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RADAPPERTIZATION, or irradiation sterilization of meats and other protein foods is the subject of this Papef' ‘
Radappertization is a new processing method applicable to precooked (enzyme inactivated) foods that are h?rnto \
metically sealed (either in metal cans, flexible pouches or metal or plastic trays) and involved irradﬁ“on \
sterilizing doses of either gamma rays (from a cobalt-60 or cesium-137 source (19) or by X-rays and e1eCtrS
(24). The process is particularly applicable to precooked meat, poultry, fin fish and shellfish, as W?1 3 ;
to dry foods, animal feed and spices. The resulting radappertized products are free from all food spoilad al”
microorganisms and organisms of public health significance, including the pathogens such as C. botulinum ° ¢
monellae, trichinae, etc. The radappertized products can be stored without refrigeration for long per1°d5 151'19d
time (years), the limiting factor being the integrity of the primary packaging material. Although raqappeugnq
products are ready-to-eat, they can also be warmed before table serving; additional culinary preparation:

a variety of recipes, can be applied to radappertized foods in the home, restaurant or dining hall to vary
their taste and flavor.

TECHNOLOGY of the process has been developed by U.S. National Food Irradiation Program conducted by the g'éom
Ammy at the Quartermaster Food & Container Institute in Chicago 1953-1962 and at the U.S. Army Natick R&32 35%
mand (NARADCOM) after 1962 . Several review papers summarize our main information in the field (9, 13> thé

At present, negotiations are in progress to transfer the Food Irradiation Program from the U.S. Army tO 5is
U.S. Department of Agriculture, effective 1 October 1980. It may result in change of the scope and emphd

of the program. Therefore, in this paper I shall emphasize those areas of meat preservation by steri 1z1ngy f
doses of ionizing radiation which should be investigated in the future, if not by MNatick scientists the
others, of interest to the meat industry.

zatio")

RADAPPERTIZATION PROCESS. Fig. 1 gives the processing steps for irradiation sterilization (radapperti
processing of meats and other foods.

be
Product preparation. Most products do not need special preparations. The normal commercial practice Cagusaﬁ’
used such as curing of ham, bacon and other cured meats, roasts of beef, pork, lamb, beef steaks, por ?ong
etc. However, in uncured meats addition of small amount of NaCl, below the salty taste (0.5 to 1.0%) %% )
with 0.3% condensed phosphates is useful for improving flavor, texture, juiciness, overall acceptancé a”TheU5 ‘
yield of the products. Examples are given in Tables 4 and 8 and in published papers (4,5,25,26,27,35): )

of salt and phosphate allows also to produce different Table 1: Minimal irradiation sterilizing (1
"cut and formed" items, such as meat rolls (4,16,17,27), doses in kGy (1 Gy = 100 Rad)
ham (33,37), restructured beef steaks, pork and lamb ‘
chops, ground products (pork, lamb and beef patties; Food Trrad. Method of Est. 12D dos€
chicken burgers) (Table 3). Addition of phosphates is 00 Temp. Extreme arbel
beneficial not only for increasing the water. hold- (*c) Value2 S earman—K
ing capacity (25,27), but also for controlling 1ipid Beef 30410 41.2 43.4
oxidation (6) and some antibacterial effects (8). Chicken 230410 42'7 44.?
3 ’ 38.

Enzyme inactivation. For long time storage, prote- gamk :ggf}g 2;'3 39.2
olytic enzymes must be inactivated which is achieved Cogfish cake -30+10 3]'7 32.4
by precooking the food to internal temperature of Co o pat -30+10 26.9 24.4
70 to 750C (26,35). Lower temperatures than 700C Sovk sarcaqe -30¢10. - 25.8 26.5
for example, to produce "rare" beef steaks or roasts, Bor SBusane 5 to 25 o 25.2
can be used for the product which will be distributed acon . cowf’ |
without refrigeration and consumed within short period Source: D.B. ROWLEY. NARADCOM. ‘Based of ré .
of time after processing, for example, within 1 to 6 able bétu]%né] ce1ls,an afi. Bosinied ORe mostexpwe ‘
months. Quality of beef steaks processed to 600C resistant strain/can. gBased on an assumed €77
received high quality scores and were preferred for tial spore death rate with an initial shou ™" ;e
juiciness and flavor over the steaks heated to 75°C 3Based on an assumed exponential spore déd
(5) (Table 8). A methodology is available to deter- without an initial shoulder.
mine the residual proteolytic activity in meats as
affected by temperature and other processing variables tures?
(18). This technique can be used to predict shelf-stability of irradiated meats at specific temperd
based on the residual proteolytic activity. ot

Ounds’ar"e

Vacuum packaging. Commercially available metal cans, including the can enamels and end-sealing comP ms .2 of |
available for packaging of irradiated foods (16). Flexible packaging, with proper food-contacting f1bﬂityum
also available (17) and can be modified or improved, if necessary. The main requirement is the r911§ h vﬁks
the primary container to be sealed under high vacuum and maintain good seal. For metal cans, the 121201n5m
needed is min. 25 inches (13.9kPa) after sealing before irradiation, which will decrease to about *123) fmgn 1
(37.3kPa) vacuum after irradiation due to the formation of hydrogen gas as a result of irradiation \““ipe ;
flexible pouches of 11.5 x 17.8 cm in size, containing 100 to 125 grams meat, used in our 1aborat0ry;ib1e ch
vacuum" means the amount of the headspace after evacuation and sealing not to exceed 0.5cc. For f1e”]0WVimﬂ
pouches of other dimensions, the allowable residual headspace gas volume has to be determined. e acons

results in discolored and rancid food after irradiation. With good vacuum, even for such foods as
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No 3
Meta) gﬁ‘dative rancidi
fttep Plastic trays needs more experimental work.

N 5 Initial
B)g, " oduct than thermally sterilized (Table 5).

ty and no peroxide formation by irradiation (39).

Packaging of meats for irradiation in
work on a chicken dish (Chicken Cacciatore) gave a

However, on opening of the tray, expert technologists could

detect a rancid odor, which was not detected

W0%c£ Uality of irradiated meats used in NASA space flights

after reheating the dish for serving. It is
due to the low vacuum sealing of the trays,
only 5 inches (80.9kPa), before the trays

kGy Preference Tests NASA Space
Y at No. No. Av. Flights
fm 300+10°C Tests Raters Score
£6fsteak 37 5 143 7.36 Apollo 17, 1972
"eg B S 43 2 64 6.95 Apollo-Soyuz, 1975

They gr5r 25 2 64  6.95 :

Tces 37 2 64 6.35 4
Ta

collapsed. Several possibilities are available
for future improvement: stronger body trays,
nitrogen flush, packaging in plastic bags
first, followed by packaging in trays, etc.

Irradiation in the frozen state. It is essen-

tial that the vacuum packaged product is

ble
3 : - ;
Swm] Sensory pro erties of irradiated chicken patties
e 7 2

frozen to -300 to -400C and irradiated in
frozen state. This prevents off-flavor devel-

opments by reducing production of radiolysis

products by the high doses of irradiation(21).
The result is an improved flavor and accept-
ance of the products (4,20,27,35). The for-
mation of the radiolysis products starts at
temperatures about -20°C (21). Therefore, it

is essential that during irradiation process-
ing the temperature in the center of the con-
tainer does not increase over -200C at the end
of the processing. Whereas some foods are not
so sensitive (ham, corned beef), others
(turkey, chicken) can show detectable quality
decrease when irradiated at -20°C (Table 4).
Irradiation sterilizing doses for several

;gﬁ% Sensory properties (M+SD) (n=10):
11 Color Odor Flavor Texture
g %Pz 6.8:0.4  5.7+0.9  6.0+0.9 6.2+1.1
) Ir 6.4+1.3 6,4+1.0 5.9+1.5 6.9+0.7
4 Ir 6.9+1.0 6.5%1.4 6.4+1.3 6.6%1.2
C Nonr 6.7+0.9 6.0+1.1 622120 6.8+0.8
N OOIr‘ 6.4+1.3 6.9+0.9 6.6+1.0 6.5+1.2
mg/ﬁ wh1te meat, NaCl (0.75%), Na Asc/Eryth. (250/250
Erytﬁ)? 2= 82% white meat, 18% skin, NaCl, Na Asc/
(0.3%53 3 = 100% white meat, NaCl Na Asc/Eryth, NaTPP
EPyth 5 4 = 82% white meat, 18% skin, NaCl Na Asc/
for NaTPP; 4C = Nonirrad. control, stored at -290¢
Biyg, 20 days, same additives as No. 4.
at -400450¢  stored 30 days at 21°c.
o 1o
I"at
a5 &d .
)l knoyy Chicken breasts in Table 4.
Pogy 12) and the determination of
Woryradi

D ation storage and shelf-stability.
%sta”d the‘StPT uted without refrigeration.
g™, OF gy StOrage temperature.

(1 fo be | Storage data were limited to 25 months storage.

Ti 38 cone.
g b]‘54. S:sumer acceptance after 9 to 12 months
i) nsor: uality of chicken breast.!

Ir‘r d

C()d & a q
s n Technological Panel N=12): 2
Ui KBy at C Color  Odor FTlavor Texture 5255:;
2?”tr0 7 A i)
i33t-20 7.0 6.6 6.5 7.0 6.5
) 45 3t -40 6.9 6.3 6.1 6.6 6.5
STh,OS) &t 60 7.0 6.8 5.7 7. 6.7
o750 NSD NSO NSD NsD msD SD
Wann $at 30 6.3 6.0 6.2 6.3 --
. Qteq s
hggmerdeH 1.5% NaCl +0.5% NaTPP solution overnight in
Sand) o i Ore enzyme inactivation; 2Consumer panel
hoé?ng; 312§tCh1cken breasts deep fat fried before

]“s ;Mtial evaluation after 10 days storage at

foods are given in Table 1. Adjustment in

D Stepiys. .
§8r1]121ng doses with change in the product temperature during irradiation is possible (10), as demon-
The efficiency of irradiation to destroy food spoilage microorganisms is
the 12D doses for irradiation sterilization is well documented {(152.3)

After irradiation with the sterilizing doses, the foods can be
The length of storage depends on the enzyme inactivation tempera-
In the course of the product development and continuous product improvement,
Los be py, Initial work has been published (11).
e 6,27 359C00ked to internal temperature of 70 to 750C to be shelf-stable for 2 years (or longer) at 210C
< Storage at 380C causes decrease in sensory qualities (softening of texture, discolcration
(11) (Table 7).

The product

), as
Storage at Tower temperatures than 210C
increases the storage time. Irradiated smoked ham,
enzyme inactivated to 700C, which received high
sensory ratings after 14 months storage at 210C(34),
was still highly acceptable after 36 months at 210C
and 7 years at 100C storage. In another experiment
on ham, which was enzyme inactivated to 680C, the
product started to decrease in sensory ratings
below acceptable range after 12 months storage at
210C. There is definitely a need to determine the
storage stability of different irradiated meats at
different temperatures as affected by the degree of
precooking (enzyme inactivation temperature) of the
products. In the examples on the quality of irrad-
iated meats cited here (Tables 2,3,4,5,6,8), as
well as referred to published papers, two method§
of sensory evaluations were used: (a) Technologi-
cal panel for color, odor, flavor and texture,
using the 9-point quality scores (33,38), and

(b) Consumer panel, using the 9-p01qt hedonic

scale for preference (22). The ratings above 5

are indicative of products of food quality that can
be expected to gain acceptance by a broad spectrum
of consumers.

Reduction of nitrite in cured meats. Radappertiza-

Chy prefglr'adiated control, stored at -299C; 5Sig.
(E&kEn brel‘ed to other samples; 6Enzyme inactivated
250¢ ;8aSts stored for 3 years at room temperature

D " Winter, 30-329C in summer).

&5
* Quays
Vazl]ty of chicken dish (Chicken Cacciatore),
h 3 digm Packed in metal trays and processed by
Utegy ferent methods.
I s ity (n=12):
N ensory Quality (n=12):

EQQQL T~ Color ___ Odor Flavor Texture
Vigy Confroy  5.31.93 6.6:1.12  5.5:1.58  5.2¢1,93
N3t ol 7.6:0.8D 7.2¢1.22  7.4s0.gd  7.2¢1.1b
9 C 7.0:0.8> 6.6:0.82 6.3:1.12 6.7:1.2b
MQ <‘05)

Ll
o Wiy 1.2 1.0 1.1 1.3

t
dify he same letter within the column are not
Srent,
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tion process allows to reduce greatly the incoming
nitrite in cured meats. Elimination of nitrite
entirely is possible, at least for some fgods, such
as bacon and corned beef. Table 6 summarizes
results of our investigations in the field, part.of
which has been published (13,33,34,35,36,38) or is
presented at this Congress (7,30,39).

QUALITY OF IRRADIATION PRESERVED MEATS

Reference to quality of meats preserved by steriliz-
ing doses of ionizing radiation has been made
already in discussing the radappertization process
(Tables 3,4,5,7,8). The high quality of some




Table 6. Reduced additions of nitrite to irradiated meats P
Irradiated Meats

Min. req. Recommended

Nonirrad Meats

Product mg/kg ma/k mq kGy at
NaNo, Ngﬁog N‘amog 1/ -30+100¢ Product Quality
Bacon 120 None -- 30 Slightly different color and f1av0r-1
20 40 Color, flavor and taste like in norma |
commergia] bacon
Ham 156 25 50 32 Color fading
25/25¢/ 50/252/ Color stabilized. |
None .- Ham-1ike product, texture excellent,
: color different.
Corned Beef 156 25 50 26 Regular quality product.
None == Color different, otherwise acceptablé:
Frankfurters 156 50 75 32 Good quality product, normal color an
flavor. r
None -- Acceptable, different flavonngLEQl%ﬁf’
“T/ Extra additions of nitrite to accommodate less efficient processing equipment than used in our resed
2/ 25 mg/kg NaNO3 addition is needed to prevent fading of color.
Table 7. Preference ratings of pork sausage with Table g, Effect of additives and enzyme inactivation
the storage time temperature on sensory quality of irradiat®
Treatment Storage Months of Storage: (41 kGy at -400C) beef steaks
Temp®C 1 9 Enz, _12)
. . 4 a L Additives Ipact. Sensory quality(2 x n-12 wrt
Nonirrad. 29 6.9 - 6.8 7.6 6.3 Jem: e
24 kGy at 5°C0 21 559 16,4 5625 6.4 5.5 © olor or 7
24 kGy at -30°C 21 6.2 6.9 6.3 6.3 6.0 None 75 7153 7.38 6.87° "2l
24 kGy at -30°C 38 5.7 6.8b 5.9 4.4b 4.4b 0.75% NaCl " ZiES 7:27 7.16 7'23
Therma1© Ambient 4.90 3.70 410 - s 0.75% NaC1+0.3% TPP " 7.53  7.19 7.1 '
aSignificant'ly (P<0.05) preferred over other samples %46
R 0.75% NaC1+0.3% TPP 60 7.56 7.39 7.07 7,&
Significantly less preferred than other samples same additives 75 7.49 7.17 6.98
“Military item, canned in brine, thermally steri- a Significantly different from other two samples ‘
lized, history unknown. i |
oA |
ver |

Fig. 1 - Irradiation Sterilization Processing products is attested by the fact that NASA used fouecd
of Foods jated foods (Table 2) in their space flights whic Xnowe;

high appraisal by American and Soviet astronauts- ingpr
PRODUCT PREPARATION —> ENZYME INACTIVATION——>| irradiated meat, "cut-and-formed" pork chops, 15 < ted .l |
sently evaluated by NASA for addition to the irradi?, ty

5
15 1
VACUUM PACKAGING ——>FREEZING TO -40°C ————> foods for the future space flights. However, thersaﬁty

need for further investigation regarding sensory q

IRRADIATION (X)(Z) with 12D DOSE——>NON-REFRIGE- | irradiation sterilized meats. o
igne .
RATED STORAGE ——> SHIPPING — DISTRIBUTION Color. Irradiation of heat denatured uncured meaanghﬂg
metmyoglobin, reduces the pigment to deoxymy091°b1579%”
ing the meat color from brown to pinkish red (14,170 oaw
(X) 5 to 10 Mev electron irradiation of flat The color is unstable and upon exposure of the.m?a1 pr?
packages 1.7 to 3.4 cm in thickness. and light, fades rapidly and returns to the 0F19‘”:geo¢ap
(2) Cobalt-60 gamma irradiation of packaged foods color of cooked meat. This color change is adVa"totaP%ﬁ
of any thickness in some products, 1ike no-nitrite bacon (38,39)s cts

ently objectionable in beef, lamb and poultry Pro &afeoﬂ
might be objectionable in pork. The consumer will have to be educated about the color of uncured 1rrause5fﬂl
pork, not to confuse the reddish color with undercooked pork products. In cured meats, irradiation g1of(
decrease in the intensity of the characteristic pink color and formation of an unknown brownish ré ther
Upon exposure to air and light, the color of irradiated cured meats, particularly ham, undergoes ur has
decrease in the intensity (color fading). -Addition of nitrate, along with nitrite, during curing of a 15
vents the color fading to a large degree (33,38), but not eliminate it entirely. Research in this @
inconclusive (15) and more research is needed.

pre’

et

t
Texture. As shelf-stable items, irradiation sterilized foods receive consistently high appraisal ford,aSDe
particularly in comparison with the thermally processed items. Irradiated meats can be dry-pack€d ?nncﬂﬂe
such, they are very suitable for portion-controlled, convenience-type meat products. Only 1rrad1at1g who
used for production of shelf-stable large-size meat products, such as whole beef, lamb or pork Foaste’tuﬂ
hams, or meat rolls (13,16,27,28,35). However, irradiation with the high doses has some effect on t Cﬂveof
which is of two categories: (a) softening of the overall texture; and (b) decomposition of the conn radﬁowf
tissue. On the positive side, irradiation has a tenderizing effect, thus allowing the use of Tower ausé "
beef, for example, to make tender roast beef or beef steaks. On the negative side, irradiation Ca"1t1n CWO
tenderizing leading to a mushy texture; and excessive degradation of the connective tissue may resu eatteﬁV
friable texture. However, these textural changes can be controlled and made beneficial by skilled ms a ﬂiﬁ'
ogists by selecting proper raw material and proper methods of the enzyme inactivation. This PFOV’deteH5t
bility and opportunity for meat industry to make specific meat products with desired textural chara¢ handoﬂ
Flavor and odor. Flavor of meat products preserved by irradiation is the main area where most reseagiaﬂdp
product development will have to be done in the future. Fatty foods, such as bacon (raw and prefried con”
sausage are least sensitive to the flavor changes, provided the foods are irradiated in vacuum séad e
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oS f1 hanges than
Uneypes$ Otherwise they turn rancid on irradiation. Cured meats are less sensitive to thﬁ avor chang

°£:§ed Meats, Among ﬁncured meats, whole-muscle items (roasts, steaks), ”Cut-qndtformed beef, pork anqd1aTb
Yygen € less sensitive to flavor changes than the emulsion-type products. This indicates that the residua
smﬂ]" n the system is responsible, at least partially, for these flavor changes. Addition of phqsphﬁtei,
iswe] mount of” sodium chloride (0.5 to 1.0%) to uncured meats improve the flavor. Use of the antioxidan 5,6
The] 3 mixing of the meat formula under vacuum, eliminates the 1ipid oxidation and improves the flavor (6).
thEfow flavor scores in our first experiments on irradiated frankfurters (30) might be que to the fact that
e mrankfurters emulsion was not subjected to final mixing under vacuum. The characteristic f]avor.of speci-
21.%§§ts Mght be improved by addition of commercial flavor preparations, as we havg observed by.us1ng 1 and
Smce1?ke“ flavor" of Stange Co. in irradiated chicken rolls. Definitely, use of different condiments and
Qmeﬁ Mproye the products, like for example, barbecue sauce in varigus meats and chicken products we havg
“em}me”tEd With. There are many choices for skilled food technologists in industry to improve flavor an
ﬂeﬁb] Quality of irradiation sterilized meats. In some irradiated ham and corned‘beef, vacuum packed in
n°su] POuches and stored non-refrigerated for over 2 years, we have observed a bitter-metallic aftgrjtasti,
°ﬂef§2 after-taste was noticed in ham vacuum packed in metal cans and stored over 4 years. A possibility o

Prog Of the p] ic films i tact with the food during long periods of time on the after-taste of the
u plastic films in contact w ) 0
gmbaigz Should be investigated. It should be emphasized that the flavor changes discussed here refer in

i i i i ith the
1fc; 0N With the non-irradiated, hermetically sealed, frozen-stored meat prgducts. In comparison w
ﬂsoistab € thermally processed canned meats, the irradiated meats were superior, not only in textyre, but
Nimnn Color, odor and texture. Irradiation reduces also the packaging and.storage space 15 to 40% by 1
$Shu2§!”g wWater or brine needed for thermal processing (28). Irradiation in the frozen state greatly reduces
N 0o lon

mpa of nutrients, such as thiamine (31), and prevents destruction of the amino acids in meat proteins
riso

0 N with thermal processing (35).
luszong
%rlrradiat' ilizati tein foods is the most promising processing method
Pr ~1on sterilization of precooked meats and other protein foo
”emr§§“°t10n of shelf-stable convenience foods which, on the plate of the consumer, closely resemble the foods

rom fresh items.
‘Ir i : .
Rngjp3diat i14 i f e in quality from highly acceptable to
9i 10n sterilized meats, experimentally developed so far, rang q
a%epggg]y acceptable.  More research and development is needed on improving the flavor of the marginally
e Meats and some possiblities are indicated in this paper to do so.
W lnns o
stab]elﬂ:d‘ation Preserved meats are definitely superior to thermally processed meats, the only other shelf-
ead¥~t0-eat meat products now available to the consumer.
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