RADIATION PRESERVATION AND IT5 POSSIBLE
EFFECTS ON FOOD DISTRIBUTION

Thesis for the Degree of M A
MICHIGAN STATE UNIVERSITY

Maynard B. Shawver
1958




"yl \\

3 1293 3 10657 7

LIBRARY
Michigan State
University



RETURNING MATERIALS:
)ViE;I_] Place in book drop to
LIBRARIES remove this checkout from
S your record. FINES will

- be charged if book is
returned after the date
stamped below.




v

Maimerd Bo Shawver

Sutmitted to the Collepe of Eusivecs end Fublic Service
of Mchigan State University of Arricultwurn ard
Avrplied Science in partiasl fulfillment of
the reguirenents for the deogree cf

LESTFR OF AETS

Departient of nrketing and Trensportation Adrinictretion

Curricuiun in Fosd Distritution

Arproved / 5 . W




ABSTRACT

The preservation of food has been one of man's problems since
antiquitye Only a small portion of his edibles aré consumed at the
time of harvest, therefore the remainder must be preserved or allowed
to spoiles Various modes of preservation have evolved, none of which is
capable of keeping commodities in a fresh condition without the use of
heavy, bulky, and expensive equipmerte

Radiation preservation, though still in the research stage,
shows promise of meeting more food preservation requirements than any
other method kmown. 1In 1t§ highest stage of perfection, radiation
would permit the preservation of porié'h;ﬁ;e;;iooas indefinitely,
theoretioally forever, without any supplementary preservative, such as
refrigeratiocn,

Prtservatibn techniques are needed which will lead to reductions
in food spoilage and facilitate wider distribution of perishables,
goals whioh today are économically and physically impraotical to
attain,

This study is principally an investigation of the effectiveness
of radiation prese;vution ard its possible impact on food distribution.

Periodicals and reprints of reports emanating from Dre Le Ee
Brownell, head of the University of Michigan Research Laboratory
constitute the ma jor sources of data for this reporte. Interviews
with two Miohigan State professors, Dr. De Re Isleib and Dr. Albert V.
Pearson, provided pertinent information on research é;;j;;ii‘in which

they had participatede. The Quartermaster Corps, under whose sponsorship
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most of the radiation research projects are being conducted, advised
‘the writer of their inability to provide direct irformation due to the
classified nature of the dataes The few avallable books that deal with
food rediation war; also utilized.

l Even though radiation might eventually fall short of its high
potential, partiallperfeotion, or the successful "pasteurizafion" of
foods might'be sufficient to bring about substantial changes in food
processing, handling, and merchandising whioh would allow vérious
benefits to acorus to both civilians and the military,

Serious, though presumably surmountable, shortcomings in the
food rediation process have been encountered, Flavor, odor; color,
and texture are often adversely affected, but experiments continue in
an effort to gain kmowledge of the optimum radiation dosages and the
best physiocal coﬁditions wder which the food should be radiated.

1though studlies on costs and packaging have bteen inconclusive,
plastic materials offer the most desirable packeaging properties of all
those tested to date,

Sterile foods would be a boon to military men at the front by
providing more variety and better quality than the usual ocanned
rations, Sterlle foods would permit the sale of perishables from
wrefrigerated supermarket shelves, and either pasteurized or
sterilized commodities could lead to more OQntgalﬁzea processing of

meats and produces
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Radiation should make foods more whofo;ome‘; trichinae, tapeworms,
and other dangerous microorganisms can be rendered harmless by adequate
dosages of radiation energye. The reduction of spoilage, the mneed for
fewer fixtures, and the economy of mass processing could possibly lead
to lower food prices despite the large investment required to construct
a radiation facility and install the energy source,

There is a strong probability that foods treated with low
dosages of radiation will be marketed within a few years, perhaps two
or three, with certain meat products leading the way, Sterile radiated

foods are not likely to be available for many yeers.
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CHAPTER 1
INTRODUCTION

Man 1s & blologlioal entity subsisting upon other biological
matter, either animal, vegetable, or both, Whether he chooses animal
or vegetable pfoduots for hisg diet he is faced with the task of main-
taining their edibility until oonsumption is desired, since all
}biological matter is pori:habie. ir tﬁb Cﬁqqéo:'ha& designed humans to
acquire their nourishment from stones and ;011, there would be no
problems of food preservation, merely one of supplye.

Man's health depends upon a balanced diet and many of his most
nourishing foods, such as milk, are the most susceptible to spoilage.
Man also eats for plonsﬁre and fresh foods are usually superior in
both flavor and nourishment to preserved commodities., Thus, food
preservation enables man (1) to stay alive between harvests, and
(2) to enjoy the pleasures of good eating.

Preservation of food dates back to antiquity but not until the
late nineteenth century did the largest single meens of preservation,
thermal sterilization, ocome into being. The subseguent utilization of
refrigeration, dehydration, and antibiotios has further facilitated
the storage of edibles, but there is still need for a process that will
keep food fresh over an extended period without the use of oumbersome
faoilities.

Following Roentgen's discovéry of X=ray in 1895 scientists

realized that this energy source oould, if applied for a suffioient



time, bring about death to living oells, This fact was exploited by
medical sclontiat;,~but not until the 1940's were experiments con-
ducted in the use of radiocaoctive rays as food preservatives, With the
dawn of the Atomic Age and sub;oquont supplies of wastes from atomio

reactors, radiation preservation of food was begun in earnest.

Objectives of the Study

Extensive efforts are being made by soientists to determine the
value of atomie energy as a food preservative. In this study the
writer will review the highlights of the accomplishments to date and
discuss their possible effects on the retail food industry,

Chapter II will brieflylroiato the history ofﬂfood preservation
teohniquess Chapter III will deal with the nsture of the radiation
process, inoluding sources and applications of energy and their effects
on foods in general. The merits and deficienoies of radiation when
applied to specific .food items will be the topio of Chapter IV, and
Chapter V will deal ﬂ.th.tho peokaging of radiated foods. The ways
in which food radiation can benefit wvarious groups will be disocussed
in Chapter VI, The summary and oonclusion will form the contents of

Chapter VII.

Limitations of the Studl

The food radiatiom process is a technological funotion and much
of the literature dealing with the topic was written by and for

sclentific persomnnel.
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This report will be written from the layman's viewpoint and will
be conocerned primarily with end results rather than processing teche
niocalities, Results of tests on each food item will not be discussed
instead the writer will endeavor to report only the most significant
findings,

Experiments in food radiation have been underway for a relatively
short period, The information made available to the writer covers
ocertain toplos 1n‘ only a sketchy fashion and because of the olassified
nature of new findings, information on the most recent tests is not
released to the public, An artioio dealing with food radiation and
appearing in a current periodical is invariably a report on tests made
several months previously, For these rehsons this study will lack

]

comprehensiveness in certain areas,

lothodolg‘z

The writer's most prolific sources of information were current
periodicals and reprints of progress reports issued by Dr. L. E.
Brownell of the University of Michigan, with whom the writer corre-
sponded direotly. Personal interviews were arranged with two Miohigan
State University professors, Dr. D¢ Re Islied and Dr, Albert M., Pearson,
who have taken part in laboratory experiments with radiated potatoes
and meat, respectively.

The writer attempted to uonro.intorntlon directly from the
Quartermaster Corps but was advised of the classified status of
recently=aoquired data and roforroci to wvarious periodicals which keep

abreast of new developments in food radiation.



Hardly any books have been written on radiation of food and only
a few more contain as much as one chapter which deals with the topice
A few sguch booxs were found and utilized but compared to sources ale

ready discussed, they were of relatively little walus,

The Need For Study

Most of the writings pertaining to food radiation have dealt
with the reactions of warious cormodities to the radiation sourcs,
There is need for more consideration of the effects that this new
process mey have oan food distributiou procedures.

Any new development whish can possibly lead to unlimited shelf
life of perishable merchandise at room temperature merits the attention

of food retailers, wholesalers, processors, and producers,



CHAPTER I1I

A BRIEF HISTORY OF THE DEVELOPMENT OF

FOOD PRESERVATION

The most important ocause of food spoilage is attack by mioroe
organisms, These btacteria are present almnost everywhere--on objeots,
in the air, and in the food humans eat., The purpoio of food preserwve-
tion 1s to kill off oompletely the organisms which exist in the food,
or to inhibit their growth for a period of time in order to prevent
spoilage before the food can be devoured, Chemical reactions (e. ge
rancidity in fats), the absorbtion of wndesirable odors, and damage by

animal and insect pests are other econtributors to spoilage.

The Earliest Methods of Food Preservation

The earliest kmown methods of uuoﬁ?ugful, preservation of food
were drying and piokling, the former being a} fémlof dehydration and
the latter s chemical process.! Ancient though they be, these pro-
cesses are still in widespread use today. The curing of meat,
another chemiocal tro@tment, has been practiced for many yearse
Piockling and ouring give foods distinotive flavors whioh, in many
cases, are considered preferable to the product in a fresh condition,
Van has long known how to effect fermentation of fruit jJuices and

more recently has learned how to make preserves and jams, All of

lrpood Soience," Research, Vol. VI (September, 1953), p. 293,



these processes change the character of the food in such a way that the
flavor and texture are still enjoyable, but mioroorganisms do not

prosper.

Sterilization and Refrigeration

Modern methods of food preservation attempt to retain the
qualities of the fresh product insofar as possible, The earliest
success was achieved by Nicholas Appert during the Napoleonioc Wars as
he sought a means of providing fresh meat for French troops.z Appert
is given oredit for discovering the art of canning as practiced today,
even though the bacteriological studies of Louis Pasteur which came
later contributed extensive knowledge to canning principles. The
ocanned goods found on supermarket shelves today rely on the principles
set forth by Appert, .

In the heat sterilization process the food is placed in cans
which are then sealed and subjected to heat, Next, the oontents of the
ocans are partially or totally ocooked to kill the undesirable bacteria.
No additional organisms can attack the ;ood tttrough the sealed can.
The product can then be stored on shelves ‘t:;ooi temperature for <
indefinite periods without the risk of spolilage.

Man's earliest attempts at the refrigeration of food oconsisted
of collecting blocks of ice from frozen lakes, rivers, ponds, creeks,

‘eto,, and storing them in an ice=house. The ice~house was often built

2Ibid., pe 294,



underground for protection from direct rays of the summer sun, The
cache of ice ailded in keeping tmpor;turo- cool within the enclosure

. and provided a place where the family could store fresh food to protect
it I‘ro- tpoihso;

Refrigeratjion neither sterilizes nor pasteurizes, but simply
provides an atmocﬁharo in whioh becteria grow at a relatively slow rate,
Significant use of refrigeration as a food preservative was not aohieved
commercially wntil a ;neohanical refrigerator was invented late in the
nineteenth century, but not umtil about 1930 did the refrigerator make
a sizeable impact on food retailing pnctioel.s

The earliest commercial application of refrigeration was for
chilling perishables. Food stores were adble to stock larger varieties
and qmntit;n of meats, milk, and butter. As time went by, groocers
gradually increased the size of their refrigeration facilities., More
‘u.nd more oonstumers bought refrigerators for their homes, and were
willing to buy more perishables than they had in the past, Grocery
stores responded to the demand,

During the years whioh followed World War II frozem food
suddenly became popular. The flavor, convenience, and nutrition of
vogotabloo; Julces, fruits, and prepared foods in a frozen state
ocaught the consumers' fanocy and forced retail food stores to install

additional expensive refrigeration equipment and expand their lines of

L. Ee. Clifoorn, "Radiation Treatment of Foods," Food Technology,
Vole X (Supplement to May, 1956 issue), Pe 36e
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frozen merchandise. Families purchased home food freezers which enabled
them to make quintity purchases of fresh edibles at reduced prices.
Manufacturers increased the size of refrigerators and added larger
freezer compartments. )

Frozen foods oan be kept for longer periods than food which is
merely chilled, but since temperatures should remain at zero degrees
or lower in order to preserve quality for maximum shelf 1ife, trans-

portation and storage facilities are expensive.

Dom:'ation

Dehydrated foods.-.ro frequently rogirded as a relatively recent
development in preservation but this teochnique was used to a fair
extent during the Civil War in an attempt to reduce scurvy among the
troopl.‘ In the Boer War, dried soups and vegetables were fed to the
British Army.® United States troops of World War II were given dried
oggs, dried milc, and dehydrated potatoes on a large scale, although
these items were not accepted with great popullrity.e

Dehydrated soups are now guining general acoceptance on the
oiﬁlhn food market. Dehydrated potatoes are becoming more popular
and are being used by many insfitutions as a means of eliminating the
peeling task, minimizing problems of handling, and preventing losses
due to spoilage., Dried milk is available in most supermarkets but has

not challenged the popularity of the fresh product,

4npood Secience," Ope cite, pe 294,

S1bid. - Sibid,



The main criticism of certein dehydrated foods is their ume
pleasant flavor, This is especially true in the case of dried eggs
and milk whioh servicemen found to be unpalatable, but which are
gradually being improved,

A major advantage of dehydrated food, aside from the extended
shelf 1life as compared to the rruh‘ product, is the reduction of bulk,
With all water removed the commodities become compact and more easily
" nandled, Dehydration is the only preservation medium which sube
stantially reduces the particular item's volume; for this reason,
dehydration must be regarded as & strong possibility for having more

widespread applicetions in the future,

Antibiotics

The term "antibiotioes" oconveys a medical connotation to most
persons and this is understandable since the application of antibiotiecs
to date has been largely in the field of medicine, Following the
successful use of penicillin as an infection fighter dwring World War II,
solentists started considering thiu' and other drugs as possible meens
of preserving foods, Research men began experimenting in the early
1960's and soon learned that certair antibiotics could be used to
oxtend the shelf life of specific products, but that no one antibody
would acceptably preserve all food items. The scientists foresaw
antibiotics to be a supplemsnt to refrigeration but not as its

replacement,

The Food and Drug Administration, a Federal Government entity,

must approve all food additives before they oan be applied to
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commodities which will be distributed through interstate commercee Any
chemical preservative, coloring, or flavoring agent must undergo tests
designed to determine whether the additive is safe for humen consump-
tione The Food and Drug Administration regards antibiotics as being
basically harmful, since approximately to;i per cent of the population
is allergic, in varyling degrees, to these drugs. In 1956, the Food and
Drug Administration approved the mrl;;ting of aureomycin-treated
poultry after tests had proved that all of the antibody is doétroyed in
the normal cooking process.’ Antibioctics have not been approved for
preservation of other edibles sinoce it has not been established that
all of the preservative disappears in the course of normal preparation
procedures, The problem is not whether shelf igl.fo oan be extended,
but whether a method oan be found whioch will remove all traces of the

dr\ig before the food is consuned.

Radiation ;
The principles of the radiation preservation process are based

on the early disooverles of We. K. Von Roentgen, the discoverer of
X-rays, and H, Beoquerel, an explorer in the field of radiocectivitye.
Curie experimented with radiocactivity as an inhibitor to the growth of

cancerous «11-.8 The primary oconcern of these scientists was the use

Tuantibictics in Food Preservation,” American Journal of Publiec
Health, Vol. XLVI (October, 19566), p. 1306,

8ohe Interdepartmental Rediation Preservation of Food Program,
United STates Department of Commerce (Washingtons; Olflce of T»&Icﬂ
Services, February 15, 1967), pe 4.
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of radiation to correct pathological conditions in snimals, and later
in plants, |

The first experiments in food radiation took place in the early
1940's, By 1548 there were three laboratories sonducting research on
cold steriliszation; by 1950 the number had increased to ten, and in
1965 there were twenty-five o

In the late 1940's the Department of Defense reccgnized the
potential adaptability of this new process to the problems of feeding
soldiers in the field with fresh, w_holosomo food, The Army recommended
a five year radiation preservation of food program, and in 1953 the
Army General Staff approved the Army plans and funds were alloted for
the‘firlt yoar.‘ During the same year, an advisory committee, composed
of outstanding leaders in universities, industrial foundations, and
government was ofga.n:lzed by the National Academy of Sciences to pro=-
vide solentific advice in the program,}® In 1955, at the suggestion
of the Secretary of t;ho Army, the Interdepartmental Committee was
formed, Initial membership included representatives from the Depart-
ments of State, Defense, Agriculture, Commerce, the Atomiec Energy
Commission, and the Depertment of Health, Education and Welfare.
later, the Department of Interior was invited to partioipate.

It was agreed that the primary objectives of the Committee
on Redistion Preservation of Food were to achleve a high level

Sc11foorn, ope sit., pe 52

m‘l’he Interdepartmental Radiation Preservation of Food Program,
Sp. 2_1_t_o. Pe 5¢
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of participation by government agencies and industry and to

. offeot a transition of program responsibility from the
military department to other government agencies and industry
as rapidly as possible, It was also agreed that the Committee
was to act as a coordinating body, with the direction for the
interdepartmental program resting in the individual member
agenoies,ll

In the meanwhile, the Atcmic Energy Commission had initiated a
program to evaluate the possibilities of utilizing radiation for food
preservation, Contracts had been awarded to four universities who
were to use Cobalt=€0 as a radiation source, In 1953, the U, S. Army
Quartermaster Corps was authorized to embark upon the five year pro-
gram which took over most of the Atomic Energy Commission ocontracts.
Most of today's research projects on food radiation are under the
auspioces of the Quartermaster Corps, which in turn operates under the
authority of the Interdepartmental Committee.

Mhile some of the work has been done directly in the labora=
tories of the Government agencies involved, an extensive research and
development program has elso been developed to include more than
seventy contractors, some of whioh represent industrial cooperative
agreements which involve no exchange of funds, One of the outstanding

advantages of this contractual program is the concurrent dissemination

of new findings throughout the country.

Summary
Down through the years man has soﬁgh%iyq‘diaoovnr the best

~

possible methods of proteocting the freshness of his food. By preserving

1 ade, pe 7o
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the nutritional qualities, his health benefits; by maintaining good
texture and flavor, his erjoyment of eating is enhanced,

The first effective preservatives of whioh there is knowledge
wore drying end pickling, The most reéent efforts are through the
application of atomic energy, although radiation is still in the
e#perimbntal stages,

The keen interest of the Federal Government in the suocess of
the radiation preser;ation program led to the formation of the Intere
departmental Committee, whose function is the coordinetion of the many
experimental projects which are bteing oonducted by both civilian end
government laboratories acrcss the country,

Food rediation is still in the research stage, but the results
obtained thus far indicate the possible benefits to be enjoyed in the

future,






CHAPTER III

THE NATURE OF THE RADIATION PROCESS

AND ITS EFFECT ON FOOD

One of the peacetime uses of atomic energy which shows promise
of elevating man's living standards is the preservation of food by
xadiations This process has passed through a preliminary stage of
research with the resulting indications that food preservation by
atomic energy can actually be accomplished, but not without various
undesirable side affects,

A goneral evaluation of the radiation preservation process
should t;ko into consideration such practical faotors as the quality
of the food prepared by the process, the equipment required to perform
the necessary tasks, the costs relative to other preservation tech=-
nigues, and the palatability of the end product,

This chapter will deal mainly with the general characteristiocs

of' the food radiation process relative to these factors.

Sources of Energy

Basiocally, there are two methods of sterilizing food by ionising
radiations. Mechaniocal devices have been developed whioh produce beta
rays (high speed electrons), These machines oan be turned on and off,

& definite advantage, but the rayi emitted have limited penetrating
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power. 'A machine capable of generating fiveemilllon volts will
sterilize . piece of meat about one inch th.ick.l

Ganma rays are emitted from gross fission products suoh as the
wastes of atomic reactors. X-rays are essentially the same as gamma
rays except that they are produced by a machine. (Xerays are often
referred to as gamm rays in conneetion with food preservation
processes)s X-rays are relatively low in cost as ocompared to rays of
gross fission pr;)dmts, and a machine might be designed which would
work automatically and therefore require no trained operator.z

When gross fission produects becoms plentiful this process
ocould compete with other methods presently requiring less ocapital
investment, However, large quantities may not be aveilable for several
years, Geamma rays are oq;o,blo of penetrating food materials to an
approximate depth of six to eight inohes while producing a fairly
wiform distribution of dosagee - Another type of machine=produced
snergy, co.thod; reys, are rqportefl to have higher efficiency than
X=rays, but this process is mo;'o expona{vo,ls PR

One definite advantage of mchino-pfgdz;oe& energy over atomio

fission products is the reduced danger to persons concerned with

lpadistion Steriliszation, Research and Development Command
(Chioagos Quartermmster Food and Container Institute for the Armed
Foroces, January, 1957), pe 31,

z,knd.oli.ffo Fe Robinson, "Some Fundamentals of Radiation
Sterilisation," Food Technology, Vol. VIII (April, 1954), p. 191.

S1m14d.
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operating the equipment, Machines can be turned off and rendered harme-
leas when not in use, but radiocactive atomic wastes must be well
protected at all times to prevent harm to human 1ife and health. Other
disadvantages of the gamma ray prooess are low effiolency, the
oomplexity of the operation in general, and the number of technically
trained persomnel required.? '

Gamme sources from spent fuel rods and radloisotopes such as
Cobalt=60 are ourrently being used in experimental work, The Atomio
Energy Commission's Materials Testing Resotor at Arco, Idaho, is
supplying spent fuel rods for research projects aoross the eountry.

The rods are shipped in coylindrical lead ocaskets and must be replaced
every three to six months to maintain an adequate dosage. Cobalt=60
has been producsed by reactors at the Brookhaven National laboratory in
New York, the Oak Ridge National laboratory in Tennessee, and the Chalk
River facility in canada.&

Man=-made electron generators are available in varying sizes
suitable for use in radiating food. Several types of electromn
acoelerators afo now commeroially produced, one of which is being used

in the pharmaceutical field, The Us Se Army has ocontracted for a

!
e
\.' il

‘Wayno Ce Trapp, "Radiation Sterilization of Food," (unpublished
Seminar report, Michigan State University, East Lansing, Michigan,

Spring, 1967), pe 6.

Sy. D. Jackson, Status Report to Management on Radiation
Preservation of Food, Offlice oT{?&'Enl'& ervices, Unlted States
Department of Commeroe (Washingtons Office of the Quartermaster
General, July 1, 1957), pe 3.
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machine ocapable of producing twenty-five million volts which will be

able to penetrate approximately six-inches of food such as meat, with

a ocapeocity for sterilizing 1,000 tons of food per znoni:h.6

Dosages

All sources of energy which are uu-d for food radlation are
measured in terms of rep (Roentgen equivalent physical)., One rep is
egqual to ninety-three ergs of nbuorbe;l‘morgy per gram of material
radiated.’ An org is an infinitesimal wit of energy, the amount
required to perform 1/13,560,000%R footepounds of work.®

Nuolear radiation can destroy all animal life, orovided a
suffioiently high dosage is used. The energy level required varies
widely among different organisms with mah being the most susceptible of
the species and bacteria the most resistant, Even within the same
speoies the dosage required to kill may vary with different conditions
of radiation. About 400 to 1,000 rep is all that is necessary to kill
& human, but some baoteria can rith;stand dosages of about five-million
rep.9

As ; general rule, the higher animals are more I;ensitive to

radiation than lower animals, Man is more sensitive than mice and mice

erido. De 4, 13&\‘1011!'!‘0. lo_go _O}_EQ

8fobster's New International Dictionary, Second Edition
(BpringIWO.s Ge Eo Merriam Co., Igaj. Pe 867,

9"hat to Expect in Irradiated Foods," Packaging Parade,
Vole XXVI (iay, 1968), pe 147, |
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are more sensitive than the fruit fly.]‘o Table I shows responses to

given doses of gamma rays or Xerays by various animels,

TABLE 1

RESPONSES TO GIVEN DOSES OF GAMMA RAYS OR X-RAYS
FOR VARIOUS ANIMALS1

Organism Dosage in Rep Effect

Rat 5 - Decreased uptake of iron by red
blood oorpusocles

Mouse 30 Doubled spontaneous mutation rate

Rat 60=100 Embryos affected

Man 200 Reduction all blood elements

Dog 300=430 LD- 50 (Lethal Dose for §0 per
cent of the organisms that are
radiated

Man 400 " Estimated LD 50

Rat 690 1D 80

Mouse 650 LD 50

Chicken 1,000 " 1D S0

. 1!ﬁ.ll}.um Ee Dick, M:om:l.c Energy In Agriculture (New Yorks
Philosophical Iibrary, 1957), pe

Tests have.been conducted om various foods by exposure to
pastourization and sterilization dosages of radiation. The pastewriza=
tion process kills most, but not all bacteria and thereby retards
spoilages Doses of 200,000 rep are sufficient for pasteurizing most

foods.ll Pasteurized commodities are usually stored under refrigeration;

1071114an B, Dick, Atomio Energy In Agriculture (New York:
*Philocophioal Library, 1967), pe

g obert Ryer, "Influsnce of Radiation Preservation of Foods omn
Militery Feeding,” Food Teshnology, Vole X (November, 1956), pe 517,
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lower temperatures are not as condusive to th; prosperity of baoteria
whioh remain in the pasteurized producte.

Dosages of about 2,500,000 rep usually cause sterilization, or
the destruction of all bacteria,}? Onoe the food has been sterilised
all that is necessary to insure freshness for an unlimited period,
theoretically forever, is an aire-tight container, Thers are no
organisms within the sterilized product to induce spoilage, and the
paclkage prevents other bacteria from entering, therefore continued
freshness is assured without refrigeration or other means of preserva=
tion, Obviously, the effectiveness of the process depends upon the
destruoction of all baocteria by radiation after the food has been
packaged in a ocontainer which will remain air tight until consumption
is desired, Packaging will be discussed more thoroughly later,

Quality Changes Induoed by Radiationm

Whether & new food product or process proves to be economioally
worthwhile depends partly upon the reactions of the consumer. The
partioular kinds of food which an individual relishes is determined by
his ethnic background, geographical location, economic status, sex,and
his enviroment with regard to the proximity of transportation and pro-
cessing facilitlies. Poor ocooking m.ethods. unfamilarity with the
commodity, and personall prejudice are other factors which bear upon

individual preferences.

121pid,
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Consumers have learned to like the flavor of foods in their
fresh state and also in preserved conditions, even though the various
preservation proeessosAfroquontly alter the flavor of the item sub-
stantially., Consumers may eventually accept the new flavors of
radiated foods if scientists are unable to find methods of precluding
those quality changes, Many of the radiated flavors, however, are
desoribed as repulsive, so some improvement appears necessary, Experi-
-mnntl conducted thus far have indicated that many radiated samples
possessed flavors quite different from those usually associated with

the partiocular items,

The Nature of Taste and Flavor

The terms "flavor" and "taste" are frequently used interchange-
ably although their denotations differe The act of tasting is the
Judgment of flavor; the latter is a blend of sensations which includes
taste, smell, and touch, '

Some flavors depend more on the tongue for borooption. some are
more oaslily distinguished by the nasal passages, while others produce
& more general sense of feeling. In the tongue group are salt and
sugars; fruiﬁc, coffee, and butter are sensitized through odor; the
sense of feeling is evidenced by the burning sensation caused by

pepper and horseradish, and the coolness of peppermint.13

13; , B, Brownell and others, Utilization of the Gross Fission
Produots (Ann Arbor; Engineering Research Ilnstitute, April, 1954),

Pe L
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Peroeptual evaluations of food are learned through experience
and training., Most individuals probably ‘A-i?-‘,n,‘ot.'an:ro of this learning
and acquiring of preferences, therefore tha‘y are unlikely to analyze
their reactions to specifis flavors. Few persons can explain why a
flavor is pleasant or unpleasant; an individual might dislike a certain
food item because it conveys an unconscious assooiation of an unpleasant
experience. Perhaps the texture, or the "feel" of the food to the
mouth is disagreeable, - »

Steriligation of food by radiation is often referred to as
"6old" sterilization, This is a comparison to the heat sterilization
process which is used in the canning of foods. After the product has
been placed in a can and hermetically sealed, the container is sub-
Jooted to heat in order to kill the miocroorganisms in the foode During
the thermal treatment, the ocontents of the can are either wholly or
partially cooked, depending on the nature of the food in the can and
the length of time allowed for sterilizationm,

Food can be sterilized by radiation while raising the tempera=
ture of the product only about four or five degrees. If desirable, the
item may be held in a frozen state during the entire process. Frozen

or not, radiation sterilization is effeoted without cooking the product,

§m Variations in the Effeots of Radiation on Different Commodities

Flavore Research personnél are continumlly experimenting with
radiation processes in an effort to disocover the key to sterilization

without flavor change. Some of the methods which have been tested are
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radiation in the frozen state, in.a vaocuum, under inert gas, in the
presence of nribus chemicals, with the elimination of oxygen which was
dissolved in the foodstuffs prior to redistion, and caubinations of
these toohniquu.u’ Results in some i.nato.n".oo‘; ":tin.v; been promising
although no gemeral conclusions have been made,

The same degree of off-flavor is not consistently produced in
the same foods under wniform conditions of radiation.

Certain foods are able to withstand many more rep than others
without impairment of flavor, For example, milk develops an off=flavor
at 100,000 rep, dbut dried prunes are mot affected by 3,000,000 rep.

At pasteurization levels of 200,000 rep bananas, orab meat, oranges,

strawberries, butter, and cheese are adversely affected; luncheon meat,
pork, ham, carrots, cole slaw, spinach, and mackrel romin most accepte
able following the same dougo.ls

If no proocess is discovered whengy flavor remains unharmed, the
acceptance of radiated foods by consumers ocould be long in ocoming, thus
the importance of kmowing why persons dislike certain edibles, If the
cause is known, s cure might be effected, otherwise the chances are
poore

A connection between radioactive fallout and food preserved by

the radiation process might be sufficient reason for a substantial

4;, E. Clifoorn, "Radiation Treatment of Foods," Food Techuology,
Vole X (Supplement to May, 1956 issue), pe 40. }

Byer, loo. stt.
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number of individuals not only to dislike radiated food but to fear
bodily harm, Aotually, foods do not become radicactive as a result of

beta or gamma radiations at energy levels required for sterilization.

. *
PPN Y

Odor, oconsistenoy, and color. Changu in odor, consistenoy or

texture, and color have been encountered in the radiation of certain
foods, For example, dark sweet cherries become much softer in texture
at high lovels of treatment, and the natural red color is bleached in
proportion to the dosage 10101.:"6
Changes in odor are particularly notiseable in protein foods
such as meat, as are ochanges in coclor. In one series of tests outs
from different animal types were selected for quality and variety, in
fresh, oured, and frozen conditions. The meat was placed in hermeti-
oally sealed cans prior to radiation, Ths source of energy was
controlled to produce levels of 1,460,000 rep and 2,000,000 rep at the
center of the cane All samples were refrigerated during radiation with
water ice and dry ice to keep temperatures at 1 degree C for unfrozen
samples and 29 degrees C for frozen portions, Results revealed that
the red pigments of all canned raw meats showed radiation demage but

recovered during storage so that all samples except beef liver showed
good pigmentatione All raw beef and beef products were given lower

grades than comparable pork and bork produotc."

161b1d0. Pe 56

17W. M. Urbain and He Je Czarnecki, "Characteristics of Electron

Irradiated Medts Stored at Refrigerator Temperatures,” Food Technology,
Vol, X (November, 1956), pe 601
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The pre=cooked and raw meats in general had very good texture,
but beef liver showed considerabls shrinkage, After extensive storage
small orystalline olusters appeared in the raw beef.l8
Experiments have shown that radiated. meats. tend to recover ocolor
and flavor when held under amaerobic conditions (lack of oxygen). The
improvement takes place within a period of from ten to thirty dayse 1In

the tests desoribed above, further aging did not improve the quality.l®

Entymess The term "enzyme" is derived from a Greek word whioh
means "to leaven."” In the field of food technology enzymes refer to
the complex organic compounds which catalyze chemical transformaticns
of foods and result in odor, flavor, appearance, and texture olnngu.zo

For many years scientists have known that some living cells twrn
sugar into aloohol, the chemical process through which wine is made.
When a scientist discovered that a chemical removed from yeast cells
performed the same way in a test tube he oconcluded that all living
things make chemicals which produce ohang;s, like the fermentation of

wine, The chemicals are the enzymes, and although they are not alive,
enzymes are made by all living cells and are found wherever there is
life, Enzymes act as catalysts by speeding up any chemical reaction
taking place in any cell, but the enzymes themsolves are not ohanged
in the prooou.zl

20

18114d,, pe 602, 191114, Robirson, op. cite, pe 192,

2lnorothy Callahan and Alma Smith Payne, The Great Nutrition
Puzzle (New Yorks: Charles Scribner‘'s Sons, 1956), re 89,
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A high degree of food stability in storage is recessary, there=~
fore the enzyme eactions are an important phase of radiation research,
1ike microorganisms, all enzymes do not react in the same manner when
radiation is introduoced, .Feriv, if any, are inactivated by a dosage of
3,000,000 rep and some oan withstand 10,000,000 rep.22

Tests thus far indicate that products in which enzymes are not
insctivated show.signa of onzymati.o degradatione. The prinoipel problem
is whether these degradative ohangea go on at such a npid rate that
undesirable attribtutes are developed 'beforo u‘ Masonable anticipated
storage period is fulfilled, If enzyme inactivation is necessary,
techniques for doing so are well lmown and are not difficult to mppll.y.z3
Efforts are now beiné made to combine barely enough heat to inactivate
the entymes, with just the amount of radiation needed to kill the
bacteris 24

Tests have been condusted on raw meat under the procedure
desoribed above and the results have shown no oocurance of bitterness
or undue texture breakdowm durirg subsequent periocds of unrefrigerated
storago.zs
In taste panel tests any off-flavor might be immediately

attributed to the radiation energy source, whereas the true cause eould

23

22pyer, ops cits, pe 518, Ibid,

z4'(;001'513 Ee Donald, “Food Irradiation Makes Strides," Food
Engineering, Vole XXIX (December, 1957), pe 58, ,

261pia,
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be due to enzymes, hence the necessity of defining the effects of both

radistion and enzymatic actions,

Food value, The importance of vitarmins in the diet of animmls
was discovered through the works of Lunin in the latter part of the
nineteenth century, and Hopkins early in the twentieth century.<6
Deprivaticn of vitamins leads to various physical reactions ranging up
to deathe When the important functions of vitamins were first dise
covered they were referred to 4s "acoesory factors of the diet.” later
the word "vitamine" ws suggested, mesning "life" (vita), and nitrogen
oon’tair.in; compound” (amine)., When sclentisys »uﬁbsoquontly discovered
that accesory factors differed widely 1n-‘ ;Tz:é‘;niéﬁl composition, the "e"
was dropped to change the word to "vitamin®" and thus avoid any chemical

tigniﬁnnu.”

Vitamins are subjeot to destruotion by heat, This has led to

the encouragement of eating certain foods in the raw state rather than

°°°k°d.
Tests on the nutritionsl value of radiated foods indicate that

vitamins which are destroyed by heat are also subjeot to destruction
through gamma and beta rays. The amount of vitamin loss seems to depend
upon the nature of the product, and since radiation represents "cold"

sterilization the loss might be of relatively low mgnitude.zs

_7

26Callahan and Payne, ope oit., pe 122, Ibid., p. 123,

283 0wnell s Utilizetion of the Gross Fission Products (April,
1854), pe 54e
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Table II shows a comparison of two sterilization processes and

their effect on certain vitamins,

TABLE 1I

RETENTION OF VITAMINS IN MEAT!

—— e —— ———
Treatment Niecin Riboflavin Thiamine Vitamin E
3,000,000 rep 84 72 12 60
(Noe 2 1/2 can heated 80 76 52 -

(146 minutes at 235
(degrees F,

S
-

lRobert Ryer, "Influence of Radiation Preservation of Foods on
Mlitary Feeding," Food Technology, Vole X (November, 1956), pe 517,

In a study of milk, beef, .beanl. and peas which were radiated
at sterilization doses, there was no more “efro’ot on_the nutritive value
of proteins than occured during heat steriIization.2?

More will be said later about the nutritive qualities of

radiated foods when the results of feeding tests are discussed.

Taste panels, The subjeotion of radiated food to human taste

testing entails the selection of a requisite number of persons who ocan
meet certain qualifications; the food is not simply tasted and scored

by the research men,
As pointed out in the discussion of the flavor oconcept, pree

ference for any one food depends upon the individual members of a

29(:li.t'oorn. ope oite, pe 40,
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particular civilization, No matter how accurately an experiment
measures the flavor of a partiocular food, the best that can be expected
of the result is that the true flavor, as oconceived by the population
represented by the panels, has been determined., This necessitates the
exercise of care in selecting a taste ;-nnol if the results are to be
significants An attempt should be made to choose individuals whose

tastes are representative of the population in general,

Choosing the panel. In seleoting taste panel members for a

project which was conducted at the University of Michigan, the
following factors were considered:

l¢ The candidate should represent the population under
ltudy .

2¢ The candidate umst be able to repeat his judgments.

3¢ The persom must havo flavor peroeption which is
reasonably acute, - Yoo

4. The candidate must be nuffieiéﬁé1§1m&iivuted.so

For preference testing, item three is not too important as long
as item one is satisfied, Fallure to satisfy the fourth requirement
will seriously impair any experiment in which the person pgrticipttn.n

Taste tests are not always conducted for the same purpose. A

panel might fall into any one of the following categories:

le Panel for deteotion of differences, Such a panel
usually oconsists of from three to ten members,

S0prowne11, Utilisation of the Gross Fission Products (April,
1954). p. 80.

S11vid., p. 8l.
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Intensive training of the participants is usually
undertaken before tests are commenced,

2 Panel for quality ocontrol. Quality comtrol test
panels are usually panels of long standing and of
more experience than the first type., These panels
are utilized for the maintenance of fixed standards,

S+ Panel for consumer preferences, Panels of this
type are usually large and untrained. Generally,
no standards are provided and decisions are based
on preferences alonees The panel must be representa=-
tive of the population of interest.

4, Panel for quality evaluation, Tasting is uswlly
done by a small number of officlal graders when an
attexpt is made to conform to a uniform scaling
system over long periods of time, Interest is in
an absolute taste score and not in comparative
soores for several prochm‘t:s.3

The testing condiﬁons. Tests should be conducted in an envirom-

ment which is as free from interruption and distraction as possible.
Cooking odors, tardiness, and oxﬁau noise should be guarded against,
Panel mmbors‘ should not sample any one food at the same time in the
presence of another panel mﬁbox; for t':ur thu‘t & faolal expression will
prejudioce the judgments., Usually, at anygivecn moment eech participant
is testing a different food, Equal amounts are used for each sample,
usually bite-size portions.33

The food @plel should be served within a temperature range of
about thirtyefive to forty-five degrees C (about eeventyeseven to
ninety-five degrees F) sinoe this is the optimum temperature range for

taste perception., Panel members usually do not swallow the samples

321p1d, 531bid., pe 826
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but eject them into a suitable container; this method has been proven

most satisfactory.>4

Iypes of tests. Various types of tests are used in taste panel

experinmontss Paired and triangle tests indicate whether there is any
difference between samples, or in speocific characteristiocs such as
tenderness or flavore In & paired test the partieipants may be asked
whioh of two samples is more tender, or which has the better flavor,
In the triangle test, three samples are used, two of whioch are duplie
ostes, Panelists are asked to identify the identical nmplu.ss

The dilution test is used to determine the smallest amount of
an unknown that oan be detected when mixed with a standard material,3®

The tests which are uud' most frequently are scoring, or rating
tests, Panel members are asked to assign a score within a given range
to the samples, The range is usually from one to five, seven, or ten,

although there is considerable variation as to the exact scale ranges

employed 37

On certain ocoasions taste tests have been conducted on foods
which had their general appomnoo'altored as & result of radiation,
In one such instance artificial vegetable coloring was added until
the radiated and control samples looked 1dpnt;ica1.. ‘If"there 1is any

probability that a partioular sample has beon soorod for flavor when

S41pia, S5Tbide, pe 83

361bid., L
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appearance sotually was a aignifiégnt factor the results are discounted.
Although & blindfold test would séem appropriate in such instances the
writer has not read of any tests conducted in that mn;ner.

The eventual success or failure of the radiation sterilization
process depends in part upon the flavor of the treated produot, Even
if the food should prove to be satisfactory in texture, color, whole=
lonpnnlt; eto., without a flavor which most people can enjoy the
process will not be satisfactorye. That the scientists are well aware

of this fact is borne out by the care with which taste tests are

conduocted,

Radiation Costs

Any statemsnt concerning costs of radiation preservation is
simply an estimate, The only work done to date has been conducted in
laboratories and the expenses encountered may bear little resemblance
to those of & commercial operation using mass production tﬁchniquoc.
Socientists have not yet discovered which sources of energy are most
suitable for given foods and ainc; costs vary oonsiderably, both with
the source and the facility required, the task of making accurate cost
estimates is further complicated, The sdv;ng‘a.‘;frhtch x;zight be effected
from reduwed food spoilage and lower expendifures for refrigeration

equipment are also important,

Savings through reduced spoilagee The Army feels that the

radiation of food may lead to significant savings by reducing the
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burden imposed upon. its loglistics systeme Costs might be reduced in
four ways;

le¢ Food ha.ndling expenses could be reduced, -
2. Less refrigeration equipment would be required,

3¢ There would be a deorease in the amount of maintenance
support needed,

4, Food losses would be minimized,>8

The Army has estimated that the cost of overseas shipments of
refrigerated food alone amounts to $40,00 per man~year. During World
War II, the United States had §,000,000 men overseas, therefore the
potential saving ean be estimated at $200,000,000 per year.3?

Shipping perishablu'xmdor refrigeration is not enough; addi=-
tional equipment is needed at the receiving port, for transportation
along the lines, and at the polat of eonsumption.

It takes one walkein and two reach=in refrigerators for each

mess feeding 450 men, a total weight of 85600 pounds equivalent
to $2500,00, or nineteen pounds per person, For & field army
of 400,000 men this is 3,800 tons, for 1,000,000 men $5,000, A0

Savings in the food itself could be effected in two ways, First,
spoilage enroute should be reduced. (One post-World War II shipment of
fresh vegotables to the Far East totaling 500,000 pounds was fifty per
oent spoiled upon arrival at the doa'ti;htv::{yq)‘.u s.ooond » if the food

arrived in a fresher ocondition the soldiers should consume more and

throw less into the garbage ocans,

38zyer, ope oit., pe 519, 391psa,

401p14, 411psd,
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The military is not the only group which could benefit from
radiated foods, Handling and equipment costs, and losses due to
spoilage are of major concern to food producers, retailers, and coﬁ-
sumers, Estimates of the amount of food which is thrown away in the
United States vary but most are in the fifteen to twenty=five per cent
range, This includes food which is simply wasted, as well as losses

through spoilage,

Processing costs, Research men at the Univnr;ity of Michigan
condusted tests using three different rud.htion facilities and come
puted costs as acourately as possidbles In the first experiment,
cesiun-137 was used as the energy source with a minimum dosage of
26,000 rep, The facllity is capadle of breaking the trishinosis oyole
of hog carcasses and can process 2,000 hogs per day, The estimated
costs of treatment, including amortization of the investment over a
five yel.r period, is ome=fourth cent per pound of pc.u'k.42

The uoonﬁ faocility uses the same energy source but is designed
to double or triple the shelf 1life of meat by pasteurization, Doses of
80,000 rep have beem found to be sufficient for this taske The
facility can process thi}'toon tons of meat per hour at an estimated

cost of one=fourteenth cent per pound$S This device is about five

421.. Ee Brownell and Je Ve Nehemias, "Techniques Used in Studies
With High Intensity Gamma R.o.dhtj.on," The Soientific Monthly, Vole XXXII
(February, 1966), pe 93. .

"3Ib1d. K . ": ‘
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times more effiocient than the first facility, hence the lowsr processing
coste

A faollity designed to radiate potatoes uses spent fuel rods as
the energy source and is capable of delivering 10,000 rep to about
260 bushels per hour, Cost estimates are about six cents a bulhol.‘4

In another test, 25,000 rep was used to treat grain, flour, and
coreal products for control of insect infestation, Reports indiocate
that flour can be radiated in 100=pound bags at an estimated cost of
two=cents per 100 pounds. Taste panels have found that bread, biscuits,
and cakes made with treated flour at doses of 50,000 rep had no undesire
able qualitio:.45

Table III shows éstinatod radiation costs for selected tasks,
taking into account both gamma and beta ray sources.

These figurol represent the range of costs encountered at
several research stations employing various energy sources.

The estimated perepound costs consider the initial outlay for
construotion of the radiution'raoility and the energy source, cesium=137,
Estimated costs of & unit such as that- utod ﬂor radiating hogs, and
oapable of administering a dose of 30,000 rop are $82,500, The energy

source installed and its shipping container cost approxinately $508,000,

“Ibido. Pe 94,

Ougnat s New in Food Radistion?," Food Englueering, Volo XIVII
(Desember, 1955), pe 167, )
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making the total cost of the facility $590,500, The suggestion is made

that the source should be amort.tz‘od over & fiftyeyear por:lod."6

TABLE III

COST AS CALCULATED FROM AVERAGE
RADIATION SERVICE CHARGES1

Purpose Cost
Sprout Inhibition 147 to $5,00 per ton
Grain Disinfestation 10¢ o $1,00 per ton

Moat Sterilization 08¢ to  07¢ per pound

) 1Robert Ryer, "Influence of Radiation Preservation of Foods on
Military Feeding," Food Teohnology, Vole X (November, 1966), pe 518,

Plants equipped to radiate food will require several trained
persons for supervisory Jjobs, Faoilities will have to be adequately
equipped to safeguard the health of those involved in the work,
Fixtures required for the x;ndiation process and the energy source are
quite expensive, although the latter is expected to decrease in price
as atomic wastes become more plentifuls In view of the high fixed
costs involved, full economy of _opgntion will necessitate working on
& large soale so that each facility ean be pushod %o sapacity output,

Manufacturers will probably choose fé’:bi'xiid only a pilot plant

when first adopting the radiation process. Expansions could be made

46prownell, Utilization of the Gross Fission Produsts (April,
1954), pe 164
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subsequently as experienoe and needs warranted. Radiation plants will
tend to be inflexible, therefore persons charged with the responsibility
of approving the necessary expenditures must be reasonably sure of what
they are doinge

Since the radiation preservation of food is such & new conocept
and requires much more testing, th? few cost estimates which have been
voiced may be migni:i‘iunt. The economic advantages over current

preservation practices cannot be assessed at this time,

Feeding Tests

The most important faotor in the consideration of radiated food
is not whether the flavor, odor, texture, and appearance are satis-
faotory, but whether any toxic effects result, Bodily harm from
dangerous chemioal changes, or radicactivity of the food are two
possible dangers which scientists recognize.

Feeding tests have been conducted on animals and humans .
although studies with the latter group have generally been of short

duretion,

Feeding tests with rats. A study by University of Michigan

scientists was conducted on 124 rats, sixty-two of each sex. The
animals were subjeoted to both long and short term tests, Part of the
long term group was fed a diet radiated with 4,000 rep doses; after a
period of 224 days the animals which were given a control diet showed
& slightly superior growth. rate as compared to the animals which ate

the radiated foods Thirty-one males of the qontrol group had an average
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weight of 560 grams while the average weight for the same number of
nales which were given radiated food was 530 grams, There was little
difference in weight between females in the two groups, but wvariations
due to pregnanocies made this factor difficult to interpret.47

Studies of the rats involved in the short term tests showed that
those fed a complete diet treated by é0,000 rep suffered vitamin
defioiencies, The inclusion of a nonradiated vitamin supplement was
shown to correct the nymp‘tmns.4I8

With regard to reproduction, the results of the experiments were
inconclusive, One‘ strain of rats which subsisted on a radiated diet
faliled to reproduce, but another strain eating the same food bore young,
as did both control éroups. In the long=term studies, two out of
sixtyetwo animals which ate the radiated diet developed tumors, but
more study is needed before any conclusions can be made o49

Some animals which were fed the completely radiated diet showed
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