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INTRODUCTION:

Preservation of foods, including meats, by ionizing radiation, is an important 
peaceful application of atomic energy and has an international scope. At 
present, more than 50 countries have some form of food irradiation research 
and application (1,2). Most of them are members of the United Nations' Inter
national Atomic Energy Agency (IAEA) and the Food and Agriculture Organization 
(FAO). Except for activities conducted in the United States, most of the food 
irradiation and related research and development is on low-dose irradiation of 
agricultural commodities, such as potatoes and onions for sprout inhibition; 
insect disinfestation of grain, flour, and cereal products; extension of the 
shelf-life of fruits and vegetables; delaying of ripening of certain fruits, 
like mangoes and bananas; and extension of shelf life by reducing bacteriolo
gical contamination of spices and certain meat, poultry, and seafood products.

Although the Health Authorities in sixteen countries have approved at least 
one of seventeen irradiated foods, the major effort worldwide is now directed 
toward obtaining scientific evidence to show that foods irradiated under con
ditions envisaged for commercial application are safe to eat, i.e., are. whole
some and nutritionally adequate. Several excellent reviews and books are avail 
able for detailed information on the subject (1, 3, 4, 5, 6, 7, 8, 9). In the 
United States, the preservation of food by ionizing radiation gained great 
impetus when President Dwight D. Eisenhower, in December 1953, proposed the 
ATOMS FOR PEACE program to the United Nations.

The United State::' main effort today is in the field of high-dose radiation 
sterilization (radappertization) of meats, poultry, and selected seafood items 
3s conducted primarily under the U. S. Army's Food Irradiation Program. Since 
1971, most of the act’ivJ ties have been concerned with the wholcsomeness of 
tadappertized enzyme inactivated beef in preparation for petitioning the U. S. 
Pood and Drug Am  inistration (FDA) and U. S. Department of Agriculture (USDA) 
for r rpf" * t f ■•••■' -. r—  < p*- unlimited human r or sumption of irradiated bc°f
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beef and other ments will be presented in this paper. The application of ioniz 
lug radiation fur processing of raw, fresh meats and poultry will also be dis
cussed.
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(5 Mev maximum energy) produced by electrons in an X-ray target. The gamma r3' 
electrons and X-rays cause temporary ionizations and excitations of the mole' 
cules in the food. The ionized and excited molecules, together with unstable 
secondary products, inactivate the microorganisms. The number of the food 
irradiation pilot plants the world over stood at 27 in 1972 and is continuing 
to increase as the activities on food irradiation increase (2).

At the U. S. Army Natick Development Center (NDC) there are two pilot scale 
irradiation sources: (a) 3,000,000 curies cobalt-60 gamma source and (b) 10 
versatile electron accelerator (LINAC) (10).

2. Possible Applications of Irradiation in Meat Industry

Table 1 lists the possible applications of ionizing radiations in the meat 
industry.

a. Terminology.
The terminology used in the food irradiation field was established aIld 

approved by an IAEA committee of specialists on terminology of radiation Vr°' 
cessing (11,12).

(1) Radurization - the term is derived from the words "radiare", t0 & 
radiate, and "durare", to prolong. The process reduces the numbers of spoil3"’ 
microorganisms and results in an increase in refrigerated storage time. This 
term is to replace such terms as "radiation pasteurization" and "irradiation 
by non-sterilizing doses".

(2) Radicidation - the term is derived from the words "radiare" and 
-cida, caedere", to kill", and is used for the radiation process that reduce5

or eliminates specific organisms of public health significance.
ii

(3) Radappertization - "Radappertization" or "radiation appertizati°g 
is the radiation process that commercially sterilizes (destroys microorgani51? p 
in the food). The process corresponds closely to commercial heat sterilizaCli-:. 
of foods. The term is derived from the name of the French confectioner, ApPc 
who suggested the method for thermal preservation of canned foods.

b. Radurization

-fi
An increase of even a few days in the shelf-life of refrigerated fre ■ 

meat has great economic value. This is especially important when meat carca^  
and products must he t ra n sp o rte d  for some distance, e.g., by sea.  R u s s ia n  J-1’ 
vestigators reported that irradiation with 0.5 Mrad doses increased the stof3'-' 
time of beef at 3°C up to 6 months, sides of lamb irradiated with 0.4 Mrad °P 
to 8 weeks when stored at 1°C, and raw, vacuum packed (in Saran) pork up t0 
4 months when irradiated at 0.9 Mrad and stored at 2° to 4.5°C (5).

Various men 
in flexible plastic 
ties as verified by

t dishes made from the red meats and poultry, vacuum 
films and irradiated with 0.8 Mrad, had good taste 
professional taste panels and by consumers (5.6).

prope*
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2



Table 1: Possible applications of ionizing radiation in meat industry

Application
Doso Ranne 
(Mrad)

Irradiation 
Temp. (°C)

Radurication for extension of refrig
erated storage (b°C to 5°C) , e.g,, 
meat, poultry, and fish.

Radicidation - destruction of spe
cific pathogens and parasites, e.g., 
s almond lac from meat, poultry, and 
animal feeds; trichinae, tapeworms, 
and liver flukes in meats.

0.05 to 0.5

0.1 to 1.0 5° ± 5°

Sterilization of food ingredients, 
e.g., spices,

Radapportization ^sterilization) to 
allow long-term unrefrigerated storage, 
e.g., for meats, meat products, poultry, 
and fish.

1 to 2

2 to 6

Reduction of nitrite in cured radurized 
and radappertized meats.

Ambient

-30° ± 10°C 

5° to -40°C

the approval in 1967 by the USSR Public Health Ministry, the vacuum-packed, 
raw and precooked meat and poultry products irradiated to 0.6 to 0.8 Mrad 
received a high acceptance in a large-scale consumer test conducted in train 
dining cars (5).

Three problems may occur during extended storage life of radurized 
raw meats: discoloration, fat oxidation, and exudation of meat juices. Ex
periments conducted in the United States on retail units of beef (13) showed 
that these problems can be controlled by: (a) treatment of the retail meat 
cuts with 10% solution of sodium tripolyphosphate (TPP) containing 0.25% 
ascorbic acid to a number of the wrapped retail cuts to form a bulk shipping 
or wholesale package; (c) irradiation in the chilled state; and (d) transpor
tation of the bulk package under refrigeration to the retail outlet, where it 
is opened prior to placing the retail cuts in the refrigerated display case 
to restore the red r.oli-r (oxymyoglobin) on the surface of the meat cuts, 
tail cuts of beef so processed, irradiated with 0.1 to 0.25 Mrad, have been 
shown to have an increased saleable life at 4.4°C from an average of 4 days 
to at least 15 days (13,14). The process lias definite promise for the meat 
industry in connection with centralized packing of the retail cuts of beef, 
pork, and lamb, but additional work is needed to complete the development of 
commercially suitable processes.

The use of radurizing doses of ionizing radiation to control micro
biological spoilage and to increase the saleable shelf-life of fresh, evisce
rated chicken has been investigated widely in the United States and other 
countries. Norma] maximum shelf-life of fresh poultry depends mainly on the
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Table 2: Radiation resistance (D10 in Krad) of some 
microorganisms irradiated at 5°C to 25°C meat spoilage

Microorgani sm Modium (Dio) , Krad
C. botulinum type A Food product ■100
C. botulinum type B Buffered solution 330
Micrococcus radiodurans Beef 250
C. wolcuii Meat 240
C. sporogenes Buffered solution 210
C. botulinum type E Bouillon 200
B. stoarotiicmophilus Buffered solution 100
S. typhimurium Egg mixture 70
S. typnimurium Buffered solution 20
Streptococcus faecalis Bouillon SO
Ii. coli Bouillon 20
Pseudomonas species Buffered solution 4
Source: Rcf. b, Table lb.

storage temperature and Is about 6 days at 4°C, 8 days at +1°C, and 10 
at -1°C (15). On the other hand, eviscerated chicken irradiated with 0.* ,» 
to 0.6 Mrad doses may be stored for 34 days at +1°C as found in the USSR (  ̂
The doses of 0.1 to 0.3 Mrad are considered necessary for the destructif , 
the spoilage microorganisms of refrigerated poultry such as PseudomonasJ^ 
Achromobacter (5,16,17), while doses of 0.5 to 1.0 Mrad are needed for th® 
destruction of Salmonellae (18,19,20) to improve the hygienic quality (ra 
cidation).

-fi}1
Research conducted at the NDC (18) showed that radurization of 

eviscerated chicken with a dose of 0.13 to 0.28 Mrad gave carcasses that ^ 
free from microbiological spoilage and were of excellent quality for 15 
days at 1.6°C. The only commercially available process which approximate j 
this saleable shelf-life is the low-temperature (-1.0 to -2.0°C) storagc 
distribution of fresh chicken. Irradiation with 0.5 Mrad gave a product 0 
excellent quality after roasting or broiling even after storage of 35 clay* (, 
at 1.6 C, or 21 days at 4.4°C. The irradiation of the Koshcr-processed ŷ 
eviscerated chicken resulted in an additional extension of the shelf-lifc 
2 to 3 days in comparison with the non-Kosher process (18).

very
life

Radurization doses of ionizing radiation of 0.1 to 0.5 M r a d  arc 
effective in reducing the bacteria), population, with t h e  r e s u l t i n g  

extension, in ground raw meats and vacuum-packed luncheon m e a t s  nnd
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frankfurters stored under normal refrigeration temperatures of 2 to 4.4°C
(5,6).

In a study on ground beef, it was shown that the beef obtained from 
a centrally operated plant contained 2.3 x 10^ microorganisms per pram, 
while in the retail store, the bacterial count of non-irradiated ground beef 
had an average of 5.5 x 107 per gram. With 0.204 Mrad irradiation, a 3 log- 
cycle reduction in the total microflora and a shelf-life extension to approxi
mately 2 weeks at 2°C were attained (21). Much of the residual flora in 
ground beef was attributed to Morexclla-Acinetobacter, which was a common 
contaminant of all sources of red meats. Psychrotrophic bacteria have been 
shown to be extremely sensitive to radiation, e.g., Pseudomonas fluorescens 
gave a D-,q value of 12 Krad in low-fat ground beef; Dio value's tor other 
bacteria were Escherichia coli 43, Salmonella typhimurium 64, and Staphylo
coccus aureus 58 Krad. The bacteria were more sensitive to radiation in a 
high-fat meat than in a low-fat meat (21).

Table 2 presents the radiation resistance of some of the meat spoilage 
microorgnisms (5). Radurization is effective in eliminating or greatly re
ducing the microorganisms listed in the lower half of the table, while higher 
doses (radappertization) are required for the elimination of C. botulinum 
species and Micrococcus radiodurans.

c. Radicidation

The low doses of ionizing radiation are very effective also in con
trolling the growth and reproduction of such parasites as Trichinae (Trichi— 
nella spiralis) and tapeworms (Cysticercus bovis and Echinococcus granulosus) 
with a dose of 15 to 30 Krad (22,23); a dose of 0.4 to 0.5 Mrad (24) may com
pletely eliminate or kill these parasites. In spite of the thorough meat 
inspection and meat handling in the United States and in other countries, 
Parasites of this kind are still a problem in meats (23,24,25).

The most important application in the use of ionizing radiation is 
in the use of higher radiciding doses (0.5 to 1.0 Mrad) for the irradiation 
of fresh poultry, red meats, and animal feeds to eliminate salraonellae. The 
resistance values (D]n) of salmonellae at 4°C vary from 51 to 80 Krad, depend
ing on the species (5,6,20,21). The 0.5 Mrad dose, recommended for the eli
mination of Salmonellae from fresh poultry (19), would also reduce the numbers 
°f Staphylococcus, Shigella and spoilage organisms by a factor of at least 
107."'and~of ClosTridiom spores by a factor of 10 to 100.

At presen. limited clearances for low-dose irradiation of fresh, 
eviscerated chicken for shelf-life extension and/or salmonellae control have 
been issued in several countries: experimental batches in the Netherlands 
(300 Krad) and Soviet Union (600 Krad); and fresh and frozen eviscerated 
Poultry, irradiated with a maximum dose of 0.75 Mrad has been approved by 
the Canadian Government for test marketing.

The
Salmonellae 
Author!ti es

dose of 1.0 to 2.0 Mrad can be successfully used to eliminate 
from animal dry feeds and from fish meal (23,26). Israel Health 
have approved radioidatioo of poultry feed using 1. j Mrad as
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maximum dose (27). Experiments conducted in England have shown that there 
is no adverse effect on the nutritive value of animal feeds irradiated at
0.1 to 0.a Mrad and that the irr<adiation at 2.0 Mrad was superior to h e a t  

treatment with respect to retention of protein quality (26).

d. Irradiation of spices.

Spices generally have high bacterial counts and, since other foods 
are seasoned with spices, the spices serve as the foci for rapid bacteria* 
growth. Although ethylene oxide has been used as a bactericidal agent, iC 
may leave an undesirable residue (29). Heat is unsatisfactory because if 
drives off, or reduces the desirable volatiles. Work by Polish (30) and 
Hungarian (31) investigators has shown that irradiation is highly effect^6 
and can be substituted for ethylene oxide. An investigation on feeding 
with a diet containing various levels of spice mixtures irradiated up to 
1.5 Mrad is being conducted in'Hungary under contract to the International 
Project in the Field of Food Irradiation with the objective of obtaining 
approval by the Health Authorities of irradiated spices.

e. Radapperfixation.

The scientific and technological feasibility of using ionizing 
radiations to preserve highly perishable animal protein foods, such as 
meats, poultry, and some sea foods for long periods of time under n o n - r e ^  
gerated conditions has been proven under the U. S. Army Radiation Preserve 
tion of Food Program, presently conducted at the NDC.

Technology is well advanced for radappertized ham, bacon, pork 
sausage, beef, corned beef, and codfish cakes and, except for the detergí' 
nation of the specific irradiation dose requirements, for shrimp, lamb, 
turkey and ground beef, pork and chicken with the additives, 0.75% NaCl 
and 0.3% sodium tripolyphosphate (TPP) (4,23,32,33,34,35,36).

The radappertizntion process basically involves a pre-irradiati°n 
treatment with heat to an internal temperature of 65° to 75°C to inactivat 
autolytic enzymes; packaging over a partial vacuum in a sealed container 
impermeable to moisture, air, light, and microorganisms; bring the food , 
package to the temperature at which it will be irradiated; and then exp°ül 
the food package to ionizing radiation until the required absorbed dose 
obtained.

Table 3 shows the minimum required doses for radappeitized foods 
that have been successfully produced in the laboratory. Bacon irradiated 
at temperatures at or below 25°C is of excellent quality, but other produC‘ 
develop off-flavors whc-n Irradiated at temperatures above freezing. ,
temperature (below -5°C) irradiation is used for producing accept able b£’£’ 
(33,14,35), and other foods can be improved by irradiating them in the 
frozen state (—30° + 10°C). However, as temperature is lowered below O'* 
increasingly higher irradiation doses are required to achieve the same 
degi.ee oi bioria.il effect. Also the cost of freezing, increases as tcni-'  ̂
pernt.urc is lowered below the limit of me chan leal rofr jgernt i on, i.e. ,'1‘
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T,able :>: Minimum required doses (MRP) ror radappertization*

Irradiation MRD
Food temperature (°C) (Mrad)

Bacon 5 to 23 2.3

Bcefb -30 + 10 3.7

iiam£/ S to 23 3.1

uarrr -30 ± 10 3.3

P ork 3 to 23 4.3

CodfiSii Cakes -30 ± 10 3.2

Corned Beef -30 + 10 2.4

Pork Sausage -30 ± 10 2.7

M  as eel' on Id 14 reduction in numbers of spores of £. 
botulinum (12-D) as determined by the Spearman-Karber 
.metnod u b j ;
bV.’itn tiie additives: 0,7«3"v NaCl and 0.37o-i sodium tri- 
polyphosphate ;
cRegular (high) NaNO^/NaNO^ (1j0/700 mg/kg) ;
^Reduced Nal^/NaNC^ (2a/10o mg/kg);
Source: Mr. Abe Mollis, US Army Natick Development Center

-30°C. Therefore, the most favorable balance of quality, cost, and required 
irradiation dose appears to be at about -30° + 10°C.

The minimum radiation doses (MRD) given in Table 3 were obtained in 
accordance with the 12D concept of microbiological safety. The MRD data 
indicate the radiation dose in megarads needed to reduce the numbers of 
viable spores by a factor of 1 x 10^, based upon the recovery data of the 
most radiation resistant strains of Clostridium botulinum used in inoculated 
Pack studies with the individual foods in sealed cans as the substrate (28,37) 
The MRD values depend on the food as well as its temperature during irradiatio 
The foods containing curing agents (ham, corned beef, bacon) generally have 
lower MRD's than similar food" without these ingredients.

Mixtures of about 0.73 percent sodium chloride and 0.23 to 0.3 percent 
food grade phosphates, such as TPP are excellent binding agents both for rad- 
nppertized hamburger (ground beef), and for formed rolls of beef, chicken, 
Pork, and lamb. Weight loss during enzyme inactivation was reduced from the 
normal 30-35 percent loss with no additives to 10-15 percent with these addi
tives, thus improving the- juiciness of the products. The amount of added IPP 
of 0.3% is sufficient for the Intended purpose (3ft). All products retained 
their shape through extended room temperature storage and during kitchen pre
paration, and meat rolls were readily sliced after reheating.
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To protect the radappertized foods from bacterial recontnminntion 
after irradiation and during long-term non-refrigerated storage, durable 
packaging of the food prior to irradiation is required. Two program goals 
have guided progress in the field: (a) determining reliability of commer
cially available metal containers for low temperature radappertization of 
commercially available metal containers for low temperature radappertization 
of pre-packaged foods, and (b) developing flexible, light-weight containers 
capable of withstanding rough handling and storage, retaining the protective 
qualities during storage without any adverse effects on the food contained 
therein. There is no problem in the irradiation of tinplate containers at 
doses up to 7.5 megarads at temperatures as low as -90°C, provided the can 
enamels used are of the epoxyphenolic or phenolic types and the end-sealing 
compounds are a blend of cured and uncured butyl elastomers, a blend of poly' 
chloroprene and butadiene—styrene elastomers, or a blend of polychloroprene 
and uncured butyl elastomers (39).

The FDA has approved four plastic films as food contactants for foods 
radappertized b^y exposure to the gamma rays from Co-60 or Cs-137 to a maximu1̂  
of 6.0 Mrad: polyethylene, polyethylene terephthalate (Mylar), vinyl chloride' 
vinyl acetate copolymer and polyiminocaproyl (Nylon 6) (23,40). Other films 
currently being investigated include the ethylene-butene copolymer, vinylidinC' 
chloride-vinyl chloride copolymer, polystyrene, plasticized polyvinyl chloride* 
polyiminoundecyl (Nylon 11) and a blend of ethylene—butene copolymer and pol)r 
isobutylene. These films are used as the food contactant layer in a laminated 
structure with aluminum foil (middle layer) as a moisture and oxygen barrier> 
and either Mylar or Nylon 6 as the outside layer to give strength to the lamf' 
nate in the form of pouches. The laminated flexible package consisting of 
chemically bonded Mylar and medium density polyethylene as the food contactant 
layer, aluminum foil (middle layer) and Nylon 6 (outside layer) was found to 
be very reliable for packaging radappertized foods (40). Over 400,000 such 
flexible packages were used during 1972 - 1974 for vacuum packaging of more 
than 40,000 kg. of beef with less than 0.01% failures after vacuum packaging 
and electron irradiation at -40 to -5°C between 4.7 and 7.1 Mrad. Both metal 
containers and flexible packages have to be sealed under vacuum to prevent 
rancidity of the lipids in the foods packaged for radappertization.

Table 4 shows examples for the quality of radappertized meats using 
the 9-point hedonic scale for preference (41). In case of meat and poultry 
products, the rating of 5 ("neither like nor dislike") is considered to be 
threshold of acceptability. A rating of 7 or above indicates a highly accept 
able product.

Tt is of more than passing interest that irradiated ham (with l.S0/6p • 
mg/kg additions of NnNC^/NaNO^) was eaten by the astronauts of the Apollo l'/ 
flight, to the moon in December 1972. The ham slices, 12 mm in thickness and 
weighing approximately 105 + 5 g, were eaten at three meals (including one  ̂ . 
meal on the moon itself) in sandwiches made with radurized bread (50,000 
using radiation insect-disinfesLed rye flour (50,000 rads). They reported 
ihe Juicy, chewy (irradiated) ham and cheese on (irradiated) rye was one 

tiie space culinary delights enjoyed by the Apollo 17 astronauts) (42). Had' 
appertized ham slices were also orbited in Sky lab Til as an emergency back'"1’ 
food, along with canned bread made from irradiated (50 Krad) wheat flour.
In t espouse to a National Aeronaut ic s .and Space Administration request i<>T

of

foods for the ApolJo-Soyuz Test Program (ASTP), the NDC provided radapp«;rtl'/<'
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Table 4: Acceptance of radappcrtized meats

Product
Mrad-30

at
°C Recipe

Ho.
Raters

No.
Tests

Ave.
Rating*/

beef 4.7 to J.3 Onion Gravy 33 2 6.41
I I I I Roast<ui jus 89 4 6.21
I t I I Brown Cravy 85 4 6.49
Hamii/ 3.7 to 4.4 Grilled 32 2 3.10

I I M Baked 201 8 7.44
Pork Sausage 2.7 to 3.3 Pried 91 4 7.38
Chicken 4.0 to 5.4 Breaded-Pried 79 2 7.00
Cooked Salami 2.5 to 2.9 Cold 64 2 6.40

Apollo - Soyuz Test Meats:

Uam£/ 3.7 to 4.3 Cold 64 2 7.65
Beef Steaks 3.7 to 4.3 Pried 64 2 6.95
Corned beef 2.5 to 2.9 Cold 64 2 6.95
Turkey Slices 3.7 to 4.3 Cold 64 2 6,50

J-point-hedonic scale; )l/ Regular (high) NaNC^/NaNO, (150/600 rng/k g) ;
SJ Reduced /NaN03 (25/100 mg/kg)

Taule j :  Acceptance of high and low nitrite ’ham '(Consumer Panel: n =  32)
mg/kg added Irradiation Acceptance Ratings*/

W aH 0^ NaHOj Source Irradiated])/ Non - 1rrad i atad

lab oUb Cobalt —0ü 6.8 - 1.3 7 T 4 1.3
Electrons 6.5 ± 2.0

20 1U J Cobalt-00 0.4 ± 1.5 -T ■; -L / • ** " I .4
Electrons 7.0 - 1.2

1/ Paired sets of samples, Cobalt-ou vs Electrons, for low and high 
nitrite-nitrate aams; ]J  3.7 to 4,4 Mrad at -3U°C ± lb C.

ham (with 25/100 mg/kg additions of NaNO /NaNO-j), corned beef, turkey slices, 
and beef steaks for evaluation by prospective pilots, both Russian and 
American, of the ASTP flight. These products were selected by the astronaut:, 
and cosmonauts and were eaten during flight between July 15-24, 1975.

In the United Kingdom, considerable experience has been obtained with 
animal feeds radappertized at 2.5 Mrad for pathogen-free feeds and at 5.0 Mrad 
for germ-free feeds (4'3). Irradiated feeds have been shown to be more nutri
tious than thermally sterilized foods. Thermal sterilization (autoclaving) 
lowers considerably the concentration of individual amino acids, p.itticular1y 
the essential amino acids, lysine, methionine and tryptophan. Ibis was shown 
by animal feeding-studies with rats and mice using thermally sterilized versus 
irradiation sterilized animal feeding mixtures (44).
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In Italy, the; Irradiation of foot and mouth disease virus with doses 
of 3 and 4 Mrad was conducted (45). Irradiation in the dry state with 4 Mr^ 
reduced the number of the virus particles by 10^; the same degree of reduc" 
tion■in the liquid state was achieved with 3 Mrad. Radappertization at cry" 
ogenic temperatures in sealed containers in the absence of oxygen offers a 
means of eliminating this rTirus in many infected animal products.

The health authorities of the United Kingdom and the Netherlands in 
1969 and in Germany in 1972, approved radappertized foods for hospital patien 
which have either received organ transplants or are being treated for leuken'^ 
and have their immune responses suppressed to minimize rejection. Because 
the suppression of the immune response makes the patients hypersusceptible 
bacterial infections, they are kept, in a sterile environment and are fed 
sterile diets. Although heat can be used to sterilize diets, it is not a 
suitable method for all foods ajid limits the variety of foods the patients 
can eat. Radappertization permits a much wider selection of foods and helps 
stimulate the patient's appetite with improvement in morale and nutritional 
condition (23,43).

The effect of ionizing radiation on the nutritional value of meat 
proteins, even when processed with radappertized doses, is less damaging t̂ a*1 
that of heat (35,44); the effect on vitamins is not markedly different in 
degree from that of other methods of preservation (23,46). Protection of 
nutrients is improved by holding the food at low temperature during irradia^1 
and reducing or excluding free oxygen from the foods by vacuum packaging (** 
23, 32, 35, 46).

f. Reduction of nitrite in cured meats.

Recently the researchers of the NDC investigated the possibility . 
reduction in the additions of nitrite and nitrate in radappertized cured m*3 ' 
such as ham and bacon. Nitrite and nitrate benefit organoleptic qualities 
as characteristic flavor and pink color of cured meats. Nitrite, in combi*13' 
tion with other curing agents, also inhibits toxin production by £. botujj S ^  
in thermally processed meats. The use of these curing agents, however, has 
been under reappraisal by the meat industry and health regulatory agencies 
because under certain conditions nitrite may react with free amines in fooil 
forra nitrosamines, which are carcinogenic (47, 48). In addition, the resi^, 
nitrite left in cured meats after processing may react in the gastrointesti*1̂  
tract with free amines, forming carcinogenic N-nitroso compounds. Model ^  
me it.” with laboratory < r: »aIs have shown that high concentrations of nit1*!1'’, 
and certain amino compounds induced tumors characteristic of the correspond 
N-nitioso compounds (47, 49). Because of the formation of nitroso compound^ 
from nitrite and amines in the stomach, it appears prudent to reduce the lnt' f. 
of nitrite as much as possible and in particular to reduce the amount added 
our foods, lhis was strongly recommended by the toxicology experts of the 
International Symposium of Nitrite in Meat Products that took place in 7.e !•’ 

mds, September 11 to 14, 1973.The Met:her.l
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•The experiments on radappertization conducted at the NDC show that the addi
tions of nitrite to cured, smoked ham and bacon can be reduced from 156 mg/kf 
the amount commonly used by the meat industry, to 25 mg/kg, without affecting 
the characteristic color, odor, flavor, and overall acceptance of the product 
and with the guarantee that no £. botulinum toxin will be formed (50, 51). 
Table 5 shows the preference data for the low and high nitrite radappertized 
ham. The data indicate the high quality of products containing only 25 mg/kg 
sodium nitrite and 100 mg/kg sodium nitrate added to the products during curi 
instead of the commonly used 150-156 mg/kg nitrite and 500-600 mg/kg nitrate. 
The important factor in achieving this notable 83% reduction is the fact that 
radappertization destroys £. botulinum, thus eliminating the need for the 
larger amount of nitrite required for controlling £. botulinum in nonirradiat 
cured meats. No nitrosamines (dimethylnitrosamine, methylethylnitrosamine, 
diethylnitrosamine, nitrosomorpholine, nitrosopyrrolidine, or nitrosopiperi- 
dine) were detected in any of the radappertized ham samples, shortly after pr 
cessing and after 14 months non-refrigerated storage (50, 51). Determination 
of the nitrosamines in low nitrite-nitrate bacon (raw and pre-fried), with 
emphasis on nitrosopyrrolidine, continues. The study is being extended to 
other radappertized cured meats.

WHOLESOMENESS OF IRRADIATED FOODS.

Wholesomeness, in general implies: (a) nutritional adequacy, (b) micro
biological safety, (c) zero induced radioactivity, (d) acceptable organolepti 
and esthetic characteristics, and (e) absence of toxic, carcinogenic, muta
genic, and teratogenic effects. Despite the continuing controversy revolving 
around whether food irradiation should be regarded as a "food additive" or a 
"food processing technique" (1, 3, 23) the existing statutes in the United 
States, i.e., the 1958 Food Additive Amendment to the Federal Food, Drug and 
Cosmetic Act, have legally defined the intentional exposure of food to ionizi 
radiation as adulteration of that food by a food additive. Consequently, if 
irradiated foods are to be permitted for unrestricted human consumption withi 
the United States, the wholesomeness of irradiated foods must be established 
according to these statutes. The general principles adopted for testing inte 
tional food additives, therefore, are generally applied to the testing of 
irradiated food but with certain distinctions (12, 52, 53). Absolute proof o 
safety of any food additive is not possible in the strictest sense, because t' 
do so would require long-term feeding studies with human test subjects. Con
sequently, animal models are used as test systems to demonstrate possible kno 
harmful effects. Data from such experiments are then interpreted from the 
viewpoint of extrapolating the results to man.

Within the United States, the Department of Army and the Atomic Energy 
Commission have conducted numerous long-term animal feeding experiments 
utilizing irradiated foods. Reviews of the accomplishments of these two 
agencies through 1966 are available (54,55). It is concluded in these review: 
that no evidence of untoward biological effects on animals or impairment of 
nutritional quality have been found and that foods irradiated with gamma 
rays or 10 MeV electrons up to an absorbed dose of 5.6 Mrads are as whole
some as non-irradiated foods.

11



Table o: Diet groups of dogs
Croup Designation Diet*1
Croup I - - - _ _ 
Croup I I - - - - - _ _  
Croup III- - - 33% thermally sterilized, enzyme- 

inactivatcd beef'5.Croup IV
enzyme-inactivated beef1).Croup V - - - - - - -
en zyme-inact ivat cd bee fh.

a - Dry weig.it basis; b - Plus uj1« commercial dog ration 

Table 7: Diet groups of rats and mice
Croup Designation Dieta
Croup I - - - - - -
Group II - - - - - - -
Croup III - - - - - - _

- 100% modified semipurified diet.
33-6 frozen, enzyme-inactivated beef1’- 
35-6 tnermally sterilized, enzyme- 

inactivated beef ,Croup IV - - - - - - - 3a-o gamma ray (6L)cobalt) radappertized»
enzyme-in activated beef’’.Croup V - - - - - - - 35% electrori (LINAC) radappertized, 
enzyme-inactivated beef*5.Croùp VI - - - - - - -

Croup VII - - - - - -  _
Croup VIII ..................

100o commercial rodent ration.
35o frozen, enzyme-inactivated bcefc* 
33% thermally sterilized, enzyme- 

inactivated beefc.Croup IX - - - - - - - 35% gamma ray (hOcobalt) radanpertiz0̂ ' 
enzyme-inactivated bccfc.0 c X 1 1 l l l l 53i/ electron (LINAC) radappertized, 
enzyme-inactivated beefc.

'--- A W U U U l ,  i. ( U ,  1  u u  »

Despite the enormous amount 
lack of approvals of irradiated

of work previously accomplished, the genet^
f  C  1 - » r n m « ’' i « «  ~  ______ , ___f ♦ i t  _ *- U....uiuj.au-u l oons uy regulating agencies indicates tn»-

ear ier protocols for wholesomeness testing proved inadequate when viewed 
against more contemporary yardsticks brought about by ever increasing knO*' 
edge. As experience was gained with succeeding animal feeding experiment-’ 

new parameters for study were then added. As an example, irradiated bacon 
was approved by the FDA in 1963. This approval was rescinded in 1968 up(,n 
ie examination ol the same experimental data which was resubmitted in sup»,<,t
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Table 6: Animals per diet group

Species Males Females

hats
(Spraguc-Dawlcy) 70 70

Mice-
tSwiss Albino) 75 7 a

Dogs
t.Bcagle) 10 20

In spite of the FDA 1968 decision,

Table 9: Breeding program anr 
generations

we believe that irradiated foods are whol 
some and have continued to demonstrate 
this wholesomeness through additional 
animal feeding studies. Many countries 
outside the United States have reported 
a number of short-term and long-term 
animal feeding studies that have been 
completed since 1969 (1,3,5,6,43,53,57). 
None of the investigations indicated any 
incidence of chronic toxicity or carci
nogenicity with the irradiated food.
Some of these investigations also in
cluded mutagenicity and teratogenicity 
tests, all with negative results.

Rodent a,b Dog a ,
gen cr at i on:; penerati rn

1 2 3 4_ I  L

t r ^ l a Fo ~ * Fla

^ rU , - > A a
' N r .  
\  ‘ 1Ü

N's5i r ___. n
'2b---3a FlcV

V x

a - F0 Generation ir. derived from 
stock animals fed the respective diet, 
prior to conception and through wean
ing of the F0 feneration, b - F0 
Generation maintained or. study for 2
years, c - F0 
on study for 3

Generation maintained 
years.

In 1971, the United States Depart
ment of the Army initiated a broad based study to establish the wholesomeness 
of radappertized, enzyme-inactivated beef (56,58). The various areas of this 
study included microbiology,induced radioactivity, radiation chemistry and 
food technology aspects as well as the multigeneration animal feeding studies 
which are outlined here.

1. Diet groups and test diets

Table 6 lists the five diet groups in the dog feeding portion of the 
studies. Because the nutrition of the dog has not been as well defined as 
for the rodents, and partly because of economic factors, a commercial dog rati 
was selected as the negative control diet and served as the basal ingredient. 
(65% by dry weight) of the other four diets.

The original intent of the study was to have a similar five-group design 
for rats and mice in which a semipurified diet would be used in lieu of a 
commercial ration as the negative control diet and .13 the banal ingredients 
of the other four diets. However, apparent nutritional inadequacies of the 
semipurified diet initially used in these studies became evident during the 
course of the study and the current protocol defines two different negative 
control diets for both rats and mice. This change has resulted in ten diet 
groups for each rodent species (Table 7).

The primary purpose, of the negative control, groups in these studies is 
to serve as an indicator of comparability of the husbandry and management 
Practices of the individual replicates. The meaningful comparison in these



Table 10: General Parameters

Growth and Body Weight 
Food Consumption 
Reproduction Performance 
Longevity (Mortality} 
Pathology:

Gross and Microscopic 
Ophthalmoscopic 

(Rats and Dogs} 
Urinalysis (Dogs}
Semen Examination (Dogs}

studies is intended to be between 
the frozen, enzyme-inactivated beef 
and thermally sterilized, enzyme- 
inactivated beef groups on the one 
hand, and the two radappertized 
(60cobalt and Electron Linear 
Accelerator), enzyme-inactivated 
beef groups on the other.

Table 11: Routine Analyses 

Hematology and Chemistry

Total and Differential Cell Counts 
Hemoglobin and Hematocrit 
Serum Protein, Albumin and Globulin 
Prothrombin Time, SCOT, 5CPT 
Serum Alkaline Phosphatase (Dogs) 
Serum Creatinine (Dogs)
BSP Liver Function (Dogs)

Diets
Thiamine Riboflavin
Pyridoxine Niacin
Ascorbic Acid Vitamin A

Vitamin E
Fatty Acids Amino Acids
Calcium Phosphorus
Proximate (Protein, Fat, Ash, Moisture) 

Peroxide Number, TBA, pH

Table 8 shows the number of animals per diet group. The large number 
of rodents (140 rats, 150 mice) per diet group is required to permit a suffici 
number of rodents to be available after two years for adequate statistics on 
longevity and to allow for the periodic sacrifice of animals for histopatholog 
cal examinations at three-month intervals. The large number of dogs per diet 
group (thirty) is necessary for adequate reproduction data.

The breeding program is outlined in Table 9, and follows, in general, 
the recommended procedure for multigeneration studies (12). Because reproduct 
performance was questioned in previous studies, and in order to study this mot' 
intensely than the usual breeding recommendations, the F2b (third generation) 
rats will be bred continuously throughout their life span to determine whether 
under this type of challenge some defect will be exhibited either in shortened 
reproductive life or through some lesion.

2. Parameters of interest

Data are collected for the general parameters listed in Table 10, whic* 
are, in general, the generally accepted parameters for such studies (12). Any 
gross pathology is determined on every animal at autopsy, and if lesions are 
observed, microscopic examinations are conducted. However, tissues are routifli 
examined microscopically from rats that are routinely sacrificed (four of each 
sex/diet group), from all animals that are moribund or die during the course °- 
the study, and from all F0 generation animals. The routine analyses conducted 
during the study are shown in Table 11, and supporting studies are shown in 
Table 12.

3. Current evaluation

The animal feeding studies will be completed in the summer of 1975 f°rr 
the dogs and in the summer of 1976 for the rodents. Any preliminary evaluatin'
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of the present results must take Into 
account that the animal feeding experime 
are based on biological entities and whc 
composite status undergoes minor variate 
from day to day. Until all studies are 
completed and the data analyzed, no atte 
can be made to draw definite conclusions 
regarding the wholesomeness of irradiate 
beef. This position is commonly taken i 
all investigations based upon such biolc 
cal indicators, and is not unique to the 
studies. However, to date, there have b 
no indications from these studies that , 
reflect adversely on the wholesomeness o 
radappertized beef. Other studies, foil 

ing similar procedures as used for the animal feeding with beef, will be initi
ated with radappertized pork, chicken, and low nitrite-nitrate ham in 1976 to 
assure the wholesomeness of these additional three radappertized meats.

Table 12: Supporting Studies

I. Animal Feeding Studies
A. Antimetabolites to:

1. Thiamine
2. Pyridoxine

B. Teratogenicity
C. Mutagenicity

II. Irradiation Effects on:
A. Fats and Lipids
B. Protein and Amino Acids

HI. Microbiology
A. "12-D" Determinations
B. Indigenous Microflora

CONCLUDING REMARKS

Irradiation of meats, poultry, and other high protein foods has a great po
tential for economic and social benefits for the developed and developing coun
tries of the world. Radurization and radicidation could reduce significantly 
the incidence of food-borne and animal feed-iorne salmonellae, trichinosis fro: 
Pork, and beef tapeworms which are a problem in many countries where food is 
eaten raw or undercooked. It could also eliminate liver fluke and fish infec— _ 
tions which are common in Japan and some Scandinavian countries where raw fish it 
eaten. Radurization of subprimal cuts of meats, packed in suitable flexible 
films, will be a great aid to the industrial implementation of centralized pad 
ing and distribution of the meats.

Radappertization of enzyme-inactivated, precooked meats, poultry, and seafc 
Products, hermetically packed in different size metal cans or flexible pouches 
Could increase the line of the shelf-stable, grocery-type items in the supermai 
kets by increasing the variety, as well as the quality of the presently existir 
thermally processed items. Radappertization, as a "cold process, would elimir 
ate the adverse quality changes, such as destruction of texture, "canned meats' 
off—flavor, loss of natural juices and destruction of nutrients, such as vitami 
and essential amino acids, which take place during thermal sterilization of her 
^tically sealed foods.

Another advantage of the radappertization process is its flexibility! it c 
Preserve a variety of meats in the range of sizes and shapes ranging from 2 to 
hg Pullman or round metal cans for institutional use to ^kg can or 100 grams 
flexible pouch for individual use. Such meats are compatible with the trend fc 
greater convenience, simplicity in preparation and reduction of labor in the ki 
chen.

Radappertized meats, poultry, and seafood, packed in large Pullman or round 
can8 can be used for stockpiling for future emergencies or for the utilization
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of surplus meats from more productive years for consumption in the following 
years when the meat production is low; thus, market fluctuations in meat dis' 
tribution could be stabilized.

There is an industrial interest within the U.S. for stable, high quality 
meat, poultry, and seafood products, as shown by a survey conducted in March 
1972 of ten packers, three seafood processing companies, two food retailers ar 
two trade organizations (35). However, until the wholesomeness problem is 
resolved, private industry will not invest the funds for food irradiation. ^  
extensive wholesomeness #tudies now conducted by the U.S. Army on radappertiz£ 
beef, and similar studies to be conducted on radappertized pork, chicken and 
ham in 1976-1979, should provide the basis for commercialization of shelf'sCiJt 
radappertized meats and poultry. After successful completion of the wholes^ 
ness studies and following clearances from the FDA and USDA, engineering teSc' 
and evaluations by the military and marketing tests for the civilians are ant' 
cipated for beef in 1979 and for pork, ham, and chicken in 1981 and 1982.

The wholesomeness studies conducted abroad (the Netherlands, Germany, 
Canada, USSR, Japan, India, Hungary) and by the International Project, coordir 
ated by the IAEA, could allow commercialization of selected low-dose irradiat£ 
items (potatoes, onions, spices, mushrooms, shrimp, fish, pork sausage, gra*11 
and flour, and poultry) prior to the anticipated marketing testing of radap' 
pertized meats in the United States.

Other main obstacles toward commercialization are: (a) the legal defi 
of food irradiation as a food additive rather than a food processing method* 
(b) the stigma attached to the word "irradiation," and (c) lack of factual 
economical data upon which to base the planning of the industrial operati°nS*

In 1972, a panel of experts met in Bombay, India, and recommended that 
giving clearances, regulatory agencies consider food irradiation as a food 
process and not as a food additive, and that FAO and the IAEA convene a pan®1’ 
with participation of WHO and representatives of the health authorities of 
individual countries, such as the FDA in the United States, to determine v?hac 
must be done to implement the recommendation (8).

0iExtensive studies on the effect of irradiation on the chemical changcs ^  
food constituents (fat, proteins, carbohydrates, vitamins) conducted at the 1 
and other countries should allow interpolations of the wholesomeness data 
obtained on specific individual foods to other foods of similar basic comp°s 
tion of particular interest for individual food processors.

In regard to the fear of the "irradiation", education of the consumers ^ 
be necessary by government agencies, such as the USDA and Department of Cot®11 
with participation of the FDA in case of the United States. Such educatioa3 
campaigns, with participation of marketing experts, is anticipated in the $ 
States after completion of the wholesomeness studies on beef, pork, chicken* 
ham. In this respect a very successful consumer education and four market!11 
tests were conducted in Israel for irradiated potatoes and onions, and in 
Thailand for Irradiated onions.



The economic feasibility of food irradiation was investigated by several 
investigators, based mostly on research data and theoretical considerations 
(1 3 7 8 9, 34, 59). For radappertization of meats, the estimated cost
the processing’is from 3ç to 20ç per kg, depending on factors such as the dos( 
of irradiation, temperature of irradiation, irradiation source, throughput pe- 
hour, and processing hours per year (34, 59). In the final analysis, the meat 
industry will have to make a technology assessment of meat irradiation, tak^ .. 
into consideration not oniv the cost of the irradiation and the qualitv or _n. 
food preserved but also other tangible factors, such as savings in réfrigérât, 
energy during storage and distribution, reduced needs for refrigerated space - 
grocery stores, introduction of new or improved items to the market, problem c 

Salmonellae or botulinum, problems with meat additives now being used and con
sumers likes and dislikes.

Meat preservation by irradiation on a widespread commercial basis is s d L  
perhaps a decade in the future, although some specialized applications wil 
come into use sooner. However, with tens of millions of the world s people 
still suffering from hunger and malnutrition, the use of irradiation to extern 
storage time and to preserve foods, including meats, will contribute to ma nj 
available more food which is disease free and better nutritionally.
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