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ABSTRACT AND RECOMMENDATIONS

Based on exploratory studies conducted over the last six years on the

radiation-preservation of various marine species, it is apparent that low

dose substerilization-radiation treatment of certain selected sea foods can

provide advantages for the procurer, processor, distributor and consumer

of edible marine products. In fact, it is probable that marine products will

be among the first to be processed by irradiation substerilization. It is

therefore recommended that a comprehensive, synchronized government-

industry program be initiated for the development of substerilized, radiation

processed marine products.

If such a method of processing were developed to the point of successful

commercial application, it is considered that nutritious marine foods could

be made available to consumers presently not easy to supply; fresh-type

marine products could be provided to consumers who are presently able to

obtain only canned, frozen or dried products of this kind; and market prices

of marine products, presently subject to fluctuations due to overabundances

and paucities, would tend to be stabilized.

The reasons for emphasizing a radiation program for marine products

are the following:

(a) Fish and fishery products, held under refrigeration at temperatures

between 320 and 400 F, normally spoil because of the growth of cold-adapted

or psychrophilic bacteria such as Pseudomonas fluorescens, P. fragi, and

P. putrefaciens. These types of bacteria are destroyed by relatively low

doses of ionizing radiations. Hence, a considerable extension of the storage

life of marine products at 32* to 40*F may be attained with relatively low

dosage irradiation treatment.

(b) The application of irradiation to fishery products would not require

the development of new preparation methods and manufacturing techniques,

presently not used in processing these foods for shipment as the fresh,

refrigerated product.

(c) Commercial production installations presently set up to process fish

for handling as the fresh, refrigerated or frozen product would require a

minimum of modifications for adaption to radiation processing.

-1-



(d) The extension of the refrigerated storage life of marine products by

radiation substerilization would create a more favorable supply situation,

since irradiated refrigerated fishery products may be stored for some time

before shipment, thus providing greater flexibility in matching supply and

demand.

(e) Products so treated, while possessing a shelf life of up to 30 days

or longer at 35 F, would be fresh in nature in contrast to the normal

frozen products.

(f) These irradiated, substerilized products would have a unique "heat

and eat" character.

(g) These products would not require thawing before use.

(h) Because of the extended refrigerated shelf life at 35 F, irradiated

marine products could be packed at their source and shipped to any point

in the United States by the most economical means of refrigerated trans-

portation. Inland cities, now receiving only frozen products of this kind,

would thus be able to share the economic and esthetic advantages provided

by the fresh product.

(i) Extension of refrigerated shelf life by irradiation would allow the

establishment of brand identity and an increase in size of fish processing

establishments, due to increases in the use of filleted or processed fresh

fish and the establishment of a more favorable supply situation.

(j) Fishery products, which have been treated with irradiation for pur-

poses of extending storage life at refrigerator temperatures above freezing,

more nearly resemble fresh refrigerated or frozen products of the same kind.

(k) At present, fresh refrigerated fishery products can be shipped for

only limited distances because of their extreme perishability.

(1) It would be monetarily less expensive to process marine products by

irradiating and refrigerating than by freezing because of the comparatively

low cost of substerilization-radiation treatment and the relatively high cost

of freezing, transportation in the frozen state, costs of frozen storage and

movement of frozen products in and out of storage.

(m) Examples of marine species which might be suitable in the refrig-

erated, irradiation substerilized state are: flounder, halibut, cooked shrimp

and other crustacean products, scallops, ocean perch, mackerel, finnan

haddie and others.
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It is recommended that the government-industry irradiation program be

designed to include the following:

A research and development prospectus to determine:

1. Those marine species (presently not evaluated) that may be suit-

able for commercial irradiation processing.

2. More specifically the degree of extension of storage life at 320 to

40*F that may be attained by treatment of suitable marine

species with ionizing radiations at dosages between 50, 000 and

750,000 rad.

3. The nutritional value, including vitamin and amino acid content of

the cooked and uncooked proteins and vitamin content of fats, of

marine species treated at radiation dosages between 50, 000 and

750, 000 rad, as compared to the cooked and uncooked protein

and fats of canned and frozen fish of the same species, as a

function of dose and of length of storage.

4. The organoleptic and consumer acceptance of suitable marine

species treated by substerilizing irradiation dosages.

5. Pertinent processing requirements, including packaging materials,

packaging conditions and storage temperature limitations.

6. Marketing conditions under which irradiation substerilized marine

products can provide the greatest advantages to the fishing in-

dustries and to the consumer.

7. The wholesomeness of substerilized irradiated marine products

under actual conditions of processing. For example, such a study

might be conducted on a suitable species such as ocean perch

at a substerilizing dose of 0.5 megarad (actual conditions of use).

Human feeding studies should also be carried out with this mate-

rial.

Such a study would be complementary to investigations already

proceeding under the supervision of the U. S. Army.

8. To provide the necessary facilities for carrying out the program.

Such facilities would include:

(a) Two interim radiation facilities, 10,000 to 50, 000 curies

in size to be provided as soon as possible, one of these
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sources to be located within a two-hour driving distance

of Boston, Mass., the other to be located near Seattle,

Washington. These facilities would be convenient for in-

vestigations which would be carried out by the Fish and

Wildlife Service Laboratories.

(b) A pilot plant marine products irradiator. This pilot plant

should be located within a two-hour driving distance of

Boston, Mass., and should be available within two years

after the program has been initiated.

Relative to the proposed government-industry program for the development

of irradiation substerilized marine products, it is considered that the pro-

vision of suitable radiation facilities, the nutritional studies and the evaluation

of the wholesomeness of irradiation substerilized marine products would be

entirely a government responsibility. As the program developed, industry

would be expected to carry out additional tests and, at least in part, deter-

mine further pertinent information. During the transition from government to

industry, irradiation time could be provided on a "no cost" basis on condition

that information determined under such circumstances were made available

to interested groups.
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SUMMARY

1. GENERAL CONCLUSIONS DRAWN FROM INSPECTION OF AVAILABLE
PERTINENT LITERATURE ON THE SUB-STERILIZATION

OF MARINE PRODUCTS BY RADIATION

The following conclusions are based on information from the various

papers in the literature reviewed in this report:

1. When marine products are irradiated at sterilizing doses (4 to

6 x 106 rad), these products undergo changes in flavor, odor, texture and

color. At levels required for the extension of storage life at 320 to 40*F,

such changes are minimized and in some cases undetectable due to the

relatively low dosages required. Dose levels as low as 250,000 rad may

provide an extension of storage life at 320 to 40*F of 5 days or longer.

Even this short extension of storage life could be of tremendous advantage

in the marketing of fish as a fresh-type product since it would provide the

extra storage time necessary for the distribution of such commodities to

inland cities.

2. Radiation treatment at low dose levels will allow routine handling of

fish as a semi-perishable product with a shelf life of up to 21 - 30 days or

more. Movement of stocks can be optimized within this period, and some

inventories can be built up to handle peak demand such as for Fridays or

special holidays. One important aspect of radiation preservation is that brand

allegiance and quality aspects of fresh fish can be established through a good

marketing and distribution program. Heretofore, this advantage has not been

possible with fresh fish.

The prime objective of the radiation preservation of marine products is

to provide for inland markets, at a favorable price, a better quality product

than that now available. The technical fulfillment of this objective will

create a tremendous new market for fresh fish, by providing sales outlets

in distant high density' population areas in the Midwest.

The effect of the demand increase should be the stabilization of the pro-

duction of fish by increasing the magnitude of the operation, as a result of
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the increase in the demand for fish. The results of a greater and more

stable demand should be a tendency towards a stabilization of prices at an

average lower value, but at a greater total dollar value due to a much

greater volume of sales.

3. At dose levels below 0. 5 megarad, spoilage is usually caused by bac-

terial growth. The microbes involved are those not usually associated with

classical fish spoilage. Standard tests for fish spoilage may not be useful

in the detection of quality loss in this case.

4. At dose levels above 0. 5 megarad, microbial spoilage of refrigerated

marine products is of minor importance. Products fail due to chemical and/or

enzymatic changes, the pattern being characteristic of the species treated.

This spoilage includes: trimethylamine formation (non-microbial), proteolysis,

rancidification of fats and the possible formation of metabolic end products.

5. Because little work on radiation preservation of fishery products has

been done without a freezing step, and since fresh fishery products have

not always been available at the time of irradiation, results reported in the

literature to date cannot be applied without reservation. No large scale

studies have been carried out.

6. If economic and marketing factors are to be considered, the problem

of proper packaging for irradiated marine products has not been resolved.

Most work has been done on products packed under vacuum in hermetically

sealed containers. In general this package gave the best results.

7. The storage life of marine products at temperatures below 40F is

extended by substerilization treatment, but the initial quality of irradiated

fish of certain species may be less than that of fresh fish. However, with

certain other species irradiated at substerilization levels, the fresh and the

treated product may be indistinguishable from one another.

8. The type of cookery used to prepare irradiated fish has a marked

effect on its acceptability. Frying tends to mask organoleptic changes due

to irradiation. Frying and broiling are the preferred methods of fish cookery.

Proper cookery of irradiated marine products should be emphasized either

by advertising or by label information.

9. Precooking of fish fillets or shellfish will aid in prolonging refrigerated

shelf life. However, the resultant product is not fresh fish or shellfish.



Certain products, now precooked and frozen, can be precooked and irra-

diated; these include fish sticks, breaded fish steaks and fillets, oysters

and scallops, parboiled shrimp and lobster, and smoked items such as kip-

pered herring and finnan haddie. The above items will require individual

evaluation but in general smoked or pre-processed marine products respond

well to sub-sterilizing doses of gamma radiation.

10. According to the literature, the following species appear to be suit-

able for substerilization by irradiation treatment and refrigerated storage

at 32* - 40*F:

Fillets: Haddock (smoked), flounder (blackback), butterfish, mackerel,

lemon sole, halibut, petrale sole, ocean perch, tuna, Pacific cod.

Shellfish: Shrimp, lobster, crab, oysters, shucked clams.

Specialty items: Acceptability of specialty items depends on the formu-

lation of the product and the species involved. The use of breading,

smoking or pickling in conjunction with irradiation may yield a

more acceptable product.

11. Radiation-induced changes in texture, color and drip are slight at

dose levels below 1 megarad. There is a general bleaching of pigment, es-

pecially in salmon. However, with certain species such as pollock, bleaching

is desirable. Irradiation may produce an odor of its own but the irradiation

treatment delays the development of a "decomposing fish" odor which is due

to the accumulation of trimethylamine in some species, and which is, of

course, undesirable.

12. Enzymatic activity in fresh fillets or in shellfish products is variable

and depends on the species. For products stored below 40 F, for less than

one month, enzymatic spoilage should not be a problem with most species.

With non-oily species of fish, enzymatic activity in fillets does not affect

storage life at temperatures below 40 F.

13. Results on vitamin losses at sterilization doses are similar to those

obtained with heat treatment applied at the "commercial sterilization" level.

Since all investigations of the nutritive quality of irradiated marine products

have been carried out with fish or shellfish treated at the relatively high

sterilization dose level, it would appear that nutritive changes in sub-
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sterilized, refrigerated marine products may be of lesser importance. In-

vestigations should be made of the nutritive quality of irradiation-substerilized,

refrigerated marine products. In addition, feeding tests to laboratory animals

over a 2-year period with these sub-sterilized fishery products should be

conducted.

2. RESEARCH AND DEVELOPMENT WORK NECESSARY TO INTRODUCE
ACCEPTABLE RADIATION-PRESERVED FISH PRODUCTS

INTO THE U.S. ECONOMY

In order to introduce radiation-preserved fishery products into the

economy of the United States, the following steps are recommended:

A. That a government-industry program be initiated to resolve certain

questions and to obtain certain information presently not available. This

program should include:

1. Research to determine those marine species (presently not eval-

uated) which might be suitable for irradiation-substerilization

processing. It is possible that an investigation of this kind

would provide for a much greater commercial application of

radiation preservation than would be possible through that in-

formation now at hand.

2. An investigation to fix the limits of storage time at temperatures

between 320 and 40* F which may be applied to marine species

after radiation processing at dosages between 50, 000 and

750, 000 rad. Data of this kind would provide for the setting

up of processing technology for the handling of products pre-

served in this manner.

3. Investigations to determine the amino acid content and the vitamin

content of marine products treated at dosages between 50, 000

and 750, 000 rads as compared to the amino acid and vitamin

content of canned and frozen fish. This research should include

animal assays as well as "in vitro" chemical tests, and should
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be carried out on the cooked and uncooked portions of all foods

examined. Tests should also be made on all foods before and

after storage at temperatures ordinarily used for the particular

product involved. It is considered that information of this kind

is necessary for reasons of public health and for the elucidation

of the processor, retailer and consumer.

4. An investigation of the acceptance of radiation-treated marine

species at dosages between 50, 000 and 750, 000 rad. Both

flavor panel and consumer-type tests on several species of dif-

ferent marine groups (fish, crustaceans and mollusks) should be

included in this work. Information of this kind would tend to fix

the limits of radiation treatment, and therefore the storage time

which could be applied to any particular species.

5. Research to determine what packaging materials and packaging

conditions for radiation-substerilized marine products provide

the best results from the standpoint of quality of product and

extension of storage life at 320 to 40* F. This work should in-

clude an investigation of non-fatty, moderately-fatty and fatty

fish, crustaceans and mollusks. Various films as well as metal

containers should be evaluated, and products should be evaluated

after packaging in air, under vacuum, etc. Information of this

kind is necessary for the successful radiation processing of

marine products. It is also apparent that if radiation-processed

marine products could be handled in bulk (30- to 50-pound con-

tainers) as are fresh unirradiated fillets (the latter may be

shipped for only short distances because of their extreme

perishability), this method of processing would provide extreme

economic advantages.

6. An inquiry to determine those conditions under which radiation-

processed marine products should be marketed in order to

provide the greatest overall benefits to the fishing industry,

procurer, processor, distributor and to the consumer. It is

recommended that such an investigation be carried out by the

Fish and Wildlife Service of the Department of the Interior.
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7. A study, complementary to the program presently being carried

out by the Department of the Army to determine the wholesome-

ness of radiation-substerilized marine products. At least one

species, treated under the actual conditions of use (a dosage

which would be employed commercially, approximately 0.5 mega-

rad) should be fed to laboratory animals over an extended period

to determine any untoward effects. In addition, human feeding

studies should be carried out with these treated products. It is

considered that wholesomeness studies should be entirely a

government responsibility.

B. The government should provide facilities for research and develop-

ment. These facilities would include:

1. Interim Radiation Sources

Two interim radiation sources of approximately 10,000 to 50, 000

curies in size. These sources should be provided as soon as possible

in order to facilitate the compilation of information necessary for the

successful commercial application of radiation processing.

Because of the availability of suitable marine species as well as

the proximity of suitable laboratories and trained laboratory personnel

in these areas, it is recommended that one of these sources be located

at a point within a two-hour driving distance of Boston, Mass. , and

the other be located in or near Seattle, Washington.

II. Pilot Plant Marine Products Irradiator

Within two years after the initiation of the government-industry

program, a pilot plant marine products irradiator should be completed.

It is recommended that this irradiation facility be located at a point

within a two-hour driving distance of Boston, Mass. Location of the

pilot plant near the source of the marine species to be processed

would eliminate such undesirable factors as the necessity to freeze

products to be irradiated for purposes of shipment to and from the

radiation source.

It is considered that the government should be responsible for

funds for supplying radiation sources and for initiating research to
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determine such things as wholesomeness. Eventually industry should

participate in the research and development program. During the

transition from government to industry, irradiation time could be

provided without cost. Under such circumstances, the results of

such research should become available to all interested groups.

3. SUMMARY OF ECONOMIC CONSIDERATIONS

Radiation preservation of marine products by substerilization will not

involve the development of any new pre-processing or preparation methods.

The substerilization of marine products by radiation treatment offers unique

advantages. These are:

1. The product, while possessing a shelf life of up to 30 days at

35 F, is fresh in nature.

2. The product has a unique "heat and eat" character.

3. The product does not require thawing before use.

4. Because of the extended refrigerated shelf life at 35 F, irradiated

marine products may be packed at their source and shipped to

any point in the United States by the most economical means of

refrigerated transportation. Inland cities now receiving only

frozen products of this kind would thus be able to participate in

the economic and esthetic advantages provided by the fresh

product.

5. Extension of refrigerated shelf life by irradiation will allow the

establishment of brand identity and an increase in size of fish

processing establishments due to increase in the use of filleted

or processed fresh fish and a more favorable supply situation.

The latter results from the fact that irradiated fresh fishery

products may be stored for some period of time before ship-

ment, thus making possible a more favorable matching of supply

with demand.
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6. Fishery products which have been treated with irradiation to ex-

tend storage life at 32* to 400F, more nearly resemble fresh

refrigerated or frozen products of the same kind.

7. At present, fresh refrigerated marine products can be shipped for

only limited distances because of their extreme perishability.

8. It would be economically more costly to process marine products

by freezing than to process them by irradiation at substeriliza-

tion doses and refrigeration, because of the comparatively low

cost of substerilization treatment and the relatively high cost of

freezing, transportation in the frozen state, freezer storage

costs and movement of frozen products in and out of storage.

9. On 30- to 50-pound bulk packaged radiation-preserved product, it

should be possible to save as much as 0.5 to 1.0 cent per

pound on packaging material alone, as compared to the cost of

packaging frozen products of the same kind. This estimate does

not include inherent savings based on the fact that labor costs

and equipment costs for retail unit packaging are much greater

than for bulk packaging.

4. SUMMARY OF PACKAGING REQUIREMENTS

Packaging requirements for retail and wholesale packaging of irradiated

fishery products can be satisfied in accordance with the following:

1. A Package to hold 30 to 50 pounds of Product
for Radiation Processing

Such product would not be individually wrapped as retail units. This

package would have to be of such a nature that it would preclude the entrance

of microorganisms. The bulk-type metal container presently used for shipping

fresh-refrigerated fish fillets (used for only short-distance shipping) might

be suitable for this purpose. It is also conceivable that a less expensive,

plastic impregnated paperboard carton could be developed for radiation-

processed bulk packs.
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II. A Consumer Size Package holding 1 pound of Product

This package could be made in the form of a polyethylene-laminated

cellophane bag to be vacuum sealed and overwrapped with a waxed bending

board carton. Five or ten of these packages would be overwrapped in a

waterproof fiberboard carton for irradiation and handling during shipment.

The proposed package is very similar to that used for vacuum-packed meat

products now on the market.

Ill. A Wholesale Size Package to hold 5 or 10 pounds of Product in a
Heavy-Walled Polyethylene or Polyethylene-Coated Cellophane Bag

Overwrapping with a waterproof fiberboard carton of the same size as

the overwrap for the retail size package would facilitate handling. It is ex-

pected that two cartons could be irradiated simultaneously to form a block.

Package dimensions should be set to optimize source efficiency and are

only limited by product dimensions and net weight specifications.

Commercial Storage Requirements

It would be necessary to store substerilized irradiated marine products

as close to 33*F as possible. While excursions above this temperature are

expected during distribution, proper education and precautions should be

taken to insure optimum storage conditions. The maximum allowable storage

temperature is to be set at 400F.

5. SELECTION OF RADIATION SOURCES
AND PREFERRED GEOMETRY

Part B of the main report shows a possible design concept for a marine

products pilot plant irradiator. Cobalt-60 is recommended as the isotope of

choice in the above irradiator because of:
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1. Relatively high gamma energy (average, 1.25 MEV), and total

gamma energy per disintegration (2. 5 MEV).

2. Reasonable ease of source fabrication, transport and protection.

3. Inherent safety of encapsulated cobalt metal.

4. Simplicity of use in operation.

5. Absence of induced radioactivity.

6. Present and future availability.

7. Ease of dosimetric measurements and source monitoring.

8. Short range expected use of the source, i. e., to demonstrate

feasibility over a limited time as a pilot-plant operation.

9. Extensive knowledge concerning this isotope is already available.

Packages of marine products would be in the form of slabs, or

blocks. While it is beyond the scope of this project to give a

detailed source design, it is recommended that the efficiency of

the irradiator be optimized through the selection of suitable

package dimensions. All equipment should be designed to be

automatic in operation and as safe and foolproof as possible.

6. OTHER METHODS OF FISHERY PRODUCT PRESERVATION

It should be possible to open up additional markets for marine fishery

products by preservation with radiation substerilization and refrigeration.

At this writing, antibiotic treatment has not been approved for processed

fishery products and treatment of such species with antibiotics results only

in a limited extension of storage life. Competition from freeze-dried

products is not seen to be important due to economic considerations, lack

of information concerning freeze-dried fishery products at the present time

and lack of convenience characteristics of the freeze-dried product.

- 14 -



7. SUMMARY OF INFORMATION AND RECOMMENDATIONS
ON WHOLESOMENESS

At present the Food and Drug Administration will not allow the sale of

foods treated by ionizing radiation to extend storage life.

The Quartermaster Corps has a program under way, under the technical

control of the Surgeon General, to obtain clearance of 21 foods sterilized by

ionizing radiation. These foods include the following marine products: tuna,

shrimp and cod fish.

Results of this QMC-SGO program may not be available in complete form

for as long as two years. When this program is complete, the Food and

Drug Administration will have data enabling them to judge the safety of the

process based on the experimental results obtained.

To date there has been no indication of toxicity or induced radioactivity

in any of the foods tested in the wholesomeness program. Therefore it is

expected, based on present findings and barring any untoward results, that

the process should be approved by the Food and Drug Administration.

It is recommended that the AEC support a wholesomeness test involving

the feeding of one species of substerilized irradiated fish to rats over a

period of two years. It is further recommended that acceptability tests,

involving feeding to humans, using foods treated under actual processing

conditions, should be included with this investigation.

It is further recommended that the AEC support a program to thoroughly

investigate the nutritional quality of radiation substerilized marine products.

8. ESTIMATED PHASING IN TERMS OF TIME FOR RESEARCH AND
DEVELOPMENT PROGRAM AND PILOT PLANT CONSTRUCTION

Successful demonstration of the commercial feasibility of marine products

preservation by irradiation will involve the following phases:

1. Immediate construction of two interim radiation sources, 10, 000

to 50,000 curies in size.
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2. Design and construction of a marine products pilot plant irradiator.

3. A research and development program to be initiated prior to con-

struction of the pilot plant, and to be carried on concurrently

with the pilot plant operation.

4. Overall project administration.

It is estimated that the various phases would involve the following in

terms of time:

A. Design and construction of two interim radiation sources. These

are to be completed within 9 months after initiation of the pro-

gram.

B. Design and construction of pilot plant irradiator. To be completed

within 2 years after initiation of the program.

C. Accurate determination of storage life at 320 to 40 F of marine

products processed by radiation substerilization treatment. To

be completed within two years after initiation of the program.

D. Nutritional value of radiation processed marine products. A period

of from 3 to 5 years may be required.

E. Evaluation of the organoleptic and consumer acceptance of radiation

processed marine products. A period of 3 years may be re-

quired.

F. Determination of the pertinent processing parameters (packaging

materials and conditions). A period of 2 years may be needed.

G. Evaluation of marketing conditions which should be applied to

radiation processed marine products. A period of 1 year should

suffice.

H. Evaluation of the wholesomeness of radiation processed marine

products. A period of 2 years of feeding tests will be needed

with an additional 6 months for evaluation.
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PART A

PRESENT STATUS OF THE TECHNOLOGY
OF THE RADIATION PRESERVATION

OF MARINE PRODUCTS

1. SURVEY OF THE CONVENTIONAL LITERATURE

Material presented in this and the following sections includes a survey of

the available literature pertinent to the radiation treatment of fish. The

references cited present data on the effect of irradiation treatment on the

storage life of various marine products as a function of temperature,

organoleptic changes, nutritive changes, chemical changes, physical changes

and wholesomeness.

In order to simplify the mass of material available, wholesomeness studies

will be referred to in a separate section of this report and references cited

will be divided into three sections. Only commercially important species of

fish will be considered and for the purposes of this report this means species

of which over 1,000,000 pounds are consumed as food fish. Table I lists

these species and includes poundage, dollar value and chief producing regions.

The small number next to the species shows its relative rank based on pounds

landed per year.

A review of the literature pertinent to the irradiation of fish would not be

complete without reference to the earlier work, yet the same emphasis should

not be placed on results obtained some time ago since the former work may

have been prejudiced by less accurate dosimetry, lower power gamma sources

and less understanding of the problems involved. Similarly experiments in-

volving a freezing operation in the preparation of samples must be carefully

examined, for this step will not be included in the commercial process.

The most reliable information in our estimation would include the follow-

ing experimental steps and controls:
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TABLE I

TABULATION OF COMMERCIALLY IMPORTANT FOOD FISH
CAUGHT IN THE UNITED STATES

CATCH DOLLARS REGION
SPECIES 103Lbs/Yr. 10 3 /Yr. (See Note)

Alewives (13)
Anchovies (16)
Bluefish
Blue Pike
Buffalo Fish
Butterfish
Carp
Catfish
Cod (15)
Croaker
Cusk
Drum
Eels
Flounders (9)
Groupers
Haddock (7)
Hake
Halibut (14)
Herring (1)
Jack Mackerel (10)
King Mackerel
King Whiting
Lake Trout
Ling Cod
Mackerel (12)
Mullet (17)
Ocean Perch (6)
Pollack
Rock Fishes
Sablefish
Salmon (3)
Sardine, Pacific (15)
Scup (19)
Sea Bass
Weak Fish
Shad
Smelt
Snapper
Spanish Mackerel
Spot
Striped Bass
Swordfish
Tuna (2)
Whitefish
Whiting (8)
Yellow Perch

Crab (5)
Lobster (20)
Shrimp (4)
Clams (18)
Oysters (11)
Scallops

57,542
40,554

4,845
3,993

14,009
10,267
29,861
31,172
45,996
18,997

1,969
3,900
1,262

117,357
7,647

133,571
11,000
50,231

313,200
82,012

3,394
4,662
1,191
5,823

64,462
39,958

133,931
22,034
27,697
12,337

265,153
45,862
34,108
16,000
14,000
12,228

9,700
9,410
8,142
9,174
4,179
1,135

296,735
1,625

133,041
6,346

171,339
34,000

203,882
39,888
71,658
23,000

694
509
614
861

1,902
848

1,424
5,262
2,760
1,946

105
483
173

11,618
793

10,198
380

6,631
5,100
1,603

393
377
594
328

1,590
2,452
5,088

775
1,114

911
39,641

1,787
2,008
1,500
2,000
1,500

411
2,464

664
632
902
423

37,523
835

2,479
1,731

12,246
13,000
73,145
11,255
29,406
12,000

NE, C, SA
P
MA, SA, Gulf
L
Miss.
NE, MA
Miss.
Miss.
NE
G
NE
G
C, MA
NE, MA
G
NE
NE
P, A
NE
P
SA
SA
L
P
P
G
NE
NE
P
P, A
P, A
P
NE, MA, C
MA, C
MA, C, SA, G
NE, MA, C, SA
P, L
G
SA, G
C, SA
C, MA, SA
NE
P
L
NE, MA
L

P, C, MA, SA, G
NE
SA, G
NE, MA, C, P
P, C
NE

Source of Data. Fishery statistics of the United States, 1957. Statistical digest No. 44,
Fish and Wildlife Service, U.S. Dept. of Interior, edited by E. A. Power.

Notes: The following abbreviations were used to denote geographical regions:
NE, New England; MA, Middle Atlantic; C, Chesapeake Bay; SA, South Atlantic;
G, Gulf; P, Pacific; L, Lakes; Miss, Mississippi; A, Atlantic.

The bracketed numbers following certain species show their relative importance in
terms of pounds caught per year.
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1. Fish of known origin and age filleted and packed in film bags, held

under refrigeration (31* - 400 F).

2. Radiation performed at a reasonably high dose rate (0.5 - 1.0

megarad/hour).

3. Samples removed to storage temperatures immediately following ir-

radiation.

4. Samples evaluated by a highly trained taste panel or by a large

consumer-type panel.

5. A reasonably large sample treated (100 lbs).

6. Appropriate chemical, bacteriological, and physical tests, performed

and correlated with organoleptic evaluation.

7. At no time in the process should the product temperature be below

30* F or above 400 F.

These limitations are realistic but represent conditions not easily obtain-

able by experimenters on marine products and generally experiments have not

been carried out under these conditions. One reason for this is that the high

level gamma irradiation sources available for food research are located far

from the source of most marine species. All spent fuel rod sources, used in

work reported in the literature, have been located at least 1,000 miles from

the coast, necessitating frozen transport of the experimental samples to the

source. (The spent fuel rod source located at Savannah River, Georgia, is

not considered available for food irradiation on an experimental basis.) Large

cobalt-60. sources are still limited in their availability for food irradiation.

Experiments utilizing electron accelerators as a source of radiation are

not exactly applicable to this study due to dose distribution limitations. Never-

theless effects obtained at specific dosages and storage times will be used

interchangeably with the results obtained with gamma-treated marine products.

In all the studies reported the chief criterion will be the pre-irradiation

treatment of the samples, i.e. whether it was frozen or not. With respect to

shelf-life studies, a marine product will be considered spoiled if a standard

plate count made on the product shows more than 1,000,000 bacteria per gram

or if an organoleptic rating of less than 5 is obtained on a 9 point scale,

where 9 is highly acceptable or excellent quality. In any case an unirradiated

control, otherwise treated the same as the sample, must be used.
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TABLE II

ORGANOLEPTIC- EXAMINATION OF IRRADIATED FISH BY A PANEL OF EIGHT MEMBERS
(IRRADIATION: 1 - 2 MEV CATHODE RAYS AT 200 C)

from R. S. Hannan, Pg. 119

Sample Dose RAW FISH COOKED FISH Flavor
No. (rep) Appearance Odour Appearance Odour

Haddock

H , 106 Normal Normal; nothing excep- No adverse Slight 'fishy', 'caramel', 'Shellfishy', 'burnt' and
tional comments 'metallic' or 'boiled potato' slightly bitter flavours

H2 2 x 106 Normal 7 members found stronger No adverse Stronger than H,. Strong Poorer than H; more
odour than H,; described as comments 'burnt feather' and 'metallic' bitterness present
'burnt feather' or 'hessian' or 'salt fishy' odours

Sole

S, 106 Normal No very 'fishy' odour. More No adverse Nothing very objectionable; Rancid and somewhat oily;
definite odour than H,; comments odour described as 'oily', nothing very objectionable
described as 'metallic', 'rancid', 'metallic'
'shrimpy' or 'potato-like'

S 2 2 x 10 6 Normal Slightly stronger than S, No adverse Similar to S, but stronger Rather similar to S,
One mem- comments
ber thought
more opaque
than S

Mackerel
M, 106 Normal 3 members found strong No adverse Strong 'oily' to 'blown oil' Slight rancid and 'metallic';

'metallic' odours; others comments odours; like stalish mackerel rather similar to the control
found strong oily odours.
One member thought this
objectionable

M 2 x 106 One mem- Stronger than M,; described No adverse Stronger than M, ; rancid Poorer than M,; very bitter,
ber thought as 'metallic', 'fatty' or comments 'metallic' odours rancid flavours
greyer than 'strong oily'
M,

0



TABLE III

TABULAR SUMMARY OF SOME ARTICLES ON IRRADIATED MARINE PRODUCTS

AGE, ORIGIN ORGANOLEPTIC
ARTICLE AND UNITS OF TYPE OF RADIATION STORAGE TIME AND CHANGES PHYSICAL CHANGES CHEMICAL MICROBIAL

AND SAMPLE IF TREATMENT AND DOSE IN TEMPERATURE CNE IF CITED CHANGES CHANGES
OBJECTIVE AVAILABLE MEGARADS NOTED

Nickerson, J. T. R. et al Four day old mackerel Packed in polyethylene Used 1.5 and 2.0 MEV Trimethyl- Volatile
(1950) Food Tech. 4, 84. from New England tubes in air electrons. amine acids
A Comparison of Enzyme waters. 00 C for Days Irra. Cont. Irra. Cont. Irra. Control
and Bacterial Changes Gram quantities used. 4 Very good 1.6 2.1 23.5 19 < 10 8 x

6 Very good 1.5 1.0 20.9 16 < 10 11.2 x 1(
8 Good 2.0 2.7 30.8 35 < 10 46.5 x 1

10 Rancid 3.2 4.5 33.2 39 < 10 5.5 x 10
12 Rancid 4.1 1.6 44 93 < 10 5.5 x10'

20* -30* C 30 Discoloration

COMMENT: Mackerel developed rancid off flavor and odor in nine days, well before and rusting

microbial spoilage. Storage time to go to rancidity at 00 C was 9 days.

Proctor, B. E. and D. S. Haddock from New Fillets packed in poly- Preferred by: Appearance Texture
Bhatia England waters. ethylene bags in air Slt. cooked
(1950) Food Tech. 4, 357. Gram quantities used. 3 E - 0.9 odor k 66% no change no change
Measurement of the Ef- -tronsat
fect of Electrons on dosa No storage studies Oxidized slight
Haddock Amino Acids dosages 2.7 carried out odor 45% bleached crumbly

right Very strong 20% bleached very
odor white crumbly

COMMENT: Haddock acceptable after 0.9 megarad of 3 MEV electrons and no storage period.

Nickerson, J. T. R. et al Haddock from New Fillets packed in Electrons Dose Samples were rated Trimethylamine content Dose
(1954) Food Tech. 8, 32. England waters. cellophane bags in air 0.4 acceptable using 0.6 in time with mg % 0.4 spoil in 10 d
Shelf Life Study Gram quantities used. 2 MEV 0.5 Stored at 360 - 40* F and 0.7 megarad of Time Irra. Control 0.5 spoil in 10 d

0.6 for two weeks 3 MEV electrons by at 0.6 spoil in 14 d
least 60% of judges 0 1.0 1.0

0.4 after 6 weeks at 2 wks. 2.1 61.5 0.4 O.K. after 14
0.5 Stored at 360 - 400 F 360 - 400 F. 4 wks. 21.8 0.5 O.K. after 14

3VMEV 0.6 for six weeks 6 wks. 0.23 0.6 O.K. after 19

0.7 0.7 O.K. after 28

Control Frozen Control 4 x 10 co

COMMENT: 0.6 Megarads of 3 MEV electrons necessary to prolong shelf life at 36-400 F
of haddock fillets. Taste is acceptable.

Gardner, E. A., and B. M. Florida oysters, Packed in plastic vials Hold at 5 C up to Odor Appearance of oysters pH drops from 6.0 to
Watts 3 - 24 hrs. old, held or test tubes in air Co-60 gammas 20 days for pH did not change but 5.6 in all samples.
(1957) Food Tech. 11, 329. in wet ice. irradiated in 0.063 No change liquor became cloudy No HS was found.
Feasibility of Irradiating Gram quantities used. air at 25*-30"C. 0.63 N ynge

Oysters High dose was 3.5 Grassy8 hrs.

COMMENT: Oysters treated with 0.63 x 106 rads spoiled in a normal pattern when held
at 5* C through enzymatic action.

NUTRITIVE
CHANGES

03
03
5

6

Small losses in
amino acids noted.
No real effect.

ays
ays
ays

days
days
days
days

unts/g.
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Standard criteria for chemical spoilage, namely trimethylamine, volatile

acids, and amino nitrogen tests were observed not to be exactly applicable to

the spoilage of irradiated fish.

Hannan (1955), in a review of most all of the applicable literature on food

preservation by radiation mentions the following work on marine products.

He noted that fish is subject to chemical spoilage during storage due to fat

rancidity and the reduction of trimethylamine oxide to trimethylamine. Since

the texture of fish is soft and its fresh flavor very mild, the handling of ir-

radiated marine products under conditions which will retain their fresh quality

becomes very difficult.

Reporting on work at the Low Temperature Research Station the following

data were supplied. Preliminary studies on fish irradiated at 2 megarads gave

"irradiation" odors and flavors and a slight bleaching effect. A confirmatory

experiment was performed as follows: Small samples of haddock, lemon sole

and mackerel muscle (6 mm thick) were canned and irradiated at room tem-

perature from two sides using 1.1 MEV electrons. Samples in the raw and

cooked condition were examined by a panel of experts. The results are

shown in Table II. A run using frozen samples exposed to 2 megarads was

similar to the previous study. In all cases none of the samples were

sterile.

Radiation Preservation of Food, by the Quartermaster Corps, provides a

fairly complete list of references on fish irradiation, including organoleptic and

other studies. Work done on irradiated mackerel and haddock fillets is sum-

marized in Table III. Mackerel was found to develop a rancid off odor after

9 days at 00C, well before microbiological spoilage became significant.

Haddock was found acceptable by 60% of a 20-man taste panel after treat-

ment with 0.7 megarads of 3MEV electrons and 6 weeks' storage at 36 - 400 F.

Gardner and Watts found oysters spoiled enzymatically when treated with

0.63 megarads of cobalt-60 gamma radiation and stored at 5* C. They recom-

mended cooking the oysters after irradiation for improved refrigerator storage

(enzyme inactivation). Comments on each series of experiments are noted

in Table IlI.
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II. SUMMARY OF THE WORK DONE BY THE FISH AND WILDLIFE SERVICE
ON THE RADIATION PRESERVATION OF MARINE PRODUCTS

The Fish and Wildlife Service has done considerable work on the irradia-

tion of marine products at their East Boston, Mass.; College Park, Md.; and

Seattle, Washington Laboratories. A tabular summary of this work is pre-

sented following comments on the research done at each laboratory. Since

the treatments and experimental variables are so great, only optimum results

will be presented.

(a) Fishery Technological Laboratory, East Boston, Mass.

Results of work done by this group are presented in Table IV. The

general experimental design of this research was as follows: fresh fish

(12 - 36 hours old) were filleted and treated by blanching in live steam or

by leaving raw. They were then packed in No. 2, C enameled cans. The cans

were vacuumized to 25 inches and frozen for Air Express shipment (dry ice)

to the Material Testing Reactor Spent Fuel Rod Gamma facilities at Idaho

Falls for irradiation. Exposed samples were returned to Boston in either

wet or dry ice for organoleptic evaluation or storage tests at 350 F.

Some tests were run using various pre-cooked preparations including cod

fish treated by frying, boiling in corn syrup or tomato juice, and by blanching.

These results (except for blanching) are not reported, since the product ob-

tained is cooked and not representative of the proposed process. The irra-

diation of pre-cooked fish portions is entirely feasible and allows storage up

to 3 - 4 months at 350 F, using a dosage between 0.25 and 1.5 megarads.

Most of the product evaluation was by careful examination by persons com-

pletely familiar with fisheries products and fish quality. Product appearance,

texture and taste were the chief considerations. Samples were inspected real-

istically and stringently, and it is felt that results obtained are valid for the

species tested.
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TABLE IV

SUMMARY OF WORK DONE BY FISHERY TECHNOLOGICAL LABORATORY,
EAST BOSTON, MASSACHUSETTS

OPTIMUM STORAGE MAX. DOSE BEST
SPECIES TREATMENT LIFE IN DAYS AT FOR STORAGEOF AND DOSE (Megarad) ACCEPTANCE DOSE (350)

Cod

Pollack

Pollack

Whiting

Whiting

Butterfish

Butterfish

Flounder
(Blackback)

Finnan Haddie

Kippered Herring

Lobster Meat

Soft Shell Clams

600 C

Blanched
Fillets

Raw
Fillets

Blanched
Fillets

Raw
Drawn

Blanched
Drawn

Raw
Fillets

Skinned
Fillets

Whole

Boiled Tail
and Claw

Shucked

94 D -
31 D -

118 D -
118 D -

21 D -
14 D -
7 D -

D
D

D
D

D
D

D
D

D
D

D
D

49
49

38
38

215
215

141
141

166
166

119
119

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

350 F -

0.25
0.5

0.5
1.25

0.25
0.5
1.0

0.25
0.5

0.25
0.5

0.75
1.5

0.25
2.0

0.25
0.50

0.5
1.5

1.0 Megarad

2.0

0.75

1.0

0.25

1.0

0.75

2.0

0.75

1.5

2.0

0.25

1.5

0.25

0.5

0.25

0.5

0.5

0.75

0.50

0.25

0.5

Some bacteriological work was done on psychrophiles remaining in the

product, but very low counts were obtained and these counts varied from test

to test. Bacteriological work was done by an outside laboratory and may not

be as reliable as the organoleptic evaluations.

Drip from irradiated and control fish was measured, and it was observed

that the irradiation of frozen fish seemed to increase the amount of drip ob-

tained. It is not known whether the irradiated fish were thawed slightly dur-

ing irradiation (MTR canal water is about 700 F), since irradiation exposure
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TABLE V

OPTIMUM DOSE FOR SELECTED SPECIES

MAXIMUM DOSE RESULTING DOSE RESULTING IN PRODUCTS

SPECIES IN ACCEPTABLE PRODUCTS OF GREATEST ACCEPTABILITY

Raw Fish Blanched Fish Raw Fish Blanched Fish

Rads Rads Rads Rads

Cod 465,000 232,500 116,250 232,500

Pollock 232,500 930,000 232,500 232,500

Blackback 930,000 - 465,000 -

Whiting 116,250 232,500 116,250 116,250

Butterfish 697,500 930,000 232,500 232,500

Note: The irradiated fish were cooked in steam for taste-panel evaluation.

time could be up to one hour. Re-freezing of this product could cause exces-

sive drip.

The results of this work show that it is entirely feasible to irradiate fish

and shell fish, and extend their refrigerated shelf life up to 30 days as a

minimum storage time if stored under vacuum at 350 F. An interesting re-

verse correlation was observed between dose and keeping time with some

species (raw pollock and cod), i.e. the high dose sample (0.5 megarad) had a

shorter life at 35' F than the 0.25 megarad sample. These results indicate

that there may be an optimum dosage; where too low a dose will not destroy

sufficient microorganisms, while too high a dose induces undesirable side re-

actions.

Direct application of these results (reported in Table IV) is not suggested,

due to the use of cans as a packaging medium and the fact that it was neces-

sary to freeze the fish in the handling of the sample.

Carver and Steinberg (1959) reported on this work in part in a paper en-

titled "The Effect of Radiation Pasteurization on the Storage Life and Accept-

ability of some North Atlantic Fish." Table V shows the optimum dosages

for species tested and differs somewhat from Table IV.

Some bleaching or coloration was noted with various species. The authors

commented that "an increase in dosage for any species frequently resulted
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in increased off-odors and off-flavors." Reporting on the storage studies, the

authors found no advantage in blanching butter fish and cod to improve storage

properties. The results reported gave 30 days as the maximum storage life

for cod and about 50 days for butter fish. Again, these tests involved freezing

of the fillets and storage in a vacuumized can - not typical of the projected

program.

(b) Fishery Technology Laboratory, Seattle, Washington

Work performed at this laboratory had the same objective as that of the

East Boston group, i.e. extension of refrigerated shelf life with the applica-

tion of a minimum dosage of gamma rays.

Samples were prepared by cutting fillets to fit No. 2, C enameled cans,

sealing the cans with air and shipping to the Materials Testing Reactor

Gamma Irradiation Facility in wet ice. Samples were held in wet ice through-

out the experiment (except during irradiation). Initial organoleptic tests were

made 9 days after packing (5 days after irradiation). Three cooking methods

were used in testing the irradiated product including baking (3500 F), pan fry-

ing (5000 F) and deep fat frying (3750 F).

Initial taste testing of Pacific cod showed a slight scorched odor and flavor

present in all samples. Those samples receiving dosages below 1 megarad

were most acceptable as to odor and flavor. There was no detectable differ-

ence in appearance among various samples.

Storage tests on cod were performed using samples held in wet ice and

irradiated at 0.25, 0.50 and 0.75 megarad. Storage tests were carried out in

wet ice and at 400 F, all samples being packed in 307 x 201, one-half pound

flat cans. Organoleptic, chemical, and bacterial examinations were made per-

iodically including total volatile base (TVB), total volatile acids (TVA), and

total plate count. Tables' VI and VII show these results together with an ex-

planation of organoleptic ratings.

Samples irradiated at 0.25 megarad were lacking in original fresh fish
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flavor, but showed no signs of spoilage off-flavors. The cooking method used

in the preparation for tasting influenced acceptability. A dose of 0.75 mega-

rad allowed up to 16 weeks' storage in wet ice, but the sample darkened and

became tough. As with lower dose samples, the typical fresh fish flavor was

absent, but no spoilage flavors were found. Samples in all cases had a

slight, but not objectionable, irradiation odor and flavor. The results of chem-

ical and bacteriological tests were of questionable value.

A screening of smoked and canned marine products was attempted using

commercially available items. In general, all were acceptable at dosages be-

low 1 megarad. These results had little bearing on the irradiation of fresh

products.

Further experiments with Pacific cod fillets were as follows. Fillets were

obtained from fish less than 24 hours old, and packed in 307 x 201 cans and

in Mylar-Polyethylene-Saran bags. Shipment to and from the source required

holding 4 days in wet ice; subsequent storage was at 350 F.

The results (Table VIII) showed the irradiated sample to have a shelf life of

up to 25 days at 350 F, and to have remained in reasonably good condition, while

unirradiated controls failed in 10 to 14 days at 350 F. Canned samples re-

mained in fair condition up to 6 weeks at a dose of 0.2 megarad, while the

0.1 megarad sample was fair for three weeks at 350 F. Mylar packs had

imperfect seals and did not allow long-term storage. Tests for total volatile

acids (TVA), total volatile base (TVB) and trimethylamine (TMA) were

deemed unusable in the detection of quality changes in irradiated Pacific cod.

Plate counts correlated fairly well with organoleptic ratings, a value above

5,000,000 bacteria per gram generally indicating an unacceptable sample.

Some determinative bacteriology was performed on irradiated and non-

irradiated samples. The most important finding was that "Pseudomonas and

Achromobacter genera were virtually eliminated at comparatively low radia-

tion levels (PR No. 3, Pg. 6), and that surviving genera appear incapable of

degradative activities to a significant extent."

Screening studies on various smoked products showed them to be accept-

able to dose levels of 0.75 megarad.

The storage life of irradiated petrale sole was evaluated by packing fillets

in one-half pound C enameled cans, in air. The samples were frozen, irra-
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TABLE VI

QUALITY EVALUATION BY CHEMICAL AND ORGANOLEPTIC TESTS
ON IRRADIATED COD FILLETS AFTER VARIOUS STORAGE

INTERVALS AT REFRIGERATION TEMPERATURES

QUALITY EVALUATION

HISTORY OF SAMPLES Organoleptic Total Volatile Total Volatile Total Plate
Examination [1] Base [2] Acid Number [3] Counts [4]

Mg. N/100 g. Bacteria/g.

Iced 4 days [5] good 6.3 8.7 (1) 710,000
Unirradiated (2) 220,000
controls (3) 770,000
0 megarad

Iced 3 weeks poor 60.4 109.8 --

Iced 4 weeks very poor 69.8 132.3 --

Iced 4 days [5] good 8.4 8.4 (1) 150
(2) 110

Irradiated Iced 4 weeks fair 8.8 10.9 - -
0.23 mega-
rad Iced 6 weeks fair 21.8 29.2 --

Iced 8 weeks fair 42.2 87.5 (1) 380 x 106
(2) 410 x 106

Iced 4 days [5] reasonably good 10.5 8.0 10

Iced 4 weeks fair 15.8 9.9 --

Irradiated Iced 6 weeks fair * * --

0.70 mega- Iced 8 weeks fair * * (1) 120 x 106
rad (2) 140 x 106

Iced16 wks fair * * --

Iced 20 weeks poor -- -- --

Iced 4 days [5] reasonably good -- -- 20

8 wks. at 400 F fair 16.2 11.4 (1) 1.0 x 106
Irradiated (2) 1.4 x 106
0.46 mega- 14 wks. at 40* F poor * * (1) 1,000

(2) 1,000
(3) 1,000
(4) 1,000

[1] Good: normal or original quality with non-presence of quality defect; reasonably good: trace or
slight presence of quality defect - not objectionable; fair: moderate presence of quality defect;
poor: on borderline of edibility; very poor: inedible.

[2] Analyses made by Food, Chemical and Research Laboratories, using method of Stansby et al; Ind.
& Eng. Chem., Anal. Ed., vol. 16, p. 593 (1944).

[3] Analyses made by Food, Chemical and Research Laboratories, using procedure of "Methods of
Anal.", A.O.A.C., 7th Ed., pp. 297 - 300 (1950).

[4] Analyses made by Food, Chemical and Research Laboratories, using tryptone glucose yeast extract
agar; plates were incubated at 30 C for 5 days.

[5] Four days were required for shipments to and from MTR, Idaho Falls, Idaho, for irradiation of
samples.

* Analysis not completed.

- 29 -



TABLE VII

QUALITY EVALUATION BY CHEMICAL AND ORGANOLEPTIC TESTS
ON IRRADIATED COD FILLETS AFTER VARIOUS STORAGE

INTERVALS AT REFRIGERATED TEMPERATURES

QUALITY EVALUATION

HISTORY OF SAMPLE Organoleptic Total Volatile Total Volatile Trimethyl- Total Plate
Examination [1] Base [2] Acid Number [31 amine [4] Counts [51

Mg. N/100 g. Mg. N/100 g. Bacteria/g.

Iced 4 days [6] good 8.0 8.9 0.14 0.5 x 106

Unirradiated Iced 4 days + reasonably good; (1) 1.3 x 106
controls, 6 days at 350 F mod. sweet odor 46.8 66.5 6.4 (2) 0.5 x 106
0 megarad, Iced 4 days + very poor; spoil- (1) 5.9 x 106
packed in 10 days age odors; off 64.0 110.0 11.4 (2) 5.9 x 10'
cans at 35* F flavors (3) 4.3 x 106

Iced 4 days + (1) 5.4 x 106
14 days very poor 69.9 145.6 16.6 (2) 1.4 x 10
at 35* F (3) 1.2 x 10'

Iced 4 days [6] reasonably good 6.6 6.2 0.16 4.2 x 10'
Iced 4 days + (1) 2.7 x10
3 weeks reasonably good 33.8 47.1 4.4 (2) 5.0 x 106
at 35* F (3) 5.6 x 106

Irradiated at Iced 4 days + (1) 0.7 x 10:
0.1 megarad, 6 weeks fair 22.5 34.4 1.2 (2) 4.7 x 10
packed in at 350 F (3) 3.2 x 106
cans Iced 4 days + (1) 4.6 x 108

9 weeks very poor 23.9 74.6 1.4 (2) 4.3 x 106
at 350 F (3) 2.1 x10

Iced days35F very poor 68.2 174.0 2.1 --

Iced 4 days [61 reasonably good 9.3 6.4 0.21 950

Iced 4 days + (1) 800
3 weeks reasonably good 15.9 11.6 0.26 (2) 140,000
at 350 F (3) 5,400

Irradiated at Iced 4 days + (1) 3.7 x 10
0.2 megarad, 6 weeks fair 31.8 13.8 0.48 (2) 1.6 x15
packed in at 350 F (3) 0.3 x 105
cans

Iced 4 days + (1) 1.3 x 106
9 wks. at 350 F. fair to poor 21.4 14.4 0.80 (2) 0.8 x 106

Iced 4 days + (1) 1.3 x 10
12 wks. at 350 F. very poor 24.7 24.4 0.80 (2) 6.2 x 10'

[11 Good: normal or original quality with non-presence of quality defect; reasonably good: trace or slight presence
of quality defect - not objectionable; fair: moderate presence of quality defect; poor: on borderline of edi-
bility; very poor: inedible.

[21 Analyses made by Food, Chemical and Research Laboratories, using method of Stansby et al.; Ind. & Eng. Chem.,
Anal. Ed., vol. 16, p. 593 (1944).

[31 Analyses made by Food, Chemical and Research Laboratories, using procedure of "Methods of Anal.", A.O.A.C.,
7th Ed., pp. 297 - 300 (1950).

[41 Analyses made by Food, Chemical and Research Laboratories, using procedure of W. J. Dyer, J. Fish Res. Bd.
Can. 6, No. 5, pp. 351 - 358 (1945).

[5] Analyses made by Food, Chemical and Research Laboratories, using tryptone glucose yeast extract agar; plates
were incubated at 30 C for 5 days. Each value represents an average of analysis in duplicate per can.

[6] Four days were required for shipments to and from MTR, Idaho Falls, Idaho, for irradiation of samples.
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TABLE VIII

SHELF LIFE - IRRADIATED PACIFIC COD FILLETS

TIME OF STORAGE
History of

Samples Iced 4 days Iced 4 days Iced 4 days Iced 4 days
Iced 4 days plus 3 weeks plus 6 weeks plus 9 weeks plus 12 weeks

at about 350 F at about 35* F at about 35 F at about 35' F

reasonably good; reasonably good; fair: overall dark- fair to poor: bor- very poor: unac-
Packed in appearance and radiation flavor ening of white derline of accept- ceptable; strong off-
C enamel texture normal; sl. (condensed milk meat; sl. sour ability; the defects odor on surface;
cans; irra- radiation flavor flavor, chalky) odor; radiation noted at 6 wks. are disagreeable off-
diated at and odor flavor and odor; more pronounced flavors
0.2 megarad texture firm or

chewy

reasonably good: fair: skin side of very poor: unac-

Packed in white meat dark- fillet has sl. sour ceptable; strong
Mylar- ened slightly; dark odor; considerable yeast-like odor;
Polyethylene meat sl. greenish amt. of free liquid poor appearance
pouch; irra- same as above hue; flavor flat in pkge; firm or due to slight dark-

diated at chewy in texture ening of white meat

0.2 megarad & discoloration
(greenish hue) of
dark meat

Packed in reasonably good: reasonably good: fair: overall dark- very poor: unac-
C enamel appearance and no change except ening of white ceptable; sweetish-
cans; irra- texture normal; slight darkening meat; slight sour sour odor; off
diated at slight radiation odor; tasteless; flavors
0.1 megarad odor and flavor firm or chewy

reasonably good: very poor: unac-
Packed in white meat dark- ceptable; strong am-
Mylar- ened slightly; dark moniacal and sour
Polyethylene same as above meat has greenish spoilage odors;
pouch; irra- hue free liquid in pkge.
diated at was colored light
0.1 megarad brown

FILM RADIATION LEVEL REMARKS
(Megarad)

Laminated Mylar and
Polyethylene (A) 2.0 Strong off-odor

Scotch-Pak Polyester 1.5 Strong off-odor
2.0 Strong off-odor

Laminated Mylar and
Polyethylene (B) 1.5 Strong off-odor

(C) 1.5 Strong off-odor

The films tested are not deemed suitable for seafoods.
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TABLE IX

SUMMARY OF WORK DONE BY FISHERY TECHNOLOGY LABORATORY,
SEATTLE, WASHINGTON

OPTIMUM STORAGE MAX. DOSE BEST
SPECIES TREATMENT LIFE IN DAYS AT FOR STORAGE

*F AND DOSE (Megarad) ACCEPTANCE DOSE (350 F)

Pacific Cod

Clams
(Minced Razor)

Kippered Cod

Smoked
Oysters

Crabmeat

Alaska
Shrimp

Oregon
Shrimp

Kippered
Black Cod

Kippered
Salmon

Kippered
Sturgeon

Kippered
Tuna

Washington
Shrimp

Petrale
Sole

Halibut

Silver
Salmon

Salmon
Steaks

Fish, Cod
Sticks

Raw, No. 2 Cans
in Air, 0.25 - 2.0
Megarads
Raw, 307 x 201
Cans in Air

Heat Processed

Steamed
Frozen

Heat Processed

Frozen

Frozen 1 yr.

Fresh

Frozen

Frozen

Frozen

Frozen

Frozen
Commercial

Fillets
Frozen

Frozen, Cans

Frozen Steaks
Under Vacuum

Precooked
Breaded

Precooked

56 D - 320 F - 0.25
112 D - 320 F - 0.75
108 D - 400 F - 0.5
70 D - 350 F - 0.2
46 D - 350 F - 0.1

35 D - 350 F - 0.25
70D-350F-0.75

14 D - 400 F - 0.25

56D-350 F- 0.5
28 D-750F- 1,2

Below
1 Megarad

1.0

1.5
1.0

1.0

0.75

0.75

0.25

1.5

0.75

0.75

0.75

0.25

0.75

0.75

0.5

0.75

2.0
2.0

0.25 Megarad

0.5

0.25

0.5
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diated, and returned in wet ice for storage at 350 F up to 10 weeks. Results

showed an extension of fillet shelf life at 350 F to three weeks vs. one week

for the controls, and up to 10 weeks if fair quality was accepted. Table IX

gives the dose levels used and other details involved.

General Comments

The work on Pacific cod fillets is most representative of the projected

fish processing procedure, and demonstrates the feasibility of the process

quite conclusively. A shelf life of 30 days at 320 - 350 F is to be expected

using a dosage level of 0.25 - 0.5 megarad. One problem pointed out was

the quality of the package involved. Samples not packed in tinplate spoiled at

a quicker rate. The effect of flexible packaging on the shelf life of raw fish

fillets is not known.

All species except salmon seemed to tolerate a dosage of 0.75 megarad.

Only petrale sole and Pacific cod were evaluated as to shelf life at 350 F,

and both showed favorable results. Except for the packaging requirements,

the results show some of the possible circumstances and problems involving

the irradiation of fresh fish fillets. These include some loss of fresh flavor,

but in general a shelf life extension at 350 F of up to 3 times the normal.

Spoilage pathways do not seem well defined, but appear to be due to microbial

growth. Table IX summarizes the work.

(c) Fishery Technology Laboratory, College Park, Md.

The work of this group was concerned with an evaluation of various

market forms of crab meat, shrimp and oysters. Initial experiments were

conducted on shrimp and cooked crab cakes at dosages between 0.01 and 6

megarads. Samples were packed in Cryovac bags, evacuated and sealed in

No. 2 cans in air. Shipment to the source and return was made either in

wet or dry ice.

- 33 -



Shrimp samples were found to be undesirable after any dosage of radia-

tion (Argonne Spent Fuel Rod Gamma Facility), although crab meat was ac-

ceptable after 60 days at 350 F. A stringy texture was noted in this product

together with a bitter flavor (Ref. Table X).

TABLE X

SUMMARY OF WORK DONE BY FISHERY TECHNOLOGY LABORATORY,
COLLEGE PARK, MARYLAND

OPTIMUM STORAGE MAX. DOSE BEST
SPECIES TREATMENT LIFE IN DAYS AT FOR STORAGE

*F AND DOSE (Megarad) ACCEPTANCE DOSE (350 F)

Crabmeat Cooked frozen 60 D - 350 F - 0.5 6.0 Megarad
Cakes
Picked frozen 60 D - 320 F - 0.5 0.5

Shrimp Frozen peeled 60 D - 350 F - None

Oysters Raw shucked 60 D - 350 F 6.0

Blue Crab- Cooked 90 D - 350 F - 0.75
meat Picked

Shrimp Breaded - 0.75
Frozen and
Precooked
Wet Ice

Oysters Breaded - 0.5
Frozen and
Precooked
Wet Ice

Bacterial counts on all samples were essentially negative when doses

above 0.25 megarad were applied and the product was held at 350 F. General

results of the irradiation of shell fish were not encouraging, picked crab

meat being the only acceptable product. Radiation did increase refrigerated

shelf life but "this was obtained at the expense of changes in normal flavor

and texture".

The work of this group indicates that research must be performed on

Crustaceans and Mollusks if a suitable irradiated product is to be produced.

The results of this work are not exactly applicable to the projected process,

due to variations in packaging and the freezing step involved in some of the

product treatment. The chief cause of failure of the process is laid to highly

active enzyme systems present in these species and to their delicate flavor.
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It should be further pointed out that the results obtained with any type of

processing of shrimp are generally dependent upon the quality of the material

when treated. This may be the reason that the results obtained on shrimp by

this group do not agree with some of the results reported in work done for

the Food and Container Institute of the U. S. Armed Forces.

III. ADDITIONAL INFORMATION ON THE EFFECTS OF RADIATION
ON VARIOUS SPECIES OF FISH INCLUDING DATA ON

ACCEPTABILITY AND SOME STORAGE STUDIES

The Quartermaster Corps Research Program on Food Irradiation has

produced several studies involving the irradiation of marine products. A

summary of this work will be presented.

Brody (1958) studied the effect of sub-sterilization doses of gamma radia-

tion (Argonne Spent Fuel Rod Facility) on raw oysters and pre-cooked shrimp

stored at refrigerator temperatures. Initial screening tests to determine ir-

radiation flavor threshold were carried out on Eastern oysters held in ice

for 48 hours. The shucked oysters were packed under 15 inches of vacuum

in No. 24 C enameled cans and dosed at 0.25, 0.5, 1.0, 1.5 and 2.5 megarads.

Samples were frozen until presented to the taste panel.

Frozen, cooked, peeled and de-veined jumbo gulf shrimp were packed and

treated under the same conditions as the raw oysters. Shelf life studies on

oysters from the Long Island area were carried out in No. 2 cans held in

wet ice. Samples were stored at 340 - 36 F until judged unacceptable by the

taste panel. Raw unirradiated oysters were unacceptable after 22 days, while

oysters irradiated at 1.0, 1.5 and 2.0 megarads were acceptable for 79, 67

and 70 days, respectively.

The panel could always detect the irradiated oysters at the 1.0 megarad

dose level. No microbiological growth in the product was noted throughout

the study, although samples had a strong "metallic odor", lost firmness, and

became progressively shrunken. Color changes were noted in the irradiated

sample.
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This work indicated that oysters can be successfully treated to extend

shelf life, and correlates somewhat with experiments carried out by the Fish

and Wildlife Group at Maryland, where less than 60 days' shelf life at 35* F

was reported for shucked oysters (Table X). Enzymatic action was the chief

cause of spoilage.

Shrimp stored at 340 - 36*F and irradiated at 0.1, 0.25 and 0.5 megarad

was unacceptable to the taste panel after 72, 96 and 110 days' storage, re-

spectively. The controls spoiled after 16 days. From this work it is evident

that cooked shrimp is an entirely feasible item to irradiate and store under

refrigeration (0.5 megarad). In this case spoilage is caused by microbial

growth during the storage.

An interesting series of experiments on the testing of some 55 chemical

compounds used to protect the true flavor of haddock and other food at

dosages of up to 6 megarads was carried out by R. W. Shortridge (1957). Work

was exclusively organoleptic in nature and included the addition of the com-

pound, irradiation, then smelling or tasting of the food by a consumer panel.

None of the compounds tested provided protection.

Haddock was packed in No. 2 cans and irradiated frozen at the Materials

Testing Reactor Gamma Facility. Product irradiated at 2.25 megarads in

one case in which no chemical treatment was used did not show a significant

difference from the control. In this case, out of a 24-member panel, 16 pre-

ferred the unirradiated sample, while 8 preferred the irradiated sample. At

3 megarads, differentiation between the irradiated and controlled samples

was significant at the 1% confidence level. These data are of little value to

this study but are presented for the sake of completeness.

Proctor et al (1957) conducted storage studies on irradiated food held at

various temperatures between 500 and 125* F, including steam-blanched halibut

and scallops packed under vacuum in metal cans. At higher temperatures,

these products darkened due to non-enzymatic browning, while at 500 F and

680 F, shelf life was 10 months. Dose level in this study was 3 megarads,

and no microbial activity was detected throughout the storage period of 10

months. The flavor of the halibut after 6 months at 500 and 680 F was judged

acceptable by 90% of the panel, but the organoleptic ratings were lower than

those of the frozen control (8 for the control vs. 7 for the irradiated sample.)
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Samples at these temperatures were acceptable even after 10 months storage.

Steam-blanched scallops were also acceptable after 10 months at 50* and

680 F.

This information shows that halibut and scallops may be successfully

treated by gamma radiation, but does not have direct bearing on this study

because of packaging technique, the storage temperatures used, and dose

levels applied.

A. L. Tappel et al at the University of California (Davis, California) has

carried out considerable work on the relationship of fat oxidation in irra-

diated foods to flavor, color and vitamin changes. In the course of these

studies the following marine products were examined: samples of electron-

beam-treated salmon, halibut, shrimp, cod, catfish and sole which had been

packed in films and held in wet ice for one week. Because of the large

pigment destruction observed in salmon, this species, along with shrimp

and tuna, was selected for further study. Table XI shows their original ob-

servations.

In a second series of studies King salmon, Mexican shrimp and halibut

samples were frozen in No. 2 cans and exposed to 0.2, 0.5, 1, 2 and 4 mega-

TABLE XI

EXAMINATION OF IRRADIATED FISHERY PRODUCTS

FISHERY DOSE OBSERVATIONS DESTRUCTION OF
PRODUCT (Megarep) Color Odor Taste CAROTENOID

Salmon 0 Normal Spoiled -- 86% loss, ether ext.
0.5 Severe Slightly off -- 44% loss, ether-acetone

bleaching
2 Severe Slightly off -- 87% loss, acetone-ext.

bleaching

Halibut 0.25 Normal Off, not spoiled Normal

Shrimp 0.5 Normal Like I2, normal Normal Cooked shrimp were un-
naturally bleached (?)

Cod 1 Normal Like fresh Normal

Catfish 0.5 Normal Not normal Normal

Sole 0.5 Normal Not normal Normal
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rads at the Material Testing Reactor Gamma Facility. Considerable carotenoid

destruction was found in the irradiated salmon even at 0.2 and 0.5 megarad.

Odor and color changes for salmon are shown in Table XII.

TABLE XII

EXAMINATION OF IRRADIATED SALMON

RATIOS OF SPECTRAL MEASURE OF
DOSE COLOR ODOR ABSORBANCE ASTAXANTHIN

(Megarep) 480 mu 358 mu 480 mu
405 mu 405 mu Absorbance %

0 Orange Slight salmon 2.12 4.47 0.518 100

0.2 Orange Slight salmon 1.79 6.53 0.165 32

0.5 Light orange Slight salmon 0.90 7.00 0.063 12

1 Light tan- Slight metallic 0.65 5.06 0.100 16
orange

2 Light tan Metallic and burned 0.33 5.85 0.011 2

4 Light tan Metallic and burned 0.31 4.25 0.014 3

*0 1.85 3.5 0.594 100

*1 0.71 3.1 0.190 32

*4 0.44 1.9 0.080 13

* Information based on preliminary studies, given for comparison.

Data on the thiamine

reported as follows:

loss of salmon, halibut, lake trout and tuna were

Ground shrimp was irradiated at 1, 2 and 4 megarads. Both shrimp and

salmon derive color from the carotenoid astaxanthin, but in shrimp the pig-

ment is tied to a protein and is therefore not as radiation-sensitive as the
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Dose in 0 0.2 0.5 1.0 2.0 4.0
Megarads

SPECIES % OF THIAMINE RETAINED

Salmon 100 46 16 3

Lake Trout 100 37 22 13 6

Halibut 100 14 6 0

Tuna 100 76 64 35 11 4



salmon color. Taste testing of the cooked samples of irradiated shrimp

showed them to be indistinguishable from controlled samples. Data was as

follows:

DOSE IN TATASO CLRTAXATH
MEGARADS TASTE ODOR COLOR RETAINED (%)

0 Acceptable Normal Normal 100

1 Acceptable Slt. off odor Normal -

2 Acceptable Slt. off odor Slt. bleached 73

4 Acceptable Slt. off odor Slt. bleached 69

Frozen ground tuna was packed under nitrogen in No. 2 cans and exposed

at the Materials Testing Reactor Gamma Facility. The results of this irra-

diation are reported below.

DOSE 0 0.2 0.5 1.0 2.0 4.0

ODOR Fishy Fishy Fishy BSrnd Burned Burned

COLOR Lt. Lt. Lt. Lt. Red- Lt. Brown Lt. RedBrown Brown Brown Brown Red

Additional flavor studies were carried out on ground frozen nitrogen

packed lake trout, salmon, halibut and tuna irradiated at 0.5, 1, 2 and 4

megarads. The samples were served after heating from the frozen state.

Lake trout was acceptable at dosages of up to 1 megarad, as was halibut,

while salmon and tuna were acceptable at the 0.5 megarad dose level. The

color of all samples was acceptable, although salmon showed some fading

even at the 0.5 megarad level.

The work reported above is not directly applicable to the presently pro-

posed process, except that possible problem areas are pointed out, i.e. color

loss in salmon and thiamine destruction. The extent of thiaminase activity

in the fish is not mentioned, and it is wondered whether this is not a sig-

nificant factor.

Flavor evaluation and large scale irradiation studies have been performed

on marine products in conjunction with animal and human feeding studies on
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the wholesomeness of irradiation-sterilized foods. This work is being con-

ducted for the Quartermaster Corps by the Army Surgeon General Corps. In

connection with this work several products were screened by the Q.M. Food

and Container acceptance panel for their acceptability after radiation treatment.

Products exposed were haddock, halibut and scallops in the frozen state,

packed in air, and under vacuum. Scallops and halibut were acceptable at dose

levels up to 2 megarads, while haddock was acceptable up to and including a

dose of 1.3 megarads. Frozen shrimp were acceptable at a dose of 0.5 mega-

rad, while salmon and tuna were acceptable up to a dose level of 0.75 megarad.

The radiation of tonnage quantities of shrimp, cod fish, tuna, haddock and

salmon both for human and animal feeding has yielded some experience in

the sterilization of such products, together with an indication of their shelf

life. Irradiation at 3 and 6 megarads, with limited storage, showed the above

items to be acceptable when fed to human volunteers. Storage of the irra-

diated material for 6 - 9 months at room temperature did not adversely affect

shrimp (cooked) but did make cod fish unacceptable. The irradiated tuna

showed little difference in odor, appearance and texture from the control

sample.

IV. SUMMARY AND COMMENTS ON WORK DONE AT M.I.T.
UNDER A FISH AND WILDLIFE SERVICE CONTRACT

Proctor et al, working in the Department of Food Technology at M.I.T.,

irradiated cooked and uncooked haddock, mackerel and ocean perch fillets

and cooked lobster meat. These products were packaged under vacuum in

hermetically sealed metal containers and stored at 320 - 400 F after irra-

diation. Samples were periodically evaluated by the following tests: organo-

leptic (10 judges), bacteriological counts, trimethylamine content, free amino

nitrogen, tyrosine and 2-thiobarbituric acid test.

Samples were filleted, vacuum packed in No. 2 cans and frozen for ship-

ment to the Argonne Irradiation Facility to be dosed at 0.25, 0.5, 0.75 and
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TABLE XIII

SUMMARY OF WORK DONE BY MASSACHUSETTS INSTITUTE
OF TECHNOLOGY ON IRRADIATED MARINE PRODUCTS

OPTIMUM STORAGE MAX. DOSE BEST
SPECIES TREATMENT LIFE IN DAYS AT FOR STORAGE

OF AND DOSE (Megarad) ACCEPTANCE DOSE (350 F)

Mackerel Frozen 35-56 D - 40* F - 0.5-1.0 1.0 Megarad 0.75 Megarad
Vacuum
No. 2 Cans

Mackerel Blanched 5 min. 77-128 D - 36 F - 0.25-1.0 1.0 0.75
2120 F
Vacuum, Frozen

Haddock Frozen 39-49 D - 360/400 F - 0.75 1.0 0.75
Vacuum

Haddock Frozen, Blanched 49-63 D - 36/400 F - 0.75 1.0 0.75
5 min. 2120 F
Vacuum

Ocean Frozen 28 D - 360/40 F - 0.75 0.75 0.75
Perch Vacuum

Ocean Frozen, Blanched 7-56 D - 360/40* F - 0.75 0.75 0.50
Perch

Lobster Polybags 28 D - 320/40 F - 0.5 0.5 0.5
Meat Cooked

1.0 megarad. Cans were returned in the frozen state, held for defrosting

and then stored at 360 - 400 F and 320 - 330 F for evaluation by the above

tests. Precooked fillets were prepared by heating at 2120 F for 4 or 5 min-

utes before vacuum packing and freezing. Heat treatment was sufficient to

inactivate proteolytic enzymes as shown by amino nitrogen tests.

Organoleptic tests on mackerel showed no difference between irradiated

and control samples after storage up to 3 weeks at 320 - 400 F. After this

time flavor rating declined due in part to proteolytic enzyme activity and

increases in the trimethylamine content. Samples irradiated above 0.5 mega-

rad were bacteriologically sound. Cooked mackerel was more stable than the

uncooked product. Irradiated haddock was acceptable after 56 days at all

dose levels. The trimethylamine content of haddock seemed to follow the

level of irradiation, i.e. the higher the dosage the more TMA detected.

There was no enzyme proteolysis observed, and all of the irradiated haddock

samples were rated lower than frozen controls.
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Irradiated perch was as acceptable as unirradiated samples at all dose

levels, and no changes in trimethylamine and tyrosine levels were detected

after 6 weeks storage at 360 - 40* F. In all studies, putrefactive bacteria

did not seem to play a part in fish spoilage. Table XIII summarizes these

results.

V. GENERAL CONCLUSIONS DRAWN FROM INSPECTION OF AVAILABLE
PERTINENT LITERATURE ON THE SUB-STERILIZATION OF

MARINE PRODUCTS BY RADIATION

The following conclusions are taken in part from the various experimental

papers reviewed in this report.

1. Irradiation of fish fillets, shucked shell fish and picked crustacean meat

at dosages below 1,000,000 rads will successfully prolong shelf life of the

product when stored at 320 - 40* F.

2. At dosages below 0.25 - 0.50 megarad, spoilage is usually caused by

bacterial growth. The microbes involved are those not usually associated

with classical fish spoilage. Standard tests for fish spoilage may not be use-

ful in the detection of quality loss in this case.

3. Over 0.5 megarad, microbial spoilage of marine products is of minor

importance, and products eventually deteriorate due to chemical and/or en-

zymatic changes, the pattern being characteristic of the species treated. This

spoilage includes trimethylamine formation (non-microbial), proteolysis, ran-

cidification of fats and possible formation of metabolic end products.

4. Because little work has been done without a freezing step and since

fresh fishery products have not always been available at the time of irradia-

tion, results to date cannot be applied without reservation. No large scale

studies have been carried out.

5. The problem of proper packaging for irradiated marine products has not

been resolved according to the literature, if economic and marketing factors are

considered. Most work has been done on products packed in tin plate under vacuum.

In general this package gave the best results from the standpoint of quality.
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The use of films has not been extensively evaluated, and the shelf life of

marine products packed in this material is not known. Research is needed

in this area to evaluate the effects of the package on rancidity, metabolic

changes, microbial growth and spoilage pattern, and overall product quality.

6. It is possible to extend the storage life of marine products at tem-

peratures below 400 F by irradiation treatment, but the initial quality of ir-

radiated fish may be less than that of fresh fish not treated. During storage

at 320 - 400 F the quality of unirradiated fish will rapidly decline, while the

irradiated product remains quite acceptable over a period of several weeks'

storage or even for longer periods.

7. The type of cookery used to prepare the fish has a marked effect on

its acceptability. Frying tends to mask quality changes due to irradiation,

while boiling accentuates such changes. Proper cookery should be emphasized

either by advertising or by label information.

8. Pre-cooking of fish fillets will aid in prolonging refrigerated shelf life

as far as bacterial decomposition is concerned. However, the resultant product

is not fresh fish nor fresh shell fish. Certain products can be pre-cooked and

irradiated and these include breaded fish steaks and fillets, oysters and scal-

lops, parboiled shrimp and lobster, and smoked items. The above items will

require individual evaluation but, in general, smoked or pre-processed marine

products respond well to substerilizing doses of gamma radiation.

9. According to the literature the following species seem to be suitable

for substerilization and refrigerated storage at 320 - 40* F:

Fillets: Haddock (smoked), flounder, butterfish, mackerel, lemon

sole, halibut, petrale sole, ocean perch, tuna, Pacific cod.

Shellfish: Shrimp, lobster, crab, oysters, shucked clams.

Specialty items: Acceptability of specialty items depends on the

formulation of the product and the species involved. The use

of breading, smoking or pickling, in conjunction with irradiation,

may yield a more acceptable product.

10. Radiation-induced changes in texture, color and drip are slight at

treatment levels below 1 megarad. There is a general bleaching of pigment,

especially in salmon, while certain species will form colored compounds.
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Irradiation odor has been reported and is variable. Long storage of fresh

fillets of some species may cause changes in texture. It is possible that such

changes are due to enzyme proteolysis.

11. Enzymatic activity in fresh fillets or in shell fish products seems

variable and depends on the species. For products stored below 40 F, for

less than one month, enzymatic spoilage should not be a problem with most

species.

12. Some work has been performed on the nutritive value of irradiated

marine products. Extensive thiamine loss has been noted by one investigator.

Little can be said about nutritive losses during radiation processing. It has

been shown that there is considerable loss of certain of the B complex vita-

mins at high radiation dose levels (3 - 6 megarads). No work was found

reporting the vitamin destruction in marine products irradiated at pasteuriza-

tion levels (treatment at a maximum level of 750,000 rad) as is recommended

in this report.
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PART B

TECHNOLOGICAL REQUIREMENTS ASSOCIATED WITH

THE SUB-STERILIZATION OF MARINE PRODUCTS
BY IRRADIATION

1. PROCESSING CONCEPT, GENERAL CONSIDERATIONS

The successful demonstration of the commercial feasibility of radiation

substerilization of marine products will require the following equipment,

facilities and material.

1. An established source of raw material of known quality level. The

most desirable locations for the pilot plant irradiators would be

in those areas where the greatest number of commercial species

(suitable for irradiation) are available in good supply on a year-

round basis.

2. Availability of an established marine products processing area con-

sisting of:

(a) A refrigerated receiving area to hold about 6 tons of packaged

unirradiated fish or fishery products.

(b) Sufficient refrigerated storage at 310 - 35 F to hold 6 tons

of irradiated and packaged products.

3. A source of gamma radiation to process about 3,600 pounds of

packaged marine products in 6 hours. Specifications appear in

Section III.

4. Office space and supporting facilities for employees.

5. The pilot plant irradiation source should be located close to a highly

qualified fishery technology research laboratory for the purposes

of technical supervision, conduction of experiments, report writing,

quality control and overall administration.

6. The pilot plant should be located in an active fish producing area.
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II. THE PROCESS AS ENVISIONED

At this writing no entirely new methodology seems to be required for the

successful irradiation of marine products to extend refrigerator shelf life. A

survey of published literature dealing with the experimental radiation of marine

products (Part A) shows no additional steps except, for example, the substitution

of the radiation process for that of the freezing step.

Essentially all processing steps before and after irradiation would be the

same as packaged marine products now prepared for refrigerated distribution.

It may be appropriate to estimate the size and cost of a gamma source to

process 600 pounds of marine products per hour. No estimate of the filleting or

packaging operation will be given because there would be essentially no differ-

ence in the preparation of fish for refrigeration, irradiation or freezing. (The

data presented are taken in part from an Arthur D. Little report on the indus-

trial uses of radioisotopes.)

The processing of 600 pounds of unit density material per hour to an aver-

age dosage of 0.75 megarad will require about 567 watts of absorbed power

(one rad equals 1.26 x 10-6 watt-hours per pound.) At an efficiency of 20%

a source power output of about 3 kilowatts would be necessary. Using a

factor of 68 curies /watt for cobalt-60, this represents about 200,000 curies

of cobalt-60.

The projected pilot plant operation is expected to run on a 40 hour week

(i.e., one shift) and, because of its temporary nature, replenishment of

cobalt-60 is not planned. Furthermore it is expected that the Atomic Energy

Commission will make the cobalt-60 used in this source available on a loan

basis so that initial purchase price of the isotopic material need not be con-

sidered.

The chief cost factors for a 3-kilowatt radioisotope installation are as

follows:
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Initial Cost

1. Facility Design
2. Design of Package Handling System
3. Design and Testing of Packages
4. Design, Construction and Testing of Dosimetry Systems
5. Construction of Package Handling System
6. Fabrication of cobalt-60 at $2/curie
7. Construction of Shielding and Installation
8. Transportation of Activated Material to Irradiation Site
9. Training of Personnel and Initial Test Operation

Total:

Operating Costs

1. Direct Labor *
2. Overhead
3. Miscellaneous (maintenance at 30 man days per year

at $100 /man day, etc.)

Dollars x 10

50
10

1
10
20

400
150

2
10

653 x 103

None
5

5

Total: 10 x 10 3

The expected operating time in hours per year is 36 hours per week for

50 weeks or 1,800 hours. This represents about 1,000,000 pounds of product

treated per year. (Optimum conditions.)

* Source operation is expected to be automatic and simple enough to be
run by unskilled operators, i.e. the foreman or other responsible personnel.
Any dosimetry or calibration after final adjustment would be done by an out-
side contractor. Other costs include insurance, utilities, etc.

III. SPECIFICATIONS FOR THE PILOT PLANT
GAMMA IRRADIATION SOURCE

The following specifications represent realistic requirements for the

successful irradiation of marine products. The figures shown are design

optima, but may be varied to aid in increasing source efficiency. The basic

package to be treated is ten pounds of product. Since it may be desirable

to handle large unit amounts (bulk-type containers holding as much as 50

pounds of product), some provision could be made for unitizing several

packages in their trip through the source. In general, the dimension of the
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individual 1, 5- or 10-pound packages should be set to optimize the following

specifications so that maximum source efficiency can be obtained.

1. Throughput: 3,600 total pounds per 6 hours operating time.

2. Average absorbed dose: 0.75 megarad.

3. Intra-package dose variation: 20%, i.e. 0.55 - 0.95 megarad.

4. Interpackage dose variation: as little as possible.

5. Package dwell time: maximum of 1 hour.

6. Ambient temperature inside source: 33*F (Maximum 400 F).

7. Expected operating average dose to products, range: 0.1 - 1.0

megarad.

Additional requirements are:

1. The source design should be simple enough to be operated by non-

technical personnel.

2. The source should be designed so as not to require any attention

during routine food irradiation.

3. A fool-proof dosimetry and safety interlock system should be in-

cluded in the design of the source.

4. The reduction in average dosage below 0.75 megarad should reflect

in proportionately greater throughput of material.

5. Every precaution should be taken in a design of this sort to make

it simple, efficient and fool-proof, especially in the design of

the package handling apparatus. This requirement cannot be

over-emphasized.

6. All operations of the source should be automatic, requiring only

the dialing of the proper dosage for the material being treated.

7. The source should be capable of being thoroughly cleaned, without

endangering the health of the individuals involved in the cleaning

operation.

Comment: Because this is likely to be the first commercial application of
radiation to food processing, the design of facilities and methods proposed should
be as adequate as is possible. On the other hand any deviation from essential
equipment necessary to treat food is not justified. Maximum efficiency and
minimum operating costs are always justified.
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IV. POSSIBLE DESIGN CONCEPT

Consideration of available isotopes suggests cobalt-60 as the most likely

source of gamma radiation. The reasons for this choice are as follows:

1. Relatively high gamma energy (average, 1.25 MEV) and gamma

power per curie (2.5 MEV).

2. Reasonable ease of source fabrication, transport and protection.

3. Inherent safety of encapsulated cobalt metal.

4. Simplicity of use in operation.

5. Remote likelihood of induced radioactivity in treated products.

6. Present and future availability.

7. Ease of dosimetric measurements and source monitoring.

8. Short range expected use of the source, i.e. to demonstrate feasi-

bility over a limited time as a pilot operation.

While it is out of the realm of this study to devise actual equipment, the

following concepts are advanced for the design of a pilot plant irradiator.

Compactness and absence of radiation hazards are necessary. Also, simpli-

fied package handling is desirable to eliminate possible mechanical breakdown.

The substerilization of marine products allows great latitude in source

design to obtain the greatest source efficiency, because irradiation from two

or more sides does not have to be performed simultaneously. Packages can

be moved through the source, turned over, then sent through again without

concern as to food movement.

The following geometry and package handling technique is advanced as a

first approach to the problem.

The source itself (Figure 1) is composed of four plates, uniformly loaded

with the radioisotope of choice. The plates are formed into a rectangular

parallelopiped. The width and height of the source are equal to the width of

the food package to be irradiated.

Single packages slide through tubes along the four outside surfaces of the

source, and opposite packages alternately come together at the end of the

source and slide back through its center. The side of the package that was

next to the source wall on the outside is now at the center of the source

and vice versa. All package movement is by positive displacement through
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replaceable sleeves. The isotope material could be lowered into a well for

cleaning and inspection of the package handling mechanism.

Shielding for the 3 kw of isotope could be provided by concrete formed

in solid slabs around the source. No access area is provided for around the

source, and when not in use, the radioisotope would be lowered into a well.

This would allow work inside the shielding and also remote under-water

manipulation of the source itself.

Refrigeration equipment is located outside of the shielded area, and cool-

ing could be provided by forced chilled air.

A dosimetry system could consist of one or several calibration chambers

located throughout the source. Periodically, packages containing ceric sulfate

or glass integrating type dosimeters could be sent through the source to

check on the calibration of the package handling equipment.

Once the source is calibrated, correction for dose variation with time

may be calculated. All packages passing through the source would have a

go - no go dosimeter attached (polymerized plastic type).

While it is the aim of this report to emphasize source efficiency and

economy, certain factors somewhat limit radiation geometry and source con-

figuration. Packages will most likely be in a slab form, therefore some

sort of slab geometry could be expected. Because of temperature and pack-

aging material limitations, the use of water as bulk shielding during irradia-

tion does not appear feasible at this time. The use of rods, multi-panel

slabs or other configurations requiring complex package handling equipment

is less desirable due to the increase in the physical size of the source and

the increased possibility of package handling equipment failure.

The use of special containers to carry packages through the source may

be highly desirable to facilitate the handling of commercial packages which

may have variable dimensions.

The very complex nature of source design, especially in the maximization

of source efficiency precludes complete knowledge of all technical problems

to be encountered. At this time, it is recommended that source designers

work closely with food technologists so that realistic equipment, in terms of

treating a marketable package and product, may result.

It would seem premature to present realistic data and information on

possible source configuration at this time.
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V. STORAGE REQUIREMENTS

Optimum storage conditions for substerilized fish products include a

holding temperature of 330 F 2* F. This temperature should be maintained

from the time the fish is caught until just before it is cooked. However,

since it is not possible to specify such temperatures aboard fishing boats,

such specifications can be required only for fishery products after they have

reached the irradiation processing plant and after irradiation treatment until

these products are sold to the consumer.

Distribution and handling through commercial channels will cause excur-

sions from this temperature, perhaps up to 400 F. Label statements should

indicate the undesirability of such handling.

From the public health viewpoint, the handling of vacuum-packed irradiated

marine products is not seen to present any health hazard as long as the

product remains below 40* F. Prepackaged vacuum packed luncheon meats

are now routinely distributed under refrigeration. It may be advisable to

investigate the microbial pattern of spoilage in irradiated fillets, etc., before

and during the radiation processing of fish (see Section I, Part E).

Date codes would be required in the distribution of irradiated marine

products as with any food.
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PART C

ECONOMICS OF THE PROCESS

The marketing of irradiated fresh fish fillets represents a radical de-

parture from existing fresh fish distribution practices. At present the bulk

of fresh fish landed in Boston is sold within a 200-mile radius and virtually

no statistics are available for non-coastal cities. All cities have some

trading in fresh fish, but away from the coast inland consumers usually

select the frozen item as a routine choice because of the following factors:

(a) The supply of frozen fish is less variable than that of fresh fish

in inland parts of the United States.

(b) Other than in coastal regions of the United States, the retail price

of frozen fish is usually less than that of the fresh product of

the same species.

(c) Due to deterioration encountered during the storage and trans-

portation of fresh fish away from coastal regions of the United

States, frozen fish products are more uniform in quality than

fresh fish products.

(d) There is a wider selection of frozen fish products than of fresh

fish products.

Fresh ocean fish have never been distributed inland in large quantities

because of their perishable nature and the subsequent need for special rapid

handling.

Because of the lack of consumer education concerning the qualities of fresh

fish, there is some question as to the response of inland markets to fresh vs.

frozen fillets if the price differential is wide. Fresh ocean fish would be a

new item to most consumers in the United States. Its demand is presently

unknown. One of the questions to be answered is that of consumer preference

for fresh marine products. While several approaches are possible including

motivation surveys, market surveys, consumer preference studies and test

marketing, it is out of the scope of this study to recommend any single ap-

proach. Before the irradiated marine product becomes available as commer-

cial merchandise, the marketing operation should make a thorough study of the

influence of these products on consumer acceptance. It is highly recommended
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that consideration be given to plans and procedures for the preparation of in-

land markets for the acceptance of irradiated fresh fish, well before they

become available in quantity.

The demand for fresh fish is fairly stable throughout the eastern sea-

board although the supply of fresh fish varies from day to day. The net

result of this demand and supply picture is to produce widely varying fish

prices at the wholesale level. If fish are not available, prices are high; if

daily supplies are plentiful, the price drops sharply due to the highly perish-

able nature of the fresh product. The effect of radiation preservation of

fresh fish on the demand-supply picture is immediately evident. Irradiation

of fillets will allow a keeping time of sufficient duration so that gluts and

shortages will be more nearly matched. The long range effect should be a

general stabilization of the market with subsequent averaging of costs, ideally,

at a lower average level.

At present, excesses of fresh fish production are taken care of by freezing

operations, often at uneconomical prices due to the necessity of short runs

and variable supply. The effect is to increase somewhat the cost of frozen

fillets and make competition with foreign fish uneconomical due to varying

supply and prices. Frozen fish has a place in providing this type of product

during the off season (November, December, January and February), and as

such is a necessity to carry the demand in times when fresh fish are not

available. In any case the projected supply of fresh fish will not satisfy

market requirements, even at present levels of demand.

Ideally, the irradiation of fresh fish fillets should add little to the retail

price of fresh fish. In effect, this advance should have a tendency to reduce

fish prices for the following reasons:

The process would tend to

(a) Stabilize ex-vessel prices by equalizing supply with demand.

(b) Reduce losses caused by spoilage, wastage and poor handling.

(c) Reduce handling costs and need for special rapid handling
during distribution.

(d) Greatly increase markets to provide for larger, more ef-
ficient operations.

(e) Allow more successful handling and merchandising of raw
fish. Thus more effective marketing of this product.

(f) Allow central processing of fresh fish with subsequent savings
in labor and equipment.
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The only factor tending to increase the cost of irradiated fish is the cost

of the radiation process itself. In the following the cost picture will be ex-

amined critically with special reference to real time.

At this writing, no change in fish processing methods is foreseen for the

radiation preservation of fresh marine products. That is, all steps used in

the current preparation of fresh and frozen fish fillets will remain in use.

No doubt a special package will be required, and it is foreseen that this will

not be a significant cost factor, but will markedly aid in the distribution of

the product because of the possibility of using bulk-type packs or because of

considerations involving convenience, good portion control, and advertising value.

Up to and including the packing of raw fish fillets as retail units, costs for

fresh fish handling, freezing and irradiating are the same. Fillets processed to

this point may be handled in three or more ways: they may be packed in wet

ice for immediate shipment; they may be irradiated, then packed in wet ice;

or they may be frozen and stored or shipped frozen. (Of course the fillets

could be salted or smoked, but this has little bearing on the current discussion).

If there is a demand for fish (fresh or otherwise) in an inland city (let us

assume St. Louis), the fresh unprocessed fillets could conceivably be shipped

out and rapidly sold.

In this case, the unprocessed fish (except for refrigeration) has the eco-

nomic advantage because of no processing costs, but consideration must be

given to a realistic situation, where time is a variable.

In supplying a demand for fresh (unirradiated) fish in St. Louis, the trans-

action must be completed within a five-day period including landing of the

catch, filleting, packing, loading of the vehicle, shipping, unloading at the

wholesaler in St. Louis, shipping to retailer and selling to the retailer (all

at 310 - 400 F). To satisfy the above time limit, there can be no failure in

the refrigeration chain and no delay in product handling. The lack of certainty

about conditions .during shipment and distribution and the probability of delay

precludes the shipment in any great amounts of fresh refrigerated marine

products to inland cities. Therefore, the conclusion is that this method of

processing is really uneconomical and that the present yardstick of compe-

tition is the frozen product.

Information supplied by the Bureau of Commercial Fisheries, Market News
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TABLE XIV

GLOUCESTER, MASS., AVERAGE EX-VESSEL PRICES OF FISHERY LANDINGS
BY MONTHS, 1958, WITH COMPARISONS (PRELIMINARY)

Species: Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.Total
1958 1957

S/lb.
Industrial Fish 1.00 1.00 1.00 1.00 1.00 0.98 1.02 1.01 0.95 0.98 1.01 0.97 0.98 1.03

Food Fish:
Cod, mixed 9.06 10.27 6.82 7.90 7.06 7.42 5.47 5.49 ' 9.16 10.01 10.00 10.10 8.00 6.17
Cusk 6.92 7.03 5.45 4.81 4.26 4.18 4.09 4.69 5.19 5.21 5.88 7.69 5.71 5.10
Flounder:

Blackback 9.62 14.39 11.47 9.46 9.38 8.03 7.76 8.37 9.15 8.43 11.76 12.80 11.11 9.35
Dab, sea 10.38 12.91 9.83 10.13 6.51 7.16 6.76 6.74 7.16 6.77 7.14 8.33 7.87 7.49
Sole, gray 13.17 18.04 12.70 15.98 12.10 11.94 14.35 12.24 16.04 17.65 17.65 14.28 12.34 10.59
Yellowtail 12.85 14.48 10.55 9.95 8.69 7.48 7.20 7.43 7.94 7.79 7.02 8.69 8.55 8.71

Haddock, large 14.56 14.37 9.31 7.72 7.95 9.54 10.37 11.10 14.03 16.22 17.04 15.82 10.09 8.02
scrod 11.85 12.23 9.79 7.20 7.00 6.48 6.94 8.55 11.17 12.58 14.09 10.19 8.45 6.85

Hake, white 10.51 12.68 8.04 6.54 5.80 6.44 5.58 5.43 7.11 7.79 7.14 8.06 8.05 7.06
Ocean perch 4.16 4.79 4.85 4.02 4.15 4.17 3.97 4.05 4.10 4.21 4.40 4.31 4.23 3.86
Pollock 3.67 3.88 4.44 4.43 3.99 4.38 3.80 3.62 4.50 5.23 5.10 3.99 4.42 3.27
Whiting, steak 4.61 - - - - 4.00 3.91 4.28 6.00 6.97 - - 4.81 3.45

round 2.39 6.11 5.46 2.53 2.04 1.97 2.00 2.52 3.01 3.50 2.75 2.88 2.55 1.81
Wolffish 7.72 8.99 7.83 5.85 5.18 5.42 5.24 5.38 5.01 6.11 - - - 5.21
Scallops, sea 47.10 48.58 46.72 46.41 45.99 46.57 45.04 46.49 48.00 50.44 - - - 49.48

Total Food Fish 7.62 7.57 7.07 5.30 4.05 3.83 3.28 3.77 4.06 4.51 4.65 5.21 4.31 3.66

These data are for one year (1958) and are not to be taken as representative of a typical year.
The fisheries industry has no typical years due to the variation in supply of fish. This informa-
tion is presented to show the order of magnitude price for various species and possible variations
in prices.
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TABLE XV

COMPARISON OF PRICES OF FROZEN MARINE PRODUCTS
IN BOSTON, NEW YORK, AND CHICAGO*

AVERAGE PRICE OF FROZEN FILLETS, /LB.
SPECIES PACKAGE EX-VESSEL Jan. Jul. Dec. Jan. Jul. Dec. Jan. Jul. Dec.

SIZE PRICE _________ __________________

_ / LB. New York Boston Chicago

Cod 1 lb. 8.00 28-32 32 32-33 27-30 28-31 30-33 27-30 30-32 32-35

Flounder 1 lb. 10.00 42 40-42 38 38-41 38-41 40-43 41-43 41-43 42-43

Haddock 1 lb. 9.00 36-38 37 42-43 37-42 34-39 42-44 38-42 34-36 43-45

Ocean perch 1 lb. 4.20 30 30 29-30 28-30 27-30 29-33 28-32 30-32 31-34

Pollock 1 lb. 4.40 17-20 18-22 20.5-23 17-20 17-20 21-22

Whiting 1.lb. 4.80 23-25 24-26 25-27 20-24 25-26 25-27

Scallop 1 lb. 49.00 50-55 51-55 55-62 48-53 49-55 50-63 54-60 58-60 58-62

* From information supplied by Bureau of Commercial Fisheries, Market News Service.
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Service, shows the price of frozen marine products in Boston, New York and

Chicago. This information is briefly summarized in Table XV.

Ex-vessel fish prices are presented in Table XIV. The increase in value

of frozen over fresh fish is due to filleting losses (up to 70%), labor costs,

packaging, freezing and transportation costs.

Some of the increase in value of the processed marine product is due to

shipping cost but a check of shipping charges between Boston and Chicago

showed a cost of $2.30 per hundredweight frozen or wet ice by truck (elapsed

time: 2.5 days) (at 20,000 lbs. load), and $2.37 - $3.32 (24,000 - 15,000 lbs.

load) by rail for frozen shipment (allow 3 days). Shipment by truck is prefer-

able cause of slightly shorter time and more favorable price situation, and a

check of the fish receipts in New York and Chicago shows that transportation

by truck is by far the most popular mode of shipment. Thus a cost of about

2.5 per pound may be added uniformly to the cost of the product in Chicago.

Other cities would have a similar increase, probably uniform in amount.

An examination of wholesale price ranges shown in Table XV for frozen

ocean fish fillets shows very little difference in price between Boston and

Chicago, certainly not more than 2 - 3 0 per pound. It is not known whether

the shipping price is absorbed by the retailer or that the profit margin in

Chicago is less for frozen fish because of competition due to the availability

of fresh water fish. If this is the case, transportation costs per se may not

be an important saving or cost consideration in the handling of irradiated fresh

marine products. Domestic frozen marine products must meet foreign compe-

tition at all times - wholesale prices of frozen fish are now regulated to a

considerable extent by the prices of Canadian, Icelandic and Norwegian fish

imports.

The analysis can now take two forms, the first being a detailed estimate

of processing costs for freezing versus irradiation, and the second an estimate

of the potential demand for irradiated marine products versus frozen marine

products.

Irradiation costs would include the following factors:

Cost of facility amortized over selected period.
Cost of cobalt
Cost of labor to operate
Other costs (insurance, power, etc.) Actual amount is not known.
Cost of handling fish in and out of the source.
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Freezing costs are shown below with an estimate of each supplied by the

Fish and Wildlife Service, Bureau of Commercial Fisheries.

Amount

Cost of two freezing facilities 2000 #/hr. $41,000
Cost of freezing 100 # 500$
Cost of handling (in and out of storage) 100 # 18 0
Cost of storage (average storage is 6 mo.) 100 #/mo. 20

Container costs for products packed as retail units are assumed to be the

same for radiation and freezing, $2.20/100 #. 100# as 1# packs, $2.20.

Container costs for bulk-type fresh fillets packs are as follows:

10 # pack 37 $
20 # pack 47 $
30 # pack 52 $
50 # pack 62 *

Comparing some processing costs of retail-type units of frozen foods

(which cannot be frozen as a bulk pack) with the same processing costs for

an irradiated product:

** Frozen retail-type ** Irradiated bulk-type pack
marine products (50 lb. units)

Storage handling costs 0.18 /lb. Storage costs (av. 1 mo.) 0.2 0/l1
Storage costs (av. 6 mo.) 1.20 g'/lb. Container costs 1.24 /l
Container costs t2.2#lb.T

Total 3.58 //lb. Total 1.44 $/l

* The cost of this container (50 # pack only) was estimated, but it is quite
certain that it would not be more than 62 $.

** Freezing and irradiating costs have not been included since the latter
cannot be determined at this time. Also no storage handling cost has been in-
cluded for the irradiated-refrigerated bulk pack since frozen foods are usually
placed in storage at more than one point, and only one storage handling cost
was included for the frozen product. It should also be noted that the labor
cost for packing the retail-type frozen pack, which would be relatively great,
has not been included.

1. EFFECT OF PROCESS ON PRODUCTION,
MARKETING AND DISTRIBUTION

The impact of the irradiation of marine products on the fisheries industry

has been mentioned previously. In the following, the effect of irradiation
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processing on the fisherman, packer, wholesaler, retailer and consumer will

be considered.

There will be few changes in the methods of fish handling - except that

some education in the proper treatment of fresh fish will be necessary wherever

the product is distributed.

Radiation treatment will allow routine handling of marine products as semi-

perishable products with a shelf life of 21 - 30 days or longer. Movement of

stocks can be optimized within this period and some inventories can be built up

to handle peak demands such as for Fridays or special holidays. One important

aspect of radiation preservation is that brand allegiance and quality aspects of

fresh fish can be established through a good marketing and distribution pro-

gram. Heretofore, this advantage has not been possible with fresh fish.

The prime objective of the radiation preservation of marine products is to

provide better quality products than those now available to inland markets, at a

favorable price. The fulfillment of this objective will create a new market for

fresh fish, by opening up sales areas in distant high-density population areas in

the midwest. Consumers in inland cities, presently not receiving fresh fish,

will be able to participate in the economic and esthetic advantages provided by

the fresh-type radiation preserved marine products.

The effect of the demand increase should be to stabilize the production of

fishery products by increasing the magnitude of the operation, through an in-

crease in the demand for marine-type foods. The results of a greater, more

stable demand should be a tendency towards a stabilization of prices at an

average lower value, but total dollarwise at a much greater amount of sales.

The transition would be very slow due to necessary changes in fish-handling

operations, the necessity of building more fishing vessels, and changes in

marketing procedures.

The present fleet is not expected to be able to handle the expected demand

for fresh fish; even at present a great part of the fish consumed in the United

States is imported from Canada and Europe.

The establishment of a larger irradiated-fish market would give United

States fishermen several advantages over foreign competition. Aside from

more favorable location, the concentration of catches at one port would allow

the establishment of large community food irradiators. Because of the tech-
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nology and initial cost, it is doubted that foreign producers could favorably

compete with irradiated marine products quickly enough to keep up with tech-

nical developments in the United States. Thus, the U. S. fisheries would enjoy a

technical monopoly, for a definite time period. It is hoped that this boost would

be sufficient to place the industry on a more satisfactory economic footing.

The chief benefit of radiation preservation of fish derived by the fish

processor would be a stabilized market operating at a fairly high volume

level. Since irradiated marine products will more than likely be in a filleted

or cleaned form, virtually all treated fish would require some handling. The

benefits to the processor are obvious. He would now have a choice of produc-

tion methods; fish fillets could be distributed fresh, irradiated or frozen,

depending on the market.

During comparatively high-demand seasons, radiation should be the choice

of process, while surpluses would still be frozen.

Because of the increase in importance of the filleting operation, lines

would be in operation on a more permanent basis, and economical machines

could be substituted for hand labor. The modernization, concentration and

stabilization of the processing function would greatly reduce costs and the

selling price of frozen marine products, so that foreign competition could be

more easily met.

Although a community radiation source is envisioned, it is felt that a

tendency towards large filleting operations will be observed because of the

economies and marketing advantages involved.

Not much change in wholesale and retail operations would result due to

the low volumes of product involved. Fish and marine products may account

for 1% of the business of a supermarket. Of course, fish markets per se will

be favorably affected, as will restaurants, etc., through the bulk irradiation

and distribution of fresh fish. Such irradiated fish could be displayed as a

fresh fish product if desired.

In the United States the present per capita fish consumption is about

10 pounds per year. If more fish were available the consumption would in-

crease, specifically in areas where fish are presently not available to the

consumer. At the retailer-consumer level, much education through advertising

would be necessary. This is beyond the realm of this study, but the possi-

bilities are great.
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II. CONSUMER PREFERENCE AND ITS EFFECT ON THE DEMAND
FOR IRRADIATED MARINE PRODUCTS

Consumer food buying habits have undergone a dramatic change in the

past few years in two ways. One is the trend towards shopping in super-

markets or self service stores, and the second is the trend towards one or

two shopping trips per week.

Sales of fresh fish run contrary to both these trends since fresh fish

cannot be handled as self-service items without preprocessing, and pre-

processed fresh fillets have a very limited shelf life at 350 F.

A homemaker may want to plan meals several days ahead, and a special

trip to the store for one item is likely to bias the consumer against its

purchase. Furthermore, unless an item is preprocessed and prepackaged,

supermarkets and self service stores, with personnel of limited experience,

may not be interested in handling fresh items.

The solution to the problem seems to be in the production of a marine

product with all the desirable characteristics of a fresh item, i.e. no need

of thawing, ease of preparation and better flavor, combined with the storage

stability and portion control of frozen marine products.

The radiation preservation of marine products fulfills the above require-

ments and makes fresh fish a "convenience food."

III. OTHER METHODS OF FISH PRESERVATION
WHICH MAY BE COMPETITIVE

The value of the radiation preservation process with respect to marine

products must be considered in terms of other possible preserving methods.

These include freezing, canning, salting, drying, chemical preservation (anti-

biotics, additives), pickling, etc.

The product resulting from an irradiation process will be essentially

fresh in nature, and as such would compete with frozen or chemically pre-

served marine products (treated with antibiotics) as a first approximation.
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At present (September, 1959) according to the regulations of the Food and

Drug Administration, the use of antibiotics is allowed only on whole fish. Due

to costs and to the limited beneficial effect (relatively short extension of

storage life), this method is not practical for the extension of the refrigerated

shelf life of fresh marine products. Oxytetracyclin and chlorotetracyclin are

allowed in the ice used to refrigerate fresh-caught and gutted ocean fish, but

cannot be used on fillets, shucked mollusks or on picked crustacean meat.

Changes in the food law could conceivably allow the treatment of fish fillets

and other marine products that would eventually be cooked so as to destroy

residual antibiotic; but chances for approval seem questionable at this time.

Moreover, it is by no means certain that the treatment of processed fishery

products with antibiotics will extend the refrigerated storage life of such

products long enough to comply with economic requirements.

The irradiation of fish and shell fish leaves no residue and is not in any

sense an additive, assuming that there are no toxic products or induced radio-

activity produced.

Freezing has already been considered in terms of irradiated marine

products, and the frozen products exist as an indication of the desirable price

range for the product. Because of its greater convenience and fresh nature,

irradiated fish is expected to command a higher price at the retail level.

One possible method of preservation not yet commercialized, but prom-

ising, is that of freeze dehydration. In this process, the raw product is

frozen, then dried to several per cent moisture from the frozen state. The

product is relatively stable over several months' time provided it is kept

cool and dry. Preparation is by rehydration in warm water, followed by

cooking in the normal manner. Pilot plant runs have been made by both

industrial and government laboratories with fair success. The process is

still quite costly because of low production rates and heat transfer equipment

costs. Also, products prepared in this manner do not have the convenience

features of the ready-to-cook product.

Due to the expected high cost of equipment to treat food with ionizing

radiation, it is possible that all food preservation processes might be com-

petitive on a cost basis. In terms of marketing fresh fish fillets or other

marine products, no other process offers the unique advantages provided by

ionizing radiation.
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PART D

PACKAGING REQUIREMENTS

Three types of packages are envisioned for irradiated marine products.

These are a 10 to 16 ounce retail size package, a 5 or 10 pound package con-

taining individual retail units, and a bulk-type package consisting of a metal

box holding 5, 10, 20, 30 or 50 pounds of fillets.

Some new packaging methods may be required to successfully package

marine products, but every effort should be made to keep the packaging

operation as simple and low cost as possible. Packages should possess the

following, desirable characteristics:

1. Completely unaffected by weak salt solutions after immersion up

to 40 days at 400 F.

2. Unaffected by a dose of 1 megarad of gamma radiation.

3. Be able to hold a reasonable vacuum for 40 days and be imper-

meable to moisture.

4. Sufficiently rigid to support a specific geometry of fish fillets,

shucked shell fish, etc.

5. Easily hand-filled and sealed.

6. Possess sufficient seal strength to insure no leakage under normal

handling conditions.

7. Exterior surface should be capable of satisfactory color printing.

8. Provide satisfactory dimensional characteristics to meet com-

petitive marketing conditions.

9. Be inexpensive, to compare with packages used in competitive food

processes.

Irradiated marine products should be marketed as a convenience food;

therefore, every advantage should be made of its "heat and eat" value. While

fulfilling protection requirements, the package must attract the impulse buyer.

It is recommended that once the final technical requirements for a package

have been worked out, considerable thought be given to proper package design

from the merchandising viewpoint.

The following design concept should satisfy technical requirements for the

retail type packaging of fresh fillets, shucked mollusks, and cooked picked
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crustacean meat. Dimensions are subject to modification based on optimization

of radiation source efficiency including depth dose, dose variation and dose

rate. Two designs are suggested.

1. Retail containers might consist of molded polystyrene baskets with in-

side dimensions to give the desired size. Outside dimensions of the package

would be such that 10 or 12 individual packs could be placed in an overwrap

for irradiation and subsequent handling.

The styrene basket would be filled with the desired quantity of product and

then placed in a polyethylene or polyethylene-coated cellophane bag. A vacuum

would be drawn to bring the bag in contact with the fillets and the open end

of the bag heat sealed. Fig. 2 shows such a package. For products having

a tendency to drip, absorbent paper could be placed between the basket and

the film bag. Such paper could carry necessary labeling material or other

useful information.

2. A second type of retail package could consist of a vacuumized poly-

ethylene coated cellophane bag holding 1 pound of fillets with an overwrap

of waxed bending board carrying labeling and recipe information. The over-

wrap could have an area cut out for observation of the fillets without opening

the package (see Fig. 2). Suggested colors are blue and white. The package

is essentially an adaptation of that used for vacuum packed luncheon meats

and represents no new technology.

Specifications for overwrap and bulk packages might be as follows: Bulk

packaging of marine products could be obtained through the use of a film bag,

vacuumized and heat sealed. After filling and sealing the bag would be placed

in a rigid box either of tin plate, wood or water-proof fiber board. A heavy

plastic bag of polyethylene or polymylar would be required to provide ade-

quate bursting strength during rough handling.

The box used as a bulk package could be used as an overwrap for 10 con-

sumer size packages.

The bulk-type package might be a metal box similar to that presently used

in the shipping of fresh fillets. This container might require slight modifica-

tion, depending upon the possibility of using a film within the container should

vacuum packing be required.
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It is recommended that some research be performed on the development

of a suitable irradiated marine products package. This work should include

optimization of the package dimensions for proper source efficiency, marketing

conditions and consumer acceptance. Such work could be done by almost any

laboratory familiar with packaging materials and the protective requirements

of marine products.
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PART E
LOCATION OF THE MARINE PRODUCTS

IRRADIATION PILOT PLANT

Since it is possible to locate a marine products irradiation pilot plant in

a number of coastal areas of the United States, the following factors are

given as a basis for optimizing site selection:

1. The availability of existing irradiation facilities.

2. The availability of fresh fishery products on a year-round basis.

3. The availability of fresh fishery products which have been evaluated

as to their suitability for preservation by radiation.

4. The availability of commercial fish processing plants.

5. The availability of people trained and experienced in the processing

and marketing of fresh fishery products.

6. The availability of technically trained personnel and laboratory

facilities for the evaluation, control, and marketing of fresh

type marine products.

I. RECOMMENDATIONS AND CONSIDERATIONS

On the basis of species available, four coastal areas would be suitable

for the location of a pilot plant for the irradiation of fishery products. These

are: Northeast (Massachusetts), Southern (Florida and Gulf states), South-

western (California) and Northwestern (state of Washington).

In the southern area few commercially important species of marine

products have been evaluated, and only limited personnel and laboratory

facilities are available for the evaluation of fishery products. This is also

true of the Southwest area. While laboratory personnel and facilities are

present in the Northwest, only a limited number of species caught in this

area have been evaluated in terms of the radiation preservation process.
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The Northeast area, like all of the others, presently has no irradiation

facility suitable for the proposed project. However, based on other criteria,

it would seem that this area should be the one of choice.

Although there are several active fishing centers in this area, including

New Bedford, Gloucester, Provincetown, Portland, Stonington, etc., to fully

satisfy item 6 above, an area within two hours' driving distance of Boston is

recommended.

Table XVI presents the species that are available for radiation processing

in the Boston area.

TABLE XVI

SPECIES AVAILABLE IN GLOUCESTER
FOR RADIATION PRESERVATION

SPECIES FORM WHEN TREATED

Flounders Fresh filleted product

Butterfish Fresh eviscerated product

Ocean Perch Fresh filleted product

Mackerel Fresh eviscerated or filleted product

Haddock Filleted, lightly salted and smoked

Cod Filleted, lightly salted and smoked

Herring Lightly salted and smoked eviscerated

Scallops Fresh or breaded, ready to cook

Clams Shucked or minced product

Lobster Fresh cooked and shucked product

Shrimp As a de-veined, peeled and cooked product
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PART F

RELATIVE ROLES OF GOVERNMENT AGENCIES AND
INDUSTRY IN THE CONDUCT OF THIS WORK

The successful demonstration of the feasibility of irradiation preservation

of marine products should include the following activities:

1. Design and construction of two interim radiation research facilities

10,000 to 50,000 curies in size. This should be done at the

earliest possible date.

2. Provide funds for a research and development program which might

be spread over a period of five years. This research program

would include the following objectives:

(a) To evaluate new species which might be suitable for ir-

radiation processing.

(b) To determine more specifically the degree of extension

of storage life at 32 to 40*F that may be attained

with marine products by treatment of marine species

with ionizing radiations at doses between 50,000 and

750,000 rad. This research should be carried out on

four species of different types.

(c) To determine the nutritional value (amino acid, vitamin

content) of four marine species in the cooked and un-

cooked state after processing by (1) irradiation between

50,000 and 750,000 rad., (2) freezing, (3) canning,

(4) handling as the fresh, unprocessed product.

(d) To determine taste panel and consumer acceptance of four

species of marine products, before and after irradia-

tion sub-sterilization treatments at levels between

50,000 and 750,000 rad. and during storage with and

without sub-sterilization irradiation treatment.

(e) To establish the pertinent packaging materials and con-

ditions which would be required for four species of

marine products irradiated at levels of 50,000 to
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750,000 rad. and held for periods up to three months

at temperatures between 32 and 40*F.

(f) To determine the wholesomeness of at least one species

of marine products irradiated at a level of 1,000,000

rad. as determined by animal and human feeding tests.

3. Provide a pilot plant marine products irradiator for industrial use.

This pilot plant irradiator should be made available only after

sufficient research has been done to indicate the feasibility of

industrial sub-sterilization irradiation processing of fish. It is

also considered that industry itself should provide the pre-

processing facilities and past processing storage facilities requi-

site for the commercial use of the irradiator.

The sub-sterilization of marine products by irradiation treatment requires

no entirely new methodology. Because of this, it is not recommended that the

AEC become involved in the construction of marine product processing facilities

nor in the financing of such undertakings. Instead, the source of radiation

should be located so as to be available to established companies engaged in

marine products processing.

In regard to pilot plant operations, the following course of action is sug-

gested: The Atomic Energy Commission, acting as coordinator, would notify

the commercial fisheries processing companies located in the area of its in-

terest in the demonstration of the feasibility of the preservation of marine

products by radiation, its willingness to support such a program, to the degree

indicated, and its desire to obtain the active cooperation and participation of

industry.

During design and construction of the pilot plant, the Fish and Wildlife

Service should have funds available for consultation, research and development

on the design and integration of the radiation source and facilities, and should

have funds available for the following activities:

1. Administrative funds for correlation of research at each laboratory

and advice to AEC and industry.

At this point, an important decision must be made by the AEC. This is

the selection of the geographical location of the pilot plant.
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The writers of this report recommend Gloucester, Massachusetts, as an

acceptable location for the pilot plant because of the following reasons:

1. Adequate year-round supply of suitable species.

2. Location of new Fish and Wildlife Service Laboratory.

3. Great number of species available.

4. Important fish producing area.

When the final location is selected, it is recommended that fish processors

in the area be contacted to secure estimates of interest in the use of the

marine products irradiator for commercial applications.

In this case, prepackaged products would be delivered under refrigeration

to the irradiator for treatment, and scheduling and payment would be arranged

by the group responsible for the operation of the source. In this circumstance,

all local producers could make use of the facility.
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PART G
WHOLESOMENESS

Studies on wholesomeness of three species of fish are now nearing com-

pletion. These studies are being conducted under sponsorship of the Office

of the Surgeon General of the Department of the Army. The following species

are being studied:

I. Tuna
II. Shrimp
III. Cod Fish

Both rats and dogs are fed the above species of marine products treated

at 0, 3, and 6 megarads. In general these foods are being fed at a 35% level

in the diet (dry matter basis).

To date, no untoward results have been observed following two years of

feeding both rats and dogs. However, no pathological data are available as

yet. Therefore, no definite conclusions may be drawn regarding wholesome-

ness of the above products until all the experimental evidence is in.

The following species of marine products are recommended for sub-

sterilization at 0.75 x 106 rad and storage at approximately 400 F:

(a) tuna (b) ocean perch (c) haddock, cod
mackerel flounder (d) shrimp
herring (e) clams
butterfish

Based on the following premises,

(a) The dose recommended is 1/4 to 1/8 that upon which toxicity tests

are being run currently,

(b) Tuna, mackerel, herring, and butterfish are, for this purpose, con-

sidered in the same class,

(c) Cod fish and haddock are considered in the same class,

(d) Ocean perch and flounder are intermediary in oil content between

group (a) and group (c) above,

it is felt that, should the final evaluation of the wholesomeness of tuna, shrimp,

and cod fish be established, the groups (a), (b), (c), and (d) above may also

be considered satisfactory, insofar as wholesomeness is concerned. Clams

might require special consideration, because they cannot be grouped in any
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of the three classes (I, II, and III) listed above. The possibility of radio-

activity being induced in foods treated by ionizing energy has been raised.

It is understood that experimental studies on cobalt-60 irradiation of animal

foodstuffs have been initiated and should offer data upon which decisions re-

garding this particular radiation source may be made.

Consideration of other sources of radiation for food preservation would

necessarily require separate evaluation.

Wholesomeness, as defined above, does not include any possibilities of

induced radioactivity. It only includes considerations of nutritive effect and

toxicological aspects. It is expected that the complete information on the

toxicity studies now underway under the Surgeon General sponsorship should

be available within a period of two years at the utmost.
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