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INTRODUCTION

lg«>
Conceived some th i r t y  years ago, as a p ractica l method o f preservation, food Ir ra d ia tio n , especia lly  the w ° , 
someness aspect, has been studied extensive ly. No other food preservation method has been so thoroughly 
tln lz e d . As the methodology fo r  detecting harmful e ffec ts  in food have improved, we have become more con 
tha t th is  1 s a safe process; and the resu lts  o f these comprehensive research and development allow us n?wtet~ 
p red ict tha t 1 n the e ighties we w i l l  see th is  new method widely accepted, and Irrad ia ted  foods move 1 n in 
national trade.

The early  man's "wholesomeness studies" o f food processes were obtained by observing the e ffe c t on humans ®
1ng the food. These tests were d ire c t and re levan t, although less sophisticated than our wholesomeness te ^
o f irrad ia ted  food. The caveman invented the cooking o f food and the smoking o f meat and f is h ,  as well a| eCent
drying, to prevent the m icrobial spoilage. Use o f s a lt and o il  to preserve food 1s mentioned by Homer, j; 
studies Indicate tha t s a lt and curing by n itra te s  and n it r i te s  was used already by the Sumarlans some_500 
years ago. In the seventeenth century, fo llow ing  Leeuwenhoek's discovery o f the microbes under the micros 
we see the f i r s t  steps towards heat s te r i l iz a t io n ,  which led to  Nicholas Appert's pioneering research 1° , rg 
years 1787-1810. R efrigeration and freezing has long been known to extend s h e lf - l i fe  o f food, but not t>eTU 
about 1865 did commercial freezing begin. Today, we see these old methods being improved and modified-

Ir ra d ia tio n , the newest method, 1s perceived by many to be ra d ic a lly  d if fe re n t from the o lder methods. 
past, when we discovered a new method, we did not stop using the old methods; Instead, we used the new ij®. j.ad'
to solve problems we could not, or could barely solve before. That 1s the way i t  w i l l  be also w ith food 1
Ia tio n . I t  is  not a panacea, but sometimes 1t 1s the best method.

Let us consider a need to s te r i l iz e  dryed, powdered, and packaged onions. The a lte rna tive  to  1rrad1at1®n 
often fumigation w ith ethylene oxide. Before fum igation, we must rehydrate the product by steam, prefe*"^.^jh' 
fo r 24 hours. We then expose 1t to  the ethylene oxide fo r about 16 hours, remove the ethylene oxide by 
1 ng the product w ith a ir ;  dry 1 1 ; and regrind i t ,  as the powdered onions w i l l  have clumped together. S '^pd  
involved procedures are required fo r  e ffe c tiv e  s te r i l iz a t io n  o f many other food Ingred ients, condiments, 
co lo rs , food enzymes, as well as dryed animal feed. cad
Ir ra d ia tio n , on the other hand, 1s re la t iv e ly  a simple process; 1t does not require exposure to steam, ,.{■ 
be applied to the product as is  w ithout repackaging. I t  1s analogous to  x-raying our luggage at the ai 
The medical Industry 1s already making extensive use o f th is  method because i t  1s simple, re lia b le , ®n
damaging to  th e ir  product than some o f the o lder methods.

uld kl'1
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Medical N u tritio n  Laboratory In it ia te d  some exploratory animal feeding studies on Irrad ia ted  food, anj i ate<* 
September 1950, S w ift & Co. in it ia te d  a major m ulti generation, long-term animal feeding study on ^r r j?ated
^ggf ̂ ̂ ) Thoco navlu uhnlarnmonoer e +1 isH ac Ai A nnt -fi r>A an»/ kav»mfiil rftneiimnHrtn rtf "i Y'Y'd>@

H is to rica l m ilestones. Before the end o f the century, s c ie n t if ic  cu rlou s lty  established th a t x-rays c of
pathogenic m icroorganisms(l). In 1909, a patent fo r  destruction o f Laslderma beetles in  tobacco by ^ -ng 
x-rays was Issued 1n USA. In 1930, 0. Wust obtained a patent in France fo r food preservation by 1oniz ^  
ra d ia tio n , but the s c ie n t if ic  evidence fo r  the fe a s ib il i ty  o f In du s tr ia l app lica tion  was s t i l l  meager- -al 
1943, Proctor, Van de G raaff, and Fram a t MIT reported on the "E ffec t o f x-ray Ir ra d ia tio n  on the bact a"0
count o f ground meat"(2). In 1947, Brasch and Huber(3) showed tha t high dose-rates, exclusion o f oxy9i-,s 
Ir ra d ia tio n  In frozen sta te  reduced undesirable side reactions. In 1948, The O ffice  o f Surgeon Genera- .A and 1. _*

These early  wholesomeness studies did not fin d  any harmful e ffe c t from consumption o f 1rradial
Gen®1*

In 1953, a National Academy o f Sciences ad hoc committee recommended tha t O ffice  o f the Quartermaster j  a ,, 
co rre la te  and support research 1n th is  f ie ld .  In 1954, The Surgeon General and the Quartermaster laU!Lg 
systematic wholesomeness study o f representative foods, shown 1n Table 1 and 2, w ith the aim o f c lear^t j  c^ ' 
Ia tion  o f food as a process. In 1964, these studies were completed and The Surgeon General's sclentis 
eluded th a t(5 ):

"Food Irrad ia ted  up to absorbed doses o f 5.6 megarads w ith Co-60 source o f gamma 
rad ia tion  or w ith  electrons w ith  energies up to 10 m illio n  vo lts  have been found 
to be wholesome, i . e . ,  safe and n u tr it io n a lly  adequate."

In 1960, the Atomic Energy Commission (AEC) (now under Department o f Energy (DOE)) stepped up I ts  e f t  eff0r # 
food Ir ra d ia tio n  while Department o f Army (DA) phased out i t s  wholesomeness studies and stepped up fo°^J 
1n engineering and prepared fo r  tran s fe r o f the technology to industry . A ll th is  changed 1n 1968 ŵ e' Dpr®',e
Drug Adm inistration (FDA) turned down a 1966 p e tit io n  by DA fo r Irrad ia ted  ham. Previously, FDA had 
Irrad ia ted  potatoes, wheat and bacon. In 1968, FDA revoked the approval fo r  Irrad ia ted  bacon.

At tha t junctu re , AEC terminated I ts  food Ir ra d ia tio n  program, and also DA wanted to  terminate i ts  f  0 s ŝ 
1at1on program, but was persuaded by sc ie n tis ts  and Congress, in  1970, to  continue I ts  program, fhe v 
th is  request was th a t 1n sp ite  o f FDA's refusal to approve the p e tit io n  fo r  ham, nothing in  these ex
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TABLE 1. L is t o f 54 Foods Tested on Humans in  the Short-Term Toxicological Studies

Son 
°/ned bes< b :
S »“
f,*nkfn S5»"nkfurt

ha
Gin d 6ak

5 Fish Items 9 F ru it Items 9 Cereal 
Product Items

14 Vegetable 
Items

6 Miscellaneous 
Items

Cod
Haddock
Salmon
Shrimp
Tuna

Dried apricots 
Cherries
Dried f r u i t  compote
Melon ba lls
Oranges
Orange ju ice
Peaches
Dried pears
Strawberries

Bread 
Crackers 
Cereal bar 
Flour 
Macaroni 
Nut r o l l  
Pound cake 
Rice 
Corn

Asparagus 
Green beans 
Lima beans 
Beets
Brussel sprouts
Cabbage
Carrots
Caul 1 flower
Celery

Dessert powder 
Powdered whole m ilk 
Peanut butter 
Pineapple jam 
Strawberry jam 
Sugar

Cole slaw 
Mushrooms 
Peas
Sweet potatoes 
White potatoes

TABLE 2. L is t o f 22 Foods Testing in  Long-Term Toxicological Studies During the 1956 - 1965 Period
$An -j
? ^-L-Eroducts 3 Sea Food Items 4 F ru its

C h w stew
S'ken
, cken cf i .stew

¡ ¡ à ' -

, , n

Codfish
Tuna
Shrimp

5 Vegetable Items

Green beans
Cabbage
Carrots
White potatoes 
Sweet potatoes

F ru it compote 
Pineapple jam 
Peaches 
Oranges

2 Cereals

Flour
Corn

Wholerv 'c j] “  esomeness studies were restarted w ith  a more thorough study on ind iv idua l Items and using thorough 
V 2 SDer?a ysis o f the ra d io ly t ic  products to extrapolate and in te rpo la te  the v a lid ity  o f these studies to a ; '•I'um - ..................... . . . .f»'
%  4ct th i"  ......  ........ ....... ........-  - - -^ if« c ts af Lthese contractors were considered h igh ly q u a lif ie d , some o f the major ones have faulted on th e ir

o f food. The animal feeding studies were contracted out to  in d u s tria l labora tories . In sp ite  o f

fhd Jl This has been cos tly  and has also delayed p e titio n in g  FDA. Some other contractors have performed
V  > 1 r ‘«aD‘•sp.-j la to» " resu lts  to date w i l l  be reported by Major Chappie a t th is  conference. The in-house work at 

* l lv  r? t° r ie s  in  food technology, microbiology and irra d ia t io n  chemistry has progressed very w e ll.
S5L< « E'!!“»!..................  ........................
svaJnt

.  or +u ------- fo r  the evaluation o f the wholesomeness o f Irrad ia ted  foods has been the thorough
r*cts w.,The ra d io ly t ic  products a t Natick, carried out p a rtly  in-house and p a rtly  through well coordinated 

th several u n ive rs itie s  as described by Dr. Taub a t th is  conference

s<W 4t 1on i n°?a  ̂ cooperation in  food irra d ia t io n  has been very constructive . Important milestone was the 
|>V ss of V T976 by IAEA/FAO/WHO Jo in t Expert Committee on Food Ir ra d ia tio n  (JECFI) o f the data on whole- 
S v  ;»• humÄrrac^ ated foods, and I ts  recommendation tha t f iv e  irra d ia ted  foods be considered unconditionally 

Anient0 ?onsumPtion and three others receive provisional acceptance. Subsequently, the in f lu e n tia l 
r ed i arius Commission developed General Standards fo r  movement in  in te rna tiona l trade o f these eight 

fina?ms (P o e try , f is h ,  potatoes, onions, wheat, r ic e , papaya, and straw berries). The standards 
b Ihf 1°n acceptance in December 1979, a t Step 8 o f the Commission procedures. Simultaneously, the Codex 

1 ef>batio 1Pted also Gen er a1  Standards fo r  Operation o f Food Irra d ia tio n  F a c il ity  fo r  Treatment o f Foods

!? Chom°°^eral ' l ° n 1° the f ie ld  o f rad ia tion  chemistry was expanded by formation o f CORC (Coordinated 
j 1Udy ^Iberi ^ stry )  program under the auspices o f the In te rna tiona l Pro ject 1n the F ield  o f Food Ir ra d ia tio n , 
¿ V  aata, w n 1Dr> El1as at th is  conference. The rad ia tion  chemistry data, together w ith  the animal feeding 
^jor" kor fL.] be used to seek a s ig n ific a n t expansion o f the acceptance o f irrad ia ted  food in  in te rna tiona l 

C4te9ori PurP°se, JECFI w i l l  consider, in  Nov 1980, acceptance o f food Irra d ia tio n  as a process fo r  a ll
6S ° f  foods i rrad,*ated w^ b  a dose less than 10 kGy.

Major benefits o f food ir ra d ia t io n  w i l l  derive from hygenizatlon o f food, 1 .e ., freeing 
^Ori lniDrnP0 'Tâ9e and pathogenic microorganisms, parasites, and insects. In modern soc ie ty , the q u a lity  o f 

0f food n e a t ly  because o f higher hygenic standards than before 1 n production, processing and d is t r i -  
• The high hygenic standards have improved the health o f the consumer (w ith  i t s  many associated
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b e n e fits ); they have extended the storage l i f e  o f the food; and they have increased radius o f d is tribu tion-^ 
S t i l l ,  advanced soc ie ties , lik e  USA, could do even be tte r. In a 1976 report from Comptroller General to

US Congress(6 ) ,  i t  is  estimated th a t two m illio n  cases o f salmonellosis occur annually, resu lting  in  losses 
at least $300 m illio n . Other reports have estimated the cost closer to $1500 m illio n .

of

th-
M icrobial reduction. Besides salmonella, ir ra d ia t io n  can be used to reduce or e lim inate other food borne 
opens such as E. c o l i , Staphylococcus aureus, C lostridium  perfringens and Yersinia e n te ro c o lit ic a . The r flJ. 
tance o f microorganisms depends on the medium and the temperature. The vegetative organisms are often tw j 
three times more res is tan t in  d ry, or frozen s ta te , than in  water, and they are more res is ta n t when ^rra<1-rl\,]ei 
anaerobicly, i . e . ,  in  vacuum or in  in e rt atmosphere lik e  N2, than when irra d ia ted  in  oxygen atmosphere.N2,
3 to 7 give a rough guide to resistance o f the microorganisms, 
corresponding dose range.

Table 8 l is ts  some o f the applications

TABLE 3. Viruses (Ref. 8 to 12)

Microorganism
Foot-and-mouth disease v irus ( FMDV) Types 0, A and C
FMDV Type D
FMDV Type 0
FMDV Type 0
FMDV Type 0
Teschen disease virus
Vesicular s tom a titis  virus
Rinderpest virus
Swine fever virus
African swine fever
Adenovirus
Coxsachievirus
Echovirus
Poliovirus
Herpes simplex virus 
Influenza v irus A 
Reovirus I 
Simian virus 
Rabies virus

Irra d ia tio n  Medium 
and Temperature
C alf k idney-ce lls lactalbumin
As above - wet
Frozen -60°C
20% peptone
0 . 1 % peptone
20% peptone
20% peptone
Frozen
Frozen
Frozen
Eagle's minimum 
essential medium 
plus 2% fe ta l 
bovine serum pH=7

10% brain emulsion

Dose in kGy f ° r her 
Reducing the Nu^e 
bv 1 q6 ___

36 
30 
36 
36 
10 
26
12.3 A 
Expected 
less than

Reduction o f parasites. Irra d ia tio n  can 
s te r i l iz e d , and thus the major pathologi 
tio n  o f maturation is  obtained by a dose

TABLE 4. Salmonella (Ref. 16 to 22)

be
be used to e lim inate parasites. T rich in e lla  sp ira les in  meat ca 

cal symptoms elim inated by a dose o f only 0.15 kGy. Complete ells .i 
o f 0.3 kGy (48). However, to  k i l l  T ric h in e lla  s p ira l is ,  Cystic®' tfl

TABLE 5. Vegetative Bacteria (Ref 23

Dose in  kGy 
Reducing the

Microorganism Temperature
Number by 
Factor 106 Microorganism Temperature

Salm. heidel berg Chicken 0°C 3.6 Yersinia e n te ro co litica Ground Beef 0°C
Salm. heidelberg Chicken -18°C 6 . 0 Yersinia e n te ro co litica Ground Beef -30°C
Salm. oranienberg Chicken 0°C 3.8 Escherichia c o li Beef +25°C
Salm. oranienberg Chicken -18°C 5.5 Staphylococcus aureus Beef
Salm. typhi murium Beef 5°C 3.5 Staphylococcus aureus Broth
Salm. typhimurium Beef -18°C 6 . 0 Staphylococcus albus Broth
Salm. thompson Chicken 0OC 3.8 Streptococcus faecal is Broth
Salm. thompson Chicken -18°C 5.0 Streptococcus faecium Broth
Salm. newport Chicken 0°C 3.0 Streptococcus pyogenes Oysters
Salm. newport Chicken -18°C 5.0 Shigella sonnei Crabmeat
Salm. ga ll inarum Egg 2 . 6 Shigella paradysenteria Oysters
Salm. ga ll inarum Egg Frozen 3.4 Shigella dysenteria Oysters
Salm. senftenberg Egg 3.0 Mycobacterium tuberculosis Broth +20°C
Salm. senftenberg Fish-meal 7.2 Aerobacter aerogenes Broth +20°C
Salm. pullorum Shrimp 5°C 4.5 Aerobacter cloacae Broth +20°C
Salm. choleraesuls Oysters 5°C 4.5 Salmonella ( d i f f .  s t r . ) D if. Med. Unfrozen
Salm. e n te r it id is Oysters 5°C 3.0 Proteus vu lgaris Oyster
Salm. para typhia 'A Shrimp 5°C 5.1 Serratia  marcescens Broth
Salm. paratyphia B Crabmeat 5°C 6. 0 Pseudomonas fluorescens Beef
Salm. paratyphia Beef L iver 5°C 1 . 8 Pseudomonas aerogenes Broth
Salm. paratyphia Horse Meat Frozen 6.4 Pseudomonas aeruginosa Broth
Salm. typhosa Crabmeat 5°C 6 . 0 Pseudomonas geniculata Broth
Salm. typhosa Corned Beef 25°C 2.4 - 4.8 Brucella abortus Beef
Salm. w ich ita Shrimp 5°C 6 . 0 Vibro parahaemolyticus Phds. Butter
Salm. meleagridis Meat 2.3 Vibro parahaemolyticus Crabmeat
Salm. meleagridis Horse Meat Frozen 5.6 Lactobacillus hetero- Broth
Salm. anatum Fish-meal 4.8 fermentative
Salm. tennesee Fish-meal 4.8 Lactobacillus homo- Broth
Salm. pigmented s tr .Fish-meal 6 . 6 fermentative
Salm. derby Pork 10°c 2 . 0 Leuconostoc sp. Broth
Salm. weltevreden Pork 10OC 2 . 8 Sarcina flava Broth
Salm. sa in t paul Beef L iver 10°C 3.0 Moraxella-Acinetobacter Beef
Salm. manchester Beef L iver 10°C 2 . 2 Micrococcus radiodurans Broth

1 7 4

Dose tne 
Reducing 
Number h
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1,

l.

Hic

f i ] us subt i l i s  
Baci Us su b til is 
Bac i i  ] U:5 Pumilus 
th l l1us stearo-

&acin0philusBac] ] ] Us cere us 
Bari i s anthracis 
Cl us g lo b ig ii 
Cl' sPorogenes 
Cl' Ke] chl‘ i 
Cl' PotuTinum 33A 

' D< 36A.33A.40B,
Cl , 41B.53B

' 77A,12885A,
Cl , 9B,62A 
Cl' l  E. 5IB 
Cl' “ • 33A-36A
ĉ i s t 6)A(most 
Cl' ^  12885A 
"tos?' mix- o f 10 

Cl. l res is t  s tr .  
noSt mix. of 10 

Cl. I  re s is t s t r .
Cl “ • 77A 
Cl' 41B 
Cl’, k' 538

E> Beluga,
8°C

‘ ioSc1” 5* ’

(JF°- eoocllJnd’
E 8. Ilc

isos o f ion iz inq  rad ia tion
j * «
pQtatotion  o f sProut1n9 in  0es and onions

6 . Spores (Ref. :30 to 42) TABLE 7• Fungi (Ref. 43 to 47)

Dose in  kGy Dose in  kGy
Reducing the Reducing the
Number by Number by

Temperature Factor 108 Microorganism Température Factor 106

Dried Broth (No) 18 Trichoderma v ir id e C itru 6 f r u i t 1 . 0
Dried Broth (02) 12 Trichoderma v ir id e Water 1 . 6
Buffer 18 Phomopsis c i t r i C itrus f r u i t 1 . 2
Broth 18 Phomopsis c i t r i Water 1.5

Penic i11 urn i t a l i  cum Citrus f r u i t 1.7
Physiol. NaCl Sol. 14 Penic i11 urn ita licum Water 2 . 1
Physiol. NaCl Sol. 12 Penicillum  expansum Prunus f r u i t 2.3

18 Penicillum  expansum Water 2 . 1
Buffer 13 Penicillum  digitatum C itrus f r u i t 1.9
Broth 8 - 22 Penicillum d ig itatum Water N 2 . 8
Beef - frozen 24.5 Penicillum  camembertii Water 1 . 2
Phos. bu ffe r 20 - 19 Penicillum notatum Water 1 . 8

Geotrichum candidum Citrus f r u i t 2.5
Phos. bu ffe r 15 - 13 Geotrichum candidum Water 2.9

Moni 1 in i a fru c tic o la Prunus f r u i t 3.0
Phos. bu ffe r 8 - 1 0 Moni 1 in i a fru c tic o la Water 3.1
Bacon 15°C 12.5 B o try tis  cinerea Prunus f r u i t 3.2
Ham 15°C 15.5 B o try tis  cinerea Water 3.8

Diplodia natalensis Prunus f r u i t 4.5
Pork 15°C 21.5 D ip lodia natalensis Water 4.5
Ham -30°C 18 Rhizopus s to ln ife r Prunus f r u i t 4.1

Rhizopus s to ln ife r Water 6.5
Beef -30°C 20 Al te rnaria  c i t r i C itrus f r u i t 7.4

A lte rna ria  c i t r i Water 9.0
Corned beef -30°C 12 Cladosporum herbanum Prunus f r u i t 6 . 1
Pork sausage -30°C 13.5 Cladosporum herbanum Water 7.5
Codfish cake -30°C 16 G ilb e rte lla  persicaria Water 8 . 0

ClNub.b.
c¡>

Haddock

Haddock

Phos. bu ffe r

9.7

17.1

13.0

Saccharomyces cerevisiae 
Saccharomyces cerevisiae 
Candida species 
Torulopsis Candida 
Aspergillus n iger 
A. flavus (spores)

0.85 NaCl h% gel.
Water
Broth
Broth
Water
Water

1.
Parac,-I2ation insects and 

i 'tes
M 11 i
Bed 9 ° f  1nsects and parasites
Ve9eta?P 10® the number o f 
furig-j Ve bacte ria , molds and

^  10® the number o f 
“4cteri-r  f l~ozen vegetative 
Redu a* f ongi, and spores
virusg^°n 10® the number o f
St

0.03 - 0.1

0.03 - 0.2

2 -  20

10 - 40

.ern
N ation  o f food 20 45

Ph
N l

bovis (49) and many other parasites, a dose o f 3 to 10 kGy 
is  required. For example, to k i l l  Anisakis larvae in  her­
ring  (50), a dose o f 10 kGy is  required.

Reduction o f insec ts . S te r iliz a t io n  o f insects is  usually 
obtained by doses in  the range o f 0.03 - 0.2 kGy (51). How­
ever, fo r some moth species (S ito troga ce re a lla ), doses in  
excess o f 1 kGy are required. A dose o f about 5 kGy is  
sometimes required fo r  k i l l in g  the insects (52) and the 
parasites.

S ta b iliza tio n  o f food. Irra d ia tio n  k i l ls  the microorganisms, 
but does not, otherwise, cause many chemical changes in  the 
food. I t  thus does not destroy the enzymes in  the food and 
i t  does not stop, there fore , i t s  decomposition by p ro to ly t ic  
and l ip o ly t ic  enzymes. A lso, irra d ia t io n  does not prevent 
oxidative  reactions, and i t  does not prevent recontamination 
by microbes and insects. When meats, p ou ltry , and fish  are 
to be preserved properly fo r  long-term storage, we must use 
other means to inac tiva te  the enzymes. At Natick, we use 
m ild heat treatment (about 72°C) to inactiva te  p ro to ly tic

e J : 10.enzymes in  meats, p o u ltry , and f is h . We prevent oxidation by vacuum packaging the product in 
ed a i^ r ^ s  th a t are impermeable to oxygen and tha t withstand bacteria and insects. This way, we have 

y ^ t i c k  a long series o f h igh ly acceptable meat, p ou ltry , and fis h  products tha t are stable fo r 
, . at room temperature (53). Irra d ia tio n  can also be used to reduce the m icro flora  in  raw meat,

‘« ¡S d  at
W t y ,  a ,s at  room temperature (53). Irra d ia tio n  can also be used to reduce the m icro flora  in raw meat, 
H a n lo n   ̂ products. The raw products should preferably be vacuum packed to prevent oxidation and recon- 

S i t  n:  Use o f low doses w i l l  reduce o ff- f la v o r  caused by ir ra d ia t io n . On the other hand, the low dose 
cassary to store the product a t re frige ra ted  temperatures or in  frozen s ta te .

!Q«!oriafJ'|B g^ jmd th e magnitude o f rad io !y t i c  changes. Irra d ia tio n  damage to a molecule is  approximately pro- 
V 4' ' W 0 ^Ès~môTecular weight. The DNA molecule in  microorganisms is  the la rgest molecule there is ,  about 

N ^ h y  Q1T Et is  also essential fo r surviva l o f the microorganisms. That is  the reason tha t these organisms, 
av-e rJ ive f orm, are so sens itive  to ra d ia tio n .. Food n u tr ie n ts , such as p ro te ins, l ip id s  ?nd.carn°ôcn 

Nn !  abSo„L digested in to  amino acids, fa t ty  acids, and monosaccharides, w ith molecular weights about 150-250 
Eok.Eo tk . 6ed in  thp lumnhatir cucteni. The damage to these molecules is  thus about a m illio n  times smaller

ng dose tha t causes about 1 0 - 1 2  reduction o f Cl_. botulinum w il l  cause an 1«1 0 Ehe nw« 1n the lymphatic system 
molecules. A s t e r i l i z i iOpy, 1 cwu i c o .  n o uc i i i i i .  i ny uuoc unau u u u j c j  ■ — ----- —  — , . , ,

prn+°T * 1 1  changes in  these macro nu trien ts  when irra d ia ted  in  frozen or dry sta te  tha t amount to about 
°te ins , 0.3% in carbohydrates, and 0.4% in a ll  l ip id s .  Specific changes in  the molecules are an order
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or even several orders o f magnitude sm aller. When Irra d ia te d  in  unfrozen s ta te , the to ta l number o f »5
be about 3 times greater. These changes are much too small to be measurable 1n any protein e ffic ien cy  st 
confirmed in  many experiments. This is  especia lly  true  when we take in to  consideration tha t most o f thes gf 
changes re s u lt in  products tha t are commonly found in  food, as well as products th a t re s u lt from digestio g
the food. We should remember in  th is  context th a t the changes th a t occur during storage and especia lly 0 jn
thermal processing often re su lt in  s ig n ific a n t and measurable losses (5-40%) 1n pro te in  value o f the ^00?uere' 
the early  experiments, the irra d ia ted  food was often Improperly packaged 1 n oxygen permeable film s . I f  “ ^ ¡ t  
fo re  became oxidized, as evidenced by high peroxide values. Some o f the experlmentors thought Incorrectly 
th is  was due to ir ra d ia t io n . This has caused some confusion. Ir ra d ia tio n  makes 1t possible to  extend tn 
storage o f food because i t  reduces or elim inates the m icrobial problem. Oxidation becomes then often the 
Ing fa c to r. I t  therefore becomes important to e lim inate oxygen from irra d ia ted  foods. Exclusion o f oxy9 
reduces detrimental oxidative  reactions during ir ra d ia t io n .

In p ro te ins , ir ra d ia t io n  causes d isrup tion  o f hydrogen bonds and unfolding o f the molecules, s im ila r to 
changes caused by mild heat treatment. R e la tive ly  frequent, are also reductive deamination and decarboxy 
From alanine, we thus get ethylamine and propionic ac id ; from glycine we get acetic  acid and methyl amine,

In polysaccharides, ir ra d ia t io n  causes depolymerization and fragmentation in to  simpler molecules, such as -¡Jjj 
cose, maltose, maltotrose m alto tetrose, maltopentose, carbon d ioxide, hydrogen, formic ac id , formaldehyde
acetone.

frge
In l ip id s , ir ra d ia t io n  causes abstraction o f hydrogen and formation o f a double bond, and s p li t t in g  o f the pec' 
fa t ty  acids from the tr ig ly c e r id e s . I t  may also cause scission a t the carbon-carbon bonds resu lting  in a 
trum o f a lip h a tic  hydrocarbons.

Irra d ia tio n  can also cause c ro s s - lin k in g , d im eriza tion , and aggregation along w ith  degradation. These chanS 
are very small compared to the c ross-link ing  and aggregation caused by heating. Ind ications are tha t thes 
changes are s im ila r in nature to those found in  fresh food and in  processed and stored food.

In unfrozen s ta te , there are exceptions to the above q uan tita tive  estimates. This 1s especia lly  evident
SOme Q An̂ #> MiiaU « o 4>Um l.ia, f' uiiaaJa • J n ..J ■> iL«i • • > «• a a . aKM M AM ÎflT *the micro nu trien ts  such as the water soluble C-v1tamin and B i-v itam in  tha t act as scavenger f ° r  t 
ra d io ly t ic  product o f water. These vitamins are destroyed about to tne same extent as when the food is  ’’ in- 
s te r il iz e d . The other soluble vitam ins, Bo, Bg, and B1 2 , are also good scavengers when they are in  puf® 
t io n . In food, they are often complexed w ith  other molecules and then more stable . In th is  context, fact'
be kept in  mind tha t most vitamins are unstable 1 n long-term storage, and ir ra d ia t io n  does not change 
The question has been raised i f  antiv itam ins ( th a t are often found in  food) could be formed. This was cn 
fo r vitamins B1 and Bg in  meats and no antiv itam in  a c t iv ity  could be detected.

Energy sayings. The energy consumed in the ir ra d ia t io n  process is  very small compared w ith  other procès^ 
Table 9 shows typ ica l energy values fo r  processing the food. More relevant fo r  national energy savings 
include the energy savings 1n d is tr ib u tio n  and in  the homes. Table 10 gives a few examples.(54)

nCost o f ir ra d ia t io n  processing. The ir ra d ia t io n  costs, l ik e  the costs o f many other processes, depend ° ^  it 
scale o f production and the product flow plan. I t  1s cheaper to Irra d ia te  the fin ished packaged produç a()t 
comes o f f  the production l in e , than to use centra l service Ir ra d ia tio n  f a c i l i t ie s ,  because o f the sign’ 
cost o f loading, shipping and unloading the product. Practice has shown, however, tha t centra l service • m  
tion  fa c i l i t ie s  are needed especia lly  in  the beginning, when the quantities  to  be irra d ia ted  are small a W 
benefits great. Table 11 shows some typ ica l costs o f ra d s te r iliz in g  100 m illio n  lbs per year o f bacon the 
kwatt p lan t, operated 6000 hours per year a t a beam u t i l iz a t io n  e ffic ie n c y  fo 27%. The cap ita l cost th* 
4 MeV accelerator f a c i l i t y  is  about 1.8 m ill io n , fo r  the 20 MeV accelerator f a c i l i t y  2.45 m ill io n , a , nC 3^  
Co-60 and Cs-137 fa c i l i t ie s  about 10 m ill io n . These costs are fo r  simple, fu n c t io n a lis t ic  fa c i l i t ie s  
between the production lin e  and the storage rooms. (55-56)

TABLE 9. Typical Energy Values in  KJ/KG Used 
fo r  Processing o f Food

Radpasteurization w ith  2.5 kGy 21
R adste riliza tion  w ith  30 kGy 157
Heat s te r i l iz a t io n  918
B last freezing chicken from 7552

4.4°C to -23 .20C
Storing the product a t -25°C 5149

fo r 3.5 weeks
Refrigerated storage fo r  318

5.5 days a t 0°C
Refrigerated storage fo r  396

10.5 days a t 0°C

TABLE 10.

R adste riliza tion  cooked long chicken ro lls  
R ads te riliza tion  cooked Ind iv idua l servings 
Retorted canned chicken meat 
Frozen cooked long chicken ro lls  
Frozen raw cut-up chicken 
Refrigerated raw cut-up chicken 
Refrigerated and radpasteurlzed raw 
cut-up chicken

14. g
15,

60°} ’ 60

TABLE 11. Cost o f R adste riliz ing  Bacon*
5-Vr Plant Operational 

Source Depreciation costs 1n 4
___________________ Costs in  t  per lb  —
Co-60 isotope 2.03 1.2
Cs-137 Isotope 2.03 0.32
10-MeV accelera tor 0.49 0.43
4-MeV accelerator 0.36 0.40
*P lant Size: 100,000,000 lb  per year
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