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RADAPPERTIZATION, or ir ra d ia t io n  s te r i l iz a t io n  o f meats and other pro te in  foods is  the subject o f th is  PaP ' 
Radappertization is  a new processing method applicable to precooked (enzyme Inactiva ted) foods tha t are he 
m e tica lly  sealed (e ith e r in metal cans, f le x ib le  pouches or metal o r p la s tic  trays) and involved ir ra d ia t i 
s te r i l iz in g  doses o f e ith e r gamma rays (from a cobalt-60 or cesium-137 source (19) or by X-rays and elects 
(24). The process is  p a rt ic u la r ly  applicable to precooked meat, p o u ltry , f in  f is h  and s h e llf is h , as well 
to dry foods, animal feed and spices. The resu lting  radappertized products are free  from a ll  food spoi 1 a^gal- 
microorganisms and organisms o f pub lic health s ign ificance , including the pathogens such as C. botulinugL» gf 
monellae, tr ich in a e , e tc. The radappertized products can be stored w ithout re fr ig e ra tio n  fo r  long perioderv ie 
time (years), the lim it in g  fa c to r being the in te g r ity  o f the primary packaging m ate ria l. Although radapp 
products are ready-to-eat, they can also be warmed before tab le  serving; add itiona l cu lina ry  preparation» 
a va rie ty  o f recipes, can be applied to radappertized foods in the home, restaurant or dining ha ll to vary 
th e ir  taste  and fla v o r.

TECHNOLOGY o f the process has been developed by U.S. National Food Irra d ia tio n  Program conducted by t ’̂e„n’ coP', 
Army at the Quartermaster Food & Container In s t itu te  in Chicago 1953-1962 and at the U.S. Army Natick 35)' 
mand (NARADCOM) a fte r  1962 . Several review papers summarize our main information in the f ie ld  (9, 13» ’
At present, negotiations are in progress to  tran s fe r the Food Ir ra d ia tio n  Program from the U.S. Army to ^  
U.S. Department o f A g ricu ltu re , e ffe c tive  1 October 1980. I t  may re s u lt in change o f the scope and emP"3 
o f the program. Therefore, in th is  paper I shall emphasize those areas o f meat preservation by s te r i l^2 by 
doses of ion iz ing  rad ia tion  which should be investigated in  the fu tu re , i f  not by Natick sc ie n tis ts  the 
o thers, o f in te res t to the meat industry.

RADAPPERTIZATION PROCESS. Fig. 1 gives the processing steps fo r  ir ra d ia t io n  s te r i l iz a t io n  (radappertiza t i° 
processing o f meats and other foods.

be

n)

Product preparation. Most products do not need special preparations. The normal commercial practice ca^^e» 
used such as curing o f ham, bacon and other cured meats, roasts o f beef, pork, lamb, beef steaks, pork * g
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Examples are given in  Tables 4 and 8 and in  published papers (4,5,25,26,27,3b ;•
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etc. However, in  uncured meats add ition  o f small amount o f NaCl, below the sa lty  taste  (0.5 to 1.0%) a^  ^  
w ith  0.3% condensed phosphates is  useful fo r  improving fla v o r , tex tu re , ju ic in e ss , overa ll acceptance 
y ie ld  o f the products
o f s a lt and phosphate allows also to  produce d if fe re n t 
"cut and formed" items, such as meat ro l ls  (4,16,17,27), 
ham (33,37), restructured beef steaks, pork and lamb 
chops, ground products (pork, lamb and beef p a ttie s ; 
chicken burgers) (Table 3). Addition o f phosphates is  
benefic ia l not only fo r  increasing the water, hold
ing capacity (25,27), but also fo r  c o n tro llin g  l ip id  
oxidation ( 6 ) and some a n tib ac te ria l e ffec ts  ( 8 ) .

Table 1: Minimal Ir ra d ia tio n  s te r i l iz in g  
doses in  kGy (1 Gy = 100 Rad)

(12D)

Food Irra d . Method o f Est. 12U_
Temp.
(»0

Extreme
Value2

Beef -30±10 41.2
Chicken -30±10 42.7
Ham -30+10 31.4
Pork -30±10 43.7
Codfish cake -30+10 31.7
Corned beef -30+10 26.9
Pork sausage -30±10 25.5
Bacon 5 to  25 —

Enzyme in a c tiv a tio n . For long time storage, prote
o ly t ic  enzymes must be inactiva ted  which is  achieved 
by precooking the food to in te rna l temperature o f 
70 to 75°C (26,35). Lower temperatures than 70°C 
fo r example, to produce "ra re" beef steaks or roasts, 
can be used fo r the product which w i l l  be d is tribu te d  
w ithout re fr ig e ra tio n  and consumed w ith in  short period 
o f time a fte r processing, fo r  example, w ith in  1 to 6 
months. Q uality o f beef steaks processed to 60°C 
received high q u a lity  scores and were preferred fo r  
ju ic iness and fla v o r over the steaks heated to 75°C 
(5) (Table 8 ). A methodology is  ava ilab le  to  deter
mine the residual p ro te o ly tic  a c t iv ity  in  meats as 
affected by temperature and other processing variables 
(18). This technique can be used to p red ic t s h e lf - s ta b il ity  o f irra d ia ted  meats a t sp e c ific  tempera 
based on the residual p ro te o ly tic  a c t iv ity .

varbjí' SpearmarHSi^
^ ---- 43^

44.3
38.1
39.2 
32-4
24.4
26.5
25.2

rec°v
Source: D.B. ROWLEY, NARADCOM. ^ased on 
able b o tu lina l ce lls  and an assumed one 
res is ta n t s tra in /can . 2Based on an ass^„.,ider- 
t ia l  spore death ra te  w ith  an in i t ia l  sno ^  
3Based on an assumed exponential spore dea 
w ithout an in i t ia l  shoulder.

tures»

Vacuum packaging. Commercially ava ilab le  metal cans, including the can enamels and end-sealing compo s> 
availab le  fo r  packaging o f irra d ia ted  foods (16). F lex ib le  packaging, w ith  proper food-contacting t  jty ĝiii 
also ava ilab le  (17) and can be modified or improved, i f  necessary. The main requirement is  the r e n a 
the primary container to be sealed under high vacuum and maintain good seal. For metal cans, the h | g i
needed is  min. 25 inches ( 13.9kPa) a fte r  sealing before ir ra d ia t io n , which w i l l  decrease to about 15" ^  '1\§
(37.3kPa) vacuum a fte r  ir ra d ia t io n  due to the formation o f hydrogen gas as a re su lt o f ir ra d ia tio n  l ^  (
f le x ib le  pouches o f 11.5 x 17.8 cm in  s ize , containing 100 to 125 grams meat, used in  our laboratory» ^
vacuum" means the amount o f the headspace a fte r  evacuation and sealing not to exceed 0.5cc. For 
pouches o f other dimensions, the allowable residual headspace gas volume has to be determined. 0n, 1
resu lts  in  discolored and rancid food a fte r  ir ra d ia t io n . With good vacuum, even fo r  such foods as D
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 ̂n
& 1 ° ''1p l a ^ t r ?nc1dity 5nd no peroxide formation by irra d ia tio n  (39). Packaging o f meats fo r ir ra d ia t io n  in 
Tahi P i  1Cth  T h ? " T  w° r k‘ I n i t i a 1  work on a chicken dish (Chicken Cacciatore) gave a

n,,aT * .th therm ally s te n llz e d  (Table 5). However, on opening o f the tra y , expert technologists could 
irra d ia ted  meats used in NASA space f l ig h ts  detect a rancid odor, which was not detected

L 'f l i /  n ___£ __________  -r- . _______ a f t P T  r o h o a t i n n  H i  ^  _____ ,•___  r  ±. •Preference Tests
No. No. Av.

NASA Space

îS d  Bak* 43 
H y  c?ef 25 
^ S ' i c e s  37

Tests
5
2
2
2

Raters
143
64
64
64

Score 
" 7.36

6.95
6.95 
6.35

Apollo 17, 1972 
A po llo-Soyuz, 1975

II

II

•■-^gopLProperties o f irra d ia ted  chicken patties 

ment" Sensory properties (M+SD) (n=10):
Color Odor Flavor Texture

6 . 8±0 . 4 5.7+0.9 6.0±0.9 6 . 2+1 . 1
6.4±1.3 6 ,4+1.0 5.9±1.5 6 .9+0.76.9+1.0 6.5±1.4 6.4±1.3 6 . 6+1 . 2
6.7±0.9 6 . 0+1 . 1 6 . 2 ±1 . 0 6 . 8+0 . 8
6 . 4±1.3 6 . 9±0.9 6 . 6+1 . 0 6 .5+1.2

mg/kn o "leac’ " au  Na Asc/Eryth. (250/250
Ery+h ! 2= 82% white meat, 18% sk in , NaCl, Na Asc/
(0 30,; * d = 100% white meat, NaCl Na Asc/Eryth, NaTPP
Eryth ’ m Tnn1m  w h i t e  m e a t > 18% s k i n * NaC1 Na Asc/ 
for 3n , r TPP; 4C = Nonirrad. co n tro l, stored at -29°C 

kGy da)(s > same add itives as No. 4. 
at -40b±5°C, stored 30 days a t 21 °C.

a fte r  reheating the dish fo r  serving. I t  is 
due to the low vacuum sealing o f the trays, 
only 5 inches (80.9kPa), before the trays 
collapsed. Several p o s s ib il it ie s  are availab le 
fo r  fu ture  improvement: stronger body trays , 
nitrogen flu sh , packaging in p la s tic  bags 
f i r s t ,  followed by packaging in trays , e tc.

Irra d ia tio n  in  the frozen s ta te . I t  is  essen- 
t ia l  tha t the vacuum packaged product is 
frozen to -300 to_-40°C and irrad ia ted  in 
frozen s ta te . This prevents o f f- f la v o r  devel
opments by reducing production o f rad io lys is  
products by_the high doses o f ir ra d ia t io n ( 2 1 ) . 
The re su lt is  an improved fla v o r and accept
ance o f the products (4,20,27,35). The fo r 
mation o f the rad io lys is  products s ta rts  at 
temperatures about -20°C (21). Therefore, i t  
is  essential tha t during irra d ia t io n  process
ing the temperature in  the center o f the con
ta ine r does not increase over -20°C a t the end 
o f the processing. Whereas some foods are not 
so sensitive  (ham, corned beef), others 
(turkey, chicken) can show detectable q u a lity  
decrease when irra d ia ted  at -20°C (Table 4 ). 
Irra d ia tio n  s te r i l iz in g  doses fo r  several 
foods are given in  Table 1 . Adjustment ins t e r i l i z i n n  J TooQs are given in  lab le l .  Adjustment in

Well ^  on chi 9Kd0Se -thTCÎ? n9^ 1n the Product temperature during irra d ia t io n  is  possible ( 1 0 ) ,  as demon- 
, kn°wn (1 21  !nHb^ aSÎ S+ln  î abl® 4 ‘ J he e ff lc le n c y o f ir ra d ia t io n  to destroy food spoilage microorganisms 1 

I and the determination o f the 12D doses fo r  irra d ia t io n  s te r i l iz a t io n  is  well documented (1,2,3)
3Cïadi#ti 1 *'’
■ a n ^ ^ m ? T K ^ r j 3e‘ !u-d s h e lf - s ta b i l i t y . A fte r ir ra d ia t io n  w ith the s te r i l iz in g  doses, the foods can be 
: y  the s t n r a n *  Wlth°üt  re fr ig e ra tio n . The length o f storage depends on the enzyme ina c tiva tio n  tempera- 

f'?s tn L°Ur course the Product development and continuous product improvement,
i l >?Eoe Precnnto^ +3ta ïære t 0  25 months storage. I n i t ia l  work has been published (11). The product
!e1l a,2 7 .35) c?d t 0  e te rn a l temperature o f 70 to 750C to be she lf-s tab le  fo r 2 years (or longer) a t 21°C 
l5hu\s consUmP-  =°ra9? at 38° C causes decrease in sensory q u a litie s  (softening o f tex tu re , d is c o lo ra tio n ), as 
^ ^ -S e n c n v . ccePtance a fte r  9 to 12 months (11) (Table 7). Storage a t lower temperatures than 21°C 
J p i ^ - - ^ o r ^  qua! i t y  o f chicken breas t . 1 -* . . .  . .  . . .

v-iTradri ~ i _iCo3(la Technological Panel N=T2T7
Color Odor fla v o r Texture Pref' 2 i excure scores

c
N!

0 at

‘ol + 7.1 7.4 7.2 6.9 7.1: -20 7.0 6 . 6 6.5 7.0 6 . 1  5
; -40 6.9 6.3 6 . 1 6 . 6 6.5
• -60 7.0 6 . 8 5.7 7.0 6.7
!SD NSD NSD NSD NSD SD

-30 6.3 6 . 0 6 . 2 6.3 —

(^3 ar befn NaCI NaTPP so lu tion  overnight in
Of th re <rnzyme in a c tiv a tio n ; 2Consumer panel 

a chicken breasts deep fa t  fr ie d  before 
, ia l evaluation a fte r  10 days storage at 
r adiated c o n tro l, stored a t -29°C; 5Sig.

.pzjj Dreact to otber samples; 6Enzyme inactiva ted  
in . • stored fo r  3 years at room temperature 

W1n te r, 30-32°C in summer).

]*ss * Nom

‘»ki
e 5.

N

Quaii+y _
Vacuu y cblcken dish (Chicken Cacciatore), 

-3 r t i f i  Packed in metal trays and processed by
V *5

^ ^ ° ° c

Sensory Q uality (n=12):
Odor Flavor Texture

5 . 3+ 1 . 9 3
7.6+0.8b
7.0±0.8b

6.6±1. I a 
7.2±1.2a 
6 .6±0.8a

5.5±1.5a 
7.4±0.8b 
6.3+1.I a

5 .2±1 .9a 
7 .2± 1.1b 
6 .7± 1 .2b

s,9
1.2 1.0 1.1 1.3

a< ; .
same le t te r  w ith in  the column arei not

increases the storage time. Irrad ia ted  smoked ham, 
enzyme inactiva ted  to 70QC, which received high 
sensory ratings a fte r  14 months storage at 21oc(34), 
was s t i l l  h igh ly acceptable a fte r  36 months at 21°C 
and 7 years at 10°C storage. In another experiment 
on ham, which was enzyme inactivated  to 68OC, the 
product started to decrease in sensory ratings 
below acceptable range a fte r  12 months storage at 
21°C. There is  d e f in ite ly  a need to determine the 
storage s ta b i l i t y  o f d if fe re n t irrad ia ted  meats at 
d if fe re n t temperatures as affected by the degree o f 
precooking (enzyme inac tiva tion  temperature) o f the 
products. In the examples on the q u a lity  o f ir ra d 
iated meats c ited  here (Tables 2 ,3 ,4 ,5 ,6 ,8 ) ,  as 
well as referred to published papers, two methods 
o f sensory evaluations were used: (a) Technologi
cal panel fo r  co lo r, odor, fla vo r and textu re , 
using the 9-point q u a lity  scores (33,38), and 
(b) Consumer panel, using the 9-poin t hedonic 
scale fo r  preference (22). The ratings above 5 
are ind ica tive  o f products o f food q u a lity  tha t can 
be expected to gain acceptance by a broad spectrum 
o f consumers.
Reduction o f n i t r i t e  in  cured meats. Radappertiza- 
tio n  process allows to reduce greatly  the incoming 
n i t r i t e  in cured meats. E lim ination o f n i t r i t e  
e n tire ly  is  possible, at least fo r  some foods, such 
as bacon and corned beef. Table 6 summarizes 
resu lts  o f our investigations in  the f ie ld ,  part of 
which has been published (13,33,34,35,36,38) or is  
presented a t th is  Congress (7,30,39).

QUALITY OF IRRADIATION PRESERVED MEATS
Reference to q u a lity  o f meats preserved by s t e r i l i z 
ing doses o f ion iz ing  rad ia tion  has been made 
already 1 n discussing the radappertization process 
(Tables 3 ,4 ,5 ,7 ,8 ) .  The high q u a lity  o f some
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Table 6. Reduced additions o f n i t r i t e  to irra d ia ted  meats

Product
Nonirrad Meats

mg/kg 
NaNO,

Irrad ia ted  Meats
Min. req. Recommended 
mg/kg mq/kg . . kGy at
NaN02 NaN02 1/ -30+10°C Product Q uality

Bacon 120 None — 30
20 40

Ham 156 25 50 32
25/25U 50/25 2/
None —

Corned Beef 156 25 50 26
None —

Frankfurters 156 50 75 32

None

S lig h tly  d if fe re n t co lo r and fla vo r. 
Color, fla v o r and taste  l ik e  in  norma 

commercial bacon 
Color fading 
Color s ta b ilize d .
Ham-like product, texture excellent, 

co lo r d if fe re n t.
Regular q u a lity  product.
Color d if fe re n t,  otherwise acceptable" 
Good q u a lity  product, normal co lor an 

fla v o r. , r , .
Acceptable, d if fe re n t fla v o r and

2]  25 mg/kg NaN03 addition is  needed to prevent fading of co lor.

Table 7. Preference ratings o f pork sausage w ith  
__________ the storage time_________________________
Treatment Storage

Temp°C
Months o f Storage:

Nonirrad. 
24 kGy at 
24 kGy at 
24 kGy at 
Thermalc

-29°
5°C 21
-30°C 21 
-30°C 38 

Ambient

H 1 _4 . 9 16
6.9 _ 6.8 7.6a 6.3
5.9 6.4 6.5 6.4 5.5
6.2 6.9 6.3 6.3, 6.0.
5. 7 6.8 5.9U 4.4b 4.4
4.9b 3.7b 4.1b — - -

I Table 8. E ffect o f add itives and enzyme 1nac tiva ti° 
temperature on sensory q u a lity  o f ir ra d ia t 
(41 kGy a t -40°C) beef steaks

S ig n if ic a n t ly  (P<0.05) preferred over other samples 

^S ig n ific a n tly  less preferred than other samples

M i l i t a r y  item, canned in b rine , thermally s te r i 
liz e d , h is to ry  unknown.

Fig. 1 - Irra d ia tio n  S te r iliz a tio n  Processing 
o f Foods

Additives
Enz.

Inact.
Ç P -

Sensory q ua litv (2  x_ 
Color Odor Flavor

None
0.75% NaCl
0.75% NaCl+0.3% TPP

75

0.75% NaCl+0.3% TPP 60 
same add itives 75

7.07
6.98

a S ig n ific a n tly  d if fe re n t from other two sample5

PRODUCT PREPARATION-

VACUUM PACKAGING-

-------> ENZYME INACTIVATION-

-»FREEZING TO -40°C----------

IRRADIATION (X)(Z) w ith  12D DOSE------- »NON-REFRIGE-

RATED STORAGE-------»SHIPPING- DISTRIBUTION

(X) 5 to 10 Mev electron irra d ia t io n  o f f la t  
packages 1.7 to 3.4 cm in thickness.

(Z) Cobalt-60 gamma irra d ia t io n  o f packaged foods 
of any thickness

irra ;

pr*'
products is  a ttested by the fa c t tha t NASA used f°  ceive 
iated foods (Table 2) in  th e ir  space f l ig h ts  which ^ g. 
high appraisal by American and Soviet astronauts- ,ng 
irra d ia te d  meat, "cut-and-formed" pork chops, is  b.ated ^  
sently  evaluated by NASA fo r  addition to  the irra  ' .s sy  
foods fo r  the fu tu re  space f l ig h ts .  However, the it /

ir ra d ia t io n  s te r il iz e d  meats.

Color. Ir ra d ia tio n  o f heat denatured uncured meat P
metmyoglobin, reduces the pigment to deoxymyogl°b ¡>9) v 
ing the meat co lo r from brown to p inkish red U 4’ t  to % 
The co lo r is  unstable and upon exposure o f the^® i br.
and l ig h t ,  fades rap id ly  and returns to  the ° r l9 ntage(,l,?ji 
co lor o f cooked meat. This co lo r change is adva t apy. 
in  some products, l ik e  n o -n it r i te  bacon (38,39) . 
en tly  objectionable in  beef, lamb and pou ltry Pr °aCjiate“/  

might be objectionable in pork. The consumer w i l l  have to  be educated about the co lo r o f uncured i r cause5/j5)' 
pork, not to confuse the reddish co lo r w ith  undercooked pork products. In cured meats, irra d ia tio n  . gf l* 
decrease in  the in te n s ity  o f the ch a rac te ris tic  pink co lo r and formation o f an unknown brownish r y  fe'
Upon exposure to a ir  and l ig h t ,  the co lor o f irra d ia ted  cured meats, p a r t ic u la r ly  ham, undergoes Tor p 
decrease in  the in te n s ity  (co lo r fad ing). Addition o f n it ra te , along w ith  n i t r i t e ,  during curing ° a 15...............................  Research in this ar<=vents the co lo r fading to a large degree (33,38), but not e lim inate i t  e n tire ly , 
inconclusive (15) and more research is  needed.

text'/e’

Texture. As sh e lf-s tab le  items, irra d ia t io n  s te r il iz e d  foods receive cons is ten tly  high appraisal J  a5 ¡,e
p a rtic u la r ly  in  comparison w ith the therm ally processed items. Irrad ia ted  meats can be dry-packed can^
such, they are very su itab le  fo r  p o rtion -co n tro lle d , convenience-type meat products. Only i rrac1^a^ts , 
used fo r  production o f she lf-s tab le  la rge-s ize  meat products, such as whole beef, lamb or pork roàSte^tore 
hams, or meat ro l ls  (13,16,27,28,35). However, ir ra d ia t io n  w ith  the high doses has some e ffe c t °n eCt i v% (, 
which is  o f two categories: {&}■ softening o f the overa ll te x tu re ; and (b) decomposition o f the con ade5^er  
tissue. On the pos itive  s ide, ir ra d ia t io n  has a tenderizing e ffe c t,  thus allowing the use o f l0^ n  > e *  
beef, fo r  example, to make tender roast beef or beef steaks. On the negative s ide, ir ra d ia t io n  i c u l t  
tenderizing leading to  a mushy te x tu re ; and excessive degradation o f the connective tissue may re5U e8t 
fr ia b le  tex tu re . However, these tex tu ra l changes can be contro lled  and made benefic ia l by s k i11e?deS 
ogists by se lecting  proper raw material and proper methods o f the enzyme in a c tiv a tio n . This ProVlaCteFiS 
b 111 ty  and opportunity fo r  meat industry to  make sp ec ific  meat products w ith  desired tex tu ra l char’ a  i iu  u p  pu  i i* u 11 i ujr i u  i n icau  i i iu u s  u i jr uu nia nc o p c u i  i iu  m eat, p i u u u u to  n i u i i  u c j  11 c u  i>c a  wwi « ■ i1

Flavor and odor. Flavor o f meat products preserved by ir ra d ia t io n  1s the main area where most res*a* , an̂  
product development w i l l  have to  be done in  the fu tu re . Fatty foods, such as bacon (raw and Pre^r '. ^  cO<]'  
sausage are least sens itive  to the fla v o r changes, provided the foods are irra d ia ted  in  vacuum seaie

• y
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S ers. *
^cured’m2t ï erw1 se they turn  ranc1d on Ir ra d ia tio n . cS s  .. meatsv niearc .___ . ,  L , Cured meats are less sensitive  to the fla vo r changes than
W *  are «"ong uncured meats, whole-muscle items (roasts , steaks), "cut-and-formed" beef, pork and lamb 
s«ai?n 1n th t0 f la Y°r cha" 9?s than the emulsion-type products. This indicates tha t the residual
* •1  amount 1S r?Sp? jS1/ l er a t east  Pa r t ia l1 y» f ° r  these fla v o r changes. Addition o f phosphates,
V W®H asnmiy i nn0^ UII'hfhi ° r l dL ™ .'. i, tC). i : ° %L - 0 uncured meats improve the f la v o r. Use o f the antiox idants,ift , ■ ■ as  ̂ mu«« ....K.uvc unc i i ov ui . u ic ui Liic cm t iox iaan ts ,
th! 1qw 9 o f t!?e meat^formula under vacuum, elim inates the l ip id  oxidation and improves the fla v o r (6) .
fir f ra n k fu rtL SC° re? -n °ur f i r s t  exPeriments on Irrad ia ted  frank fu rte rs  (30) might be due to the fa c t that 
h „'"«ats n r f Z V T 510" ^al  n° t  subjected to f in a l mixing under vacuum. The ch a rac te ris tic  fla vo r o f speci
a l Sicken ,,1mEr i?ved by add ition  o f commercial fla v o r preparations, as we have observed by using 1 and

^ P r o v p ^ I  o f Stange Co. in  irra d ia ted  chicken ro l ls .  D e fin ite ly , use o f d if fe re n t condiments and 
» w ln,entpH , jZu P ^ducts , lik e  fo r  example, barbecue sauce in  various meats and chicken products we have 
C H  q u a ? t hi  ar e man̂  <?h?ices fo r  s k il le d  food technologists in  Industry to improve fla v o r and
^  *lble pourh^ ° ' ’’ rra d la tio n  s te r il iz e d  meats. In some irra d ia ted  ham and corned beef, vacuum packed in 
* O ch a fte r t f  * s to red.non-refrigerated fo r over 2 years, we have observed a b it te r -m e ta ll ic  a fte r- ta s te ; 
br°du 6<*t of th f n2 - i£ edJ] n_ba,I' vacuum packed in  metal cans and stored over 4 years. A p o s s ib il ity  o f
%

ct  o f  th  i  IT  i ” , -----j  * ————* m me La i i-aiis arm bLurea over H y e a rs , a possiD I l l t y  OT
.umn cts shnn iahP ?st1c • ms 1n contact w1tb the fo °d during long periods o f time on the a fte r- ta s te  o f the 
%u^Son with th invesf 19abad. I t  should be emphasized tha t the fla v o r changes discussed here re fe r in 
4U' .stable th the non-irrad ia ted , herm etica lly sealed, frozen-stored meat products. In comparison w ith  the 
61h.1h color ne™a l 'y  P re s s e d  canned meats, the irrad ia ted  meats were superio r, not only in  tex tu re , but 
V a t i n a  w! +odor aod_texture. Ir ra d ia tio n  reduces also the packaging and storage space 15 to 40% by 
’O c t io n  o f * 0 - bnne needed for. thermal Processing (28). Irra d ia tio n  in  the frozen sta te  g rea tly  reduces 

P r is o n  n u tr ie n ts , such as thiamine (31), and prevents destruction o f the amino acids in  meat proteins 
Cqm_ on W1th thermal processing (35).
1 LLusions

^ t,pi'0ductinnnh lte h1] i z a t i? i o f Precooked meats and other protein foods is  the most promising processing method 
from"* she lf-s tab le  convenience foods which, on the p la te  o f the consumer, c lose ly resemble the foods 

* urn tresh items

icce!?a lly ar "  ta r il lz e d  meats> experimentally developed so fa r ,  range in  q u a lity  from h igh ly acceptable to 
Ptat)le moat ab e ‘ More research and development is  needed on improving the fla v o r o f the marginally 

’ eats and some poss ib ilities  are indicated in  th is  paper to do so.
% 1Ir«1ationfeadv praserved meats are d e f in ite ly  superior to  therm ally processed meats, the only other sh e lf- 

J vo-eat meat products now ava ilab le  to the consumer.
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