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THE ROLE OF THE INTERNATIONAL FOOD IRRADIATION PROJECT IN WHOLESOMENESS STUDIES

BUSSETIIAS
International Food Irradiation Project, Federal Research Centre for Nutrition, Karlsruhe, West—Gefmany
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The initial research into the scientific and technological aspects of food preservation and Ste”“n a18°
by irradiation as a credible alternative technology was carried out in the U.S. Naturally concerl rOaCh
arose over the wholesomeness of food preserved in this manner and in the light of the legal aI;ood a’
required by the U.S. Food Legislation it was necessary to investigate each individual irradiated "
if it were a food additive. This being the only guide then available to national authorit® ngth
international Expert Committees, it was not surprising to find that a large number of expensiveé,
and sometimes repetitive animal studies were being carried out in a number of countries.
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To rationalise and coordinate these various efforts in a more economic fashion the Internatio
in the Field of Food Irradiation was set up 10 years ago as a result of an agreement
interested countries under the joint sponsorship of the IAEA (International Atomic Energy
UNO), the FAO (Food and Agricultural Organization of UNO) and the NEA (Nuclear Energy A8 ;
OECD (Organisation for Economic Cooperation and Development) (1). Its objectives were essentld Judi®
carrying out of a modest research programme into methodology and the coordination, 1nCou Y
supervision, of wholesomeness testing and related studies in laboratory animals, contractec .,
reputable laboratories on behalf of the member countries. Additionally, the dissemination of 11"_0
concerning wholesomeness testing of irradiated foods and assistance to authorities in their cons!
of acceptance of irradiated food constituted further objectives (1). -
etV
As a result of the effective operation of the Project some 12 feeding studies were placed with conti’;z aﬂf
laboratories to investigate various toxicological aspects of irradiated wheat, flour, potatoes, “ te Ii
fish, in line with the recommendations of the 1969 Joint Expert Committee (2). IFIP also a“empand t,L
alter the direction of the animal investigations towards the clearance of groups of similar fOO_Sadiatee
provide basic information on the toxicological effects of variations in the composition of 1rfon fhe
laboratory animal diets. IFIP soon recognized that the vast amount of data available ffhf
radiation-induced chemical changes in food components could be wused in the evaluatiol vle"ﬁf
wholesomeness of irradiated foods. The publication of a monograph collecting together critical F&" oth*
the radiation chemistry and the yields of radiolysis products of major food components WwaS ioﬂﬁc
important step towards achieving an easing of the burden of innumerable toxicological investigd
individual irradiated foods (3).
The outcome of the 1976 Joint FAO/IAEA/WHO Expert Committee (JECFI (4) confirmed indeed the value of by
the reorientation in the approach to assessing the wholesomeness of irradiated foods initiated roct

;
f

International Project. Apart from acknowledging the need to consider food irradiation as @ that thr;
analogous to other more traditional physical treatments for preserving food, JECFI recognized nt fro,,
evaluation of the wholesomeness of foods processed by this technology posed problems differei inbm
those encountered with food additives or contaminants. The 1976 JECFI went even as far as enV e froﬁ,
that in the future radiation chemical data alone, in conjunction with all other available eviden 10 ¢
animal feeding studies, might suffice to conclude that foods processed by irradiation with doses ce Lo
kGy were safe for consumption by man. Furthermore, the 1976 JECFI gave unconditional acceptd”~ f;ﬂ
irradiated foods and provisional acceptance to another 3 irradiated foods. This opened the erfi“d,ﬁ

developing Draft General Standards on Irradiated Foods and a Draft Code of Practice for the tandare‘
of Irradiation Facilities Used for the Treatment of Foods under the Joint FAO/WHO Food Sf cod
Programme through the machinery of the Codex Alimentarius Commission (5). The objectives
Alimentarius Standards are the removal of barriers to international trade in foods for which sui by pis
Standards have been elaborated, the standards having been incorporated into their national 1aWing te
120 member states of the Codex Alimentarius Commission. Clearly industrial interest in de\’eIOPhinder
technology could not be expected to arise, unless there existed a definite possibility for gl

international trade in irradiated food commodities. qhe

After this encouraging turn of events the Project decided to reorientate its entire programme,(nQ 4
main thrust now aimed at achieving acceptance of the process of irradiation for food presef"amadiﬂ ot
average doses of 10 kGy creating no more toxicological problems than any of the other rhad bo
preservation processes eg. pasteurization, canning, deep-freezing, microwave-heating etc. .t ical of
accepted previously (4) that irradiation-preserved foods presented no specific micro P
nutritional hazards compared to any other physically or chemically preserved foods, prov? ser"ed
hygienic requirements similar to those appropriate to traditionally preserved foods were ob
handling such irradiation-preserved foods. fof
ble 41
To obtain this general clearance of the irradiation process it was felt necessary to ass.emvald?hf
consideration by the International Expert Committee a body of scientific evidence which Woua(;om 0"
such a decision. The cornerstone of the argumentation would rest on convincing evidencé atd [hef
radiation chemistry of food components, supporting the validity of any extrapolation of safety To gZ’COF“
animal feeding studies within major classes of foods and between various classes of foods- nts <ﬂ1ﬂ£’
this evidence a coordinated programme on the radiation chemistry of food and food Compofl?e5 of 0)‘
programme) was set up in 1978 (7). This programme attempted to channel the research activit! bodyoe"
laboratories specialising in radiation chemical investigations toward providing the unifie Sde‘/

evidence identified by the 1976 Joint Expert Committee. An important part of the programme v
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Yel] * TeView of recent data on the identification and quantitative measurement of radiolytic products as

a ) :
pfocessi the Provision of comparative data on the effects of radiation and conventional methods of food
T() ng'

dte

?tarches It has been possible to study, on a comparative basis, the radiolysis products from various
IE irrad’i the uniformity of protein and lipid radiolysis in various meats, and the reaction mechanisms
e a

g off ted fruits. Although these studies dealt with considerably different systems and approaches,
Qe%nstrered strong evidence of uniformity, predictability and the ability to extrapolate. They
Q()mp()ne dted that even in complex foods the nature of the radiolysis products from the individual food
°"1Cen MMS  was the same and that the yields of these products were determined mainly by the

;(’mpOStiil_athn of the precursor components and the radiation dose. Thus foods with 1like chemical
rgssible °n  yielded a similar spectrum of radiolysis products of, predictable nature and maximum
lhsuhs YIe1d§. Therefore foods could be grouped confidently into a few broad classes, within which the
Qxe Yema dnimal feeding studies or mutagenicity tests could be extrapolated from individual foods to
altfapolat“der of the class. Similarly, results obtained under one set of irradiation conditions could be
e\,re ae _to others without the need for further biological testing. This strengthened the suggestion,
“ken gre Nticipated by the 1976 Joint Expert Committee, that radiation chemical evidence could play an

tly (B)atel' role in the evaluation of the safety of irradiated foods than was previously thought

int :
iQ thec,:f,stmg development of the attention paid to radiation chemistry of foods was the development of
Cupp; “1Cal model which would permit the application of competition kinetics to the radiolytic events
a1y51sg N a living cell and subsequent confirmation of the predicted yields of radiolysis products by
lnesso actual irradiated food (9). Such a model was developed for irradiated fruits and its
Uct demonstrated by the close agreement obtained between the nature and yield of the radiolysis
‘“ed oca}CUIated by means of a suitable computer programme, with the actual analytical results
N irradiated fruit juice, fruit pulp and whole fruits (9).

N tt)l;e farly years of the Project first priority was given to the carrying out of wholesomeness
by ”Tries. EXtensive and expensive animal feeding studies on a contract basis for the benefit of member
Add‘ 8ivey, ese> §tudies were devoted to fulfilling the requests of earlier Joint Expert Committees which
dfiel long) Provisional clearances only to a very few‘irradiated foods 1i.e. potatoes, whea_t and flour.
lgb dates Oodstuffs chosen by IFIP for study by animal feeding test were fish, rice, spices, mango,
c%e aceq and onions. The selection of the foodstuff was based on consideration of the interest likely
) “tries tded to the product as a staple food entering international trade, its usefulness to developing
T kGy rélngend%i)ts technological and economic suitability for radiation preservation by doses about the
ke .
. Met
ani?rfpcrzsids used for wholesomeness testing varied somewhat from study to study, but all involved the
O, als N of the irradiated or non-irradiated foodstuff into the diet of laboratory animals. Groups of
Theelopmenet On  such diets are observed over most of their life span, and their health, growth,
r@prunirrad-a“d reproductive capacity compared with that of control animals receiving a diet containing
MangdUCti lated foodstuff. Some of these studies were relatively short, extending over 90 days and one
lnqz differ Cycle, others continued for 2 years or longer and involved up to four filial generations.
higc dip °Nt factors have had to be taken into account in assessing the effects of the irradiated food,
UIIthicalrate of growth, incidence of disease including cancer, changes in haematological and
E tesy, PArameters, reproductive capacity, fertility, and abnormalities in the offspring. At the end
lissues were examined microscopically for signs of disease (6).

N
g
{Ig“if'ne of th . . . ’ ] .
Ooq lcant €se studies, nor in any properly conducted studies published in the literature, were any
“Pproadmi Sffects observed which could be attributed solely to the irradiation treatment received by the

tﬁstinaﬁh IStered to the laboratory rodents used in these tests. Several drawbacks inherent in this
P irre"éluation of the wholesomeness of irradiated foods require discussion. The toxicological
n‘xami Ntamg aadlated food presents rather special problems in comparison to the testing of food additives
Spemned, h’_lts'(lo). Firstly, there is the difficulty of specifying precisely the material to be
qeﬁsg el oo 15.15 comparatively easy in the case of a single defined chemlcaIAentlty, l‘)utl becomes
qkt Na] an MPlicated where a complex food is concerned, subject to wide compositional variations both
qktufbf the lgeographical. It is also impossible to incorporate sufficient of the irrad}'ated food into the
e Qfance oa °ratory animals in order to achieve a satisfactory margin of safety without considerable
Iy the lain their nutritional requirements. Moreover, any imbalances of the major components of the

L 244 anfﬂfaltory animals influences profoundly the natural backgroundl of diseage ar'\d tumor ingidence

gguallated fas under test. Finally, unless the toxicologically significant radiolytic »produ(ct in the

10\100), onlcc’io Possessed extremely potent toxic properties, its concentration in the 1rrad1ated food
“g\t ammal € so low as to be practically undetectable by a conventional design 'employlng groups of

R i an~s Per test group. This naturally raises the question of the appropriateness at least of

1:\?1“10 tma feeding tests based on conventional protocols.

g, s

. {2 - » .
i 88p In theemlstry data had already revealed that breakdown products from radiolysis were formed at

pQDng Numy, Part per million range or lower and very rarely exceeded 100ppm (11). At these levels mucAh
ir:“z rlate =TS of animals would have to be used in each experimental group in order to permit

thadizd, of sta_tistical evaluation of any observed differences from controls. The impossibility was also
an%ghtlon_ T}?_lng able to test every individual food which might be suitable for preservation _by
nq thout th 'S handicap was due to the costs involved, the scarcity of adequate laboratory fac111F1es
. S ¢ Wworld equipped to perform these investigations under acceptable good laboratory practice,

Stry,, e . .
la]  fady existing demand for their services consequent upon safety legislation related to

by

qnci 8njy; €nvironmental chemicals.

fi,Ma] ‘on :

qung feedir?f the likely validity of these arguments and the precipitous escalation of the costs of

testsg Studies, together with the assertion by the 1976 Expert Committee that'the use qf animal
a5 the mainstay of wholesomeness evaluation of irradiated foods was inappropriate (4),
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enabled the Project to abandon this unprofitable exercise. Realising that only a few selected.ar.ﬂmed
studies might be needed in future for wholesomeness evaluation purposes, the Project commiss? her
combined 90-day-one-generation-reproduction studies on cocoa beans and legumes as the only O of
animal feeding tests under its scientific programme. However, information derived from the ujfated
irradiated diets for the large-scale production of laboratory rodents (12) and from the use of irFd® .pe

feeds in the husbandry of farm animals (13) appeared to offer useful ancillary evidence f%r the
wholesomeness of irradiated foods. Hence critial reviews of these subject areas were commissione y
Project.

. the
The nutritional aspects of the wholesomeness of irradiated foods were not expressly included.lnlzing
scope of the activities of the International Project (1). The major problem of the use oOf ,103 arly
radiation on food is related to the destruction of certain nutrients to a variable degree, Partlc t131

. 0 i . 3 ’ e
certain vitamins e.g. B,, E and, to a lesser extent, C. Decreases in the vitamin or other eSSO tio?
nutrient content of irradiated foods are not significant, where these foods form only a small proP thué

of the total diet. In circumstances where these foods constitute a major portion of the diet, &7 (4)°
are vectors of these essential nutrients, appropriate supplementation of the diet would be necessary

0
- : . : : : . art
Similarly, the microbiological aspects of the wholesomeness of irradiated foods were not directly Pe  fof

the activities of the International Project (1). However irradiation of food is an important meas! lied

removing pathogenic organisms, particularly food poisoning bacteria of the genus Salmonella. 1f agounf'f
at an appropriate dose rate, it is possible either to sterilize food or to reduce the total Viabletion y
No evidence has ever been produced that irradiation at the levels wused induced muté tha'

non-pathogenic organisms into pathogenic forms (14). Similarly no evidence has been ad"anc;ﬁ for
irradiation is able to change the character of food-borne viruses, although it is probable that t
of processing does not eliminate viruses from food.

Specifically included in the scope of activities of the Project was a modest programme Of‘lnlogica1
research into methodology (1). The need for looking at the options for improving the toxlcos "
testing procedures, existing at the time of the formation of the International Project, was demO“a jond
by the enormous variability in the testing requirements of international expert committees and D% pes
authorities, when called upon to evaluate the wholesomeness of irradiated foods. To eliminateosyfor
problems considerable attention was devoted initially by the Project to designing elaborate pfotocim un?
animal feeding studies. In the Project's own laboratory the effects of irradiated food on the il“f
system of the rat were studied as a possible sensitive indicator for biologically active raucc€59‘
products in irradiated foods (15). Other in-house investigations before 1976, though largely uns = est?
ful, aimed at developing a suitable semi-synthetic diet for use in long-term animal feed?

investigating irradiated fatty foods. 50

The advent of a number of simple, short-term, sensitive tests for mutagenic potential, which o
been shown also to correlate closely with carcinogenic potential, opened up new possibilities ducf51

screening of irradiated foods for the possible presence of mutagenic or carcinogenic radiolytic potenfia

: ¢
A large spectrum of in-vitro and in-vivo procedures now exists for screening for mutagenic capablf
(16). The Project investigated these new test systems and established an acceptable methodology mme‘;‘;
of validation and showing good reproducibility (17). Furthermore, a comprehensive progra  ari®;

2
mutagenicity testing was instituted by the Project, involving many different methods and a larg® fooed

of irradiated foods. Incidentally, the methodology developed by the Project for testing irradi?teradiaiof

by short-term mutagenicity screens has applications beyond the wholesomeness aspects of 1f form™
foods. The methodology is of a general nature and can be used to investigate the effects of an
food processing on the toxicological qualities of the processed food (18). af

if, 05
Briefly, the new method of sample preparation by enzymatic digestion in-vitro was devempesl julcefc
attempt to overcome some of the drawbacks associated with the use of solvent extracts or natu.iherto o
prepared from the irradiated food by physical means. The latter samples were used L oo
circumvent the problem of testing processed foods most of which are unsuitable for direct
into in-vitro test systems. The use of extracts is open to criticism despite its undoubted val i
a) it is very difficult to extract all possible process-induced toxic compounds from ac act
b) macromolecular scavenging might interfere with the extractability of relevant compounds» jght food
mutagens might be destroyed during normal digestion, so that activity noted in extracts mwee”
little relevance to the effects of food on an intact organism, d) reactions might occur bet enafefa/
constituents and solvents. The digestion method involves digestion of an aqueous food homo8 =yt
acid pH by pepsin and at alkaline pH by pancreatin, centrifugation, and sterilisation (19)*
filtration. The sterile digests are then used directly in the various in-vitro mutagenicity tests (Af“eé

t el
The in-vitro procedures selected by the Project included the Salmonella bacterial mutation tcfhs. jgd
test) “with and without metabolic activation, point mutation assays in cultured mammalian nsched AL
assays in cultured mammalian cells, mammalian cell transformation assays, determination of US test'Thf
DNA synthesis and investigation of DNA repair. The in-vivo procedures included a micronude“hﬂa'dinﬁ
SCE test in bonemarrow and spermatogonia, and the induction of recessive lethals in DrosoP incl¥ put
in-vitro studies were carried out on the same extracts and digests in four different instituté® f00d?
the™ Project's own laboratory, while the in-vivo studies were based on the same irradiaté
were performed in two separate institutes. ricl‘e%

chH )8
Short-term mutagenicity screening has been carried out so far on irradiated and non-irradiate®  re ainb
fish, dried dates, beans, cocoa beans, mangoes, dried onions and a mixed diet. spiceSA gcfeebda
investigated as an "in kind" contribution to the Project by one member country. The lﬁ“;sa)”

e
procedures chosen for spices were the Salmonella bacterial mutation test (Ames test),d_t;te ﬂlch
edl en*” i

ueé ods'
1 %

prophage induction test, the induction of recessive lethals in Drosophila and a host-m utage v
None of these sensitive screening tests have produced any evidence for the presence of mclosel)’
carcinogenic radiolysis products in the irradiated foods investigated. These findings agree
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byi Sults of the animal feeding tests carried out on similar foods or related food materials processed

: adiatiop,

an g
Expg’rtstudies on irradiated foods exist which have not yet been considered by a Joint FAO/IAEA/WHO
of Coyp Ommittee on the Wholesomeness of Irradiated Foods. Of particular interest to this Congress are
;liearaniz Studies related to meat .and meat products. The 1976 Joint Expert Committee gave a full
Slcroorga o eviscerated prepacked chicken, irradiated at 5-7 kGy for the elimination of pathogenic
QalmOnenmsms (4). The real hazard from prepacked frozen chicken is due to contamination with
a?jntaminaa There are no satisfactory alternative procedures available at the moment to eliminate this
Q()equ telnt Great care has to be exercised when handling broiler chicken. It has to be cooked
sntamina{’ otherwise disease due to Salmonella infection is likely to occur. In part this microbial
I)ecificalllon arises from the wuse of contaminated feeding stuffs, which have not been treated
i Y to eliminate microbial contaminants.

byg Tesent

iy the USSR has approved experimental batches of eviscerated poultry, packaged in polythene

adiated at 6 kGy (4.7.66), but their marketing experience is unknown.

SN

s Net

;’Tc]wnh\erljln\ds fully approved for sale dry slaughtered broiler chicken (20) aged 10 weeks, parts of

kGy:an Separately packaged heart, liver, stomach and neck, if irradiated with a maximum dose of
°i the conditions attaching to this clearance (10.5.76) were:

a) the period between slaughter and irradiation not to exceed 24 hours;
b) the plastic packaging to be of the FDA approved type;

¢) the pack to be marked specially for sale by a specific sign and to be labelled with
keeping date;

d) to store the packaged food at 2-5°C;
R &) to review the situation in 5 years.

dencppro"al was based on the decision of the 1976 Joint Expert Committee and on microbiological

ﬂcli)éo\'ed,thtit less than 10 organisms survived irradiation treatment, that keeping and storage were
deStm at the biological value of the protein remained unchanged, that little evidence of amino

Caf‘w Clion was seen and that the vitamin content was not changed significantly.

M a

Q >
x“ﬂum also approved the sale of irradiated chicken for test marketing; irradiation was to be at
kGy (20.6.73). However, no market testing has been carried out so far.

S°Ut
& h\Af :
thck yrAia has recently approved the sale of irradiated chicken treated over a dose range of
&n . 8Yst 1978) based on the acceptance by the 1976 Joint Expert Committee of the wholesomeness of
Iy th Processed (20).
hr e
Drzs,s‘. %, on the basis of a special FDA exemption, diet portions of radiation-sterilized chicken
(Radl_ded Tk link sausage, pork chops, bacon, ham, beef steaks, and ground beef patties have been
Qond_latio © the Fred Hutchinson Cancer Centre in Seattle, WA for patients requiring sterile foods
Drodltion Technology, Inc.) since 1968. These portions were packaged in retortable pouches. Here, the
Yuln‘lcts aror_treatment is st%rilization at 24-43 kGy. This is a comparatively large dose, but the
lrragrable € irradiated at -30°C. Over the past 5 years of use these patients who are probably the most
lateq Subjects because of their lack of immune defences, have been kept alive and well on
s Pety Sterilized food (21).
t 5 Htig
: for clearance of radurized poultry has been submitted to FDA by Radiation Technology, Inc.
Ntly under active review. The FDA is thus once again forced into the position of having to
.0 de ?“.bmission on this subject. It will be interesting to see the outcome. However, it is hke}y
fig, k" (SC1sion will be forthcoming for the next 2-3 years, because the American researcb group in
dﬁcimg sts fonducting extensive studies on irradiated chicken and chicken products involving several
N w_les on chicken irradiated with higher doses, for sterilization fqr army use.‘Clearly r}o
thckeothe By be taken until the results of all these tests are to hand. It is quite possible that in

Sy e
Tls- u[‘r
,tlhitlder e

n trl; Countries submissions will come forward, probably also in the U.K., for the clearance of
i{“ th e by radiation specifically against Salmonella contamination.
it e Ne . . .
hﬂ)h. the therla1"1ds limited market trials have been carried out in 1976 with irradiated fresh broilers.

s i : : . .
fnearzllals 3Ssistance of a major national wholesale company this commodity was distributed to four

hi&h Yas bpa: 20 old peoples' home for evaluation by purchasers, dietitians and kitchen per§onnel. The
I st on Tolled or cooked on the 4th, 8th and 10th day after slaughter. The prepared brmlers'scored
5 texc‘éll the 8th day and the lowest on the 4th day, where 82.3% of the participants marked this food
n rhe Daem“ to "good" and 17.7% as "fairly good". No marks for unacceptability were recorded. None
®veq 'y Cipants had any objections to the fact that the food had been irradiated and indeed the
tﬂrket 8lenic (microbial) quality was greatly appreciated (22).
|.Q‘ try s :
Qlélaqn rolfals of this nature will shortly be carried out on an expanded scale since full corpmgrma}l—
| rance'- this product is planned; this appears possible because an unconditional Ministerial
%y Now available.

fq“nd beKtahan and coworkers reported from the U.S. Natick Laboratories that fresh eviscerated broilers
to breated with 2.5 kGy and stored for 15 days at 1.6 C without deterioration. The birds were

fee from Salmonella (23).
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At present the U.S. Army Natick Research and Development Command are conducting an extensli‘/ef <ible
testing. programme on chicken either ganﬂna—irradiatgd in metal cans or electron-irradiated 1in
pouches. The irradiation dosage is 45-69 kGy at -30 C. The meat is being fed to rats, mice and ed
deboned ground meat and skin. Three years' studies were carried out in rats and mice and a tw° this
study in dogs. A multigeneration study was done in dogs but difficulties arose with reproduction 2 aré
diet. In addition mutagenicity studies in Drosophila and a heritable translocation test in mic® 1000
under way. The latter is probably one of the most expensive studies because something 1ik€ {™ipst
progeny of mice have to be followed over six generations. An Ames (Salmonella reverse mutatiol acted
was also performed. The results were negative (24). This fits in well with the studies antr of
through the Project. These latter studies included the investigation of water extracts and dl.ges est?
irradiated cooked chicken by the Ames test, by forward mutation tests and chromosomal aberratio . 'py
ig—vitro in cultured cells, by in-vivo tests in rats, mice and hamsters fed on irradiated chick?n 5enn&
studies on the induction of DNA damage. The latter studies were carried out at an institute 11°
Again there was no evidence that feeding irradiated chicken induces any mutations in the variod
systems or causes damage to the DNA.

1y

sfur”
ces gg.

Despite earlier setbacks, the U.S. Army Natick Research and Development Command continued Schwra f
an

in devising a process resulting in good quality radiation-sterilized beef highly stable on =7
Renewed wholesomeness studies using animal feeding studies were started in 1971 using irradlaf neat”
non-irradiated beef and comparing additionally gamma-irradiation with electron irradiation an th the
sterilization with frozen storage. These studies were completed early in 1977 and the petition 1 erda‘
FDA since the fall of 1977. Further long-term animal feeding studies on pork and ham were SIaIfor the
the end of 1976 and are expected to be completed by 1981, in which year further petitions
clearance of irradiated pork and ham are to be submitted to the FDA (25). *
whé
A further, and particularly promising application of irradiation is in the preservation of bacor’ bawﬁ
long shelf-life can be obtained without using nitrites. Other advantages of irradiation 1? an &
production are the possibility of reducing the addition of nitrite for colour purposes by over 8% red z
salt by 50% in prefried bacon. Moreover, irradiated bacon contained no residual nitrite Compidiaﬂ
commercially cured samples and on frying significantly less nitrosopyrrolidine was formed in irr
bacon compared with non-irradiated control samples. .
: as
It is to be hoped that the 1980 Joint FAO/IAEA/WHO Expert Committee will accept irradic?lﬂzrrlltrolled

preservation process for food causing no toxicological problems, if applied under strictly Cthofﬂws
conditions over standardised dose ranges. If this is then followed by approval by the U.S. au 101%
of the safety for marketing irradiated chicken, beef, pork, and ham, the doors will be open fol
industrial application of irradiation technology on a commercial basis for the preservation olie

to which this form of processing is applicable.
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