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FOREWORD

As the centers of food consumption become increasingly
removed from the centers of food production, marketing fresh
foocds becoines more and more complex. Maintaining food fresh-
ness from harvest through transportation and distribution to the
point of consumption becomes increasingly important.

The tremendous advances in development and control of
atomic energy in the last decade have given promise that a new
method of food preservation by ionizing radiation may take a
place alongside canning, freezing, and dehydration, in mankind's
efforts to solve this growing problem of food preservation.

Under the country's Atoms-for-Peace Program, the use of
ionizing radiations for the preservation of food was swept into the
stream of national purpose, along with nuclear power, and the use
of isotopes in industry, agricuwlture, and medicine. In particular,
the Congressicnal Joint Commnittee on Atomic Energy has provided
much cacouragement for research along this channel. Since 1954,
the Army Quartermaster Corps has been priviieged to spearhead this
program.

During recent years, non-military departments of the govern-
ment began to assume increasingly important responsibilities in this
program. It is gratifying to recognize the continuing and effective
program stimulus of the Interdepartmental Committee on Radiation
Preservation of Food, and the progressive and significant contribu-
tions of its other member agencies, including the Atomic Energy
Commission; Departments of Agriculture; Interior, Health, Education,
and Welfare; Commerce; State; Smzll Business Administration; and
International Cooperation Administration. Appreciation is also extend-
ed to Industry for its cooperation and support.

It is hoped that this summary report of the progress made
in the low-dose radiation preservation area of the Army Quarter-
master Corps' program will be of assistance in furthering food
radiation technology and attaining the ultimate goal -- widespread
application of ionizing energy for extending the life of perishable
food products.

ILL L. RIBE
E rlgadier General, USA
Commanding
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PREFACE

Laboratory research on irradiation preservation of foods, spear-
headed by the Army Quartermaster Corps in close cooperation with the
Office of the Surgeon General, has generated a vast amount of data en-
compassing basic scientific knowledge, wholesomeness, and product
development.

As the result of this mass of knowledge the broad program has
divided itself, esseatially according to plan, into its natural components.
The Army interest focuses on ration components which will provide
supericr subsistence and dccrease logistical requirements. The National
Program, guided principally by the U. S. Atomic Energy Commission,
will exploit the civilian applications in low dose preservation. The two
programs are working in close cooperaticn to derive maximum mutual
benefits and practical potentialities of this most modern tool for food
processing appear optimistic.

All who have ccatributed to this important program — technologists,
engineers. ccientists, military planners, administrators, and the many
associates who have labored in various phases G iiio ¢ndeavor —— are
to be congratulated for their successes to date.

Alsc acknowledged are the efforts of those who, under the direction
of Dr. F. P. Mehrlich, Scientific Director, U. S. Army Quartermaster
Food and Container Institute of the Armed Forces, and Dr. A.W. Harvey,
Special Assistant for Radiation, Headquarters, Quartermaster Research
and Engineering Command, have contributed technical information for
this report, including:

Capt. Roger W, Baker, V. C.

meats and poultry products

Major Joseph P. Berg, Cml. C.

wholesomeness, decsimetry, dose
distribution, and induced radio-

activity
Mr. Keith R. Clark -~ dosimetry and dose distribution
Dr, Harry E., Goresline - military application and significance
Dr. N. Grecz - fruits and fruit products
SP/5 J. Hartman, V. C. ~ vegetables
Dr. Fred Heiligman - marine products



Miss Dorothy Ann Huber - microbiological aspects

SP/7 Harry Lipsky - wholesomeness

Major Sarah Niblack, WAC vegetables

Major Reuben Pomerantz, QMC ionizing energy sources and economic

feasibility
Dr. George F. Shambaugh - protection against insect damage
Mr. Morris Simon - marine products and fruits
Mr. George Tripp - packaging and protection against

insect damage

Also acknowledged is the organizational and editorial support con-
tributed by Dr. Martin 5. Peterson, Miss Ruth Hennoch, and Mrs,
Fonzell Vaughan,

The significant accomplishments made in the preservation of food by

low-dose i~n.z1ng energy are the result of the coordinated efforts of all
who have participated in this program.

ote ﬁdﬁ/

DALE H. SIELING
Scientific Director
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SUMMARY

The objectives of this program have been to develop a reservoir of
basic knowledge which would determine the feasibility of preserving
foods by ionizing radiation.

During the first seven years, research on preservation of food by
ionizing energy has encompassed both high dosage and low dosage studies.
The results from the former, particularly in regard to energy sources,
dosimetry, dose distribution, induced radioactivity and wholesomeness,
are almost entirely applicable to the latter. The major differences be-
tween the two dosage ranges lie in the sensory effects on the food items
and in the packaging requirements. The purpose of this report is to
delineate the progress made by the U, S. Army Quartermaster Corps
in the low~dose arca.

Among the meats, pork has responded best to irradiation processing
in regard to flavor., At the low dose range, flavor change in pork is im-
perceptible. Chicken also is most promising. Beef appears acceptable
at low dosage ~~aiation ranges but still poses fiavor problems at the
high dosage levels. Sausage and luncheon meate 4~mongtrate good
potential.

Marine products are improved by low dose treatment so that in-
creased distribution and marketing chaiinecls may be utilized. Items of
special interest are haddock, flounder, clam meat, crab meat and
shrimp. Radiation processing of fish could be of great importance in
countries deficient in refrigeration facilities.

Vegetables, because of their deliciite structure, are easily damaged
by comparatively small dosages of radiation. Significant progress has
been made in the radiation treatment of potatoes for sprout inhibition
so that it is now only a question of economic comparison with other
methods. Onions are also in a similar category. Shredded cabbage
treated at 300, 000 rad is an excellent product. Asparagus, snap beans,
lima beans, broccoli, carrots and corn are among the more promising
vegetables for radiation processing.

Fruits present a stimulating field for further study because they
are preferred espectially for their fresh natural flavors. Strawberries,
grapes, peaches, tomatoes, and citrus fruits have shown promise at
radiaticn dosage ranges between 200, 006 and 800, 000 rad. Advantages,
among others, are the delays which are experienced in deterioration
caused by molds and rotting.. Packaging for specific storage conditions
poses problems for individual commodities.

vii



Protection induced by low dose radiation has proven to be effective
against insect damage. Beneficial effects have been achieved with
cereal grains, cereal products and military ration components. Mech-
anicms involved include destruction of adult insects, larvae, and eggs
and interruption of reproductive cycles. Problems exist in packaging
to prevent reinfestation,

The wholesomeness program was based largely on sterilized foods
but did include four low-dose items; oranges, cabbage, potatoes and
flour. With particular regard to wholesomeness, the results from high
dosage treatments are anticipated to be applicable to low dosage irrad-
iation of the same foods. This enormous nutritional and toxicity study
is approaching its final phases including detailed histopathology and
very long-term carcinogenic and enzymological experimentation.

Extensive studies relevant to induced radioactivity have been com-
pleted and some are continuing, The conclusions from high dosage
studies are directly applicable to low dose work inasmuch as the in-
duced activity if present would be in direct proportion to the dose.
There is no radioaccivity induced in the food products by any irradiation
process contempl=ticd to be used for food production.

Much progress has been made in primary, secondary and ''go-no go"'
dosimetry. The use of the term ''low-dose'' dosimetry within the con-
text uf this report refers to measurement in ranges up to one megarad.
it should not be confused with ''low-level'' dosimetry as used in measure-
ment of radiation exposure in amounts of a few roentgens or fractions of
a roenizen. Of equal importance to total dose is the distribution of the
dose throughout the food product or package. Much progress has been
made by studies of source geometry, scattering and absorbing devices
and the theoretical and experimental studies with phantoms and food
products.

Flexible packages have been studied with both high and low dose
irradiation treatments. Results indicate that no serious problems exist
in packaging in the low dose range. It is established, however, that
specific packaging requirements will exist under certain storage con-
ditions.

A review is presented of the current status of radiation sources.
The conclusions are based on current knowledge and can form the basis
for prediction as food processing by ionizing energy approaches nearer
to commercial exploitation. Technical feasibility of this preservation
method appears to be well established — economic feasibility appears
promising, particularly in the low-dose applications.
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PART I

INTRODUCTION

In science, the development of & new process often begins with
problem-solving. The application of ionizing radiations to the field of
food preservation has been no exception.

For the firet time in the history of food preservation, the unique
method of processing by ionizing radiation promises to solve the prob-
lem of retaining the natural fresh qualities of perishable foods, In
addition, ionizing radiation can inhibit insect infestations; control
sprout formation in tuberous vegetables; and interrupt surface yeasts
and molds in their proliferation. These are distinct gains.

Radiation rreservation has been considered in terms of two dose
leveis, which are analogous to conventional prareasing methods for
long-term and short-term storage:

a. A high-dose level, greatei than 1.0 megarad and usually in
e range of 2.0 to 4.5 megarad, This process has been termed
sterilizing because it kilis microorganisms, thereby providing a
capability for long-term storage without refrigeration.

b. A low-dose level, 1 megara:l or less. This process has been
termed '‘pasteurizing®' because it destroys or irhibits certain un-
desirable bacteria in food in much the same manner as conventional
pasteurizing methods which are used for processing milk., ''Pasteur-
ization'' provides a capability for extending the useful life of perish-
able food products under refrigeration.

Numerour radiation levels within the high- and low-dose ranges
may be utilized for the preservation of various food products, as
shown in the following table, -




TABLE I Approximate Radiation Dose Ranges Required for the Pre-
servation of Various Food Products

Process_ Rad

Inhibition of sprouting carrots,

onions, potatoes 4,000 to 40,000
Inactivation of trichina: steri-

lization of trichina female 20,000 to 50, 000
insect disinfestatior. of grains

and cereals 100, 000 to 500, 000
"Irradiation pasteurlzation'' 100, 000 to 1,000, 000
Sterilization of foods 2,000,000 to 5,000, 000
Enzyme inactivation 2,000, 000 to 10, 000, 000

Inasmuch as thiz report concerns preservation of food by low-dose
icnizing erergy only, the ''pasteurization'’ terminology used through-
out the text refers to radiation-pasteurization processes for food, and
should not be confused with Pasteur's discovery for processing liquids.
While the effects are essentially the same, the processing methods
are entirely difierert.

Many foods either cannot be preserved by thermal processing, or
are generally altered so that thcir acceptability is adversely affected.
To preserve such foods by other methods is therefore desirable, In
radiation processing, the temperature of the food is not increased
beyond a few degrees. It is not the temperature that brings about the
biological effects — it is the ionizing action of the penetrating energy
that is responsible.

Interest in radiation processing of foods was stimulatec shortly
after World War II when it was discovered that conventiona! methods
of supplying essential fresh meats and produce required a global re-
frigeration transport and storage capability far beyond that which could
be maintained. Therefore, the greatest effort at that time was ex-
pended in high-dose levels which would minimize field refrigeration
storage requirements.




It became evident in the early research stages that certain foods
could be processed by low-dose radiation. Therefore, ''pasteurizing'
radiation has also been investigated rather extensively.

In August 1953, the Quartermaster Corps' plans for a Food Radiation
Preservation Program were approved. Under this program a reservoir
of basic knowledge has been developed.

In January 1954, an Army Task Group was organized to coordinate
the important phases on wholesomeness and nutrition between The
Quartermaster Corps anu The Medical Corps.

Inasmuch as applied ionizing radiation techniques embraced new
concepts regarding food preservation, a comprehensive wholesomeness
program was conducted by The Quartermaster Corps in conjunction with
The Office of The Surgeon General. This was probably one of the most
extensive investigations of its kind ever undertaken.

This program, ander military supervision, has been a truly cooper-
ative effort, with muny agencies working together toward a common
goal. Goverz.uent funds as well as those of industry and academic in-
stitutions have supported this program. Radiaiiou services necessary
for carrying out the investigations have been funded by the Government.

Beginning with 1954, the entire Government program on the treat-
ment of food with ionizing radiations, except for a small amount of
direct effort by the Atomic Energy Commission :and the Department of
Agriculture, was borne by the Army. However. the Department of
Health, Education, and Welfare has served in a consultative and
advisory capacity through its Food and Drug Administration. The
Department of Interior has cooperated in preliminary screening experi-
ments on the effects of ionizing radiation on selected fish products.

The Department of Commerce has reported frequently on the work to
interested trade associations, industry groups, and the general public.

During 1959 and 19€0, 31 laboratories in universities, celleges and
medical schools, 8 members of foundations and institutes, 4 govern-
ment agencies,and 52 members of industry assisted in this program.
Of the latter, 35 worked with their own funds, 17 used Government
contract funds. The radiation sources that have been used for the
processing include 6 electron sources, 3 cobalt sources, 4 reactor
spent-fuel rod sources, and one X-ray source. Activity on such a
broad front has developed a wealth of basic knowledge as well as
a cadre of experienced workers in the food radiation preservation
field.



Internationally, thorough interchange of scientific information has
been achieved by direct contacts, and through the Office of European
Economic Cooperation. Members of the Army tcam, ircluding con-
tractors, have participated in all international meetings held on
irradiated foods in the United States, England, Canada, Poland,
Switzerland, Argentina, and other countries.

Invaluable service and scientific advice on the various zreas of
this research program have been received from several sources, in-
cluding: The Interdepartmental Committee on Radiation Preservaticn
of Food with its severai task groups; the Quartermaster Industry
Advisory Committee on Radiation Preservation of Foods; the Quarter-
master Corps-Army Medical Service Task Group on Radiation
Sterilization of Foods; and the following Committees of the National
Academy of Science, National Research Council: Committee on
Radiation Preservation of Food, Committee on Microbiology of Food,
Ad Hoc Committees on Potato Irradiation, on Dosimetry, and on
L ~ear Accelerator.

Many substantial reports and publications in the field of radiation
treatment of fords have resulted from this research and have become
authoritative information in the scientific literatu.c. ie of the most
definitive from a scientific point of view is the book entitled, Radiation
Preservation of Food, authored by the U. S. Army Quartermaster
Corps, published as U. 8. Army Research and Development Series
No. 1, 1 August 1957,

Inasmuch as complete background information and the technical
detail up to the date of publication are contained in that monograph,
they have not been repeated in this report, except by pertinent re-
ferences.

Thiz report presents progress in low-dose preservation of food
which indicates numerous possibilities, particularly in the area of
extending the holding period and maintaining the fresh qualities of
food normally held under refrigeration. Also included are prospects
for commercial potentialities.



PART II

ACTION OF LOW-DOSE IONIZING ENERGYY IN INDIVIDUAL FOGCDS

At the outset, when pioneer research findings indicated the
possibility of utilizing ionizing radiation for food preservation, very
little was known about the physical, chemical, and biological effects of
this process on {oods.

Whereas the preservation action of conventional methods — drying,
pickling, salting, smoking, freezing, and heating — were known to depend
upon control of the molecular character of the system, ionizing radiations,
utilizing energies ot a magnitude never before used;, have required exten-
sive research.

It has been found that unique changes are brought about in foods
exposed to ionizing radiations., When employed in relatively low amounts,
the treatmeant inhivils the sprouting of certain tubers. With slightly
higher amouuts, insect life and disease-causing worm™z zre killed, With
much higher amounts, most microorganisms are killed and the chill
shelf-life of many fresh foods can be extended significantly. At the highest
levels utilized, all microbial life is destroyed and the food is freed from
microbiological spoilage, even when subsequently kept at room tempera-
tures, providing that it is adequatelypackaged.

Considerable research hag been directed toward determining
the sensory and microbiological effects of this process, as well as other
related effects. Significant accomplishments made in analyzing the
effects of low-dose ionizing energy on (1) meats and poultry products;
(2) marinre products; (3) vegetables; (4) fruits and fruit products; (5)
miscellaneous items; and (6) protecting foods against insect damage
are presented in the following six chapters.



CHAPTER 1

RADIATION PRESERVATION OF MEATS AND POULTRY PRODUCTS

The main advantage of low-dose radiation of meats and poultry
products is that this preservation process inhibits microbial spoilage.
Therefore, considerable research has been directed toward exploiting
the microbiological aspects while retaining the desirable sensory
characteristics of the processed items.

Due to the high consumption of beef, it took precedence over other
meat products until it was definitely established that pork responds
more [avorably to radiation than beef.

Figure 1-1. The irradiation of pork not only extends its keeping qualities,
but also muintains good color, aroma, and texture, without
adversely affecting flavor,

6



Emphasis has been placed on extending the refrigerated life of
meat products, either by partially reducing the microbial population
or by extending the latent growth period of the micro-organisms.

The following anzlyses of research findings present both the
lights and the shadows regarding low-dose radiation preservation of
meats and poultry products:

1. PORK

One of the most significant accomplishments in low-dose
radiation of meat products has been the discovery that ionizing rad-
iations, both X-rays and Cobalt-60, su80cé\ssfully controlled worm
parasites, including trichina larvael» 10,9 Thig has been a long-
standing problem in maintaining the wholesomeness of pork products.

Figure 1-2. The irradiation of pork products eliminates trichinosis
contamination.



In stability tests 1, processing pork with 30,000 rad prevented
trichina larvae from reaching maturity; they underwent a partial
development in the host during the first 48 hours after irradiation.

Figure 1-3. nam responds well to radiation preservation.

Ham that had been canned, irradiated at 500, 000 rad, and held
5 months at room temperature, had good color and texture as weil
as a normal odor 14,

Maximum storage life of raw ground pork, irradiated at 60, 000
to 80,000 rad, was reported 5 4o be 10 days at 40° F, Threshold
doses (doses tolerated without flavor change) for pork sausage links
and sliced bacon were 1.0 megarad and 0.5 megarad, respectively.

It was concluded 20, after research on the keeping qualities of
pork treated with gamma and cathcde rays, that ionizinz radiations
caused some deterioration of the color of pork, but less thanu that
observed in beef. At doses under 100,000 rzd (cathode rays), how-
ever, the keepinz time of pork was not extended appreciaoly, thus
indicating the need for higher doses within the low-dose range (under
1 megarad). =

In other tests 25, pork chops held at 45° F. without irradiation
showed a putrefactive type of spoilage in 4-6 days. Samples irradi-
ated to 25, 000 and 50, 000 rad became putrid in 12 days, while
samples receiving 100, 000 rad showed a yeast-type of spoilage in
12 days.

Vacuum-packed, sliced, fresh pork loin soured in 7-10 days at
40° F. , whereas samples irradiated tn 1 dose of 200, 000 rad gave
low counts for 18-20 days. Samples receiving doses of 400, 000 and
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800, 000 rad showed low counts of 1,000 to 5,000 organisms per gram for
the entire 39-day test period. However, a rancid odor became apparent
before the end of the period 34, Precooking the same product increased
the control storage-life to 28 days before it was spoiled by lactic-acid
bacteria. Irradiation of the precooked samples to 250, 000 rad extended
this period to 75 days, when the spoilage organism was shown to be
yeast 32, The evidence suggested that acceptance of an irradiated pro-
duct may become associated with or dependent upon rancidily of the fat
rather than microbial spoilage.

Fresh pork sausage vacuum-packed in cans and stored at 389-44OF.
(a store type self-servj,ce cabinet) spoiled in 3-5 days with microvial
populations of 108 - 10 organisms per gram. Samples irradiated to
50, 000 rad showed no improvement over the control samples, but those
given 100, 000 and 200, OOé) rad were held 10 to 13 days before the bacter-
ial population reached 10V organisms per gram and off-colors appeared.
At 400,000 and 800, 000 rad, the counts remained below 5, 000 per gram
for the 30-day test period although color changes were becoming
apparent V=,

During zaperimental stability tests 18, it was discovered that low-
dose radiation at 100, 000 rad, followed by thermal processing at a
"'pasteurizing'' level. produced a canned ham that remained stable for
an extended period at incubation temperatures, without developing
anaerobic bacteria. After 30 days at 100° F., control-heated samples
showed aerobic and anzercbic counts up to 6, 100 organisms per gram,
Hams irradiated with 100, 000 rad before heating were negative for
r2coverable organisms of either type 18,

The synergistic effects of combining antibiouvic dips or sprays with
radiation were tested and reports indicated that thg extent of increase(d
stability depended upon the food being tested?» 1, 28, 29, 30, 31, 32, 33, 39,

2. VEAL

With respect to veal, irradiation and storage studies 19 of ground
calf meat (6-8 months old) indicated that fresh irradiated samples had
a less desirable flavor than the nonirradiated.. There were, however,
encouraging aspects. A five-fold extension of the refrigerated shelf-
life of pre-packaged meats was realized by treatment with 50, 000 rad.
At this doiz}ige, little if any off-flavor, unnatural odor, or discoloration
was noted“*, Color changes in meat have been reported for irradiation
doses as low as 150, 000 rad 3,9, 11,12,20, 1 Storage data 16 gor 10
weeks at 32° F. indicated that a dose of 500, 000 rad, or higher, stabi-
lized the raw meat against bacterial decomposition during refrigerated
storage.



3. BEEF

Pre-cooked, vacuum-packed, rib-eye steaks were irradiated with
20, 000, 40,000 and 80,000 rad. Taste evaluations36 showed the irradi-
ated samples were acceptable up to 40,000 rad. The shelf life at 54°
to 38° F. showed an extension of 7 to 18 days over the unirradiated
control samples.

This process promises to extend the useful life of beef products,
thereby reducing lossecs from spoilage.

Figure 1-4 Pre-cooked steaks given 40,000 rad were well received
by taste panels. ''Pasteurization'' processing extended
the storage life 7 to 18 days over the unirradiated steaks.

10



In stabilization tests on raw rib-gye steaks held at 38° - 40° F., the
microbial population increased to 10~ per gram in 7 days, but irradi-
ation to 80, 000 rad doubled the storage-life to 14 days. When precooked
steaks were used for a repeat of this experiment, the storage-life vgass
extended to 40 days by irradiation with either 40, 000 or 80, 000 rad

In a study conducted at the U. S. Army Quartermaster Food and
Container Institute for the Armed Forces, using pre-mortem epinephrine
injection, round steaks were irradiated to 100, 000 or 500, 000 rad and
stored at 40° F. All steaks receiving the lower dose in this experiment
showed counts of 10~ per gram in less than one month's storage; where-
as the counts on those from the higher dose level rgmamed less than
300 per gram throughout the six-month test period®.

In tests on fresh, very lean ground beef (1-3% fat), which was used
in lieu of normal hamburger (30-45% fat) because of reduced rancidity,
the umrradnted control samples spoiled in 9 days at 40° F., or 3 days
at 459 F. In shelf-life of samples irradiated with 100, 000 rad was
11 days at 40° F., or 4 days at 45° F 9nd for those cans given 400, 000
rad, it was more than 29 days at 400 31,

The storage-life of frankfurters at 40° F. is approximaicly 7 days.
This period can be extended to at least 30 days by irradiation with
100, 000 or 400, 000 rad 13,

Chemical addmves, used in conjunction with irradiation, have been
mvestlgatedz and appear useful in producing a meat product that is
more acceptable, both in shelf-life and sensory qualities than the
corresponding product irradiated without the additives.

Lean ground beef with 0.5 and 2.0 ppm of added aureomycin,
1rrad1ated at 100, 000 rad, underwent a marked extension of storage
life at 40° F., as mdlcated by bacterial counts. In one set of ex-
periments, 1t took the bacterial counts of the treated samples approxi-
mately one month to reach the initial count of the untreated ground
beef from which they were made. Of eight antibiotics screened at
the 1-5 ppm level in ground beef, aureomycin was the onlg one which
showed a synergistic effect when coupled with irradiation

In other tests 6, it was asserted that irradiation to approximately

110, 000 rad developed a better flavor in fresh ground beef than that
of the unirradiated samples.

11



4. SAUSAGE PRODUCTS

Preccoked pork sausages packed in air, nitregen and under vacuum
and then irradiated tc 240, 000 and 480, 000 rad were evaliated three days
after irradiation and found comparable in acceptability to the unirradi-
ated controls. Those samples rating lowest were those packed in air
and irradiated to 240,000 rad?‘. Precooked pork sausages made from
standard formula, 10% and 20% increase in spice (not salt and pepper),
were treated at three irradiation levels; namely, 300,000, 450, 000
and 600, 000 rad by an Arco linear accelerator. Taste panel results
indicated that all irracdiated samples were acceptable after five days
of storage at 40° F. There seemed to be a slight loss in flavor in
the samples containing 20% added spice38.

Frankfurters given 250,000 rad of cathode rays were still good
after 3 months' storage at 36% 40° F.22, Irradiation doses above
250, 000 rad however, impaired the acceptability of bologna, sliced
or whole.

Vacuum-packed frankfurters had a much better color and texture
after prolonged siorage than cellophane-wrapped samples, even
though stored under quite humid conditions. Ali trankiurters after
irradiation showed some color changes, including those receiving
only 50,000 rad. This was evident imnisdiately after radiaticn and
persisted throughout the storage period*®,

The cffect o1 :cat treatment upon acceptability of ground meats has
been studied. Iieating ground pork (or beef) prior to radiation result-
ed in products which were not markedly different, on a sensory basis,
from those heated after irradiation. With respect to odor, all heated-
irradiated preducts were superior to raw-irradiated product527.

5. POULTRY

Chicken meat was subjected to various pre-irradiation treat-
ments and then irradiated at dosages ranging from 100, 000 rad to
5,000, 000 rad with gamma rays or electrons from a linear accelerator.
Doses under 100, 000 rad did not affect acceptability. Evaluation of
the irradiated samples by panels of trained judges revealed that
chicken irradiated at dosages above 100,000 rad could easily be
distinguished from the unirradiated ccrtrol samples, regardless of
whether pre-irradiation heat treatment was employed or the material
was irradiated in air, nitrogen, under vacuum, or in the frozen or
thawed state 17,
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Microbiological research studies®0 on fresh meats have indicated
that the Pseudomonas and Achromobacter species, which are ordinarily
associated with spoilage of fresh meats under refrigeration, appear
to be well controlled for limited periods by low-dose irradiation of
approximately 100, 000 rad. When spoilage occurs, yeasts occasionally
have been responsible. If the storage period was more than a month,
some products sampled at various intervals showed a progression of
microbial types. For example in one series of experiments (using a
standard plate count of 10° organisms per gram as a criterion of
spoilage), the initial flora of cut-up chicken parts irradiated to
100, 000 rad was predominantly Candida-type filamentous yeast; after
12 days at 40° F. these appeared to be replaced by Pseudomonas type
Gram-negative rods. At about 15 days lactic-acid type organisms
became predominant and persisted until about 33 days after which the
Gram-negative flora reappeared. It was not until 40-42 days that
spoilage was eventually produced.

Figure 1-5 Irradiated chicken, included in menus prepared for
Taste Testing Panels, received acceptable ratings.
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CHAPTER 2
RADIATION PRESERVATION OF MARINE PRODUCTS

In addition to supplying the needs of the U. S. Military Fcrces, fish
and fish products are generally recognized as having great potential for
supplying the food needs of exploding world populations. Seafoods are
extremely perishable, therefore have a relatively low consumption,
due largely to the costly problems involved in distributing them in
prime condition to inland markets.

Through an extensive and cooperative rasearch program, signifi-
cant progress has been made in developing "pasteurizing” processes that
benefit these foods, and in addition, provide advantages to the proces-
sors, distributors, and consumers. A recent report indicated that
sea foods probably will he among the first to be commercially pasteur-
ized.

Items which showed vromise of benefit through low-dose radiation
processing incln-c naddock fillets, clam meat, crab meat, flounder,
and shrimp.

igure 2-1. In low-dose "pasteurization” experiments, raw and cooked
shrimp, which normally keep only 5 to 10 days, rated as
well after 15 weeks at normal refrigerated temperatures
as the frozen unirradiated samples.
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The high incidence of psychrophilic organisms in raw fish, even at \
normal refrigerated temperatures (32° to 40° F.) has been a continual
problem. Marketing fresh frozen fish involves costly processing, stor-
ing, disiributing, and retailing. Inasmuch as the bacteria primarily
responsible for spoilage are destroyed by relatively low doses of
ionizing radiations, marine foods are exceptionally well adapted to
preservation by radiation.

The U. S. Army Quartermaster Food and Container Institute for
the Armed Forces, thicugh its research program on low-dose irradi-
ation of fish and fish products, has obtained much information through
cooperative efforts with a number of agencies and organizations.

In the early stages of the Quartermaster Corps program on radi-
ation preservation of foods, many items were screened to determine
(1) the gross effects of irradiation on all types of foods *+ 2, and (2)
the adaptability of foods to radiaticn processing ¥, Significant findings
on these and sulsequent studies include:

Shrimp: Shrimps were purchased frozen and kept in the frozen
state except during pre-irradiation packaging and for the period during
which the cans were immersed in the radiation coral ¢ the Materials
Testing Reactor (MTR), Idaho Falls, Idaho 9. Shrimp given doses of
0.1 and 0.5 megarad, boiled and chilled, were compared with the
corresponding unirradiated product by a panel of 16-20 judges. Aver-
age scores on a 9-point hedonic scale, ranging from (1) dislike
extremely to (5) neither like nor dislike to (9) like extremely, in-
dicated no preference change at 0.1 megarad, and a slight ioss at
the higher dose level.

In other experiments 3, frozen, cooked, peeled and deveined
Jumbo Gulf shrimp, were packed in cans and irradiated under the
conditicns described for oysters. Unirradiated control samples spoiled
after 16 days at 340 - 36° F., whereas shrimp exposed to 0.1,

0. 25 and 0.5 megarad were acceptable up tc 72, 96, and 110 days'’
storage, respectively.

* Organizations which have engaged it research on low-dose radiation
of marine products inciude: University of California, Davis, Cal.,
(DA-129-QM-256); Whirlpool Corp., St. Josepn, Mich. (QMR&E,
Matick, No. 49); U. S. Dept. of Interior, Fish and Wildlife Service -
Fishery Technology Labs., College Park, Md., E. Boston, Mass.,
Seattle, Wash.; and these laboratories under contract to the USDI,
Fish and Wildlife Service: Mass. Institute of Technology, Cambridgs
Mass. ; Florida State Univ., Tallahane2; Oregon State College,
Corvallis; and Food Chem. and Res. Lab., Inc., Seattle, Wash.
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Raw haddock, halibut, and scallops were purchased and kept
frozen, except dh{Tng periods of packaging and irradiation at doses up
to 0. 75 megarad

Haddock and halibut retained their original preference at doses up to
0.15 megarad after which they dedined with rising doses. Scallops, on
the other hand, lost little preference even at the highest dose employed.

In studying the relationship of fat oxidation in irradiated foods {o
flavor, color, and vitamin changes, A. L. Tappel and Associates!?
examined the effects of lInw-dose irradiation on the color, odor, taste,
and retention of certain vitamins in a number of fish species. Samples
of raw fish packaged in flexible films were electron-irradiated and
examined after storage for a week in wet ice. Findings include:

Catfish given 0.5 megarad had abnormal cdor although color and
taste were considered normal. Codfish at 1 megarad had a fresh-like
odor; color and taste were normal. Halibut was normal in color and
taste afier irradiation at 0. 25 megarad. Its odor, although not like
that of spoiled fish, was not normal.

Raw Shrimr {ieated with 0.5 megarad was described as normal in
color, taste, and odor except for a slight iodine-lilzz (uility. The
shrimp acquired a bleached appearance when cooked, suggesting some
loss of the caroteroid pigments.

Sole, as with other fish products tested at 0.5 megarad, prodyced
some off-odors, although color and taste appeared unaffected.

Salmon, of the various species examined, suffered the greatest
loss in sensory quality. At 0.5 megarad the odor was described as
siightly off; and cevere bleaching was also noted. Chemical assay re-
lated the color loss to destruction of the muscular carotenoid
astaxanthin, with 44 to 46 percent of the pigment lost at this dose
level. The extreme lability of its typical color prompted additional
experimentations. Samples of King Salmon were frozern in No. 2 cans
and exposed to doses of 0.2, 0.5, and 1. 0 megarad at the Materials
Testing Reactor Gamma Facility. Again, substantial losses in
carotenoid pigments were noted at all doses.

It was suggested that the extreme lability of astaxanthin to radi-

ation dosage may be an oxidative reaction involving the unsaturated
fatty acids known to occur ia fish.
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Frozen ground tuna exposed to gamma radiations at the Materials
Testing Reactor Facility gave the following results:

TABLE 2-1. Sensory Appraisal of Irradiated Tuna

Dose (Megarad) Odor Color
0 Fishy Light brown (normal)
0.2 Fishy Light brown (normal)
0.5 Fishy Light brown (normal)
1.0 Slightly burned Light red-brown

Salmon, lake trout, halibut, and tuna fish which had been frozen and
nitrogen-packed were given additional sensory tests. Lake trout and
halibut were acceptable at doses up to 1 megarad; salmon and tuna were
acceptable at the 0.5 megarad level. The color of all samples was
acceptable, although salmon showed some fading at the 0.5 megarad
level.

The lability of thiamine in fish to ionizing irradiation is illustrated
by the following table:

TABLE 2-2. Retention of Thiamine in Irradiated Fish

Percent Retention at Indicated Doses

(Mezarads)
Species 0 0.2 0.5 10
Salmon 100 46
Lake Trout 100 37 22
Halibut 100 14
Tupa Fish 100 76 67 35

Oysters were tested at Florida State University 4 ,and it was dis-
covered that doses up to 0.63 megarad were insufficient to retard
spoilage in fresh oysters refrigerated at 41° F. Radiation at this level
caused little change in appearance in the oysters, but the liquor was
more turbid than the noa-irradiated controls. The odors during
storage progressed from fresh, to stale, to slightly sour in all samples,
but the charhcteristic odors were more intense in the irradiated lots.
Development of ufi-odors was nnt prevented by anti-oxidants or free
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radical acceptors. In other experiments with live oysters, it was
learned that irradiation could not be effectively employed for opening
the shells. Doses of 0. 32 megarad were required to kill the oysters
ar.d shell opening did not oceur until approximately seven hours after
irradiation. In experiments performed by the Whirlpool Corporation 3,
raw Eastern oysters packed in ice were obtained approximately 48
hours after harvesting, repacied in cans under 15 inches vacuum, and
gamma irradiated at about 40° F. to doses of 0.23, 0.46, 0.93, 1.4,
and 2.3 megarad. The irradiated products were appraised by a panel
of 24 judges at several intervals during storage at 34° - 36° F. Non-
irradiated oysters were unacceptable after 22 days of storage. Oysters
irradiated at doses upwards of 0.93 megarad showed approximately
three-fold increase in refrigeration shelf-life. At all irradiation levels,
the oyster liquid was dark beige in color, cloudy, and watery; un-
irradiated frozen contiols were slightly translucent, bluish, and more
viscous. The irradiated oysters had a strong, metallic odor, had

lost firmness, and had become shrunken and fragmented as storage
progressed. The degree of change increased with irradiation level.
Bacterial counts at all radiation levels were initially less than 300

per gram and remained so during storage. This suggested that
spoilage was autolvtic rather than bacterial.

Haddock: In other tests, raw haddock, purchased frozen and kept
frozen except for periods during packaging and irradiation at the
Material% Testing Reactor, wgre irradiated employing three dose
rates: 10" rad per hour, 5x10% rad per hour, and 5x10% rad per hour,
Hedonic scale evaluations of the baked products indicated decliring
preference with vising doses. There appeared to be no effects from
flux variation within the limits employed.

Studies Spunsored by Fish and Wildlife Service, U. S. Dept. of Interior

In studies conducted at Massachusetts Institute of Technology 8, raw
and cooked haddcck, mackerel, ocean perch, and cooked lobster, were
given doses of 0.25, 0.50, 0.75, and 1.0 megarad, and stored at two
temperature ranges (36° - 40° ¥. and 32° - 33° F.).

Organoleptic tests on mackerel showed no difference between
irradiated and control samples after 3 weeks at 32° - 40° F. Following
this, flavor rating declined due in part to proteolytic enzyme activity
and increases in trimethylamine (TMA) content. Samples irradiated
above 0.5 megarad were bacteriologically sound. Cooked mackexrel
was more stable than the uncocked product. Irradiated haddock was
acceptable after 56 days at all aose levels. The trimethylamine
content of haddock was directly related to irradiation level, i.e., the
higher the dosage the more TMA detected. No enzyme proteolysis
was observed, and all 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 werc
detected aftcr 6 weeks' storage at 36° - 40° F. In all studies, fish
spoilage was unrelated to putrefactive bacteria. The results of the
Massachusetts Institute of Technology studies are reflected in the
following table:

TABLE 2-3. Summary of Work Done on Irradiated Marine Products
at Massachusetts Institute of Technology

Optimum Max. Best Stor-
Treatment Irradiation Storage Life Accept- age Dose
Before Dose In Temp. ance dose at 35° F.

Species Irradiation (Megarad) Days (CF) (Megarad) (Megarad)

Mackerel Frozen, 0.5-1.0 35-56 40 1.0 0.75
Vacuum
No. 2 Can
Mackerel Blanched5 0.25-1.0 77-126 36 1.0 0.75
min. 212°F,
Frozen,
Vacuum
Haddock  Frozen, 0.75 39-49 369- 1.0 0.75
Vacuum 40°
Haddock Blanched 0.75 49-63 36°- 1.0 0.75
5 min. 40°
212° F.
Frozen,
Vacuum
Ocean Frozen, 0.75 28 36°-  0.75 0.75
Perch Vacuum 40°
Ocean Frozen, 0.75 7-56 36°- G.75 0.50
Perch Blanched 40°
Lobster  Polybags 0.5 28 32°. 0.5 0.5
Meat Cooked 409
5

The USDI - Fishery Technological Laboratory reports *, on work with
fresh fish (12-36 hours old), indicate that irradiation processing of
vacuum-packed fish and shell fish can extend their refrigerated sheli-
life by at least 30 days at 25° F. Detailed results of the fresh fish studies

are presented in table 2-4,
23



TABLE 2-4. Summary of Work Done at USDI - TFishery Technological l
Lab., East Boston, Mass.

Optimum Max. Best Stor-
Treatment Irradiation Storage Life Accept- age Dose
Before Dose 350 F. Temp. ance Dose at 35° F.
Species. Irradiation (Megarad) Days (Megarad) (Megarad)
Cod Raw 0.25 94 1.0 0.25
Fillets 0.5 31
Cod Fillets 0.5 118
Blanched 1.25 118 2.0 0.5
140° F.,
5 min.
Pollack Raw 0.25 21
Fillets 0.5 14 0.75 0.25
1.0 7
Pollack oianched
Fillets 1.0
Whiting Raw
Fillets 0.25
Whiting Blanched
Fillets 1.0
Butter{ish Raw 0.25 49
Drawn 0.5 49 0.75 0.5
Butterfish Blanched 0.25 38
Drawn 0.5 38 2.0 0.5
Flounder Raw
(Blackback) Fillets 0.75
Finan Skinned 0.75 215
Haddie Fillets 1.5 215 1.5 0.175
Kippered Whole 0.25 141 2.0 0.50 °
Herring 2.0 141
Lobster Boiled 0.25 166
Meat Tail and 0.50 166 0.25 0.25
Claw b
Soft Shell Shucked 0.5 119 1.5 0.5
Clams 1.5 119
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In addition to studies on fresh fish, experiments were conducted on
precooked codfish prepared by frying, boiling in corn syrup, boiling in
tomato juice, and blanching. The resuiis indicated that irradiation of
these cooked products, between 0.25 and 1. 5 megarad, provided storage
life up to 3 to 4 months at 359 F.. Cooking in corn syrup or tomato
juice seemed to offer no protection against quality losses due to irradi-
ation.

The Seattle Laboratory of the Fish and Wildlife Servlce7, has conduct-
ed considerable experimentation on Pacific cod fillets as well as a sur-
vey of irradiation eftccts on other commercéially-processed marine
products. Cod fillets packed in C-enamel cans or in mylar polyethylene
pouches were neld in wet ice or at 35° F. prior to and after irradiation
at doses of 0.75 to 1. 5 megarad. The products were first evaluaied 9
days after pa acking (5 days after lrradiation) they were prepared by
baking (350° F. ), pan frying (560° F.) and deep-fat frying (375° F.) .

In addition to sensory and bacterial examinations, chemical analyses of
total volatile base ~»nd total volatile acid were performed periodically
during storage. Sipmificant results are summarized in Tables 2-5 and 2-8.

Initially, all samples of Pacific cod fillet had ~ ~lizhily scorched
odor and flavor. Those receiving less than 1. 0 megarad had acceptable
odor and flavor. There were no detectable differences in appearance
among the vartous samples. In general, the irradiated samptes lack-
ed typical fresh fish flavor. At 0.75 megarad storage life was increas-
ed to 16 weeks in wet ice; however, the samples darkened and became
tough. All had a slight, Lut not objectionable, irradiation odor and
flavor. No spocilage flavors were found in any instance during the 16-
week storage period.

Screening studies on various smoked and frozen seafoods showed
most of them, with the exception of salmon, to be acceptable at doses
of 0.75 to 1. 0 megarad. For raw silver, salmon steaks, the maximum
acseptable dose appeared to be 0.5 megarad, although storage life at
40" F. appeared to be quite limited. The results are summarized in
Table 2-T.

Surveys were made at the College Park Laboratories on the effects
of irradiation from 0. 91 to 6. 0 megarad on shell fish and shell fish
products. These were packaged in evacuated Cryovac bags and held in
wet or dry ice prior to and after irradiation.

Packaged raw shrimp v:as considered unacceptable at any irradi-

ation dose. Packaged crab was acceptable after 60-days' storage at
35¢ F., despite a stringy texture and bitter flavor. Packaged,
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TABLE 2-5.

Storage Intervals at Refrigeration Temperatures

History of Samples

Que)ity Evaluation by Chemical & Organoleptic Tests on Irradiated Precooked Cod Fillets

Quality Evaluation

Organoleptic Total Volatile Total Volatile Total Pla
Examination (1) Base { Acid No. (3) Counts (k4
) Mg. N/100 g. Bacteria
Unirradiated Iced b da(5) geod 6.3 8.7 (1) 710,08
controls (2) 220,0
0 megarad (3) 770,
Iced 3 weeks poor 60.1L 109.8 =
Iced 4 weeks very poor 69.8 132.3 ==
Iced L da(5) good 8.k 8.4 (1; 150
(2) 110
Irradiated Iced 4 weeks fair 8.8 10.9 =
0.23 mega- Iced 6 weeks fair 21.8 29.2 -
rad Iced 8 weeks fair 42.2 87.5 (li 380x]
(2) 410x]
Iced 4 da(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 * " \lg 120x10
rad (2) 1kox10
Iced 16 wke fair * * --
Jced 20 weeks poor -- - --
Iced 4 da(5) reasonably
good -- - 20
8 wks at L4OO F fair 16.2 11.4 (l; 1.0x1
Irradiated (2) 1.kx1
0.46 mega- 1t wks at
rad hoo F poor * * (1) 1,000
(2) 1,000
(3) 1,000
(&) 1,000

115 "Good: normal or original quality w/non-presence of quality defect; reasonably good; trace of sli,
of quality defect - not obJectioneble; fair: moderate presence of quality defect; poor: on borderline

‘edibility; very poor: inedible.

{2) Analyses made by Food, Chem. & Res. Labs., using method of Stansby et al; Ind. & Eng. Chem., Ana.

vol. 16, p. 593 (194k)
(3) Analyses made by Food, Chem. & Res. Labs., using procedure of "Methcds of Anal.", A.0.A.C., Tth]

pp. 297-300 (1S

50},

(4) Analyses made by Food, Chem. & Res. Labs., using tryptone glucose yeast extract agar; plates wert
at 30° C. for 5 days.
(5) Four days were required for shipments tr and from MIR, Idaho Falls, Idaho, for irradiation of sar

“#Analysis not completed.
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mical & Organoleptic Tests on Irradiated Precooked Cod Fillets After Varicus
‘igeration Temperatures

Quality Evaluation

rganoleptic Total Volatile Total Volatile Total Plate
xamination (1) Base (2) Acid No. (3) Counts (k)
Mz. N/100 g. Bacteria/g.

ood 6.3 8.7 (1) 710,000
(2) 220,000
(3) 770,000

oor 60.4 109.6 -

ery poor 69.8 132.3 --

ood RN 8.4 (1) 150
(2) 110

air 8.8 10.9 =

air 2.8 29,2 =

air 4p,2 87.5 (11 380x100
(2) Liox106

2asonably

s0d 10.5 8.0 10

iir 15.8 9.0 -

1ir * * —

ir * * ( lg 120x100
(2) 1k4ox106

iir * * oo

or -- -- -

:asonably

od -- -- 20

ir 16.2 11.4 (1) 1.0x100
123 1. kx106

or * * (1) 1,000
(2) 1,000
(3) 1,000
(k) 1,000

w/non-presence of quality defect; reasonably good; trace of slight presence
falr: moderate prc.cace of quality defect; poor: on borderline of

5. Labs., using method of Stansby et al; Ind. & Eng. Chem., Anal. Ed.,
5. labs., using procedure of "Methods of Anal.", A.0.A.C., Tth Ed.,
g. Labs., using tryptone glucose yeast extract agar; plates were incubated

ents to and from MIR, Idsho Falls, Idaho, for irradiation of samples.
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Table 2-6. Quality Evaluation by Chemical & Organoleptic Tests on Irradiated Cod Fillets After Various
Intervals at Refrigerated Temperatures
Quality Evaluation
History of Sample Organoleptic Total Volatile Total Volatile Trimethyl-
Examination (1) Base (2) Acid No. (3) amine (&)
Mz. N/100 g. Mg. Nﬁloo g
Iced 4 aa (6) 2004 A?T 8.9 0.1
Unirradiated  Iced 4 da + reasonably good;
controls, 6 day at 35 F rod. sweet oder 46.8 66.5 6.4
0 megarad, Iced 4 days + very puor; spoll-
vacked in 10 days at age odors; off
cans 350 F flavors 64.0 110.0 11.4
Iced L da +
14 days at very poor 69.9 145.6 16.6
359 F
Iced % da (6) reasonably good 6.6 6.2 0.16
Iced 4 days +
3 weeks at reasonably good 33.8 7.1 bk
3P9°E
Irradieted Iced 4 deys +
at 0.1 M/rad 6 weeks at fair 22,5 3b.b 1.2
packed in 35° F
Iced 4 days +
9 weeks at very poor 23.9 4.6 1.4
359
i Iced 4 days +
12 wks at 359 F very poor 68.2 174.0 2.1
Iced Lt days (6) reasonably good 9.3 6.4 0.21
Iced 4 days +
3 wks at 350 F reasonbly good 15.9 11.6 0.26
Irradicted Tced 4 da + 6 wks
at 0.2 M/rad at 35° F fair 31.8 13.8 0.48
packed in
cans Iced L da + 9 wks
at 35° F fair to poor 2Lk 1.k 0.80
Iced 4 da + 12 wks
at 359 F very poor 2l 7 2k b 0.80
(1) Good: normal or original quulity with non-presence of quality defect; reasonably good: trace or i

qrality defect - not objectionable; fair: moderate presence uf quality defect; poor: on borderline of e«

very poor:

inedible.

(2) Analyses made by Food, Chem. & Res. Labs., using method of Stansby et al.; Ind. & Eng. Chem., Anal

p. 593 (1944

e

(3) Analyses made by Food, Chem. & Res. Labs., usiug procedure of "Methods of Anal.", A.0.A.C., Tth E

(1950).

(4) Anaiyces made by Food, Chem. & Res. Labs., using procedure of W.J. Dyer, J. Fish Res. Bd. Can. 6, !

358 (1945).

(5) Analyses made by Food, Chem. & Res. Labs., using tryptone glucose yeast extract ager; plates were
Each value represents an average of anslysis in duplircate per can.
(6) Four days were required for shipments tc and £rom MIR, Idsho Falls, Idsho, for irradiation of samp

for 5 days.
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al & Organoleptic Tests on Irradiated Coa Flllets After Various Storage

nperatures
Quality Evaluation
rganoleptic Total Volatile Total Volatile  Trimethyl- Total Plate
xamination (1) Base (2) Acid No. (3) amine (4) Counts (5)
Mg. N/100 g. Mz. N/100 g. Bacteriaéa
ood 8.0 8.9 0.1 0.5 x 10
easonably good; (1) 1.3 x 106
od. sweet odor 46.8 66.5 6.4 (2) 0.5 x 100
ery poor; spoil- (1) 5.9 x 106
ge cdors; off EQ; 5.9 x 107
lavors 64.0 110.0 11k 3) 4.3 x 106
, 1) 5.h x 100
ery poor 69.9 145.6 16.6 §2 1.4 x 107
(3) 1.2 x 107
casonably good 5.6 6.2 0.16 .2 x 104
1) 2.7 x 100
easonably good 33.8 47,1 L4 §2g 5.0 » 100
(3) 5.6 x 106
(1)70.7 x 106
‘air 22.5 34k 1.2 (23 4.7 x 108
(3) 3.2 x 108
1{&.6 x 109
rery poor 23.9 Th.6 1.4 2) h.3 x 108
(3) 2.1 x 108
/€Ty poor 68.2 174.0 2.1 --
reasonably good 9.3 6.4 0.2 950
1766
reasonbly good 15.9 1.6 0.26 gzg 140,000
3) 5,400
glg 3.7 x 102
fair 31.8 13.8 0.48 2) 1.6 x 107
(3) 0.3 x 102
(1) 1.3 x 106
fair to poor 21.4 14,4 0.80 (2) 0.8 x 106
Iy 1.3 x 107
very poor k.7 244 0.80 (2} 6.2 x 107

with non-presence of quality defect; reasonsbly good:

trace or slight presence of
r: moderate presence of quality defect; poor: on borderline of edibility;

. Labs., uslrg method of Stansby et al.; Ind. & Eng. Chem., Anal. Ed., Vol. 16,

. Labs., uslng procedure

of "Methods of Anal.", A.0.A.C., Tth Ed., pp. 297 - 300

. Labs., using procedurc of W.J. Dyer, J. Fish Res. Bd. Can. 6, No. 5, pp. 351 -

i Labs., using tryptone glucose yeast extract agar; plates were incubated at 300 C.
werage of analysis in iuplicate per can.

mnts to and from MIR, Idaho Falls, Idaho, for irradiation of samples.
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TABLE 2-7. Summary of Work Conducted at the Fishery Technology
Laboratory, Seattle, Washington

Species

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

Treatment

Heat Processed

Steamed
Frozen

Heat Processed

Frozen

Frozen 1 year
Iresh
Frozen

Frozen

Frozen

Frozen

Frozen
Commercial

Fillets
Frozen

Frozen, cans

Frozen Steaks
Under Vacuum

Precooked
Breaded

Maximum Dose for Acceptance

1. 0 Megarad
1.5

1.0

L.

0.75

0.75

G. 25

1.5

0.75

0.75
0.75

0.25

0.75
0.75

0.5

0.75
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cooked picked crahmeat, and breaded frozen and precooked shrimp were
acceptable at 0. 75 megarad; packaged breaded frozen and preccoked
oysters withstuod 0.5 megarad at doses above 0. 25 megarad, and 359 F.
storage. Bacterial counts were essentially negative.

From results obtained in its studies, the College Park Laboratory
concluded, "The irradiated products packaged in Cryovac bags and stored
at normal refrigerated temperatures showed some =xtension of storage
life, but this was obtained at the expense ¢f changes in the normal flavor
and texture of the various products. Packaged crab meat was the only
product for which the flavor and texture were not affected by enzymatic
or bacterial spoilage, or by irradiation. "

Other studies directed toward determining microbiological aspects
of irradiated marine products have provided valuable information,
including:

Codfish portions which were either deep-fat-fried or bgiled in tomato
juice before irradiation to 230, 000 rad were stored at 35 F. without
mold for 112 days =nJ 118 days, respectively. In another experiment,
Pacific cod fillets cannad raw were stored for § weeks ot melting ice
temperature after irradiation to 0, 70,000, 140,000, 230,000 and
460,000 rad. Bacterial counts were made weekly. The unirradiated
control counts reached the level of 10° organisms per gram In 1 week;
the 70, 000 and 140, 000 rad samples in 2 weeks; and the 230, 000 rad
samples in 5 weeks. At this time the 460, 000 rad samples still showed
only 103 per gram. It was also noted in this study, as mentioned
earlier in the discussion on meats, that the normal spoilage organisms,
Pseudomonas and Achromobacter, appeared to be destrcyed by the
radiation, leaving Micrococci and Flavobacterium predominant. This
firding may explain why typical bacterial spoilage does not nccur. It
alsc indicates that this method of preservation has some promise®.

Cgoliform counts and tests for coagulase-positive staphylococci were
negative in cooked crab cakes and raw headless shrimp in the shell
after a 1 million rad dose. However, raw shrimp which had been peeled
and deveined showed a coliform MPN of 800 per ml. The standard
plate count of these samples varied with processing conditions. The
results of storage tests are not complete and final comment must be
reserved®. Psychrophilic counts made on raw and blanched pollack,
cod and butterfish after 49, 53 and 50 days, respectively, at 359 F.
showed caunts of less than 1000 organisms per gram on all samples
irradiated to 230,000 rad®. Pre-cooked Breaded Fish Sticks irradiated
to 250, 000, 500, 000 and 1 million rad before storing at 35° F. and
room temperature, <howed for some doses a different type of spoilage
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for canned samples than that for samples packed in plastic pouches.
Samples given the lowest dose in plastic became sour after 8 weeks;
those in cans stored 12 weeks were musty. At the highest dose, counts
remained less than 10 pergram for 12 weeks at 35° F. and for 14 weeks
at room temperature, regardless of packaging. At the refrigerator
temperature, samples receiving a dose of 250, 000 rad showed an
initial SPC of 250 per gram which increased to 920, 00C per gram in

i4 weeks. Non-irradiated samples had a sheli-life of less than 4
weeks at 35° F.; the counts reaching 180 million in this time".

It should be re-emphasized that increases in the storage period at
refrigerated temperatures, especially for marine products, should be
approached with utmost caution in view of the knowledge that
Cl. botulinum Type E oirganisms have been most closely associated
with marine products'’.
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CHAPTER 3

RADIATION PRESERVATION OF VEGETABLES

The primary purpose of low-dose radiation of fresh vegetables is
to increase storage life and thereby extend their holding time and
market life. This preservation process reduces surface microbiologi-
cal flora and inhibits the progress of post-harvest dizeases. Used in
conjunction with controlled temperature and humidity, this process
offers a means of extending the holding time substantially. Threshold
levels have been established to assure that vegetables retain their
desirable texture, odor, flavor, and appearance. Here, as in con-
ventional processing, accurate and reliable measuring devices are
essential, and are under development.

100,000 REP.

Figure 3-1. Coleslaw, cellophane-packaged, and processed with low-
dose radiation, remained fresh for 35 to 40 days.
Unirradiated slaw spoiled in 7 to 8 days. Both samples
were stored under normal refrigerated temperatures.
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Low-level radiation processing may also be used to extend the
refrigerated shelf life of blanched vegetables. When properly packaged,
and kept at normal refrigerated temperatures after "pasteurization”
blanched vegetables could be distributed by the retail trade in much the
same manner as "pasteurized" milk.

Low-level irradiated foods could substantially reduce the current
freezer-refrigerated storage requirements for {rozen foods, inasmuch
as irradiated foods may be retained under normal refrigerated storage.

Microbiological studies on the radiation stabilization of fresh
vegetables have had two objectives, (1) inhibition of sprouting in the
case of onions and potatoes, and (2) control of plant pathogens,such as fungi
and bacteria in all vegetables.

Data accunrulated under intensive studies on the response of vege-
tables irradiated at low dosages indicated that of the seventeen vegetables
of commercial interest, four were benefited; some showed moderate im-
provement in keeping qualities; and others appeared to be damaged.

Detr.iied data on each of the vegetables are nroconted on the
following pages.

Figure 3-2. Potato irradiation, Materials Testing Reactor, Idaho Falls,
Idaho
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1. RADIATION PRESERVATION OF POTATOES

Research findings9 some ten years ago indicated that low doses of
irraciation inhibited sprouting in potatoes. Since that time a great deal of
research has been directed toward exploiting this long-sought discovery.
Investigations have encompassed such areas as the effects of irradiation
processing on rot; quality and acceptance; weight loss and moisture content;
ascorbic acid content, sprouting; suberization; total reducing, and non-
reducing sugar content; effect of different curing schedules; and storage
temperatures. Findings have been most rewarding.

NON-IRRADIATED
I8 MONTHS 47°F. s »
10,000 RAD

Figure 3-3. Low-dose irradiation preverts potatoes from sprouting
during extended periods of storage.

Some tests have shown that an mcrease in sugar content occurs at
storage temperatures of 30° to 40° F., but docs not becume excessive when
the storage temperature is raised to 50 F., and above. However, sprouting
and rot increase at the higher temperatures The objective is to achieve
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optimum storage temperatures, with a treatment that inhibits s~routing and
dehydration.

The significant results of research efforts directed toward developing
low-dose irraaiation processes for the preservation of potatoes, include:

‘The Effects of Radiation on Sprouting

According to experiments on varietal response, conducted at Purdue
University™®, sprouting of White Sebago,Katahdin,and Russet Burbank
potatoes stored at 41° F. was pr evented by exposure to 5, 000 rad of gamma
radiation, the lowest dosage used at 41° F. Red Pontiac potatoes stored at
41° F. required 7,500 rad to inhibit sprouting.

University of Michigan ¢ studlesz showed that control potatoes had sprouts
from two to six inches long after being stored at 45° and 40° F. for about
5 months. None of the stored potatoes 1rrad1ated above 5, 000 rad sprouted.
Pctatoes receiving 5,000 rad and stored at 45° F. developed a few very
short sprouts (3-5 mm long), much shorter than those of the control
potatoes, strrou at the same temperature.

In storage tests conducted at the University of Mained , all the control
samples sprouted, but sprouting of the irradiated samples was inhibited,
with a few exceptions.

Purdue University4 reported that at 47° F. storage 7, 500 rad prevented
sprouting on all 4 varieties of potatoes used in their experiments (White
Sebago, Katahdin, Russet Burbankand Red Pontiac).

In experimernts conducted at Cornell University8 on potato varieties, in-
cluding Katahdin, Green Mountain, Kennebec and Russet Burbank, tiic
potatoes were irradiated shortly after harvest in the gamma field at,
Brookhaven at dosages of 5, 000; 7,500; 10, 000; 12, 500; and 15,000 rad,
and stored in 50° F. storage Irradlated samples were compared with
unirradiated potatoes which were used as control samples. Relatively
complete sprout control with all varieties was obtained with 15, 009 rad.
Commercial sprout control was obtained with Katahdin at 7,500 rad,

Green Mountain at 10, 000 rad, Kennebec at 12,500 rad and Russet
Burbank at 15, 000 rad.

Purdue University4 reported that at 55° F. storage, 7,500 rad pre-
vented sprouting on White Sebago, Katahdin, and Russet Burbank; Red
Pontiac varieties required 12,500 rad for complete inhibition of sprouts,
although sprouting was practically inhibited by 10, 000 rad.
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Effect of Radiation on Respiration

In tests conducted at the University of Michigan2 on whole tubers
irradiated at 0, 5,000, 15,000, 25,000, 100,000, and 200, 090 rad, it was
reported that with the exception of the tubers that received 5, 000 rad,
there was a considerable increase in respiration two days after irradiation.
In general, observations indicated that after the first rise, the rate of
respiration coincided with the dosage given. For cxample, those given
the lowest dosage respired the least and those having received the highest
dosage (200, 000 rad) respired the most.

In tests conducted by AMF Atomics, Inc3, it was reported that
respiration of potatoes used as control items increased with sprouting
and spoila;re. Respiration increase of irradiated samples at the end of
the study was possinly due to the presence of 1ot on some test samples.

The Effect of Radiation Upon the Reducing, Non-Reducing, and Total Sugar
Content of Potatoes

Invectigzators at the University of Maine5 reported that storage temp -
erature greatly influenced the amounts of reduciig cugu:s in all potato
samples (Maine Katahdin, Maine Russet Burbank, Idaho) throughout the
storage period. During the colder months, there was an increase in re-
ducing sugars, whereas sharp decreases occurred during the summer months.
Likewise studies at the University of Michig:m2 indicated that the lowest
temperature level results in elevated sucrpse and reducing sugar contents,
for both irradiated and non-irradiated Russet and Sebago varieties, but all
other storage temperatures resulted in low sugar levels.

None of the varieties under test at the University of Maine® exhibited
any established trend in content of reducing sugars, as to high versus low
irradiation dosage. With a few exceptions, the values for both dosages were
very similar. It appeared, however, that the content of non-reducing sugars
increased in proportion to dose levels.

Storage temperatures appeared to have a much greater effect on
total sugar content for all three varieties than either of the irradiation
treatments.

The University of Michigan2 reported that the effect of radiation
dosage mmthe reducing sugar and sucrose contents of both Russet Rural and
Sebago variety potatoes measured directly after irradiation was negligible. 4
Sucrose levels in both Russets and Sebagos fcllowing the first storage period,
however, showed a marked effect of radiation dosage level. Increasing the
dosage level up to 200 kilorad, increased the sucrose level in.Sebagos from
0.43 to 3. 8% and in Russets from 0. 28 to 2. 98%. There appeared to be
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no consistent effect of radiation up to 50, 000 rad on either sucrose
or reducing sugar, but there did appear to be an effect on the total.
The sum of the two sugars increased slightly with dosage of radiation
up to 25,000 rad, and then decreased slightly. When expressed on a
dry-weight basis, all doses of radiation appeared to increase the sum
of reducing sugar and sucrose by an equal amount.

An effect of increasing doses of radiation on the reducing-sugar
level became apparent in both varieties after prolonged storage of 30-34
weeks.

Effect of Radiation on Suberization

In tests conducted ai Michigan State University6 it was observed
that irradiavion sliglitly reauced the speed and extent of suberization, and
markedly reduced periderm formation. Irradiation prior to wounding caused
greater response as evidenced by periderm inhibition than irradiation after
wounding. Periderm formation in particular was progressively inhibited
by increasing irradiation dosage from 2, 500 to 15, 000 rad.

Cornell U.Aversity8 reported that Katahdin tubers irradiated with
12, 500 rad in the gamma field at Brookhaven, and check tubers, were
held for 10 months at 500 F. and a relative humidity of 65%. To determine
wound periderm activity a strip of tuber surface was peeled at uniform depth
and the peeled area 2llowed to heal at 70° F. and 85% relative humidity.
Ten observations were made on each tuber sample.

In the first experiment observations were made 4, 8, and 10 days

from peeling. The results of this experiment are shown in the following
table:

TABLE 3 - 1. Potato Wound Periderm Activity 10 Meonths After Irradiation

Days from Depth in Microns No. of Cells in

‘Wounding Suberized Layer Wound Periderm
12, 500 Rad 4 212 3.5
Control 4 233 3.4
12, 500 Rad 8 261 5.6
Control 8 379 7.6
12,500 Rad 10 223 5.0
Control 10 4134 9.0
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In a second experiment using similar material, observations were made 10
days from peeling for suberization. Observations were also made on normal
periderm formation. Four hundred observations were made for each of the
averages given in the followihg table:

TABLE 3 - 2. Suberization of Potatoes

- Wound Periderm Normal Periderm
Dosage Depth in Microns No. of Cells Depth in Microns No. of Cells
of Suberized in Wound of Suberized in Wound
Layer Periderm Layer Periderm
12,500 Rad 319 5.3 126 7.4
Check 318 5.8 146 8.7

The Effects of Radia%iun on Quality and Acceptance

In potato tests at various temperatures4, shrivellmg was observed,
generally, to be directly related to sprouting. Hence, at 41° F. where sprout
growth on the controls was retarded there was little difference in appearance
betweea White Sebago, Katahdin, and Russet Burbank controls and corresponding
irradiated potatoes up to one year. After one and a half years at 41° F.,
however, varietal dlfferences ‘were evident. Unirradiated Red Pontiac potatoes
sprouted rapidly at 41° F., and were badly shrivelled, whereas the non-sprouted
irradiated potatoes had an excellent appearance.

After one year's storage a grey discoloration w1thm the vascular ring
developed in Katahdin potatoes stored at 41°F. and 47° F., and was more
prevalent and severe after one-and-a-half years. This discoloration appeared
not to be restricted to any one treatment; but it was not observed in potatoes
stored at 550 F.

Red Pontiac potatoes still remaining at 47° F. storage after one-and-a-
half years showed considerable internal breakdown The breakdown area was
firm but had a nauseating odor, not observed at 41° and 55 F. The breakdown
was not restricted to any one treatment Russet Burbank potatoes did not devel-
op any internal disorders. White Sebago greyed slightly, but the principal
objection to this variety was the rapid weight loss and shrivelling.

After one year's storage, pctatoes were sectioned, knife-peeled, and
observed for rate of raw darkening. At this time the shrivelled control
potatoes darkened rapidly and severely, whereas the more turgid irradlated
potatoes darkened slowly, with less severity. After a year and a half in 41°
and 47° ¥. storage, the rate of darkening following mechanical abrasive
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peeling seemed, as before, to be inversely proportional to the turgidity
of the tubers; controls generally darkened more rapidly and severely than
their irradiated counterparts.

This finding was not corroborated by Gther investigators‘q', who re-
ported that, in general, peeied-darkening was increased by radiation in
all potato varieties used.

In a 1956 experiment, Dallyn and Sawyera, reported an increase in
after-cooking blackening of Katahdin tubers irradiated to 40, 900 and 80,000
rad gamma and fast electron irradiation. This phenomenon was more pro-
nounced with gamma radiation. In a later experiment, however, both
gamma and fast-electron radiation increased the after-cooking darkening
of all varieties tested at the dosage nccessary for commercial sprout control.

In limited cooking tests4, it was reported that of the four varieties
tested at one year, and at a year and a half, Russet Burbank was the most
acceptable. However, at the latter period this variety had a slightly dark
and translucent appearance as well as a mildly sweet flavor following boil-
ing. After two vears these potatoes-did not cook well. After boiling or
baking the potato flesh was very dark and translucent vith 2 gticky texture
and sweet flavor.

In storage tests conducted at Rogers Bros. Seed Companym, de-
hydrated potato flakes made from both control and irradiated notatoes
showed no significant differences in {lavor, texture, odor, color, or
Vitamin C content when reconstituted into mashed potatoes.

When diced dehydrated potatoes were made from irradiated and
control tubers, no significant differences were noted in rehydration. Diced
potatoes formed from irradiated potatoces were significartly darker in color

than contrel samples, however, making them unsatisfactory for commercial
use.

Effect of Radiation on Weight Loss and Moisture Content

Investigators at the University of Michiga,n2 determined weight loss
of Idaho potatoes as a function of radiation dosage, storage temperature,
storage humidity and storage time. Increases in the storage temperature
of irradiated potatoes resulted in increases in weight loss with time, whereas
increases in the storage temperature of the coutrol potatoes resulted in an
increased rate of weight lose, probably because of the higher metabolic rate S
and greater surface for transpiration presented by the sprouts. Potatoes
receiving increasing doses of radiation, but held at one storage temperature,
showed a marked decrease in weight loss with increase in radiation dose up
to 15,000 rad. Radiation doses of 50,000 rad and higher resulted in the
same weight loss for the same storage conditions. It appeared that 15, 000
rad was essentially as effective as higher doses in checking weight loss.
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In storage tests at different humidities, the potatoes lost weight
in inverse ratio to the air humidity. It was also observed that irradiated
potatoes lost less weight than non-irradiated controls at the same relative

humidity.

In work completed at Purdue I_Jniversity4 it was reported that at 419 F.
the rate of weight loss of White S:zbago, Katahdin, and Russet Burbank control
and irradiated potatoes was very similar, up to arounc 300 to 345 days after
harvest. However, this was true of the control and irradiated Red Pontiac
potatoes up to only 220 days after harvust Beyond these time periods,
sprouting increased the rate of weight loss of the controls. With any one
variety only slight differences in the rate of weignt loss existed between
the five irradiation dosages: 5.0, 7.5, 10.0, 12.5 and 15. 0 kilorad.

At 41° F. , the only striking difference in the rate of weight loss
between curing schedules was shown by the variety, White Sebago. Dif-
ferences in rate of weight loss between curing schedules in the case of
the other varieties were slight.

Al the erd uf 440 days, striking differences in the rate of weight
loss existed between irradiated potatoes of the foor va-icties studied.

At 55° F. , no marked differences in rate of weight loss existed
between the different curing schedules. Differences in the rate of weight
loss at 55° F. between varieties was also very marked after a 280-day siorage
period.

Potatoes which were irradiated at various time intervals after harvest
were stored at 47° F. only. Rate of weight loss was not altered by irradiation
date.

Differences in the rate of weight loss beween varieties again was
marked. In 400 dayg at 47° F., irradiated potatoes of the White Sebago
variety lost about 21%, Katahdin lost 16%, Red Pontiac lost 15%, and Russet
Burbank lost 11%.

Effect of Radiation on Ascorbic Acid Content

Results of tests8 on three varieties of tubers (Pontiac, Ontario,
Green Mountain) radiated at four dosages (varying up to 60, 000 rad) in
the gamma field at Brookhaven, indicated a decrease in ascorbic acid as the
dosage increased, with all varieties. &

Investigators attempted to develop a correlation coefficient between
black spot index and ascorbic acid content. They observed a highly significant

43



negative correiaiion when considering all treatments together; however,
when figures for the control and irradiated treatments were separated,
the entire effect lay within the irradiated portion of the experiment.
When pntato tuber; were removed from lower temperatures5 an
apparent increase in total and reduced ascorbic acid content resulted.
There occurred an initial loss (more drastic for the irradiated than the
controls) which was arrested after four months' storage; and then, an
apparent synthesis of ascorbic acid continued in both treated and un-
treated tubers until approximately the eighth or ninth month of storage.
This period of synthesis was foliowed by another decrease, wiich was,
for all potatoes, much greater in the control samples than in the irradi-

ated lots.

The Effect of Radiation on Rot

Storage rot of potato tubers exposed to ionizing radiation below
500, 000 rad intensity was studied on Sebago tubers exposed to cobalt
radiation up to 50C, 000 rad. There was no evidence that ionizing radiation
either reduced inridence of rot, or enhanced effectiveness of normal
defense rcacuons in the tuber, Incidence of ring rot developing in nat-
urally-diseased tubers was not modified by iunizing radiation; occas-
ionally ring rot symptoms were masked by high incidence of soft rot
following severe irradiation injury.

Incidence of miscellaneous naturally-occurring rots including
Fusarium tuber rot and bacterial soft rot in non-inoculated tubers was
highest in the high levels of irradiation (500, 000 rad), and the rate of
rot spread through tuber tissue was increased at the high irradiation
intensities, This trend observed at 129 days at 68°-70" F. or in 365
days at 34°-40° F. was similar in wounded non-iroculated controls,
and in tissue inoculated either with bacterial soft rot or with Fusarium
tuber rot.

These investigators concluded that icaizing radiation influences
susceptibility of rot in potato tubers by apparently madifying two dif-
ferent reactions; one was delayed and permanent, from which the tuber
did not recover; the second was app. rently temporary, and the tuber
recovered within a few days. Irradiated tissue was delayed in normal
wound healing process resulting in & degree of susceptibility greater than
that of nonirradiated control tubers at comparable periods of time. Rot
progressed in irradiated samples throughout the storage period at a rate
in excess of the nonirradiated controls.

Storage rots of potato tubers exposed to minimum sprout inhib-
iting levels of ionizing radiation were studied by these same investiga-
tors. All tubers used in these tests were portions of the same lots of
tubers used for storage tests at Purdue University.
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Storage rot incidence of potato tubers following exposure to
ionizing irradiation was determined with relatively large lots cf tubers
at low levels (2.5 to 15. 0 kilorad) of intensity.

Nonwounded, non-inoculated tubers developed little storage
rot at these levels of irradiation and at the 10-15 kilorad intensities
sprouting was inhibited.

TABLE 3 - 3. Incidence of Rot in Non-Inoculated, Non-infected Potato
Tubers Exposed to Low Dosage Radiation

Dose in Megarad 0 2D 5.0 7.5 10.0 12.5 16. 0
Variety_

Russet Burbank J 8% 20% 18% 1% 5% 12%
Red Pontiac 50% 25% 1% 5% 10% 2-12% 13%
Katahdin 22% 12% 5% 5% 26% 25% 21%
Sebago 15% 14% 14% 13% 24% 22% 26%

Cell membrane permeability was increased by exposure to ionizing
radiation.

Recovery from irradiation injury as measured by increased cell
membrane permeability occurred within 3 days at irradiation intensities
of 45, 000 rad and below.

At irradiation levels of 45, 000 and 135, 000 rad Fusarium sambucinum
grew through cells and cell walls of irradiated tissue producing almost para]-
lel hyphae, but at lower levels of radiation intensity its manner of growth
was essentlally similar to the controls. At low radiation dosages bacterial
soit rot developed in a typical manner with cell wall breakdown in the pres-
ence of masses of bacterial cells while at high radiation levels soft rot ap-
peared to be less intense, with less abundant bacterial growth and less
rapid and complete cell wall breakdown.

In tests conducted at Purdue Um.versity4 it was shown that decay of
potatoes stored at 41° F. was generally light up to around 430-550 days from

45



harvest depending onthe variety. Beyond these times, decay rate iicreased.
Differences in decay rate between controls and respective irradiation treat-
ments were generally minor. Also, no major differences in decay existed
between the curing schedules.

As would be expected, decay at 55° F. occurred sooner and advanced
more rapidly than at 412 F. In general, extensive decay occurred somewhat
later and to a lesser degree in the intermediate dose levels of 7.5 and 10.0
kilorad than in the controls and higher dose levels. Where sprouting was
not excessive in the 5.0 kilorad treatments, decay was also less than in
the controls or dosages greater than 10. 0 kilorad. In the best treatments,
decay was not extensive until sometime between 270 and 300 days from
harvest. Differences in decay between curing schedules were minor.

Decay developed a little more rapidly at 47° F. in irradiated
Katahdin and Russet Burbank potatoes than in corresponding controls.
However, decay developed less rapidly in the irradiated White Sebago
and Red Pontiac potatoes than in their correspending controls. These
differences did not appear until sometime after 420 days from harvest
at which time decay was progressing rapidly in all treatments. The
decay ratec u the different varieties weresimilar at all three storage
temperatures.

Potatoes naturally infected with bacertial rjng rot, irradiated at
the University of Michigan, Fission Products Lab.%, and stored at 34° F.
and 68° F.at Michigan State University, gave no evidence of tuber injury
as a result of irradiation 10 days after treatment. By the end of 30 days,
majority of the tubers receiving 500, 000 rad were rotted and a few re-
ceiving 200, 00(' rad had broken down. Positive diagnosis of ring rot in
tubers receiving the 500, 000 rad treatment could not be made due to the
masking effects of severe radiation injury.

This radiation injury resembled severe freezing injury in many
respects. Affected tubers were often somewhat cheesy in consistency,
later breaking down into a soft rot. Affccted tubers often had a fermented
odor and the general appearance was more suggestive of storage rots of
the sweet potato rather than that of the Irish potato.

Many tubers held at 68° F. were badly wilted after 80 days in
storage. Nonirradiated ccutrols were so badly sprouted at the 129-day
inspection level that all tubers were cut for ring rot evaluation. In this
evaluation there was some evidence that ring rot was developing more
slowly in the irradiated tubers than in the untreated tubers. -

It was found that gamma and fast electron irradiation increased
the incidence of black spot in potatoes®, although the effect of irradiation
on black spot varied considerably with variety. The dosage anecessary ifor
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commercial sprout inhibition and the dosage at which increased black
spot is obtained due to irradiation overlap with most varieties. The
Cornell University Report8 concluded that irradiation should be used
at as low dosages as possible for commercial sprout control.

Microbiological experiments L1, using potatoes inoculated with
either late-blight fungi (Phytophthora infestans), bacterial soft-rot
(Erwinia carotovora), or dry-rot fungi (F. sambucinum), have shown
that the late blight irfections appeared to be inhibited for 15 days at
60° - 70° F. by dose levels above 50, 000 rad.

Development of Fusarium rot at dosages as high as 500, 000
rad indicated that gamma irradiation (a) did not control Fusarium
naturally harbored on the surface of the suscept and/or (b) pre-
disposed potatoes to infection by Fusarium. Results of the tuber
pack inoculated with bacterial soft-rot were not consistent. In one
set of experiments, control of the infection was attained at 45, 000
rad, but in another no inhibition resulted at 100, 000 rad. Killing
was noted in onc instance at 135,000 rad. These discrepancies
mny have been due to inadequate control of the spore inoculum con-
centration.

In plate cultures, tne lowest dosage tested, 25,000 rad, pre-
vented further growth of 24-hour old cultures of P. infestans 1,

Fcr E. carotovora, in no instance did colonies develop follow-
ing irradiation at 135, 000 rad. Colony development was generally
precladed at 45, 000 rad, except where bacterial suspensions were
heavy. Although there was some evidence of inhibition at the 15, 000
rad level,the effect was margina17.

Highly pathogenic strains of Fusarium spp. recsenibling
Fusarium sambucinum {6 in culture were isolated with relatively
high frequency from irradiated, naturally-infected tubers. With
the ezcepiion of one isolate, these were pathogenic in both non-
irradiated and irradiated tuber tissue.

Isolates of fungus species, which were of intermediate or of
low pathogenicity on unirradiated tissue, were relatively invasive
in irradiated tissue.
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Although irradiated tuber tissue may have been more susceptible
than nonirradiated tissue, at least some degree of pathogenicity was
required to establish infection,

The incidence of rot in wounded, inoculated tubers was directly
proportional to the radiation irtensity. However, at low levels of
irradiation (below 15,000 rad), the rate of rot progression through

A similar but less distinct trend was obtained with E. carotovora 7.

Rot foilowing inoculation with F. sambucinum f6 was consistently
inore severe when inoculation followed irradiation than when inocu-
laticn preceded irradiation.

Indiana-grown Sebago tubers consistently developed more rot
when wounded, or wounded and inoculated after irradiation, than
when wounded before irradiation. With the other tuber lots there
was no co,?sistent relztionship between rot incidence and time of
wounding ‘.

Investigation of sweet potatoes inoculated with Rhizopus showed

that 100, 000 rad gave no control, while 500, 000 rad partially de-
creased the amount of infection but caused injury to the tissue 1,
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