.

Freshly caught oysters have an iced storage life of ten days

when handled carefully.

This can be extended to no more than twenty

days when various antibiotic washes, dips, and ices are employed.
Hence, it is impossible to transport high quality oysters to inland
cities and distribute them through regular channels before some deter
ioration has occurred.

Therefore, radiation pasteurization of these

oysters could potentially increase their values and consequently bene
fit the economy of the state.
Since some perishable foods cannot be irradiated with a sterili
zation dose of gamma radiation because of the destruction of nutrients
and production of off-odors and flavors, it is often necessary to employ
low dose pasteurization levels of radiation.

The use of these low

levels often give rise to radiation-resistant bacteria which recover
upon storage.

Irradiation preservation of oysters falls into this

category.
A study of resistant bacteria in oysters is essential if they
contribute to the spoilage of oysters in storage.

Knowledge of the

metabolic patterns of these bacteria could be useful in the develop
ment of physical and chemical processes to destroy or at least inhibit
111
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the growth and action of these bacteria during ice and refrigerator
storage.
Low dose gamma radiation of oysters with Cobalt-60 reduced micro
bial activity leading to the decomposition of oysters and retards the
development of undesirable organoleptic qualities.

Metabolic and

bacteriological results support the organoleptic data.
Seventeen non-irradiated strains (controls) were isolated.

All

of them were resistant to 0.1 Mrad irradiation but only four were re
sistant to 0.8 Mrad.

These ten strains were identified and classed

into genera and species according to Bergey1s Manual for Determinative
Bacteriology.

Irradiation of the cultures affected the optimum incu

bation temperature of three organisms.

In each case the temperature

required for best growth was lowered 12-15°C.

Another change induced

by radiation was culture chromogenesis in the agar stroke technique
for three organisms.

Indole production was altered by irradiation in

0.8 Mrad radiation-resistant Bacillus laterospores.
Changes were also observed in the action on litmus milk by Bacil
lus laterospores.
Irradiation did not alter the organisms' metabolism of nitrate,
hydrolysis of gelatin, hydrolysis of urea, motility, production of
hydrogen sulfide, reaction to MR-VP tests, and their growth character
istics in nutrient broth.
No variation was observed between non-irradiated and radiationresistant organisms within each strain in utilizing eight different
sugars, except in the genus Flavobacterlum and Neisseria sicca.
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It was also concluded that gamma irradiation has no effect on
glycogen, sugars, total nitrogen, proteolytic activity, and trimethyl
amine nitrogen contents of oysters.
These studies also gave an indication that these radiation-resis
tant organisms were lower in their metabolic activity in comparison
to their non-irradiated counterparts.
It was found that oyster tissue autolysis was not affected by
ganina irradiation.

Neither the non-irradiated nor the irradiated oys

ters displayed significant increases in proteolytic activity when they
were ice stored for 15 days, while storage at 40°F for the same period
resulted in significant increases.
as a related factor.

This emphasizes storage temperature

Results showed that the initial pH of the non-

irradiated and irradiated oysters was 6.5.

There was a slight decrease

in the pH after 15 days storage of both non-irradiated and 0.1 Mrad
irradiated oysters which corresponded to the increase in numbers of
bacteria.
The increase in oyster amino nitrogen was found to be paralleled
with the increase in the numbers of bacteria.

This increase in amino

nitrogen in the irradiated samples was limited to the bacterial enzymes
remaining in the oyster tissue, which survived 0.8 Mrad of irradiation.
From these studies it was concluded that 0.2 Mrad is the level
that can best be used for oyster pasteurization.
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