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1. TERMS OF REFEREHCE AD CONCLUSIONS

TERMG Of REFEREMCE

To advise on the wholesomeness of foods irradiated by suitable procedures.
BACKGROWND

The initial research into the scientific ad techmological aspects of food preservation and
sterilization by irradiation as a credible alternative techrology was carried out in the
LA in the Late '4ls. At the samt time, congem arpse over the wholescmeness of food
preserved in this marner and merty idividuat irradiated foods were inwestigated as it they
ere food additives. It was not surprising therefore, to finrd that a large ruaber of
expansive, Lengthy and sometimes repsritive ammal studlips were being carried aut n 8
remeer of countries.

To ratiomalize and coordinate these yarious etforts im 3 more productive fashion, the
[ntermatioral Praject in the Field of Food Irradiation was set up in 1971 as 3 result of an
agresmmt between 19 smterested countries Lnder the jeint sponsarship of the Irtermaticnal
Atemic Emergy Agency (IAEAY ard the Food and Agricultural Drgamization (FADD, both 1RO
agacies, g the Buropean Muclear Erergy Anency, later rerzmed the CECD Muclear Erergy
hgency. The Fecderal Reputlic of Germarry vy ided Host Centre farilities at

Karlaruhe. Meqbership soon rose to , pountries by 1975 and remeired at that lewvel until
the teemination of the Project ot 3 becenber 1781,

Tre cbiectives of the Project were esgentially the carrying out of 3 research programme
jnta methodology at the Host Centre ad the coordimation, irmcludirg superyision, of
wholesomeness testing end related studies n Laboratory amimals, contracted aut o
reputshle comtract t sbaratories on behalf af the menbersiip of the Project. The Froject
placed some 12 extensive teeding studics with contract labaratories to irvestigate various
towieobogical aspects of some irradiatec foods in order to fulfil the requests of the 1969
a4 1975 Jaint FAQSIREA/WHO Expert fomittees on rradisted Food which haye assessed the
clearance of the irradiatien process and of the irradiated foods from the patnt of wiew of
safety to health. After 1576 a sersitive methedology was developed n the Froject’s cwn
Lzboratory based on simple short-=term mtagenicity tests on digests of irradiated

foods.  These biological Jnvestigafiors supp lemonted extensive ceardinated programmes of
research 4nto the radiation chemistry of food ard food components carsied ot in som: ?
cal laborating specialist Lakoratories im the world. Data were ¢ol lected o the
sgertification ard quantitative measurements of radialytic products derived from the mjer
comerents of irradiated feods and compared with the effects of corventional food

Falp otu=ictoulnt

%s 2 result of all these efforts. the 1080 loint FAQ/TAEASWHD Expert Committee accepted the
safety of the process of irradiation for the preservaticn of food o to an owerall average
dose of 10 k&,

it a consequence of this decision, the focox Blimentarius Comnission deweloped 2 emeral
Stardard for Irrradiated Food and Cooe of Practice for the Dperation of Fadiation
Facilities for irradiated foods in iptermaticosl trade. Thus, having achieved its
chjectives, the International Projest was weurd up.

a )
gen also Section LI
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buring its existence the Project sesned 17 volumes of a bulletin entitled *rood Irradiation
Information® ad &7 Technical Reports on the varigus wholesomeness studies carried oot
under contract or perfarmed in the laboratory at the Host Centre. A ruber of scientific
papers were published in the open scisntific Literature. Two extensive mmographs entitled
Whadiation Chemistry of Major Food Cenponents” ard "Recent Adyanees in Food Lrradiat ion"”
were pbLisned in beck form in 1577 arg 1983 respectively. Moregvar, the International
Project accumulated &n extensive documentation on the wholesomeness aspects ad the
radiation chemistry of foods ard food ingredients, It also provided a survey of alt
literature relating to the wholesomeness asoects of irradiated foads published since 1940
in 3 computerized form at the vost {entre i Karleruhe, In addition, since 1955 the Host
[emtre has issued a bibliograohy o the preservaticn of foocdstuffs by fomizing radiat i

coverire the comod Lation and evaluation of all relevart literature.

Because of the availditity of griginal data ad prblications, tho meetings of the EEL
scientific Committee for food were held in Karlsrhe during the preparation of this Report .

The Committee ingluded within its terms of refersnce rot only the evalugtion of patential
tealth aspects directly related 1o texicological and rutritioral properties of irradiated
foods bt also the possible pathogenic and frod-spoi Lage properties af crgamsme Surviving
raciation processing of food. The Comnittes did ot review in detail the extengive data on
processing of fouds (e.o. heef and poultry) with doses higher than 10 &Gy for sterikization
ourgcses becagse the radiation conditiong under which they were dbtaired are rot rebevant
to the Likely commerzisl aplications of food irradiation. Effectively, therefore, this
peport concentrates on radiation processing at coses of the grder of 10 kGy or le=s. The
romtittee has not considered the goecific 15Hues relating to the jrradiation of food
=dditives ad food packaging raterials.

RAGIATION DOSES AND EFFEETSb

Pracessing with doses af radiation betwesn 040 add § kGy can influence a variety of
biological progesses.  For instance, it may induce immibition of sprogting durimg storage
(e.a. of orions and potatoes] ad delay of ripeming (2.3, af mangees and papayas!- As
radiation doses in this range kilL the insects at all stages of their Life cycle, they can
alzo be used to control insect infestation {e.g. of wheal, rice, pulses and dates) thus
prowiding an sltemnat ive to pesticides or fumigants.

Processing of foods (e.4. fish products, chicken, strawberry, spices and condiments) with
doses betwesn 1 and 10 Koy may be used for practical eriminatio of pathogenic organi sms
tradicidation} ad of ren—spore=Tormirdg microorganigms other that Wirses

Cradurizationl. it apeears rhat jrradiation in this migher dose rave alen provides an
attefmative to some chemical treatments te.q. ethyleme oxide) to reduce microbial
contamination N spices, deied veqetables ard thickeners.

I+ is worth roting that rot all food items are suitable for radiation processing; for
imstance, ircadiation of milk syl milk~derived products mey facilitate the develogment aof
rameidity through induction af lipid peroxidation.

MICRIBTOLOEICAL ASPEETS

the mjor benefits of cadicidation ard radurization are aesociated with the possibility of
centrotling many rather coamon health hazards related to ceveral foodborre parasitic

b Zap abto Section ITL.T.
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diseases such as trichimosis, taeniasis, and these associated wWith the presence of
sabmemel La, Carpylobacter and Tosgolasma im mest and pasltry or of Shigella, vWibric

Tarahaenolytious ad entercpathiogenic Escherichia coli in ceep frozen sea food.

Recayse of the variations in radiation resistance of microorgamsms, irradiation at doses
w to M kGy, 0 spite of its usefulress, cannot in all foods solwe oy itself all the
problers related to the microbiological safety ard keeping quality of foods.  Solution of
cuch oroblems may in some cases require approoriste combiratio treatment, e.g. irradiation
olus heat treatment, irradiation plus chemical greservaticn, or appropriate storage
conditions after irradiation including proper storage temperature ard packaging. It shasld
be emphasized that irradiaticn, besides itself ereating barriers to the transmissien of
pathogenic grganisms through food, sspecially Gramregative crganisms, also renders the
survivars of irradiation usually more sensitive to heat, drying and gther techrolegical
treatments of food.

Tre problers due to suppression of spoilage sroavisms by means of radiation processing at
Low doses are Likely to be ro greater than those encountered with other methods of
preservation, e.g. pasteurization, curing ard vacuam packing. Moreover, mo public health
proolems can be attributed to aspects such as possible erhanced patbogenicity, enhanced
radiation resistance and changes of taxoromically-relevant characteristics of
microorganisms surviving after foed irradiation at Low oioses.

RADTATION PROCESSING JOF FE(]Dd

X T
- o LA .

LR

The radiation dose depends on the desired effect{s) and, for a givern effect, on factors
such 23 the type of food treated and conditions chosen for irradiation, The applied dose
of radiation ought mat to exceed that reeded to achieve the cesired effect(s). Facility
design should attempt to optimize the dose i formity ratio and to engure apropriate dose
rates. Roatire dosimetey should be carried out during operation,  The ireplant control of
radiatian ceses should be monitored by rational authorities in accordance with the
intermatiomal Ly accepted orocedures.

& given permissible overall awerage dase can be adrinistered as 2 single treatment or s
more than ore consecutiwe treatment (frectiomal irradiationd. 5imilarly, provided that the
rotal permissible dose is mot significawly pxceeded, it i8 irrelevant whether a COmpos e
food contairs ore or several irradiated ingredients. Repeated irradiation sheuld be used
anly in cases where there are techrological reeds for it (e.9. re~irradiation at a much
higher dose for ancther technolcgical purpose of if the full dose has 1o be applied 0 two
or more instalmentsl.

45 lomg a8 good radiation processing practice, including use of raci &tion sources with
acceptabie maximum energies, 35 complied with, ro health problems can be attributed o
irduced radicactivity n irradiated food.  In any case, any swch irduced radicactivity 15
extremely low and below the present Limits of derastion.

The Cemaittee reccgn’zes thnat there are a rumbar of methodolegical ard techoological
requirennts which need to be satisfied in order to ensure the whalesoreness of irradiated
foods.  They sncluge irradiation facility design ard reragement as well as methods to
preserw the desirable oreperties of irradiated tood. Radiation treatment of food should
be rarried out in facilities which arc desigred ta meet the requirements of oocLpational
cafoty, efficacy ard good hygienic practice of ford processing, and staffed by trained,
cometent ad adecpately protected persommel.  Agequate recards of all irradiation
pperations carried out Sy the fasility should be kept. Whers approoriate, a vissal calour
change eadiation indicator should be affixed t0 mach procuct pack for ready igentificet on
of irradiated ard nor—irradiated products. facility design should permit cotrol of

d
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remperature &d atmosphens furing irradiation. It is aleo negessary to mimimize mechanical
demage 1o the product during transportation, irradiation and storage, and desirable to
ersure the maximm efficiency in the use of the irradiator. In order to presenwe desirable
properties of irradiated food it is eszential, to romply with good manufacturing practice
inchuding adeguate packaning and, n some cases, refrigerated storage. while comrehersive
diecussion of these aspects 1s beymd the scope of this report, care ful considerations need
to be paid to them. These aspects hawe been extensively discussed jointly by FAQ, TAEA ard
WO I 1981,

Moreover, radiation processing s rot a system to make gocd the effects of prier negligent
hardling. Because of safety reasons, radiation processing should be applied only o
focdstuffs complying with the standards of good manofacturing practice. The Committee
corsiders it importart that goce manufacturing practice be doserved also before food
irradiaticn is aoplied as is required for other means of food preservation. Furthermore,
the Copmittee considered labelling of irrediated food useful, although this geestion was
rot addressed in detail, The Comnittee roted approaches adopted so far by the Comissicn
of the Buropean Comunities and by the Codex Alimentarius and agreed in pringiple with
them.

RADIATLON CHEMISTRY OF F0ODT

The Commit®ee congiders that radiation processing of food camot be compared with the use
of food additives, as there is ro gastion of transter of specific sbstamces 1o the
tood. The Committee agrees with the wiew that food irradiation sherld be regarded as a
nrocess comparable to, for example, heat treatment.

The recent develomments in food irradiztion chemistry have contrituted remarkably to
elucidating the natore of the changes dccurring in irradiated foodstuffs as well as the
mochanisme of radiation chemical reactiors in the major food compcnents. Pulse radiclytic
technicues and electron spin resOnance spectroscopy ane valushle methods for determining
any radical intermedistes preduced, whereas jeentification and quantification of chemical
changes doe to trradiztion are usually carried out by mans of high pressure Liguid
chromatoaraphy awd rass specirometry techniques.

Extensive data, particularly o wolarile comporents, shou that the same coestituerts in
o fferemt foods (e.g. carbohydrates, fats and proteing) undergo gimilar chemical chawges.
Therefore, 0 complex foods, the nature of the chemical chamaes induced by irradiation in
irdividual food components cen be considered largely the same. Jtner factors being egual.
yielgs of chemical channes are getermined mainly by the concentrations of precursor
comporents and the smount of energy absorbed.  Morequer, the ruatity of chemical products
formed by irradistion is cemgistenly related to the amoent of water prezent 4n food.  This
ig doe to the fact that most chemical changes result from reactions of the hydrowyl radicat
Witk ather fod corporents and that water s the primary source of hydroxyl eadizals in
fot. Other imuortant factors are whether Sreaciation is carried out at abient or low
termerature arr iR the presence of absence of oxygen.

In spite of the seweral variables controllimg the chemical changes amd their nature, the
Maximun possiole yietds of most of the products formed by irradistion are predictable, 14
tro commasition of the drraciated fond and the irradiation concliticoms are krown, Lf

aroropriate precations are taken o mirimize chawxes, ragiaticn processing of food only
produces chemical products o the pom rardg. For examle, mast & 0 %) of the walatile

components detected in meat are also present an fond presemes by cther processes (2.g.
heat ).

& See aloe Section IV,




Theoretical caloulations based on radiztion chemistry indicate that irradiation of meat at
doses Lp to 1 KGy yields maximm Levels of total animue volatite produets (ot iderit ified
o far in rorircadiated food of the order of 3 ppm, with any one of them being far belew
1 pom.  The structurss of the uniqe coapourds identified so far are related to ratural
food comstituents. Less 18 known 4ot the chemical nature of rorwolatile fractions of
the prodacts formed in foocd by irradiation.

METHOOS TO IDENTIFY IRRADIATED Fl:',‘li’IIS\f

Considerable efforts hawe been devoted to the develooment af analytical methods for
ideri i Fying irradiated foods.  howewer, at present only gualitative methods, aplicable to
selected food items, are gailzole. More satisfactory methods reed to be developed.

KUTRITIONAL ASPECTSS

as far as the mutritional aspects of food irradiation are concerred, o karge awont of data
show that most comporents of tood are mat significantly charged upon radiation

protessing.  Fowever, Some witaring (e.g. witamins 8, C and B2 add the polyunsaturated
fatty acide may Te affected. The extent of losses af such rJtrients due 1o food
ieradiation depends on several factors which nclude the type af food, the irradiat Lay
conditions le.g. enerdy and doses] and storage conditicrs (e.q. terperature ard preseree of
airl. There is ro gyidence fhat techrelogically appropriate irradiation treatment o to 1
kay will couse majar mutrient losses in aty foods, but higher doses may CUSE significant
losses of some essential nutrients in seme foad. Thig can ke preverted onby by prope?
techrological precautions during wrradiation ard storage- In general, mutrient losses
caused by food irradiatin are wnlikely to be significantly different from those induced by
gther methods of pricessing and sTOrage. The Committee is aware that tha overall
impartance of nutrient Losses in an ircadiated food aisa depends n the irportance of the
specific fond to the total diet.

TOMICOLOGTCAL ASPECTS

a rgber of toxicological studies are available on seradiated isolated food compenents &5
well a3 on irradiated foods and feeds. Approximately &0 i fferent irradiated food items
have been submitted 0 tanicological imvestigations ] shout 20 food items have wundermre
Wary comprenensive toxicalegical trials including ome or more Long=term and
malti-peneration crudies (ses A&l

The fommittes felt it aprogriate o discuss specifically some contradictory tosicological
data that have been eytengively tebated. A amall rurper of positive fimdings indicate that
mutagenic principles can he formed under certain circumetantes im food and isolated food
romponent s dae T irradiation. The presence of such mutagenic Rubsiantes has e
demrictrated in sensitive test systems onky after irradiacion at high dosane, ard then onty
if the tests are performed shartly after irradiation. Mo mutagenic pffects have been
demmonstrated in foods which nad been irradiated at the technalogically relevant dosages ard
then stared or heat-treated. Presumsbly, thiz has o do With the fact that the active
sbstances possibly farmed daring irradiation at the techrologically relevant fozanEs
gither are cot formed N biologically sigaificant qantities or are raidly inactivated by
reattion with other food componenis. Similar considerationg amly 1o previmsky descrioed
animal. studies irdicating a slightly increased smeiderce of polyploidy n bone marrow ceils
gr peripheral Lymphocytes uexan administration of freshly jrradiated wnegy or ROLALOES.

f cen ahsoa Section V.
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The Likelihood of toxicological conmerrs specifically associated with peroxidation of
pobyunsaturated fais wes also addressed. The Cemmittoe has reviewed the many awailable
reports ard has concluded that the data indicated that the irradiation of foocds at the
stated dosages will not cause exposure of human beings to toxicalogically significant
quantities of products formed through peroxidation of polyusaturated fats. This
conclusion is alsoc supported by several biochemical studies carried it to warify whether
the daily administration of irradiated fats may change the ability of rodents 13 metabol ize
rerobictic substances.

Taken == a whole, the toxicological studies do mot rdicate adverse health effects from
dietary exposure to irradiated food.

4 remarkahle amount of data are alst aveilable on drradiated animal feeds. They were
reviewed by the Committes who has concluded that both bsboratory and commercial animals
qrow ad reprodute rermslly oo diets ieragiated at doses up to 15 k.

on the besis aof all the information reviewed, the Coemittee is of the ppinion that in order
to assess the safety of a food irradiates up to 0 kGy ro further animel feeding studies
reed be carried out.  This was alsa the cpinion of the Joint FAQ/IAEA/WHD Expert Committee
o the Wholesemenees of [rradiated food in 1980 The Committee has rot corsidered the
specific issues relating 1o the irradiation of food additives and food packaging materials.

CONCLLISTONG

fr the basis of all the availabte evidence the Coomittee recommends that in the context of
o overall assessmert of the wholescmeress of irradiated foods only these specific
irradiation doses ard food elasses shosld be engorsed that are indicated as appropriate,
not enly from a strict toxicological point of view, but alsa from a chemical,
micrcbiolooical , ruteitional and technological standroint. Table 1 Lists the food classes
arel radiation doses sutmitted to the Cormittee and congidered by it to be aeceptable from a
patic health stardpaimt. The Comittee believes that the health sigrificance of any
changes which may take place in the Listed foods at the irdicated radiation doses is nat
different from the health significance of the changes which are nduced by heat trealment.

The Committes sees, in orirciple, no objection to considering #h extension of the List 1o
other amlications provided that arpropriate information is given for evaluat {on fol Lowing
the criteria comsidered in the present report.




Table 1 - Aogeptable Srradiated food classes and radiation doses

—— A T B —— — — — —— e e e e e ]

|
| FOOD CLASS CVERALL AVERAGE RADIATION DOSE
I iy}
]
!
| 1. Fruits mtg 2
|
| 2. Vegetables uto 1
|
| 3. Lereats w e i
|
| 4. Starchy tubers woto L2
|
| 5. Spices and cordiments e 1o 10
|
| &. Fish awd shellfish w3
|
b 7. Fresh meats w2
[
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I1. INTRODKTLON

The Committee included within its terms of reference not only the evakuatioe of potertial
health aspects directly related to toxicological and mtritional properties of jrradiated
toods but also the possible pathogenic and fepd=spoilage properties of arganisms Surviving
radiatien processing of food. The Committee considersd beyord jt5 margate the assessment
ot societal demands for food ipradiation in compariscn with other PIRCESSES.

The initial research into the scientific ard techmological aspects of food preservation and
sterilization by irradiation 2s a cradibte altermative technology was carried out in the Us
in the late '4Ds. At the same Time, CoNCerm arose over the wholesomeness of food preserved
10 thig macrer and in the Light of the Legal approach required by the US Food Legislation
it was then necessary to irwestigate each edivical irradiated food as if 7t wers 3 food
additive. This being the only guide then available 1o matioral authorities and
intemational Expert Commitiees, it wag pot surprisirg to fird that a large rurber of
expensive, bengthy and sometimes repetitive animal studies were being carried qut in a
repther of contries.

T ratiocalize and coordinate these warious efferts in a more scorcmic faghion, the
Intermational Project in the Fiald of Food Irradiation was set wo in 1571 as a result of @
agreenent betueen 19 interested countries under the joint secnsorship of the Irtemational
Atomic Erergy docency (LAEAY ard the Food and Agricultural Organization (FAD, hoth UG
agercips, and the European Muclear Erergy bgengy, Later renamed the GECD Moclear Erergy
Anercy, The Federal German authorities prowided Host Lentre facilities at Karlsruhe, the
1aER paid the salaries of the Project staff and the MEA oroyided the gegretariat for the
Project's committees. Meabership som rose to Zé contries by 1973 and romaiped at that
lewel otil the termination of the project on 31 Decerber 1581,

The chjectives of the Project wers posentially the carryirg out of a mooest rescarch
prograeme into methodclogy at the Host {entre ad the coordination, dncluding superyisio,
af wnolesorcness testing ad related studies n Laboratary animals, contracted out o
reputable cortract laboratorics on behalf of the merperehip of the Project. In addition,
the Project urdertock the rollection, collation ard diszemimation of spformation woncerning
whalesomeness testing of irradiated foods and prowided as3istance to ratioral authorities

in Their consiceration of the acreptance of irradiated food.

buring its 11 years of existence the Project issued 12 wlmes of a bulletin entitled "Food
Irradiztion Information® and £7 Techmical Reports on the various wholgsomsess studies
carried oot uncer comiract or performed in the Labaratory st the Host Centre. U to 300
copies of each Bulietin and Techmical Beport were distritated to some fO countrigs. A
prber of mofentific papers reporting the results ot zome of the wholesomeness studies ard
alen desoeabing a newly developed metbocology for assessing the gergtoxicity ot irradiated
freds were publighed in the oS goiertific Literature.  Tuo extengive monographs entitled
Hpadiatiom Chemistry of Major Fooc Comporents™ and “Recent Advances in food Irradiation
were sublished in book form an 1577 ard 19830

The Project olaced snre 17 axtepsive feedirg studies with contract \aboratories o
irypectigate toxicciogical aspects of irradiated potatoes, wnest, fiour, fish, rice, soices,
marec, oried dates, cnines ard Lonod PowoRr in arder to fulfil the recuests uf the 158% ad
1976 Joint FAsd TAEASWMD Expart Committees on Trradiated Food wnich had ggsessed the
cleararce of 1he srradiation process and a% the irradiated foods from the point of wiew of
safety to health.  The 5 laction of the foodstuffs was bated on a congideration of the
intarest Likely to be accorded to the prodigt 4% &8 staple food entering jmtermat ional
trade, its usefulress 10 develoning CoUNEries, and its techrological and goonamic

gitabi Lity for radiation nrecervat ion by doses ir. the 10 kGy range.
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pfter 1970 2 appsitive methodology Haw deneloped i the project’s oW \aboratory, based o
gimple SHOrT-TErm mkagenizity tests o digests of irradiated foods. Theze biological
jrwestinations supplement ed extens vt coorainated pTOgrATES of research into the radiation
chemistry of faod ad fooo comporents carried ocut in sore 5 eollaborating sperialist
Laporatories in the world. Data wert cohlected o The identification ant] qutﬁtat"we
reasarerents of padiclylic produrts derived from the major comporents af rradiated fords
ard corpared With tre effects of enrreertional $oed processing. In this way cormincing
eyidenee cauld be assembled for the wri formaty . predictabl Lity ad apility 10 extrapolate
radinlytic reactiors withn @ given class of foods and also from ore class af food 0
anatrner. A8 3 reoult of all these gfforts, the 1980 Joint EAO TREMS W] Espert Cormittes
seceoted the safety nf the process of irradiation for the preservatyon af food o to &
geerall average dote of 10 koy. hs 2 consecpence 0f this oecision, the Codex pLimentarius
Comiss1om doveloped 2 meneral Stardard far Irradiated Foods ang a tode of practice for the
Cperatice ol Rodiation facitities for irradioted foods in intermationab trade. Trus,
hawing achigwed 115 ckjectives, the internat fonal Project Has o Ul

During its existence, the Irtemational Project arcumaiated @ axtens ve documentat 1on N
the wholescmeness agpects and the racdiation chemistry of foods and feod irgredients. 1T
algn proviced & survey af alk literaturs relating 1o the uholesomeness aspects of
irradiated Yoods published since 1950 G0 @ computerd zet form at the Host Ceotre in
tarlsruhe. In this way, & focal paint was cregted fof shtaining ip*formatim or irradiated
ok as 3 servite 10 national authorities. I addition, the Host [eatre has issued gince
1655 3 binlingraghy o the oreservation of foodstufis Dy sonizing radiagion eowering the
compi Lation and eyaluation of all relevant Literatre. 1ssu€ no 79 appeared 1N Septenber
a5, Secause of the avgilability of originat data and puplicaticns, TWd meetings of the
£EC Scientific roemitee for Food werE keld in Karisrahe during the preparation ot the
present feport oo the [rradiation of food.



III. RADTATION PROCESSIMG OF FOOD

1. Doses awd effects

£ffects ad ossible applications of drradiation at different doses are shown in Table 1.

Processing with doses of radiation betwesn (.02 and 1 kGy can influence 2 yariety of
binlogical progesses. For ingtance, it may indute inhibition of sprouting during storage
{s.g5, of oniors and potatees) ard delay of ripening (e.g. of mangees and papayal. As
radtaticn doses in this ramce kill the insects at all stages of their Lifecycle, they can
ales bo used to control insect infestation {e.q. of wheat, rice, pulses ad dates) tiws
providing an alterrative to pesticides or fumigents. Proressing of foods fe.g. fish
products, chicken, strawberry, ard spices ard comdiments) with doses between T and W kGy
may be used for the practical elimiration of pathogenic organsms (radicidation? ard of
ror-spore-forming microorganisms ather that viruses (radurization}. The berefits of
radicidatiom and radurization are associated with the sossibility of controlling many
rather eommon mealth hazards related to food=borre diseases. Many raw foods, e.g. meat and
paultey may harkour pathogens of major public health concerm swch as Salmonella,

{arpylobacter ad Toxoplasma. Campylobacter has been detected in most, f mat alk, Q'F
ready—temoook paaltry, The hish incidence of Salmerella in paultry and raw meat ig well

documented. Raw meat is likewize an important source of Toxoplasma and certain parasitic

digeases Like trichirosis and taemiasis. Irradiation offers a wery effective means to

eliminate of reduce the rumber of the pathooers belos the mirimm infective

dose.  Irradistion of poultey, the main seurce of Campylobacter ard Salmorella Snfections

in men, could substantially reduce the rurber of huren cases of these anfecticus diseases

of global concern, Irradiation of processed food, such as deepfrozen sea froed, can

gtfectively elimimate the risk of contaminatier with disease—rausing agents Like

Salmorella, Shigella, Yibrio paraheemslyticus and enteropathogenic Escherichia coli.

fadiation processing may also effectively substitute for chemical treatment. For instance,
rach atior processing can be used instead of ethylene oxide In order T reduce microbial
contaminat i im spices, dried wegetables, and thickeners.

Processiog of foods {e.g. beef and poultry? with doses hisher than 10 kiy may result an

starilization for commertial purposes. This process, referred to as redappertization, is

alen expactsd ta reduce to some extent the murker of viruges, The Comittee did not review

in detail the extensive data on processimg of foods (e.g. beef and poultry? with doses

higher than 10 kGy for sterilization purposes because the radiation conditions under which .
they were chtained are not relevant to the Likely comercial applicaticrs of food

irradiatien. Cffectively, therefore, this report concentrates on radiation processing at

doses up to 10 kGy.

It i3 worth roting that rot all food items are suitable for radiation processing; for
instage, irradistion of milk ard milk-derived products may faciLitate the dovelooment of
rancidity through ioduction of lipid peroxidation. Undesirable effects te.g. off=fLawour
ard ogour develooment, discolouration and loss of teature) may corour at eertain bevels of
irradizsion, cepending on the dose and the particular food. These Limitations mey oftem be
prevensnd by contral of the radiatio dose and by the choice of appropriate corditiors for
the irradiaticn treatment (e.c. use of low temperature}. If the develcarent of
techralogical research aad wider application of food irradiation will occour, pROCeSSING
plarts mey have 1o be desigred to meet spesific techrological requirsnents,




2. Irplant dosimetry

The amolied dise of ionizirg radiation shauld not be higher or Lower than 95 needed to
achiews the desired effect.  Firdicg aod aolying the aporooriate dose lewet i3 the Rey to
a wholesome ad techrologically and ecoremically procer aolication of the irradiatios
process to food.

tontrol of the fond ireahiation proeess in all types of facility {either "gontinuous™ or
Mateh™ typed invelues the use of acecoted methads of veasyring tne absorbed radiation
dosg.  For all types of facd Lity the dose ahmorbed by the crodet geoends on the radiaticon
parameters, the cwell time or the transtortation sored of the proddt, and the bulk density
of the material to ke drraciatecd.  SOurceorodict geoewtry, esterially distance of the
procxt from the sauroe ar! efficiency of radiation utilizatiom, will inflosree the
Fetorkeed chse o the homgeeity of dose distribation.

Prior 1o the dreadiation of ey foodst™ certain dogipetry peasramants should be sace,
which demgristrate that the process will commly with techrnlagical arel resulators
recauiremests.  Yariar techrioes for dosimetry certipent to radierucl oo and machics
sogrces are avdl Lable for measieing #hsorbes] dose in 8 ouAantitative mercer.

Dosimetry comissicning measowrenents should be made for earh rew oroduct of Geradiation
process and wherever mordt ficebions are made to soource strength or tyoe and to the Source
prodict orometTy.

Routire cnsimetry should be made during eperation ard records keot of suwch measurements.

Facility cdesign should attemor to ootimize the dose wnifarmity retio and to ensure
arprooriate dose rates. Where aporooriate, @ wisuel colour change radiation indicatar
chould be affized to each product pack for ready ddentification of irradiated and
mor—irradiated prococts,  feeords should be keot in the facility record book which show the
dosimetry, the dosimeters used ared retails of their cabibration,

It i5 grartical {for reasnns sweb as the technical degige of the irradiatics facility) to
stipulate & sversos dote walue rather than tn reouire that = oArt of the food shall
receive less than A minimam, or more than a maxime dnse. Taking into aceount the ratic of
raximm to minimam dose abaorbed by the prodaet {ile. the “dose cniformity ratio™ in pilat
ad currently wged coomerctal facilities, the owwrall average dose may result dnoa small
fraction of the fond recriving a meximm absnrbed dose oo to 50 X hioker than this

averane, Tre owerall awerage dose i the arithoetic mean valoe of atl dosimeter readings
in a s dsradiation mon. To detesemiow this resn value, an adeoats porber of dosimeters
rust be randemby disteiated 0 the food a5 it 92 oxpesed to the radiation.  The romher of
disimeters 15 considered adepuate 11 it permits estimation of the dose distribution n each
portitn of the food material of different dersity aed iF the measurements arg
representative for all dose and density fluetuations doring & usoal rom,

The ouerall meprane absrebed dnee can e determired direstly for homosreors produets of
for bulk gonds of komooeneoos bulk density by distribiting an adeaate ruvber of dosimeters
strateqically and at randnem theouckoot the wolume of the goods. From the dose distribution
feternired in this mancer an aerace con ke caleulared which 95 the uerall aweraoe
absnebed dose.

If the shaoe of the dose distribution curve through the prodoct s well determined the
positions of mimimm and maxinmm dose are knoun, Measirements of the distribution of dose
in these twn positions inoa series of samles of the product can be used to aive an
estimate ¢f the guerall awerage dose.  In osome cases the mean valie of the averaoe walues
of the mimimm (Peicd and maximm (DmAax) dose will be o oond estimate of the owersll
averaoe dnse,




Dmax + Dmin
i

1.8. T these cases owerall awverage dote =

Sore effective treatmert e.g. the elimiration of harmful microorganisms, or a pertioular
shel fLife extension, or a disinfestation requires a minimum absorbed dofe.  For other
aplications too hign an shsorbed dose may cause urdesirable effects or an impairment of
the quality of the product.

The design of the facility and the cgerational parameters have to take into account mindmdm
ard maximum gose values required oy the process.

teasuromaits of the dose in a reference position can be rede occasiorally throughout the
process.  The associsbion betwser the dose n the reference position and the cwverall
awrage dose must be krown.  These measurements should be used to ensure the correct
coeratice of the process. A recoonired ad calibrated system of cosimetry should be
uged, A comlets record of all dosimetry measurements dncluding calibration mast be kept.

In the case of 3 comtiruoos radioruclide facility it will be possible to make automstically
a record of transportation speed or duell time together with indications of source ard
product positioning.  These measurements can be used to provide a comtinuous comtrol of the
process o sopport of mutine dosimetry measurements.

In & batch operated radicnuclide facility automatic recording of source time con be madk
ad a record of product movemert and placement can be kept to prowide a control of the
process in suonort of rogtine dosimetry measurerents.

In & machine facility a cortinuous record of beam parameters, e.g. woltage, current, scan
speed, scan width, pulse repetition ard a record of trangportation speed through the
obectron bear can be used to provide a coetimuous contral of the process in suport of
rmtire dosimetry measurements.

2. Induced radioactiyity

Electrons and photons may nduce noclear reactioms if their quantum erergy 15 atxnee the
wreshold of the rospective mgclear reaction, Under conditiorns relevast for radiation
processing of food, the quantum emergy of electrons is too low to cross the coutomb barrier
of the micleus. Electrons are deflected ardd decelerated in the electrical field of the
rucleus and bremsstrahlung is prodaxed aceordingly. For the same emergy doge the nunbers
of photors Likely ta it the ruclews i3 lower for electrors than for photons.

fonsocuently GoMma rays, bremsstrahlung, and electrons affect the ruclews physically
through the some process @ deperding on the quantum ecdrgy jzomeric states are induced or
particles, in the mjority reutrons, are krocked cut. Ohly for a wery few isotopes is the
threshold for these reactions below 10 MEY cuastum ecdrgy. Even im thess casss the cross
section (= reaction pronability) s very low and acdditionally the aburdance of thego
elements in food i very small. Neutroms produced by such photoruclear reactions are fast
reutrons which have very small cross sections for cousing other ruclear reactions.  3Such
neutroms require to be stowed dowt to begome thermal reutrons before they would be able 1o

ncuce a measurable amount of muclear reactions.

There is only ore hypothetical process in which radfation processing of food at quantum
erergies below 10 Mev is able to incuce measyrable radicactivity. Most foods comtain
considerable amounts of water and water naturally containe D.015 % deuterium.  The
threshald for a gamma—meutron reaction in deuterium is 2.2 Mey and conzequently some fast
neutrons are procduced.  In the wunlikely case in which food consisting mainly of water were
to e processed im 3 bulk of cubic metres the fast reutroes produced from raturally present
deuterium deceterated to thermal ranges eoubd cause further raclear reactions. Mowever,




the owerall probability of this process is so small ard the described preconditions are so
wrlikely 10 be encountered in practice, that this contributice necd not to be considered
further.

Thers remains the problem of the heavier clements which are trace companents or
contanirants of food. These elements have thresholds for ruclear reactions between 7 and
10 Mey quantum erergy.  Threshold means that the cross sertion (= reactiom probability} is
still zero for quardun energies below this value; the cross section ingreases tooa peak
value between 16 and 20 MeY & decreases ot higher emergies. The Cross sections up to W
Mey are very small ad the induced radisartivity is of the tyoe yieldinmg positron emission
or electron capture which always have small half=Lives. This jmplies that amy small
radicactivity induoed in these traces of heavy elemonts decays before the processed food
can reach the consumer.

Takirg into account this ohysical backgrourd and the composition of faod the JECFI
rastrictad the radiatiom scurces for radiatios pracessirg of food to the following

(i) nama rays from the ragioruclides . or 'I'E':TI: 5 £i1) ¥=rays gererated from machine
cources operated at or below an enepgy bével of 2 F‘w; and (1170 electrons generatod from
mechire sourtes cperated at or below an erergy Level of 0 My,

ﬂ:lm st 137 dsotopic seurces emit radiation of maximm erergy ¢ 1.5 eyl which is too
Lo te Sncucs radicactivily in irradiated food. Comsigeration ot the reed to prevent
srduced radicactivity has Lead to an intermatioral comsensus that the gnergies of the
incidert ionizimg electrons e restricted to values not higher thar 10 Mey and those of
¥—rays to values mot higher than 5 Mev, This ig the threshold erergy far ructear
trapsformetiors in the food comstdituents and should rot be pxceeded.  Both esperimental and
theoretical considerations support this standpoirt. Mo induced radicactivity was detected
in & large rumber of samples of beef irradiated at a dose of about £0 %Gy by 10 Mev
electrens, It was estimated that arry induced radicactivity, it oresent, mast hawe baon
cmaller than 0.1 % of the radigastivity rermally present in food from naturally occuring
maclides fe.g. &1, 15, &d 3 0. Forther inyestigations invalving ham, pork and chicken
irgicated that the indiced radicactivity s Likely to be zbout one order of magnitude below
the shove Teported raximm Level, i.e. smaller than 0.07 &

Several studies have beem carried out to evaluate pregisely hou mich radicactivity can be
irduced during food irradiation.  The results ohtained show that the amaurt of
radisactivity ormdoced at the irradiation conditions of 0 Mew/10kGy i3 below the detectidn
~hreskald ad approximtely 100,000 folds smaller than that naturally socurring 90 fresh
foeds,  The induced redicactivity originates from a smatl rumber of heavy elements prosert
in the food. The radicactive isotopes formed have short half-lives rargying trom 3 oo
hours to 3 fow days.

In corcelusion 35 long 35 good radiation processing practice is complied with, ro measurable
radicactivity will b2 irduced in irradiated food ard ro health problems cam be associated
with this issue.

4. Other aspects

Coemrebensive discussion of methodolagizal/technical aspects roncerning irradiaticn and in
phat control 15 beyerd the scope of this repert. The Codew Gereral Standard fof
irradiated foods and Code of Fractiee for the Operation of Radiation Facilities adbnted in
197% and jointly Tewised by FAD, IAFA and WHO in 1587, extensively discuss all tethnical
mtters relevant for food irredistion. However, in this context, it i5 mportant to draw
Jtteerion to some requirements that need to be satisfied in order to ensure tre
wholesomeness of irradiated foods. They are as follows @
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B e diation treatmertnaf: food shauld be carried out in factlities which are designed to

s roatethe redairements of occupational safety, efficacy and good hygienic practice of food
e processing, ond staffed by tratned, competerit and adequately prutected personnel.  Adequate
* pecords af all irradiation operaticns carried out by the facility should be kept. Factlity
desian shad permit control of temperature duriro irradiatior, Ir is also necessary (o
minimize mecharical demage to the product durirg sransportation, irradiation amd storage,
add cesirable to emsure the maximaee efficiency n the use of the irradiator.

b) [~ order to preserve desirable properties of irraciated food it i3 essential to comply
with good meewrfacturiee oractice including adequate packaging ard, in some cases,
refrigerated storage. Additional measures may zlse be sporopriste.  For instanca, as
radamrersization Leaves most enrymes active, it i3 wsugliy combired with heat iractivation
or elimiration of axynon to orevert uwesirable changes in properties of irradiated

meats. Mereemer, traditional metheds of food presemvation, such s curing and pH
sjustment, may be approoriate to complement the effects of ragicidation ard radurizavicn.

3 Rarfiation processing 35 not 3 swsten to make oood the effects of prior regligent
hamdline. For safety reasoms radiation processing i3 enly justified for products of
sufficiently high dmitial guality. ‘,

dl 1 there is a techrological reed for it, a given doge of radiation can be administered
a5 5 simgle treatment or as more than one comsecutive trestment (partial or repeated
irradiatioml.




Tv. RADIATION CHEMESTRY OF FOOO COMPORENTS

Iike gther forme of fomd processing, ragiation processing causes chemical changes in

focd. The drradiation process imitiates A series of reactiors teading to transient radical
imtermediates ad, ultimately, to stable rew chemical prodicts.  This section deals With a
nbor of irvestigations carried aut to clariiy toe rature of radiolytic reactions ad
prodicts as well as the important porameters cortralling radiatior—induced chemical changes
in foedis. The main aigs of tnis research have been, on the ore hand, the uderstanding of
opriml irradiation conditices to minimize chemical charges and, from the other hard, the
oredicticn of yield and naturg of radiolytic oroducts on the bacis of the chemical
composition of ireadiated foods ard drradiation conditions. It should e understood that
some studics disoussed in this secticn have been carried oot unger rather gxkreme
irradiation corditiors which have o practical present use n food proces51ng.

4, Ismlated fatty acwds, triglvceriges and phospholipids

1.1, Fatty agids

bpon irraciation in the presence of auygen, the major transfermation products of 2 fatty
20id With n carben ators are carbon diowide, hydrogen, carbon moroxide, the alkane and
tne { aldehyde. Prooducts with higher rmoiecular weights than the parert fatty acid are
also Tormed; they include the dimeric € . alkane, the ketere (0.0 ard
alpha,alpha'=dehydrodimeric products. Prese results indicate that preferential cleavage of
the fatty acids cccur rear the carbonyl bonds.  Morecwer, avtosidation of Lipids s
morrally accelerated upm irradiation.  Besides the products of rrnosicat iee radiolysis, a
ruther of oxyger-containing products such as hydroperoxices and carboryl, compounds are
formad from umsaturated fatty acids.

1.2. Triglycerides

auantitative analysis revealed that the © free fatty acids and propaedicl diesters are
formed in high vields woon irradiation uf’trigLycerides. A rumber of mydrocarbons are aiso
formed, the C " hydrocarbans being the most ampoctant; the yiekd af the 1 hydracarbons
is mencrally Moor with the wusaturated than with the saturated tr‘igLycerigsn. Tnis 15
explaired by tie preferential cleawane of the saturated trinlycerides mear the carbooyl
groun, Whereas with umsaturated comounds the charge density also resides at dodle bord
cites, thus reducing the propability of cleavage in the carbonyl region, As with free
fatty acids, if triglycerides are irradiated in the presence of axygen, atoxidation of the
nsaturated fatty chain oogurs aned prodacts of atoxidation ac well as of irradiation are
farmed,

1.3, Phogpholipids

Little information exists concerming radiolysis of isnlated phaspholipids anc

sterpida.  Recent data o dipalmitoyl phesphatidyletharolamire, irradiated at wvery high
doses, revealed the formaticn of palmitic acid, bydroccarbons, alderydes, the syimetric
ketore ard esters.

2. Lioid=rich foods

Producte formed upm drracliation of fat are essentially alkares, alkeres, carbonyl
compourds and aloohols,  Table 2 Ligts the hydrocarbons formed i wariocus fats upm
jrragigtion at &0 kGy. Suantitative data oh the fmpdrocarbone foemed an different types af
fats accorded with the values wxpected from the fatty acid compositions of the fat
triglycerides and the radiclytic products increased linearly with radiation doses. Data on
the formatior of radialytic procucts from fat present in meats are digoussed in Sectian &




There are olenty of data showing that irradiation of Uipids n the presence of omyoen would
result in the doso—geperdent formation of hydroperoxides and carbonyl compourds immediately
after irradistion, whereas after storage hydroperoxides decay 1a carberyt

tomparcs.  Morecwer, i1 the fats contain polywrsatured fatty acids, these are Likely to ke
lost woon irradiation under aercbic conditions. The extent of the oxidative ehanges can be
reduced by the use of low radiation doses, by removal of cwygen betore irradiation ad by
the preserce of matural of syrthetic antioxidants.

3. Isalates amiro acids, peptides and protfeing

3.0, Bmime Aoids

The aromatic and sulpiur—containing amiro acids are the most susceptible to irradiation and
the destriction of prenyialanine is potentiated in the presence of methionire. Trradiation
af free amirg acids leads also to the formation of aipha, alphe'—<iaming acids which,
except for cysteine, are not rormally fourd in plant ard animal prateins.

3.7. Peptides

The main progcts of the radiolysis of peprides are ammonia, fatty acids, keto acids and
Wanide=t jke" procucts; diamino acids are alse formed. In aquecus solutions the pemtige
berd exhibits an affinity towards the hydrated electron which results in the additton of
the electron to the carbery! bond of the peptide Linkage.

B irerease o the nurber of peotick bonds increases the reactivity towsrds hydrated
electrons and the radical decay, e.g. by deamidation and mair—chain scission. In peoticdet
containing arsmatic ard sulphur amiro acids the arcmatic amd sulptur resicues effectively
comete with the peptide bords leading to protonation of the aromatic gige groups ad to
sulphur radicals, respectivety. With hydrosyl radicals, ore of the main reactiors of
peptides is the abstraction of hycrogen from the carben adjacent to the peptide nitrogen,
forming "backkone™ radicals.  Arother mechanism, ocarticularly imortant for aromatic
residres, imoalves reactions with the amire acid residwes lzading to side-chain radicals.

3.3, Proteins

Permenent chamges in irradiated proteins include desmination, aecarboxylation, reduction of
disulphide Lirkages, oxidatian of sulpnydryl groups, medificstien of amno acig moieties,
valency change of coordinated metal dons, peptide cleavage or aggregation. Radiolysis of
proteirs occurs throsoh formation of fomic and free radical irmermediates uncer the control
of factaors such a8 the strogture and state of the protein and the conditions of irradiation
ingludimg dose, terperature, presence af oxygen ard other cremicals.,

Pulse radiolysis—kinetic spectroscopy bas shows that radical gites migrate within
Mbonoc Leass ard riboruclease-terived proteins and that predominantly the arematic and
sulphur-containing aming acid residues are iovolwed as sites of transient radical
intermediates. Electron soin resonance (E5R) determinations at subfreqzing temperatures
with meat proteirs Kawe alsa shown the presence of radicals on the carbon ators of the
centide chain,

fralysis of proteins after irradiatior demorstrated thet a rurber of gmall molecules, such
as fatty acids ard mercaotans, are cleaved off.  The sulpfur-containing fragments are
respersiole for off-odour wolatiles, but their formation may be greatly reduced oy
irradiation at subfreezing terperatures. The major part of the protedin remaining afrer
irradiation has still a macrorclecular eomlex configuration; with globular protedns,
unfolding and agoregaticn occurring uoon irradiation, whereas with fibrous proteins
dogradation is more Likely. The presence of oxygen orevents agoregation arc leadk to
increased breakage of the pontice chaim.  Investigatiors of the effect of irradiation
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stroom temperature v soluble proteins ard LOH jsaryme activities showed that soluble
proteins gecreased at ell doses and acgrecated at 50 kGy; doses of S kGy reciaced the
activity of all isozymes.

Caperiments with mixtures of proteins, carbolydrates and Lipids showed that, in the
presence of oxygen and of Lresturated lipids, protein aggregates are tormed and their
formation cam be traced back to free radicals of autoxidizirg Lipids.

Froe aniro actds, particularly aromatic and sulphur-contalning ones, may also bind to the
proteirs ar speoific react e sites upon irradiation, whereas rross—Linking of ather cell
constituents such as mucleic acid with proteins seems to play a minar rale. So far

alpha, zlpha'—dianing-dicarboxylic acids, Which are formed upon irradiation of free amino

acid soluticrs, hawe mot been fdentified o jrradiated proteins.

& gererabized scheme of the main reactions ocouring in irradiated proteins i available,
it the presence of haem grogps (.o myoglobind strongly influences the radiation
chemistry.

Although the destruction of aming acids in pure protein schutions after irrgdiation is
gvident, protein solutiens containing other solutes, proteirs irradiated &t abfreezing
temperature &d dry proteind are very radiation resistant., This is shoun by the fact that
the enzytes Causing autalysis dyring the storage af high pratein foods ¢annat be
inactivated at radiaticn dose levels used for raduri zation or radappertization and that
emly slignt, if any, losses of ennyme activity ocour opon jrradiaticn of commercial
greparstions of proteases and pectinases to reduce mitrobial counts.

§. Protedin—rich foods

Mary data have become available through imestigations on proteimTrich foods.

Electron spin resorance examiration of firely ground samhes of ergyme-inact ivated (1.2,
precoaked) ham, chicken, pork s beef, irradiated to 10 kiy at —H)°C showed that the same
£rem radicals are formed in each case. These ESR spectra corresporded to a col Lectim of
protein ad Uipid radicals srable at -8)°C. As the food 15 defrosted the water content
will cause the unstahbe free radicals to disagoear by reacting further to fom stable
molecules. However, free radicals hawve been chzerved in an irradiated food based an dried
fish for uwo to thres months following the treatment and storage unger dry corditions.

Electrophoretic separatice af the myafibrillar proteins o irradiated ham, beef, pork and
chicken showed in each ¢ase a similar patterm ot degracdation thus indicating that the
reactions responsible for the formatice and decay of the intermediates are rat affected by
the overall emyireemient arcund the protein and Lipia comporents.

Irradiation of different types of meats at A kGy resulted n the splitting of the protein
ard fat molecules, Products derived from proteins include methyl mercaptan, ethyl
mercaptar, dimethyl siphice, benzere, toluene, otiwl bengene, methane carteryl sulphide,
ard hvdroomn sulphide, whereas those derivec from fats are eszentially alkares with some
carboryl compaunds aed aloohols. bnailysis of some of the wolatile products derived from
ciffersnt types of rmeats (i.e, veal, beef, muton, lamy, pork and chickend indicated
similar yirlds in all cases. The amant of volatile substances produted increased Linearly
With the dese up T0 &0 kGy. A similer Linesr response with dose in the formaticy of
wolatiles has aleo been established for fish. [Moreover, for beet it was shown that the
yield of vatatites increasec Witk increasing temperature in the rangg -185° to + &0°C, and
particularly between +d) anc +{17




Toe vielddose plots for yolatile and Wng-onawn hydrocarmons trom beet sarples containing
5, &0 ad T ¥ fat upen irraciarion at LGP0 with up T &5 iy, showed excellent Linear
relatiorships.  The wield of uolatile ad pr—olar ile myorecarpons ag 3 function of fat
levels has also be deronstrated tor sewverdal mests whose et levels ciffer. For exaple,
yvieldedose plots chtatned tor hexae frum ham, chicken, potk and beet irradiated at —40°C
with coses [0 ky, shuwed 3 marked Linesr Gepencence oF hexane furmed on the dose
absorbed ard, for eacn dose, on tne 1At content of ath necat. The yields of

heptnces adiene, cerivec frum the related Limaleip acid noiety by oecarboxylation, are
Lirearly dependert on the Lewel ot tnat specitic fatty acic n the triglyeeride.  Hbout Six
times as maj heotacecaciene was tourg in cricken, in which liroleste caprises 26 % of the
fat ag in beef with & 4 Limalgate. Similarly, the yield of pronanediol diesters of
palmitic acid, derived Trom any Triglyde’ce hayireg at Least two palmitic aeid moieties, s
Lirearly related to the plrecqursors anuoence (wedighmed for the statistical Likelihood of
fatty acid loss). It s alss dnrercsting o note That tre wolatiles toened are similar

ior  ~irrediated (&1 1 or elecreoniFradiated beet & that Thire are Mo Chianges in the
walarites prougnt aoodt by lore—term storave (Up T0 15 mamhsy of mpats n sealed
oontaners,

The similarity of wolatile prooucts fod upon irradiation of ditferent meats Sncluding
beat, pork and Lat may esplain why e tyrical drradiation ogour has the Same
characteristics althoush the precise contrimmion of e4ch class ot corpoeds o the
irraciation odour is sTill oncertatn. It 3s bikely that the hyarocaroos axd the carnonyl
and sulphur corporas all play @ role in progucing the typical irradiation coour detectable
in meat irradiated at temperatures Foowe Treezing.

5. Isolated morosaccrarides, disaccnarides and polysaccharides

5.1, Mornosaccharicges aed oisacchariges

Carbony|, compois are the nost mporiant ragiolycic prooucts of Sgars.

bestruction of glucose proceeds at negrly the Saie Fate udon irradiation of watery
salutions under serstic and aeerobic caxditions, Dut the nature and yielas of specific
products formed are markechy ditterent. Unoer sngercbie conditions, ooy gluconic acid
represents the main procdgt of glucose radiolysis but, in the presense of air, formation of
(fdecryroaucts 78 completely suppressed and aranire-hesasulose repretents the main
product. These results are ewprained by the reaction of prirary glucose radicals end
owygen, yielding peroxi radicals, which tren aiwe rise to the formation of the dicarponyl
sugars.  In addition to the el jored mein prooucTs, a largs nubes of orther products
hawe been dertitiod tollowing irraciation of glucose sclutons both wrder acrubic and
snaercoic conditions.

Degradation of fructose n agueous selution ama uger amacrobic corditions has been Shown
to be simdlar to that of glucose; both ceoxy and dicartorylsogars are formed.  The
irradiation of crystallire glucose Lescs to e formation af hydrogen, the awaunt of which
ray be correlated with the esTint af aestruction of glucose, and of small amiunts of may
MOOOmerie proocts.  Crystalline tructose 15 predorieantly converted to
gegecryimthreo—d, Sheodiulos .

The radipsensitivity of the alyoosiche bongg of seweral disaccnariges in warery solution
ad in the aoeence of oxyoen was s to be Largely indepencend on the rature ot the
ghyopsidic Linkage {alpha; bwia; 1=dy =&, 1-1 ad 1-2). The radiclysis of eellobicse
produced 21 di fferant monuneric prooucts, glucose being the most impar et .

Ractiolysis of low molecular weignt carbonyorales is consimeraply recsced in solutioes
containing also dissalved anim acids ad progeirs, whergas the addition of ansfsitied
lipids is Likely to exert little intluence.




Irvestigaticre carried our with alpha, alpha'-~trenalose irdicated That the extert gt
protection exerted is related to the hyaroxyl radical scavenging pregerties of the aoded
amire acids. Cvsteine proTects the fugar to @ gredter extent vt can be accounted for by
ite =ility 1o cospete for hygroxyl radicals, 4 to the fact thart it can also TransTer
Fyaeogen to peimery Tighalose radicals Crepair mechanizmd.

5.7. rolysaccharices

Chemical procucts torped in ganneirradiated starches derived from neize, Weeal, Mamioc,
rice, patato ard haricot Dean incluoe muloraloeryde, formaloehyoe, acetdloenyde,
divorooacerone, farmic acid, end hydrogen petoxice. The naturs and corentration of the
raciolyric promects showed Mo marked differerces @mang the varios starces,  Moreowver,
renardless of tre source of grarch, the irradiation paranecers {fose, Oaygen, Water
ponTent, STorage periodh exproised similar roles 9m the forration OF 8 giwen fHLXCT.

After drradiation of maize starch at 10 KGy, 42 oo of giycerol aloerroe, Te& om of
dityparowyacetone, ad & pom of 2—myparoxyma Lonaldehy e were totmed.  The ouantities
ircreased in a Linear fashiorn with doses up X0 &0 kGy.

Irradiation of polysaccharides may 2lso attecT the degree of puiymerisation. For nstance
the awerage rumoer of glucose melecules per srarch molecute is Teduced trom 1700 to 110
irradiarion of porato starch at 1 kGy.

The farmatierm of peroxiges in starchelipid mixgures deperids essenriakly on Lipid
composttion, radiation dose ard Quration, and Tenpersturs of posT—irradiation stovage; it
pan be preventec Dy ampropriate coencengrazions of antioxioants.

&, Larporycrate—rich fouds

Ae fryits consist meinly of water and carpOhydrales, it ig expected That These Two
cenponents shogld dominae the radiarion chemistry of truits. A moeel ot truit parenchyina
cells, ronsisting of a single vayuole cortaiming all the major fruit compunents in
zolution, was developss by Hasson et al. Accurding to this mudel, wan irpadnacion, nearly
slL the incident energy is abscroed by the water With proouction of free redicals (i.e.
hvdrated electron, hyorogen atan snd hyaraxyl radical which Tmen difte @ react with
the other corponents in & conpeTiTive marmer gerermined by Tne rele constant of The
regerions immlved.  The exterm To which amy of Thest poacTions tokes place is oetecmined
by well estgolished $inetic laws anc has beer caleulated using digital cwpures hehoos T
eolwe the corplex difterential equations which cescribe The reaction

probabitities.  Chemical snalysis confirred the prediction thar the radiolylic pIadlts,
oregent in greater yield dn the srrediated fruits, were ceriven trom sugers ara that yiekds
of products derived true minor truit constituents (e.g. proteins, malic acit, prerolics,
ard nicotiranice? wers nuch Lower.

The drradiaticon ot Dotatoes at ooses o op T 0.15 Ky with the aim ¢t trhititirg
geraination ingreased The SacChorose CONTEnt peTween 5 and 15 told.  The stuenarose cortert
fell, howwer, curing subsecussit STOrdage, petuiring to TS origqindl vale avTer 14 weks.
Glycoalkaloids, analysed in poTatoRs Cwer Seyeral Seasurs, o not srou oy s1giiticant
chaes with regard T0 1rradiation cose aw sTorgge tine, whereds POETOLAE oONpREnds and
COUTATArS Wete snow To incresse with post—irradiation Stiage.

7. lsalarted vitarirs anc atner Tood COMpLraTits

The vitemses df trer wigely with regurd to the ease with which they are custroyd by
Jjeeadiation.  Vitanmirs £, 8,, C- A ad By, are affected by irradiation, woereas other
vitarins swen as niotin and riboflavin are Iwre resistant, althogh they con sTiLL be
dgeatrovet to 3 certain extent.




Yitomin E it easily destroyed by irradiation through oxidation. The thiazolium ring of
vitamin B, is Likely to be the prirary site for coeelectron redection of thianine Leading
to the formation of dinydrothiamine, In the case of vitamin B,, end its coenzyme, e
electron reduction appears to cause the cleavage of the carbor—cobalt bord ad to lead to
formation of hydrocarbons.  Dehydroascorbic acid has been identified o3 a primary prodact
of witamin © irradiation, white Likely secordary products are polybasic acids ineluding
oxalic acid. Four procucts of vitaning By and D, have been identified; they are all
wydrocarbors arisina from cleavages of the trierd sysiem of the vitamins., The side chain
wis unaltered, whereas the hydroxyl group of the A=ring of vitamin 0 was Lost,.

The reacticns induced by irragiation of cilute ageous solutiors of THA result n Large
datage (approx. 70 %) to the base modety and to a lgsser extent (3porox. D EY w the
dooxyribose moiety. So far only a few base—derived products hawe heen idertified,
aalthosgh only 0 small avrounts.  Moreower, deamy~lmerythropentoic acid,

2, Sdideonynentos=i—uloge, 2,3didecuypentos—i—ulose and Pedecppentos-irulose hawe boen
jsptated frem -irradiated aouecus salutions of ORAL

The radiation—induced chemistry of Meacetyl-glucosamire, a substantial componert ot
mucopolyvsaccharides and clytoproteins, essentially follows similar routes as observed with
olucose ar ribose-Srhnsphate; however, the bord Detwesn the acetanido group ad the
glucose molesule appears to be write stable.

8. Seasorirgs ond siwilar frod ingredients

Themical charaes rduced by irradiation wn spices are minimal.

No tharaes in the flavour or content of esgential ¢il were ohserved in ground paprika,
black pepper ard cumFn which wers sterilized with a rediation dose of 10 kay- With carzuay
ard cardamer, the yield of essential oibs was stigntly reduced upem irradiatien at 10 koy,
et the composition of the oil and the fatty acid cooposition of the Lipids were

uchanged.  Orher data indicate that no change could e ohsarved in the piperine cortent of
black pepper at a dose of 18 4Gy,

Irradiation of paprika at 0=22°C with doses of 530 kGy awl subsequent storage for & months
had practically mo effect on the caroteroid content. In some spices racdiation treatment
With 5 amel 15 kGy affected the relative concentrations of some fatty acids and reduced the
proportjon of some wnsaturated fatty acids.

No charge im guality could be detected by sensary means in rutmeg, mar joram, thyme,
eiramon followirg irradiation at dozes of 5 and 10 kGy; however, the quality of
firely—chomed orange peel and lemon peel and ferugredk Wos recuced.

B. Aralogy of chemical changes induced by irradiation, heat, & ather methods of taood
process ing

A wery imporgant issue that needs clarification is whether the marmy chemical changes
irduced by radiation processing of food {see Sectiong vo1 = N8 are specific in nature
of are cimilar to the ruher of chemical changes inguced by other methods of food
orocessing.  In particular the corparison of cremical chamges ircuced by radiation and heat
processing of food is very appropriate 3¢ both methods may be used ko ensare e
gestruction of microorganisme in food ard to arolorg the shelf-Life of food,

twatlable pridence indicate that properly applied irradiation is by ro means more

destructive than heat processirg of food and that most chemical changes observed in
irradiated foods also cceur in heat-treated foods.
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2.1, Sndies on food produsts

Thermal decarposition products of fats wpon deep frving include malkanes, alkeres, free
fatty acids, esters, ketornes, Lactones, decarboryl acids and esters, and

tyclobaxanes. Table 1 shows that most of the kydrocarbons dformed in different types of
fats a5 a result of irradiation at &0 kGy are also produced upon heatirg at 170°C for 24
hours.  However, characteristic hyeocarbors bewe beon identified for both thermal
decompesttion (f.e. cyolobexares) ard drradiation ¢f.e. tetradecadiere and heptadecadierel.

Aot 100 different wolatile substances have besn ddentified in boriled beef ad oot 175
in boiled chicken including benzere and alkyl benzenes. Moreower, sulpbur compourds such
& mercaptans, disulghides and hpdrogen sulphide have been Jdentified amomg other
rompoinds, in caned beef.  Paramcters such as pH wvalve, soclubility of proteins, total
rurber of sulpbwdryl groops and S0S—polyacrylamide cel electrophoresis patterns, have baen
wnestigated in irradiated and gently heated meats. Effects seen in beef and pork at the
kighest irradiation dose (1.2, 30 kGy) were similar to these found after heat processing at
temperature not hisker tham A°C.  Moreover, relatively stable free radicals were foud in
kamaboko, a Fish meat cake, rot only after irradiaticn treatment but also afeer heating.

Carbohydrates are also krows t0 udergo major changes wnder some cocking conditiors.  Foo
instanee carbohydrates react with proteins to form polymer compounds which are responsible
far the browt colosretion fe.g. the formation of crust in Baking). The production of
carborrls (which are fhe most fmportant radiolytic prodacts of sugars) from manges wae 5
folds higher in the caned samples than in the frradiated samles, whereas ro sigmificant
difference was observed with papavas.  Furthermore, a comparative stody of the influence of
gamre-rradiation ard thermal sterilization e some components of carrot pulps showed oo
gffect of drradiation 0 xGy) o tatal [ipids, ewen after & moths storage.  Lastly,
heating maize starch in suspensien at 140°C for 30 mingtes prodced a change n wizcosity
greater than that chserved after irradiation at 1 kGy, tut smaller than the chamge irduced
by a radiation do=e of 15 kGy.

9.2, 3Studies onoasclated food compeeonts

Determinatiors were cacried ot in gamme—irradiated raize starch of glyceraldetyce,
ditydrosyacetone and Ahydeaamalonaldehyde. The amout of these three products formed by
irradiatice at 10 kiy wers comparable with those cbtained on heatimg at 1259C for 1 heur.

In ore irmestigation with tricaproin, the compourds produced by beaticmg for 15 hours at
#70°0 were comared with those formed by irradiation at €0 kly. For both treatments, the
oeoducts ncluded a series of malkanes ang 1-alkeres, the free fatty acid and its methyl
ester, a aldehyde of the sam? carbon narher as the parent fatty acids, the diglyceride,
angd alkame— ard alkamedial-diesters. The compoud produced in the greatest cuantity in
both cases was the fres fotty acid ard the major hydrocarbors were the © o~ alkare ard the
£ alkene. O the other hard, the relative cuantitative values of the Meompolrds praduced
{rof each treatrent were different. The amount of the major alkare (pentars) prodaced by
trradiation was nearly twice that formed by heat, while the major alkere (l-butene) was
procucad in greater guantities by heat than by drradiation,  Moreower, the propanedial
diesters obtaired from heatimg were produced in Lesser anounts than the propenedial
diesters, bt the reverse puantitative ratio was chserved following radiolysis.

In addition to the production of wolatile compoawds, heating and rradiation of fats resolt
in the formation of several types of direric ard polymeric compoungs.  The strycture of the
gimeric compounds idertified n heated methyl oleate is quite similar to that of the dimers
prodsced by irradiation of potassioum oleats.,




e anino acio-fatly acid ester mixtures were heated at PR for 1 hour, 2 rumber of
interackion proiuets, ncluding anices, nitriles, oyrrotes, amines and pyridines, were
Formed.

Few or rome of these interaction prodlcts tould be detected and those wWaich were identfied
were present only in wery Low yiglos, egen Lpon irradiation at wery high doses (250 wGyl.

U Urigee radialytin orofgss

A mpper of irwestigatiors with hign radiation doses on high-protein foods as well 3s on
npercus model, Systoms, show that rediolysis yielas may be characterized as generally
increasing Livearly with absorbed dose. I sedition, based an the erercetics of ion pair
procicts, the vield of rew species formed iRadioAytic Products-RPY can be calculated from
the Foilcwing expression : -,

fiald Lin mmoifky) = Bose (krad) x G 107
uhers GT i the raiber of milecukles formed or destroyed per WO ey absorbed.
17 has ‘e SrowWn tnat G=valuyes determired fiom the ipradiation of individual compourds in
sekution, or from the irradiation of simple mixture (mocetl systems), can be used to predict
the totsh G-value wn tiwe actual food matrix.

Tre utility ot Gmeabuos for estirating yields in irraniated foods §s enhanced by the
discenery that indivical fooo components terd to produce the same radiobysis prodocts
(RPsY winen isolsted, of When oUCUring A5 natural cOTPCNEnts of complex foods. Expected
CFoecmcuer FEL are Thus mindmal; for example, The reaction between Lipid-derived and
proteirrderived free ragicals are fouw to be Lititen by reactions poouring across
interfacial regions Detwsen tigsuve phases in meat. This apparent *'coopartment alization” of
tord conporents consicerably restricts the spectrat of possible BPs Likely to cccur withim
o acroes classes of fooas. Thus, foeds of similar chemical composi tion, irrediated wdar
simiiar gonditiors, will contain RPs deriuved from common prelrsors arg such irraciated
foods may reasonatly be wiewed inoa gereric sense.

For purroses of estimating the total Levels of RPs in feod, a value of G = 1 has been
selacted. The results noted above, as well as those from the Batick Laboratory, suggest
that i1 tood ireadiation practices regult in oan organaleptically acceptanle product, the
setuat G will be adecuately characterized by this value. In practice, with various foods
ard coeelitions, this factor mey at times be greater or Less tham one, but current
joforqation suoports ity as a reasordble assumption. variations of 6_ of plus ar minus
100 % should mat sinificantly alter the arouments based oo an assumed vate of G =

1, Therefore, o= trdicated by the aboss pouation, a mse of W kGy will vield 1 millimole
ot tatat FPz per kilegram of irradiateg food. Assuming an average B malecilar weight of
TN, are kilogran of food jrradiated at ¥ kGy witd contain 300 mg of rewly formed
chericats.  4s most of these radiolytic products are alsc prefent in ereirradiated foods,
the yield of grogucts rot found in moarircaoiated foods (Uhicpe Radiolyxic Products —URPS:
2 much smatler than that of total RPs. Moregver, the Troee extert af the dietary

W niqeeness" of URPs s somewhat tenuous, due largely to the paucity of information on the
composition of both orocessed ard unprocessed food at the parts per mitlign lewal. It is
quite possible Trat radiolytic corporents at tne present classified as wicgee to irradiated
forrls alss poour im foocs which hawve boen prooessed by porventicgal thermal

mothods.  Examination of the most complete set of aveillable data on Frs in food wilk serve
10 illustrate ard document the significance of distinguishing between rotat RPs and

RPs. The U.S. hemy's highrprozein food storilization programme provides detailed analysis
of wolatite species icentifie in raw beef irradiated (n vacuo at about -0 at

kGy. These wolatiles consist of a rearky homologous series of &5 RPs {in comcentrations of
1 to M0 o per kg) gerived primarily from the radiolysis of the triglycerides from the
peat lipid fraction. Of the 65 wolatiles, & were also igentified n the thermally
sterilized contral, 50 that &2 were unige to tre jrradiated product (LEPs).  Howswer, of

.0




these &2 LRPs only six could met he ddeatified 90 the wlatile fractioms of ather
moe—irradiated foods.  Thus ooy scme 10 X of this particular subset of FPs (the &5
woiabiles) are n fact 1RPs.  The stnoctures of these six URPs are typical of the molecules
identified a5 ccourring in other food wolatiles, and are similar to natural food
cerstituenta,

from the soove consigerations, it 15 rpasonable to assume that at least looking to the
walatile sogries of rgw beef the LRPs comstitte 10 peroent or Less of the total radiolytic
product yield.  Taale 3 shows the capected coamtity of total URPs at warious radiation
o505

These corclustors are based on a series of FPS which hapoen to e agssoniated with 2
valatile fractiom of frradisted food. The guestioe 75 91 they do alss typify the
celationshic of rop=elatile @Ps and URPs 4o ore arcther, and to the fractice of FPs which
ane constituents presert in roneirradisted freds.
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¥, METHODS TO TDENTIFY IRRADIATED HXDS
INTRCLUETLON

It i5 of importance for inspection purpasss to be able to gemonstrate whether a food has
keen treated with ionizing radiation or not. For this to be achievable with avw certainty,
it is mecessary that a radiation—specific change takes place in the food ad that this
chane s measurable. Rowever, those charaes whizh take place after irradiation 9 many
cases peserble very closely the chenges Jhich also take place a3 a consegeence of other
ereatmemtz.  Whe methods of measurement which can be used in the tourse of inspection are
i many £ases, therefore, mot based cn reslly radiaticn-specific changes. Mersy
imvestications have been carried out in z effcrt to design relizble methods for detecting
wnether or rot a food has been irradiated. Attempts hawe been maoe to aply phesical,
chemical, micrebiological and other forns of measurement.

Examles are aiven below of & nurber of methods which are gble to identify differences
hetwsen irradiated srd noc-irradiated foods, althouch in most ingtances ro irvestigations
have been mde to demrstrate the reliability of the methegd in practice, 1.e-
ienestigations which deronstrate the degree of reliability on the basis of the results of .-_1
the analysis with which it can be claimed that a food has or has rot Deen irradiated. In
most cases rhe methods of measurement, which relate ta indivicuat foods, cannot presently
be recarded 35 suitable methods of inspection, byt rather as principles.  After an
eventual, ard presumably Labour—intensive, further gevelopment phase and standardisation,
thess motheds could form the basis for Laboratory rortrol.  UALiLl mow it has not been
possible to measure the actual radiation dose to which the foods have been exposed; 1t 98
only oossible to identify the radiation trestment or To gIwe 3 very rough dose
ectimation. Mo single gereral method for all feeds s available which may be used to
demprstrate Whether foods have been rradiated.  For some dry foodstuffs, Twa measurerent
teckniques are well developed for the identification of irradiatiomn and can be usesd ar
practice in the near futurg. Only tnly methods which seem Likely to be of scme practical
use are discussed below.

1. Plrrsical measurements

1,1. Measurerent of free radicals

Beczuse of the short Life of the free radicals following irradiation their meesurement by _
ESR 8 suitable only for some fondstuffs to cemenstrate that a food haz been 3
irradiated. The Life of the radicals 35 affected by the preserce of water add is of the

arder of seconds or minutes when water 15 present in Liguid form, as in meat, for

erample.  In the case of dry products they can be measured for days o Buen months

fallowira irradiation. Comsideration has been given to whether ESR measurement can b uzed

with ground paprika.  Differences between irradiated paprike coutd be observed for the

first 2=3 woeks. 9 % of the radicals dizapoear during the first 150 hours af storace,

after irradiation at 10 awd 50 K&y khen ewzluating the ESR rosult, it 33 also necessary

to take into considoratien the fact that it was pas=ible in the case of ground paprika o

measure an ESE sigral originating from the enerdgy absorbed durirg the grirding

prosess.  Free radicals whose presence i3 dememstrated by DSR measurement cannot be

regarced a8 3 urique feature of irradiation.

Ir some rew experimeits conducted on biack pegper, Sage and detydrated aiong, irradiated
with 1, 3, 10 ad 30 LGy at 25%C, free radicals were detected wzing SR SpectiOSCOCY.
However, upor storage of irradiated spices the free radicals decayed Wwithin 4 t5 5 days
storage at 2S°C after irradi atico. The free radicals also decayed rapidly in eentact with
water o splad dressing, swbstances Likely to be encountered when using irradiated spices
as food cordiments.
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It has been claimed recently that ESR provides an excellert method for the identificaticn
of ireadiated foods containing bore or calcified coticle, even in the absence of
wirradiated controls.  Et also shows premise for ddentifying ircadiated strawberries.

1.2. Measurement of conduct wity

The condctivity of potatoes which have been drradiated at a dose of 0,00 to 1 kv to
impair their germination 15 lower Fhan that of rer=irradiated potatoes.  This reduction s,
howeer, subject o variatiors between o vaciety and amother and has been assessed as
being wsuitaole for use In conjunction with inspection. However, if the corductivity
ohserved immediately after the electrode is inserted is corpared with the corductivity
after 180 secords, 4 more reliable opoortumity will be prowdided to dememstrate the etfect
of irradiation. The fatl in conductivity ower 180 secords is greater in the case of
ron—irratiated potaices than in the case of drradisted potatoes. The Tall in comcdetivity
e 1D secords s reduced as the dose increases.  This pheromenon 15 associatad with
damane cassed to the cells in the cotato, since the receated imsertion af the electrode
inta the same measurement hole does not exhibit this fall in condactivity.

New experiments, published 1982 shomed better results. Measuring the impedace was found
to be 5 highly reliabie and practical techmicue for tdentifying irradiated

potatoes.  Impedance was measured by pncturing a potate tuber with a steel electrade and
passing a 3 10 Srh altermating current through it, The technigue allowed mat only
differentiation etween (nirradiated and irradisted ootatoes but alss an estimatico of the
irradiatton cose for up to §ix months aftor irradiation, indeperdert of the potato storsge
condition.

1.3, Therrolemirgesconoe measuremonts

Trermolumirescence dosimetry 8 a welb established measuring method n the field of
radiaticn protection. Thermoluminescence measurements were alio elsborated to determire
whethor spices hee boen ireadiated or mot,  Luminescence intersities of more thas £

e fferent cpices were exanined ard cheprmd to depond on radiation dose (O0kGy) ard
storage time after irradiation, The Luminescence effect from radiation trestment differs
fron spice to spice.  Intensity inmcreases in samles treated with 10 kGy vary between 3
factor of 1 (o effect) and apprex, 1000 90 compariszon to untreated sanples. Im mast caces
it wes possible to identify radiation treatment with 10 kGy, 3 ireadiation occurred 23
weeks prior to the examination, In mary spices, an identification s possible even as late
&= half a year after irracdiation (Table 4). One orcblem of the methed 98, that the
luminescerce intersities after drradigtion can vary over 3 broad Fange using the =ame tyoe
of spipes from di fferent producers. But i spite of that, the methed 98 not far aeay $rom
gmlication in practice.

¢. Chemtcal measurements

£.1. Chemiluminescence measurements

Various saccharides, amino acids and Jrorganic salts hawe been wsed for dosimetric
regsurements of ionizing radiation applied to sohids. When these sbstances are brooght in
tontact with water after jrradigtion, light is emitted in the form of a short impulse
(chemiluminescence, Lyolumirescerced. The grount of Light can be correlated to the
radiation dose. Identification 15 bBesed om the reastion of stable radicals im dry solids
o of the irradiatior—induced oxidation prodocts durirg the dissolotiom process. The Light
yield cav be increased by addine a phetosersitizer {e.o0. Lumirol) to the salwermt. If the
irradiated substance 15 insclble n the Lumirol solution, the reaction anly ocours at the
surface of the sbstarce.
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Durime the Last years, chemilumirescente MeasUFBments were ot elscarared to determire
whether saices had been rradiated or not.  Lumingscence intergities of more than 2

i ferent sotors were oxamired and correlatad with radiation dose (0H10 kiy) ard storage
time aftar irradiaticm.  The Lumipescerce effect from radiation treatment differs from
spire to soiea.  Irrreases of the intensity in szmoles treated with 10 kiy wary betweo a
fartor of 1 (m gffect) and aporox. HXD in comparison to untreated campkes. [N mnst cases
it vac possible to identify radiation treatment witn 0 kGy, 1f irradiation onourred 23
weeks prior to the owamination, out also after some morth the racdiation treatment is still
measurible for a \ot of soices using the chemitumingscence methed.

Trarmel trinescence nroved To be more procuctive conpared to cheni Lumirescence.
Thermmmlinesrenre mare it mare fregwertly possikle to igentify radiatim treatment after
mory mecths (Takie 41, A corbirerd or similiamenus use of bth exsmination dethods assures
2 racird qdentd ficatisn of radiatinn treatment in most of the eyanioed spices.  With the
eroerticrn of narlic, onipre, Wnite ard black ooooer, this is possible ewen after a
prolonoed cerind of starage (Table 4.

A2, hydrooen measurement

Hwdroge cas cAn be used In the case of fooedls packed in metal cars to determire 1f the
foocds were irrediated. I there is more then &% nydrogen gas present, the food has heen
irraristed.

2.3, Measurerent of wolatile hydrocarbons

A Wighromtein food sterilization progeamm in the URA prowides detadled analysis of
velatile species jdentified n raw beef irradiated (i vaon at about ~%17C) at S0 kby.

3. Bialggical measurements

3.1, tChanges in aicmflora

forsideratinn has Also oeen given to whether a change in the miceaflora provides a possiple
methed of insoection.  Exneriments have besn pRricrmed on ctrasherries in an attempt to
discrver 4 micronrganism which s particularly censitive to irradiation ad which, by its
spaeore aftar the irrariaticn prosess, coild be used a5 a0 irdicator to shem that
irradiation hac takem plars.  Ore possibility 3n this resoect 45 a Grarregative,
ror—chaned hacterium,

ore examole 12 the work, cblished 1977 in whinh a systen was elaharated to determine
whather strauerries nawe been irradiated, usicg % crizaria, namely the ruorber of
Entprobartoriacese, the percentage of yeasts in the toial microflora (or moral ahsence of
Micronronians] el the romer of Pewdomonas. The higher the muter of Enterchacteriareae

adinr Peeudomonas, the Lower the probsbility that the straderries have been

irFadiared, Tre highre the weast cerreriace, the more tie coeclusion i justified that
irradiation has taken plare. The same bolds trge for total absenre of minrowrganisms. By
corhinimg reselts for the 3 sariteria an jdentification scheme was drawn uo that woald have
Lo to 189 correct cecisices (85,750 on A5 samolas (102 Srraritared with 2 Wi, 10E

wnirrediated.

Mary gereriments have beon carripd oot while stirgying the omlongation of the shelf1lite of
preparked fillets of ood {Gacls cailarias) and nlaice (Plesronectes platessa) ad cnoked
shrirg (Cremgen crangond by rcadiation At a dose of 1 kGy. Colonies of Pseudomonas
antrefaciens, Phatohacterium s, ad 'typical shrirg sooilling! barteria {oreswmably
IETAreInAs ScD, ! o e ditferentiated,  These and soveral other soecies that are irwnlwed
h e som lage of eirradiared fish ared shmmg are eliminaied by irradiation. In
jrraciated fish end shrimo Moraxells smo. mregnminated during the whole starage
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period, Their colonies typitally differ from the colaries of the former species. The
predominance of Moraxella—type colonies on the plates in combination with the absence of
colomies of the radiosersitive speciss mentioned soove j¢ indizative of irradiated samples.

3.2, Ishibition of germinaticn

in the case of cmions attempts howe been macde to utilize the desired effect of germiration
inpibition a5 a mean of checking whether or mot irradiation hae taker place, by making
enices nerminate under standardised conditions. Germinatice was found to be apsent in 73 X
of the eniors after irradiation at a cdose of DU kby, ard irbibited germiration was roted
in 0 % of the omicrs atter irradiation at Q.7 kGy.
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VI NUTRITIONAL ASFECTS

Two approaches have been adopted to evaluate the nutritional quality of irradiated

foods. The first one is based an chemical amalysis with emphasis on quantitative
evaluation of irradiated ford constituents of major significance, whersas the second
aprcach relies on amimal short-term trials. In vivo tests dealt with in this section do
ret include toxicological studies that alse may prowide some information on the nutritional
value of irradiated foods; these are discussed In Section WIII.

1. Foeeds of avimal origin

s indicated by extensive analytical studies availsble, losses of some vitamins,
narticularly witamin 8, (thianine!, ard of polynsaturated fatty acids are the
rutritiorally significant effects of irradiation on animal fooads (Table . Losses of
engential mitrients jrcrease with radistion dose and terperaturs as webl 25 the presence of
oxygen during irradiation awd past—irrediation storage. for instance, the high loss of
vitamin B, camsed by radiation processing of food can be largely prevented if the
terperature is lowered. 1T meat is irradiated in a deepr-frozen state andd stared as such,
toss of vitamin B, is only 15 % upon irradiation at doses as high as 43 kGy. Moreower,
irradiation of meat at —&40°C led ta orly mimor and acceptzole change in meat proteins ard
rc froe radicals persisted. Toere were rma significant losses of amino acids and Little
steuctural aiteratiors of proteins took place.  Furthermore, the Lloss of witamin B, and of
cther essential rutrients can be Largely preverted by excluding oxygen, for example by
packing under vacuum of whder 3 nitrogen atmosphere.  The use of radiation doges e to 0
iy for radurization of meat and poultry does not result i major chemical changes
particularly 1f vacoum packaaing §s used to reducs oxidative changes ard several stadies
irdicate that Lipid oxidatien ig mot a problem in fish radur zation under wvacuom packaging.
The above mentioned corclusiors are also supported by the resubts of in vivo
imestigatiens. In fact, meat irradisted uo to 70 Gy showed in rats similar
digestityility, biolooical value, met pratein utilization and amiro acid eomposition as
trtreated meat.  Simikarly, altheugh tipids are oxidised, degraded and decarboxylated, mo
etfect m the digestibility for man of pork meat and pork fat treated with 28 ki ard
stored for 1 year was detected. However, tard irradiated at 56 kGy, was more slowly
sbsorbed by togs than untreated material.  Chicken meat, irradiated at & ky, stored for &
days at 5°C ard then cooked showed ro difference in Lysine availability or protein
efficiercy ratio when compared to untreated poultry meat. Lastly, when mackerel was
irradiated with doses 1-45 kGy, filleted, groumd and stored at =72 9n plastic beos,
irradiation had ro adwerse effects o digestibility, biological value ard ret utilization
of poteins.

Some irwestications have alse been carried oot on casein and model mixtures coetaining
casoin. Casein ard mixtures of caseir with glucose or starch were sterilized by
irradiation or heat. Irradiation did rot cause any degresse in protein utilizetion and
digestibility, wheroas heat sterilization resulted, n the presence of glucose, and in a
significant redustion of protein digestibility and in ret protein utilization, Irradiation
at 50 kiy of protedmursaturat=d Lipid mixtures and storage onder roemal aerchic corditions
gererally resulted in a redscticon of net pritein companent whiich 98 probably due to the
formation, throush Lipid oxddation, of carboryls capable of reactirg with proteins and
destroving lysine and other amino acids.  However, when 2 caseinunsaturated fat was
irradiated with 50 kGy in the absence of oxygen, stored for 12 weeks ard then fed to rats
ro reducticn Sn et proteinm utilization was fod. Similarly, using @ saturated fat,
irradiated ard stared under asercbic conditions, no effect on met pratein utilization was
eobed,
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£. Foods of plant origin

Al

- Chemical imyestigations showed that radiation grocessing incuced only minor changes in the
- rtrient comositiors of 3 variety of plant foeds (Table & and 7). In the case of fruits,
e venetables and tubers (Table &) the mutritigmally significent change more comonly detected
g i5 & reduction: of witamin C ard caroterg.  The loss of witamin € was particutarly wmportant
1l i oranges avd orange juice. It should be pointed out that many conflicting results are
e avaitaole o the Loss of witamin © afrer irradiation dee to methodalogical ditfferences, to
iE vitamin [ lakility and to the fagt that some suthors hawe measured asrorbic acid but rot
debydroascorbic acid that may be formed from ascorbic acid upen irradiation ad which is
i3 alzn binlogically active. In the case of cereals ard polses (Table 77, apart from the loss
3 of vitanirs B ard £, o remarkaile chemical changes have been shean so far,

I Several in wivo denesticatioms are also available on irradiated foods of plant

. origin.  Mececar bears ireadiated at 1 or 10 kGy ard stored for & menths showed a decrease
o in the protein efficiercy ratio that could rot be explaired by chemical analysis, whereas
irradiation of dry Tield beans ircreased nitrooen retention by chicks. Moreowsr, sorghum
ad millet drradiated at 0.7 kfy did rot show amy negative nutritiomal effects upm feeding

to rats. Experimental studies o mamy animal scecies showed that the mutritional guality
of diets comtaimirg up to 18 % dry weight irradiated potatoes is comparable to that of
digts eortaining equivalert amounts of mor—irradiated potatoes. These in ywivo findings are
: in agreeqent with the fact that carbohydrates, although depolymerised and axidatively

gr. degraded by irradiation, maintain their bislenical avaitability. The level of wvitamin E,
R that is particularly inmportant o oil produced from plants, ray be redoced by about 500%
upon rragiation of the oil at 1 kGy. The loss of vitamin € can be partly prevented by
excluding oxyoen during drrachation ad storags,

E. 3. Aninal diets

Many analytical studies available on Laboratory and commercial diets show that vitamins A,
C, £, K ard falic acid are reduced after irradiation at and abone 25 kGy. Lysine and other
esgential amino acids are only slightly affected. Peroxide levels were increased & to 8
fale in dry cat food by 25 kGy; however, in vacumpackaged cat foods the ingrease was coly

3to 4 fold. When a semi—purified chick diet containing 10 % soyarbean oil was irradiated
B at #, ¥ or &1 kiy, its crude fal content decreased at the highest level; the peroxide
1o corcentration was more than coubled immediately after irradiation at &1 kGy ad after 1 ad
' 2 weeks of storage was 347 ard 960 megikg and 1986 and 1335 meqlkg respectively, compared
with values of 55 and B2 meqikg fat in control diets.

Several mutritional studies have been carriad out on irradiated feedstuffs (e.g. soyabean
meal, pescat mixture and fish meal) with different amimal species (e.g. poultry, sheep,
pins ard calves), ALL animals appear to thrive romally on irradiated diets where the dose
does mot excesd 15 kGy, Whereas diets irradiated at 25 kSy require supplementation with
witamine. Chicks given an irradiated dict containing 1 % soyarbean oil showed reductions
in feed consumption ad feed efficiency at &0 kGy. Irradiation of the diet without the oil
supplement had Little effect on the growth. Digestibility and metabolizabole ereryy were
alse reduced on drradistion at &, A or ) kGy ad chicks on these diets showed marked
dilataticn of the small intestire and Liver a2 well as increased red cell fragility. These
phenomena also cecurred in chicks given a diet containisg the highly oxidized oil. A
slight inerease in digestibility and a slight decrease in the biological walue of a single
eell protein ocourred when doses of wp to 40 %Gy were applied, but et protein utilization
was mot affected,

4. Analooy of rutritional changes incleed by irradiation, heat and other methods of food
orocessing.
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It iz well known that several witamirs are highly sensitive to heat, owgygen ardfior

Light. In particelar witamim B, 9§ highly wistable to keat, witarin € and E to owype, ad
witanin B, to Light. Thiz explains why considersble losses of some vitamins may occur upom
food storage and cooking recardless of irradiation.  For dnstance the witamin O content of
aples is halwed aftor one wogk at room temperature, Dot omly after three months at

&7, ihreoyer the eontert of yitamin ©in potatoes 3% halved imoabeut 9 months, even 14
the temperature 15 kept at U°C, ard that in peas 15 reduced by more thers 50 X upon

eaoking, Heat treatment was moce detrimental 1o ascorbic acid in mangoes, pepayas amd
Lisehis tha irradiation, whereas in oranoe juice losses of ascorbic acid were &8 ¥ after
heating at £5-95°C arg 2070 % after trradiation at 2.510.0 KGy. In the shavementicred
fruits, cammtene was rot greatly influenced by either process, but in papayas the
thermally-treated samples showed & 13-fold greater loss. There was ro marked differemce in
the niacin ard ritoflavin contents of mangoes after irradiation at & &Gy cr heating at
W00° for 12 min., whereas 12 % more thiamine wes destroved after heating,  Moreower, the
loss of thiamire wpon heat steribisation was about 70 % ad was similar to that ohserved
Lpon irrachation at high doses (20-30 kGy).  Although they may be increased by irradiation,
lpsses of thiamine wpon storage may be considersble regacdless of irradiation (for an
exaiple see Table 7, ruber 3).

Lastly a comparison of tosses of five amino acids {i.e. methionine, lysine, argimine,

prenylanine, and Loucine) ard witamin & in heat or radiatiom sterilized animal feed
indicated that autoslavirg is a far more destructive method than irradiaticn,
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VIT MICROBTIONOGICA ASPECTS

Death of microorgasisms from exposure to ionizing raciation is logarithmic in
nature.  Thig, & constant fraction of the population will be kilied at eqgeal time intersals
renardless of the total rusiers.

The hisher the imitial viable rutber of bacteria in food, the higher iz also the final
rober n the drradiated foods 9 the rradiation dose apolied is mot sufficient to reach
trhe drradiaticn death point of the micrcbial population,

It follows that oood hygienic marwfacturing practice for food production cannat be
shstitited Sy irradiation, a philosophy well krown 90 other methods of preservation, e.o.
heat preservaltion.

1. Impact of dinteingic ard extrinsic factors i food

The efficacy of fmed in reducing the microbial load depends, bestde the total wiable count
ard the compesitio of the microflora, on 2 number of other factors, the most important of
which are the composition, pH ad water astivity of food, the atmosphers or QaSBOUS
ervirorment and terperature during irradiation, and the storage conditions after
irradiation.

The more complex the food, the grester the competition of the comporents of the medium for
the free radicals and activated molecules oroduced by the radiation, thus indirectly
gparing the migroorganisms. It has been shown in cured meat that the bacterial spores are
sensitized towards frradiation. This 5 similar to a2 sublethal heat treatment which in
combination with other metheds of preservation, e.g. reduced water actiwity ad pH, might
make a food microbiologically stable, the somcalled “hurdle effect". Irradiatice mey also
form part of this effect. Applicaticn of irradiation to food makes it possible to reduce
or comletely omit the effect of ather methods of preservation and still have some “hurdle
effect" in the food. This is especially bereficial ir cuored meats, where redaction or
pmission of mitrate or niteite 90 curing salts or curing brire will reduce the amount of
carciropanic mitrosamines formed.

The bacterial spores are practically umaffected by irradistion in the pH range 8. Selow
pH 5, increased sensitivity 15 obgerved,

Eilevated terperatures durirg the irradiation enhance the irradiation sersitivity of the
microbes. On the other hard dirradiation of foods 0 the frozen state ircreases the
radiation resistance of mermy vegetative bacteria by a factor of abeut 2. For certain
Poeldomoras and Aoiretobacter an imerease by a factor of 4.7 has been noted.

It ic a well-gstablished fact that the presence of gxygen increases the lethal effect of
irragdiation on the microbial cell, and oxysen present during post-irradiation storage can
erhance radiation imactivatian of microorganisrs.

Moit wegetative bacteria are more sengitive in highmaisture eowiraement CThigh water
activityl than in a dehycdrated microclicgte, similar to what iz koo for heat treatment.

Microorgatisie sublethally Snjured as the rezult of irradiation are more fastidious in
their growth requirements ard also more susceptible to unfavoerable microclimatic
corditione in the foed during storace,




2. Rerefizial microbiat effectz of irradiation

Ireadiation of food serwes two irportant purposes
17 To recyze cr eliminate the spoilage microflora and hence to itgrove the keeping aeality.
21 To reduce or eliminate the load of pathocenic bacteria entering the #ood chain.

A reduction of the total load of bacteria also reduces the rurber of pathogens, depending
tn the composition of the microflora. Lowering the rmber af pathogens in faod might well
make the food safe for consumtion even though patheoers are rot comletely elimirated,
Decause their number has been reducod pelom the mimimm infective dose,

2.1, Cffert om bar:terija_

Racdiation sersitivity of micreorganisms differs with species ad even with strains,
although the di ffererce in strains aof single species can usally ke igored for practical
AUrposSes.

There i3 geod correlation between the effect of irradiation on bacteria and heat treatment,
with cnly some mingr differences in detail. The most heat sensitive bacteria are also
amongst thoge which are most readily inact ivated By irragiation, The differences in
irradiation resistance Aeng gramregative and gramoositive bacteria as well as
spere=formers, are given ip Tahle &,

The gramreaative bacteria, ircluding commen food spoilage organisms such as Pseudtmonas
ad most Acinetobacter as well ag enteric species includirg pathogens such as almonel la,
Shigella, Carpylobacter, and Yersinia enterocolitica, are gererally more sersitive than

bacterial sporss which are more res; stant, and Microcoeoss radiodurans s exgeptional Ly
resistant,

There iz Little doubt that irradiation processieg of food ad feed can reduce the load of
pathcgons entering the food chain, thus cormlement ing the other hygienic measures for the
eortrol of foodbome diseases.  For instarce, the public health problem predominant by far
in poultey iz the prasence of Salmorebis and Lampylobacter, which can be reduced rot arily
throwsh irradiation of refrigerated or frozen chicken, bet alse through irradiation of
amimal feeds. There is uanimoos sgreerent on the fact that the most efficiont way To
remve Salmrella from ready—to-cook peultey s frradiation, Moreaver, poultry is the most
irportant source of Campylobacter infecticns in the irdistrialized part of the world,

The mportance of enteric Camylobacter dnfection has ir many parts of the world superseded
salmorells infection im man,  Leradiatier s also recormended a2 the mast efficient way to

elimirate Campylobacter. The radiatien resistance of Lamylobacter is much lower than that

of Salmerella. o growd beef, Dvalues for Salmorell species, different Y.
enterecolitica types, and three Campylobarter j8jund strains, have beem shown to be

0550073 kGy, 0.1~0.21 kGy, and O.150.75 kGy, respectively. The authors concluded that a

dose 3= low as 1 kGy reduced the purber of Salmerella by approx. 1.3-1.8 log ¢ycles (factor
Ianr. v, enteracolitica ang C. jeini weauld be aimost totally eliminated with this dose
becasse of their very low radiation resistance.

Fork meat and meat products Lontainirg pork are in some countries an imeortant source of
huran yersiniosis. The wery low irradistion resistance of Y. enterpeolitica affers gocrd
possibilities for its elimimation from food a5 a result af irradiation.

Irradiaticn of fish arg seafood has a good rotential for the control of some af the most
important pathooens associated with these foods, e.n. vibria parahaemalytious, NAG
chalerse, Salronella species and Shigella. & large outbreak of shigellosiz in the
Metherlamgs in 1983/84, caused by imported frozen shrimps contaminated with Skigalla
flewreri 2, caused the death of % persons.
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It has bereg been recoonized that raw milk and raw egg prodacts should e processed for
safety before reaching the corsumer. This can easily be achieved by a corbination of
surface hest treatmert and/or irradiation of the final packaged food.

The etficacy of irradiation in reducing the total nuber of bacteria in food i
well—established. While hish—rhse irradiation (radappertization) aims at achievirg
commercial sterility of the food, it is quite clear that low=dose irradiation treatment,
radicidation or radurization, has selective effect on the microflera of the treated food
die to the soecies—dependent irradiation resistance.

friere; orneniems suryiving Low—dose treatment are spores of Clostridium and Bacillus
specieg. Clostridium botulirem represents a special probilem becasse of the high radiation
recistante of 103 so0res. However, extensive inwestigations carried out oo lowiose
jrradiation of fish and fish prmducts, aiming at preventing the possiole fermation of
toxing, showed that this process §s techoologically feasible for ensurirg the safety of the
product.  Irradistion most be carried out under oood manufacturing practice ireluding the
avoidance of excessive initial mizrobial loads and carefully controlled post—irradiation
hardling ad storsge corditions.  The hazard of possible toxin productidn carmot ke
gliminated throooh the sdditional wse of salt alore.

Some MoraxelLafcinetobacter apecies, which are craprneqative Coccobacilli, have been fourd
to survive radiation processing in #ish as well as in beef and poultry. It is worth moting
rhat Foraxel Lamhcinetobarter species have also been isolated from various types of
wnprocessed foods, e.9. beef, poultry, dairy products, fish, amd wegetables. Uther
radiatioy resistant bacterta {e.n. Micrococous radiodurans) hawe been identifled, ot
gererally they oo pot cause spoilage or disease.

2.2 Effect o furgl

The radiaties resistanee of moulds is of the same order a3 that of the wegetative bacteria
excent for the most sersitive ones (Taole ). Moulds are potential myeotoxin producers i
ford of plant origin,  In these cases, ontrol of post=irradistion storage temperature is
a impertant preventive measuce. For dnstance, I arain aflatoxinproducing Aspergillus

strains present a possible hazard, but they do rot grow ad form toxin below T07C in moist

systers or even below F°C im systems with a Low water contant,

The yeasts are distinctly more resistant than the moulds, showing resistance [ike that of
the more resistamt bacteriz. Extremely jrradiation resistact moulds and yeasts, as is the
case with Micrototous radfodurans asong the bacteria, have not been observed.

2.3, EBffect o wiruees

Yinzas hawe ke reported to be highly radiation resistant under Laboratory

corditiong, Howewer, 1t is expected that irradiaticn will redste to some extent the nober
of infective wirys particles wp to W-fold for a dose of about 5 kGy, which is better tham
refrigeration wiich terds to preserve them. The significance of wiruges in foods is still
sedng eispated, and there i3 ro specific requirement that wiruses shauld be absent f rom
foori in whick they are not sble to meltiply.  viruses are readily killed by amy heat
trealment.

2.4, Other effects
Irradiation is a useful altermnative method of preservation in some cases where traditional

trestment of foods has led to formatiocn of carcerogenic corpourds.  Thus, ethylere oxide
treatmemt of spices and other dry ingredients to ke used in the marufacturing of foods to
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recue the bacterial load, especially of the spores, has oiven rise to guilic health
orcerm,  For this reason the use of the compound has actually been barped in many
countries.

Althosah the predominamt micraflora in spices are spores, high doses of drradiation com be
arplied, sirce the tynes of oroanoleptic changes which accur are of no ar oly minor
irportance in spiges which are only used at levels of one per cert or less in foods.

The U,5. Army Hatick 90 co—cperation with the USDA kas fourd that dreadiztien processieg of
fured meats may permit A reduction in pitrite wse.  According to that research it was
estahlished that @ t; irradiation destroyed resicual mitrite; 2} dirradiated becon oured
with reduced nitrate {2040 pomd or ro mitrite was free of nitrogamines; I} irradisted
bacor with & cammercial Lewel of pitrite (120 pomd contained ooly ame third of the
mitrosodimethylamine (MMA) and nitrosorerrolicdice (PYR) p conparison to ron—irradizted
ramples; arel &) drradiaticen (30 eGyd destooyed more than 95 5 of acded NOMA and over 85 X
Qf adred MPYR in Dacon.  This ndicated that irradiation has o destructive effect on
preformed nitrosamines; an observation of great public kezlth inrerest,

2.5. Gereral remarks

In corclugion it can ke gatd that, becagze of ratoral radistior resistarce of some
microoroanisme, irradiation st Low deses, o ospite of its usefulress, careat solwe by
iteelf all the proBlems related to the miersbictogical sadfety of foods. Seluticr of some
of these problems usually requires scorcoriate comoination treatment, e.g. deradiation with
heat, irradiation with chemicals (nitrate and other sa3fEs), or approoriste storace
corditiore after Srradiation, drcludirg proper temperature ard packing. Hewewer, 9t should
not be overlooked that mot ooly dees drradiaticn create another barrier to traesmission of
pathogonic organisms throosh food, sspecially the grarregative crganisme, but the
surwivprs of irrediation are usually rore sensitive to heat, drying, ad other
technalooical treatments of food. Ary problems doe to suppression of spoilage organisms by
rears of radiation processang at low dises is rot Likely to be oreater than those
encotered with cther methods of partial preseryatiyon, 2.9- pasteurization, salting and
WALLLM pack 1.

3. Erharced pathoqenicity and toxin formaticn

3.7, Erharced nathogenicity

There i85 some evidence that the pathooenigity of infegtious organisms is diminished by
feradiation. Moreover, should irradiatior—induced enhanced infectivity be a problem, this
woisld have become arparent from the many wholesomeress siudies an jrradiated foods carriad
o 5o far (see Spction WILL). Moreower, there iz o owidence of uodesirable effects
arisieg from the srradiation of medical products or as a mesult of food drradiation Which
has already taken place n some contries, e.q. Japan, though this was relatively Limited
in amant.

Thousards of tons of feed for experimental amimals are trradiated every year, being subject
either to radsppertization, radicidation, or raturfzation doses. Mo problers hawve so far
been recognrzed Tn the animal kirodom from enberced pathopenicity of serviving miorobes.,

Arother comsideration has been that radicidation and radurization mignt chags the
microbial comuntty structre of fresh foods so that pathogens are able to maltiply to
dangeraus levels before the normal associattan flora develops and metabolises sufficiently
to spoil the food. There is ro ewidence to shew that this risk 33 any greater than that
fard in foods treated by e.g. heat, where the sam flora shift occurs.
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3.2, Towim formation by bacteria

de far as the effect of dreadiation on toxin formation L bacteria s concermed, 1t was
shenan for Clostridiom oerfringens that the prodaetios of emterotoxin i ot affecred by
low=dose irradiation treatment.

330 Toxin formation by fungi

Labcratory experinents hawe shown that af latoxin prodsticn by mould {fspergillus 2p.? mey
gither be increazed (particubarky if heavy irmocula are incdated 9n irradiated artoctawved
moistened foods), cdecreesed, or unrchanged in comparison with the parert sirain.

Peparted increases in mycatoxin production under some laboratory corditiprs are not
relevant when assessing the microbinlogical safety of the drradiaticn process for three
rezsong @ 1) the increase In mycotoxin production per microorganism 15 more than balanced
oy the decrease in mycctoxiroroducing orgenisms; 11} an increase in mycotoxion product ion
per prganian may be caused by the reduction in comcentration of procicing organisms and can
also be irduced by reduging the irogulum size; and 177) the potential myootoxin hazard has
ot beon enkanced by irradiation under practical conditions complwing with the stardards of
the ampropriate Rygienic manufacturing practige.

Ir mycotaxin stodies carried oot under conditions mere Like those used in practice,
increased formation of mycatoxins has mot heen fourd,

In studies o the toxin formation of Ascergillus flawss in lemor, tometo, ample, Benana,
carrmt ad grape species, no dncrease o towin Tormetion was noted, although repeated
irrediation=growth cycles were careied out.  In most instances the towan formstion
decreased. Pendcilliom patulum alse shesed a deesease in toxin production with ircreasirg
thses.  Irraciation with 2 kiay did mot elimimate the aorewth of apcelia but anhibited the
to«in procietion.

.4, Imereased antibiotic resistance

There 1% o eyidence ayailable to indicate that lowdose Jrradiation treatment would
significantly inmcrease the antibiotic resistance of bacteria.

4. Changes of taxoromicalbly relevant characteristics

Several chanpes hawe been reported in drradiated microgrgeniams.  They incluge changes in
chape ard stze of cells, reduced vitality, and increaszed semsitiyity to salt or other
selective factors in the recovery medium as well as to Lowered water activity. howseer,
Lvwdose irradiatfor does not appear to change significantly the tasoromically relevant
characteristics of the treated microcrgamisms.

In the most extensively immstigated instance, that of Salrorells, sereral identity was mot
mack oorbtfiel. Though some reactiors were wesker, serological typing remaieed possible
even with recycled cells.

Moreower, a single irradiation treaiment rormally induces only transient changes in the
surviving cells which revert after a few scboulzures, This may well rot be the case with
repeated irradiaticon at high doses.  Although, o general, the use of current methods for
evaluating radiatiormdamaged microprganisme 13 appropriste, in some cases these methods
should be specifically evaluated for their suitability o isolate radiatiordamaged cells.

The same principle and methods wsed for the detection of sublethally injured bacteria

following apmlication of methods of preservation such as heat trestment, quricy, ete., wild
apply to the detection of radiation—damaged cells.  Such cells can be restored by & short
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pericd of resuseitation & 8 favoorable medium, after which thedir properties are
mermel.  In food microbiology methods to detect stressed bacteria are already widely
arplied.

In 1977 the possible public health problem of modification of key characteristics of
bacteria after irradiation has been most carefully reviewed by Ingram and Farkas who could
mt substantiate such claims.  The findirgs of these workers were later confirmed by
others.

5. Fnharced radiation resistance

Repeated evposure of survivers 10 sub-lethal radfations has often been shown in the
laboratory to select populations with enhamced rasistance to radistion, but thers 95 o
evidence that this can eocur in actual practice. Irdeed, 4imilar dncreased resistance to
other factors, e.g. heat, has been ircdeed by comparable methods in the

labcratory. Exposure to suplight ad ultraviolet drradietion can also caose matations in
microbes.

[t has been possible under experimertal corditions By repeated heat teeatmet of wegetative
bacteria as well 25 spares and By Subsecpent 14 cyclic trestments of the most heat
resistant straims, ta dncrease the hest resistance of microorganism. Thiz has, however,
rmever been shown order practical conditiers to give rise to the appearance of strains of
bacteria with ircreazed heat resistarce in the emvironment or in food., Furthermors, if the
straim having acquirad a higher heat resistarce 95 mot kept continuously under constant
pressure of heat, reversion to the rormal heat resistance will ocour after a few cvcles
without the selective pressure of heat. The same wilb apply under practical conditicns
aply to bacteria subjected to irradiatien,

In & extreme example B4-cycle treatments increased the resistance of Salmonella to the
level of Microoocous radiodurans.  This would imly that a dhse of about 5 kiy is wholly
ineffective. The sigiticance of the possibilities for modifying ke characteristics or
acqrired resistance clearly depends on the Likelihood of repeated cyclic trradiation under
favourable conditions. Most important among these corditions i3 that fol lowing each
irradiation, there should be an epportinity for sufficient multiplication to restore the
high degree of iractivation before the mext irradiation. Recycling experiments hane
matural ly been mde urder optimal conditions from thiz point of view, Dot suweh conditions
are yery unbikely to pocour in practice. Moreower, if sueh regrowth did ocour, 1t could be
preverited by aoplication of hygieme measures ardfor temperature controb.

In this context it should be pointed out that mutant strains terd to hawve weaker growth
patential and diminisked wiruterce, and the mindmm growth temperature seems very Likely to
ke raited rather than lowered by drradiation.

As monticeed weder 2.7 9t s ales relevant to rote in the context of radiation resistance
that thousards of tong of feed for experimental animabs are irradiated every year, ard ro
problers hawe bees fckmtified S0 far. Oh the contrary, potential risks may be redaped
significantly Ene the dgenrification of ceftical cantrgl points in the oroduction chain ard
in the Trradiaticn facilities.
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VYILI TOICOUOGICA. ASPECTS

b very large romber of in wivo s in vitro towicological drvestigations are available anoa
variety of irradiated foods (Table ¥, Moreover, several studies have been carried art on
jentated food components and selected radiolytic products.  This section deals with these
data as well as with those concerning raciaticrsterilised animal feeds amd with same
ckearyations available en human beings with an impaired immure response who have been fed
with redistion-sterilized foods.

1. Studies mo rariolytic prodacts

A few stidies are available on radictytic products. Some 26 radiolytic products, selected
fram among those identified amd cuantified in beef fat irradiated at & kGy, were fed 1o
mice in a modified three-gemeration reproduction study. The compaunds irwvestigated wers
the straight=-chain alkanes ard the 1-alkeres trom (o to Lo in the proportions, fard after
irFadigtion, The yield of these 26 radiolytic cte was shout &2 mg 100 4, irradiated
heef fat ad the average humen intake was estimeted at 0.77 mg kg | buw. day . Groups of
15 male ad 15 ferale mice were therefore fed atl 26 radiolytic products at 5.5 %, 1.8 % or
.55 % in the diet. Additional groups were fed various combinations of 9. 8, 3 and 2
radiolytic products at concentrations rengirg from 076 X to 2.1 X in the diet. Controls
oy pair-fed controls were inclided.

feerfirg the corbined 26 radiolytic products decreased survival and reduced bodyeeight gain
of bath sexes of F. pups at weaning, The nurber of small hepatic recrotic foct was
inereased in a dos? related manner compared B cmtmts. P. 5imilar jnerease was roted for
% af the radiclyvtic products, which ncluded the € 1"EI|.|¢E"IE’5, wher fod at &
gingle dose Level. At 1.8 X of the diet coly the P ;rales ar-mred decreased body weight at
weaming de to feeding 26 radiolytic procucts. Haema‘tocr'lt values showed inconsistent
gecreases. Mo urinalysis or clinical chemistry was performed. Histopathology wes reparted
on 9 major organs and showed ro adverse effects apart from the hepatic lesiors previously
aeceribed.

Feeding the combined three C - 1-alkeres at the single level of 382 X in the
diet prodaced sovere r-eprrxu: we %l:-mmt:,r a5 shown by infertility, increased mortality of
pps and absence of Litters in the second gereration.

The oral acute and Zweck suhacute toxicity of 9 radiolytic products from among 35 products
identified in acueous extracts of starch irradiated at 3 key was determined in rats. The
same @ products were also fed to rats for & monthg, The compourds were : formaldetyde,
acetalebyde, maloraldehyde, glycolatodehyde, glyceralcehyde, glyoxal, formic acid, mathy L
alechol and hydrogen peroxide.  The compourds wers administered m the drinking water as an
aquecus Salution with the various corpounds present in the proportion:s foud in ageeous
extracts of irrachiated starch.

The oral LD, was 0.7 g kg o b.w. _When givem to rats for 3 weeks in their drirking water
at L5, DSB 0.3 add 0,53 0 kg bow. there was reduced fluid consumpticn at the
highest dose Le-,'eL. Mz haematalogical or clinicochemical sbnormalities were

fard. Histopathalogy of 7 organs of the group fed the top dose level and of the stomach
of all other groops showse enithelial hyperplasia of the forestomach at the tep dose ooly.

Emariths study on & groups of 15 male ard 15 female raks given (W3, 0.1 and 0.0F2 g
k B.w. in their drinkine water a reduced fluid intake wag seem at the top dose. Food
irtaks ad growth were comparable to controls in all test grops. Haematalogy, urinalysis
o clinical chemistry including serum protein electrophoresis showsd no consistent
sepormal findings. Histopathology of 19 orgars showed ro Lesiors specific wo the
adwinistration of the radiolysis nroducts.
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2. Studies on deradiated foods and food cofponents

From Taole 10 it appesrs that a wery Larce monmber of food products have been submitted so
far to toxicity tosting. These food products can be cathered into several categories as
irdicated in Table 2. The studies evalusted oy the Commitiee for each irradiated food are
Listed in the Amesx.

2.1, Stidies on fsolated food comporents

Solutions of glucoze ard other sugars yield vpon irradistion prodacts ¢ytotoxic and
mutacenic for mermalias ard normammalian cells. On the other hord, anbydrous glucoss
irradiated up to 50 kGy failed 1o indupe amy mutagenic effects in Drosophila or dominant
Letral mrtations in mice, Wutagenicity studies carried our on irradiated scluticons of
seroze, gluoose and ribose showed that the irradiated swgar solutions were mutaoemic when
tested 0 witrg on S.tyohimuriun, but roc matagenic i 3 hestmediated assay with
Satmorella in mice. In wvitro mmagmisity of solutions of frctase, glcose, socrase or
maltose, i.e. the four main smars of saeo, hes been compared with that of drrediared
cibgze in several straims of Saleorella,  After drradiation with 10 to 25 k& the five
sugars were all mdameric for the 5. tyehimueiom strain T 100 90 oxygenated solutions
usirg the pre=inobatim procedurs, wheress o effects were seen 0 the strairs TA 1535, ThA
537, TA 15328 ard TA 98, The mutagenic effects ehserved o the Th 100 strain were mxh
Less evident n the absence of onyger.

Im order to identify the mutacenic compouras formed wpon drradiation, & number of possikle
radiolytic proxucts of sugars, some of which synthesised ad hoo, hawe been tested in the
Salmoella spot test.  The only matagenic compeerds detected were glyosal,
=eryrhrobexo=2, ~diulose (uhich 15 howewer onstable} aed Pearabinchero=d=ulose
fgluctsore?.  Gluccsore was arplicated as the main mutagenic dgent responsible for the
chserved effects. Despite the abowe-mentiooed findings obtaired with isclated fruit
sugArs, meither Kont mango juice nor the supermatant of the pubp of drradiated whole froat
exhibited ary mutagenicity aftor ireadiation at X kGy. Actually, addition of the
supermatant of irradizted mence pulp to glueosore coused 2 considerable decrease in the
mutacenin activity af glaeosone.

Trradiation of pireapole, citrus and amele juices at rather high doses led o an increase
in tre frecgsncy of chromosone breaks moondco root cells. The cegradation of Imglucose
present in apple juice has heen studied at a radiatior dose of 10 &Gy and the
idortification was attempted of glyoxal, melomaldelyde sed other dialdetedes thaught to be
cviotoxic and mutagmic.  Howewer ondy a small amount of alucose was decorposed under the
corditiors acboted,

Levoctiated soeluticns of SdeooOribese angd Deribase, the suoar moieties of DHA ang RMNA
respect bvely, wore fouedd 1o be motagenie for 5. typhizuriom TA TOO aed TA 88, Solutices of
mazledis acid bases and rupleosides, saturated with aither NZ‘ NE'D ar {}2, ware jrradiated at
M kGy ad rested for motagenicity for 5, typhimgrigm With Gr oW1 thout

pre—incubation.  Ireadiated solygtions of the mucleic acid bases were all rormuotagenic,
while ruclensices were mutagenic for 74 MO an pre—incubat ion assay=. Gererally the
mutagenic actiwity followed the order WO, W, 0O.. The oost=irradiation addition of
catalase ¢r of pH adjestmene control dif mot 'afféct the mutzgenic response. On the whale
thase data dedhicate that the sugar soiety ig “ke rairn substrate for the farmation of
mutagenie racfiolytic procuets.  The matagenic activity was dependent on the dquantity of
carboryl compounds produced and could be redared or remowed entirely by heating depanding
on the temperature wsed,
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tn the whole the abowe reported experiment: indicate that the mutaoenic products are only
formed in frosh solutions of pure sugars following itreadiation at high doses.  Moreover
these mutagenic prooucts are comwerted o nommutagenic substances Loon heating argd are mot
active in wive passibly becauss of biotransformation to roo—genotoxic substances.

2.2, Fruits

very extensive and comprehensive data are available om & different fruits (mangoes, dates,
strawberries, p&ayas). These data show clearly that mangoes, dates and papayas,
ircadiated up to 1 kby, a5 well as stradberries irradiated wo to 3 kG cam be incorporated
in the diet of Leboratary animals for thetr Lifetime in Large ameepts without inducimg ary
adverse health effects. Althogh rot a5 complete az for the abovementiored & fruits, s
rorsiderable ameant of data ircluding long-temm and reproduction tests are availsble on
mardarin oranges irradiated at 1.5 kGy, amples irradiated st 3 kGy, and prure=plums
irradiated at 2 kGy. Moreower, Uimited in witrg ang in wive short=term testing has been
carried out on Bananas (003 kGy), orarges (1.5 kGyh, apricots (2.9 kGy}, arc peaches

(2.2 kGy). Mome of these studies showed amy adverse resulis.

2.3 _".fegetables

Onion and mushroom urderwent extensive toxigity testing, whereas lettuce, celery, carrot
ard cauliflower have been submitted to the Salmonella reversion test omly.

Gnions irradiated op to 0.15 kGy hawe been submitted to long-term imvestigations with
Laboratory radents, to several fepding reprocuction studies ard to a series of in witro and
i vivo gerctomicity stuadies. Farly studies carried out at high dietary levels on onian
ware difficult to irterpret becawse of the interference of maturaily occurimg toxic

st ituents causing haerolyzis and anaenia. A rueber of more recent shert—~ and Long—term
studies including geratoxicity hawe shown ro adverse effects when irradiated oniors were
incorporated at a 2 level in the diet of rats and mice.

As far as mushrioms irradiated wp to 3 kGy are concermed, the reprocduetion and
teratogenicity studies did rot reveal reasons for concern, but the Lengeterm study earried
ot in the rat was rot adequate and mutagenicity data are missing. Moreower, several
acverse effects both with irradiated and ron~ircadiated mushrooms which are most Likely due
ta naturally ceourring toxic substanges were chsered in short=term imvestigatiors carried
out with the rat and the dog at high cietary levels.

2.4, Cerezls

Thres irracdiated cereals {i.e. wheat,. rice ad maize) have been submitted to extonsive
toxicological trials.

There are 4 large number of short—term, lowrterm, teratooenicity ard in witro ad in wive
mutagenicity studies which did ot show any Realth effects dm test animals as a consequace
of eatirg wheat irradiated up to 1 kGy and stared after irradiation.

Cb=ervations o children and fesding teats carried out with rats, mice ard qonkeys, hawe
shewn 2 slichily increased incidence of polwvploidy in bore rarrow eells or peripheral
Lephacytes upon administration for several weeks of freshly irradisted {up to 1 kGy?
wheat, but mot in wheat stored for about three months after irradiation.

Hawever, these efferts were not confirmed by other euthors.  For dnstance 0 an experiment
with rats, ro inceeased polyploidy was detected after administration of wheat after 24
hours and 2 weeks after irradiation at 0.7 kGy. Similar results were obtained in arcther
experiment carried out with rats fed wheat Srradiated af 0,75 kGy after 2.4 anef & weeks
foelbowing irradisgtion. A long-temm and reprodoction exnerimest in fhe moufe using SOX 9n
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the diet of fresk whest ieragiated at 2 very high dese (50 kGy) showed 3 significantly
higher chremesomal demane in the sperm cells and recuced survivel probabd Lity for the
offsorieg of treated animels.  These results which might be dnterpreted & 8 matagenic
effect, camnot be compared with those of the other soowvementiorsd imvestigatioos in yiew
of the muxh higher irradiation dose wused. Lastly, 3 reduced Tmmoe responss was chsorved
in rats edmimistered for 15 weeks @ feed containing A1 X freshly irradiated (at 075 kGyl
Wheat . but mot in those treated with the same wheat 12 weeks after Jeradiation. It was
roted that the animals, treated with frechly irradiated Whwat, althouah exhibiting &
recuced responge, were still able to rezfst infectioms.

Langeterm feeding stidies with ireadizted rice are awailable in the rat, muse ard

dng.  Multigereration studies ard gerotowicity studiet hawve also been carried out. On the
wiole, these studies shew that ro adverze effects are assogiated with the Long—term
ahvimistraticon to several acvimal species of rice irradiated up to 1 kGy.

Ma1ze has been much lesz stodied than wheat ard rice.  Agtually only ore Foereration
reprocletion study with mice 35 awailable.

£.9. Pulzes

Mo lomgterm study i3 guvailable for any pulse. Short-term studies drdicated a reduced
qrowWth rate wpen admimdstration in the diet comtaiming bigh Lewvels of both drradiated and
roceirracdiatod bBeans.  Several sutacgnmicity stwdies with deradizted {1 kGy)d dry beans did
rat chow ay acdverse effects.

£.6. Spices ard condhiments

Only the Salmonella reversion test has besm carried oot oo garlic powder drreadiated oo to
W kiGy, whergas soveral in vivo and in witro mitagenicity data are avallable for oodon
powder rradiated up t0 15 kdy. These oata do rot dndicate gy motagenic potential for
these Jrradiated seasonings. More extensive cdata have bees produced for mild paprika,
black peprer and 2 mixture of spicss consistimg of 59 % paprika, 14 % black pepper, 93
allsoice, @ % coriander, 7 X majoram, 4 % caraway and 2 ¥ rutmeg.  When tested at dietary
tevels grossly exceeding possible intakes by human beings, paprika and peppec irradiated at
15 ky did ret drduce any toric effects in subrchronic ard teratooenic experiments with
rats ard 0 a3 series of mutagenisity Aimmstications with mymals ard bacteria.  The same
arlies to the Trradhated misture of spices; only reduced food intake ard body weight ard
increased Liver weight were cbeerved 90 rats freated for 2wet 5 meeths with high dietary
levels of both the drradiated and mon-irradiated mixtume of spices.

£.7. Mscellareous plant foods

Miscel lanesus plant foods irclude poratoes, cocod beans and walrets, Extensive Loedrteri
ard reproduction studies in tWo rodert species hawe shown that the dmclusion of cooked
irradiated {0.15 kGy) potatces in the diet dpes mot induce any adverse effects. Moreower,
several genctoxicity tests carried oot With cooked cotatoes or parato exrracts confirmed
the abeonce of mutagenic potential n irradiated ootatees.

Increased dominant Lethal mutatiors were coserved in mice followirg oral administration of
ar alcahglic extract of freshly irradiated (0.1 kiv? raw ootatoes, but rot in mice given a
similar extract from moreirradiated raw potatoes or from drradiated potatoes stoced for
snral weeks ad steamrbeiled.  Moremer, the freguency of cells with chromosomel
aherrations fn the bore marrow of mice fed an extract from froshly trradizted potatoes was
higkar than that of aviml fed extracts from stored ardfor cooked irradiated

petatons,  However, these studies were not confirmed n subseqeert experimonts. In fact, a
domimgnt tethal study i mice, carried out in mice fed alcoholic extracts from freshly
frraciated (0,12 kGy) potatoes, showed o esfects on male fertility, pre-imolantation loss
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of owileted ova ard the total rumber of imolantaticn sites. The micronscleus test was also
sed to Study possible mutagenic effects of extracts of irradiated potatoes (0.7 kGyl
rained immediately followirg irradiaticn or after 24-h stcrage folkowing

spraciztion. The resulss showed ro significant differences betweee control and test

animals.

forh irradiated (up to S kGy) ad ror-irradiated cocoa beans depressed growth and reduced
spd irtake of rats when incorporated at high lewels n the diet. These effects a6 well as
thowe cbserved on fotal development and survival in rats are Llikely to be related to the
high thecbromire comtemts of the diets. Available mtagenicity studies cid not show any
mutagenic ootzetial i irraciated cocos beans.

Wa'ruts, irrediatad at 1 kv, have only been setmitted to a reprodaction study by feeding
to Fice .

2.8, Fisn ard fish prodects

resible formation of toric substances has been tested ip seweral fish species (Table
103, The bulk of the irmestigatiors bas been carried out o cod, Horway haddock soad
mackerel irraciated up to 2 kGy, and fish paste irradiated &t 4.5 kGy. The averall

R tirdirgs indicate no adverse effects on animal health. & mixture of cod and Nomday

P hadkock, irradiated at 1.75 &Gy, wes boiled and then dncorporated at 45 X nto the diet of
mice antl rats. Both soecies were subiected to subchromic ared lorg—term tests,
multigeneraticn reprodaction experiments as will as to teratoganicity investigations. The
orty offect ohserved was an ircrease of serum alkalice phesphate in the rats upon
sbehronic ad chronic administration. This effect, howseer, was roft reprodoced i amother
eperiment with rats, ard rot obserwed in mice ard dogs which had beem fed the irradiated
* procuct for 1 year.  Cod, irradiated at 2.3 or & kGy, was submitted to subchronic and
 reprodection studies in rats and to several inowiwo and mowitm genoboxicity tests. ho

- adverse effects were detected n spite of the high dietary levels adwinistersd,

Irradiated mackeral (uo to 2 ¥Gy) was ot only sibmitted to @ number of in vive
mutagenicity tests, but aiso to subchromic, mulbigeneration and bong—term
jruestications. Oaly effects that could be attributed to the high fat and high protein
content of the diet were observed, regardless of whether or rot the matkersl had been
irradiated,

Slthasgh rot tested as thouroughly as the aforementioned three species, several other
irradiated species of fish did not presert any reason for concerm.

Marinated terring fillets, irraciated at 4.6 kGy, fed to rats at a dietary tevel of 50 %,
did ret affect their reproductive ability. Moreguer, water ad aleoonol catracts of herring
fillets irradiated at 12 kGy yieldsd inconclusive results in the Satmorells revergion test
whereas those irradiated at 3 and & kiy oid not show any motapenic potential. Flounder ard
alaice, borh drradiated at 1.75 kGy and then cooked, were tested omorats at a dietary lewel
of &} ¥ in subchronic and reproduction experiments that did net show amy effect which could
be attriteted to irrachation. S9milas results were abtaired with somo short—term tests sl
motzgenicity tests that are available for the remaining rerbers of this food category.

£.7. Srell fish

4 Grly few whalesomeress studies have been carried out on crustaceans.

: 4 .' Seven groops, each of 10 males and 10 females were fed in & differert S-day stidy on
. Wistar rats. The warious oroups were fed standard laboratory diet {cortrol group) or diets
T containing levels of 2,84 or 2B of shrims which were pither noreirradiated or had been
frraciated at 1.5 or 3 Khy. Mo acverse effacts wers roted on growth, foxd inkake,
] - 4y




Peematological parsmeters and sgpt.  Orgon weinhts were dectermined for 13 argans and showed
an drcreased eelative woight of the kidreys, Liver and guaries in those groups fed 20 X
shrimp irrespective of the radiation treatrent. Histopathological examination of some &3
tissues showed fatty vacuolation of the Liwer es the only abrermality in all grogps fed
ehrimp 30 their diet irrespective of irradiation. This effect was more noticesole at tae
2B ¥ ose level. Mo agverse toxicological effects coulc be ascribed to the fesdirg of
irradiated shrime for 3 months,

In a multigemeration study exterdiog cuer & filial oererations in Wistar rats two groups,
each of 4 mzale and A0 female amimals, were fed 29 X of either rom=irradiated shrimp or
shrisg irradiated at 2.5 kCy.  All eereratiors were observed for survival for 18

months. The fresh peeled shrimp were blarched at BOPC for 5 mingtes, dehyorated at 55=c0°C
o 4 % moisture ard drradiated at arbient terperature.  The cooked shrimp were
irnorporated dnta the diet.  S9wreen ferales and 8 males were used for the matirg

stop,  Gmowth and food efficiency were measured for 8 wesis 0 @ach cerersation. Mo

di ffererces due o radigtion treateet were noted.  Fertility, Litter parameters and the
weight gain of pups during lactation were comparable for both groups, tre pups fed
irradiated shrirp showing slichtly higher weicht gain. At 3 months of aoe 8 males ard 8
females in each gererdticn were sactiticed.  The welights of 7 orgams were comparsble
between the groups.  Protein ceterminations on the Liver were also found to be compareole
a well an eroper Lavels ardd Poematology.  The histopatholooy of major orgars showed ro
abrormalities azsceiated with the feeding of drraciated shriep,

Four groups of & male ard & female Deagle cogs were fed for 2 years either a normal
Laboratory feed or a diet contaiming 50 X clae,  The soft shell ¢lams wers irradiated
either at &4 or & ki ard stored at 0° € for X days. The cooked clams were ircorporated
nto the diet. Mo adverse effoects were roted on growth, food efficienty, haematological
rarameters, mepecchictive function, Litter size. birtharomali=s, organ weights and
nistopathology of maior argans.  The weaning weight of all mues on the Clam diet were
sliohtly greater than those on rermal laboratory chow.

More of the prailable studies have revealed any adverse toxicological edfects duc to the
foeding of Teeadiated shell fish,

210, Meats

Cooked chicken irradiated up o 7 kGy has been sumitted to two lomgeterm stodies in twa
rodent species, a thres=gereration reproduction study, some subohromic studies 0 the oog
ardd in rodents, and several mutacenicity ewmeriments in wivo ard in vitroo n the whole,
theso cata do ot indicate any health problems resulting from the imwesticstion of
irradiated chickesn. A naeber of toxicity irnesticatiors haw also bBeen carried oot o
chicken irradiated at much higher ises Og L 59 %Gy, Tao Leng-term studies in orats
imorporating a maltigererat ion reprocuction phase, wzed eithker 35 % of fresh bored chicksn
irraciatod at 28 avl % kSy and oreen beans Trradiated similarly o chicken stew and
cabbare irradiated af similae deses. e drradiated food were stored foo 50 mrths befaore
ncarporation in the diet. Mo acherse effects were detected in these studies zpert from
sore rransiont changes of erzyme levels of the dmtestinal mueosa only observed in the F
ofisnrirn,  Beoanks doos weee fed 35 % drrediated (25 or 58 kGy) chicken stow stored a3t room
terperatdre for 5 menths without adverse effects,

Ore feeding stuchy in mice using chicken meat sterilised by irradigtion at a dose of 59 Koy
wWas reported to show 8 statistically siontficant dncrease in Ekesticular tumours 90 the
animals fed the irracdiated food. Althoush the irradistion dose is mouch higher than those
considered in the rest of this report the study may be corsidered relevant to the safety of
food irradiated at lower dosgs since many of the radiolytis products present in chicken
irradiated at an overall averace dose of 39 %Gy would also be present, though at Lower
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corcentratioms, wochickes frradiated at ™10 kGy. It 2 concehiable that use af a higher
doge wozld amplify any effects of dirraciation, and this study might be a semsitive
irdication of a carcinogenic effect which coule also be present at Lower doses.

The study vse=d C0-T mice and employed five experimental groups. Coe groop was fed a
stalard Laboratory diet, the other four groups were fed Llaboratory diet plus chicken meat
processed i ome of the fallowing four ways @ frozen, heat sterilised, gamme—ray irradiated
199 kGy}, electrom drradiated (59 kGyr. Two features of the study gesign were
weeorventional and bath Led 1o weakressas in the study and proolems of interpretation.
Firsthy, 0 animals of each sox wers ramowed from the study at 15 weeks to act as breeder
animats in a reproduct ive toxicology study Deira performed concurrently. These amimals
were returmed to the stody ab 35 week: but this caused problems in interpretation hecayse
the arimals in each treatment group were o Longer bomosemecus.  Furthermore, assigrment of
aimals te the reproductive study weés mot made ab random bBecause Low body weight amimals in
gach gron were excluded. Toe secord owsual feature is that the test material (irradiated
food] was only supplied at one dose, lewel. The avallable evidence suogests that the tea
types of irradisted food tested (0o ad electron ireadiated) would hewe wery similar,
though rof tdentical, tvpes and Levels of radiolytic peccucts 20 that n affect the study
waS TRELirg two Similar processes at the same dose lewel. The Lack of multiple dose levels
makes it more diFFicult to determire the texizobogical significance of any Lhemial findings
sirce there 14 no dose-reszpmse information.

AL the groops fed drradiated chickes hiad a higher calorie intake, more rapid weight gain
ad poarer survival than the group fed standard diet.  Apart frem these there were also
geme o ferences Gn tumour incidences betwees geoups.  These i fferences were statistically
significant only for mammary gland tumours, where there was 3 decreased ircidence in ore of
the irradizted chicken fod grogms, ad testicular tomurs, where there was an increased
inctdersce i bath groges fed dreadiated chicken.

For inteestitial cell tomours of the tastes the focidences (ro. of animals with
Tumeurtotal rumber of animals} m o each group were as foliows :

Stardard diet - oAy
Frozen chicken : 11168
Heat sterilised chicken G111
gamma—ray irradiated chicken : &A08

Elactron drradiated chicken @ 57007

Statistical analyses were performed on the basis that the tumours were pon=incidental, and
pave o values below 0,05 for the following comparisens.

Frozen chicken ws. gamma-ray irradiated :op = 0B
Frozen chickm we. electron ieradiated : p=s 03
Frozen chicken wi. ¢ombined gamma-ray and elesctron irradiated : p= 0062

Bocayse the p values for all thres comoarisons were below the value routicely required for
statistical significance it was concbuded that there was a sigrificently increased
inctderce of testicular tomours associsted with eomsumption of irradisted chicken. ALL the
testicular slises from this study were rewvicwed by the Umited States FDA's Cemter for Faod
Safety ard Apolied Moteition (Livision of Pathologyl. The main di ffecence between the FOA
ad the study suthers was that tumeurs eemsidered to be deriwed from the same call or
crigin wers observed by FBA in the testes of mice in the rorirradisted grom. These,
together with imterstitial cell tomours were all comsidered to belomg to 2 classification
of gmadal stromal tumour, ard wers analysed collectively. O this basis the fol Lowing
wCiderices were recorded.
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Staerlard diet 11105

Frozen chickan - 27159
Beat sterilised chicken - 1/
fgamma=ray irradiated chicken - 37

Electrom irradiated ehicken - &/108

A statistical aralysis was performed on the hasis that these were ror-lethal tumours ad
therefore an dncidental (prevalence) analysis was appropriate. On this basis pairwise
tomparison fatled to ywield p values Less than DLOE extept when all the groups rot fed
irragiated chicken were compared with both irradiatod chicken aroups.  However, because of
the Large dietary difforences betwoen the groe fed stadlard diet ard the ghicken fed
contrel groves, sooling of results for the three contral arops was rot considered valid,
In addition 1o the statistical results, other factors were roted which ndicated that the
testicular tmours wers ret related to the consumtion of drradiated food; i particular
the Lack of an ircrease §n dnterstitial eell hyperplasia and Lack of eviderce of
proaression from hynerplasia to recplasia, the lack of ather lesions i the testes
indicarive of 3 texic effect of irradiated chicken, and the fact that all the testicular
turcurs were unilateral. A= a result of all these congiderations the FDA coeeluded that
the stucy failed to provide evidence of a carcirogenic response as a result of PSR T Q..
of irradtated chicker meat.

fhe data cn testicular tumours was also reviewsd independently by the Lnited Statng
Mational Towicology Programme, who had simitar criticisrs of the study report.  They
tonclided that the study could rot be characterszed as demeristrating a carcinogenic
response ko consurotion of irradiated chicken megr.

Takirg into account the study report ard the two frdependert reviews we are satisfied that
& apprepriste histopathological classification and statistical analysis appliod to this
study coes rot shew any carcinogenic effect of comsumtion of irradistion = sterilised
chicken meat, amd that this study has ro wnfavoorable implications resarding the safety and
wholesomeness of paultry frradiated at the doses fecommended N our repnet .

3. Human ewperierce

In 2 rumbar of countries irradiation at doses of 2% kGy or more has been used over many
years to achiewe effective sterilization of the dists of patients suffering from diseases
of udergoing treatments which rake thom particularly susceptible to infestion. It would
be inapprogriate to draw gereral conclusicre about the mutritional and toxicological status ‘
of irradiated food from this amlication simce people with special rutritiomal requirements
ac clinical problers are imolved.  However, ro specific adverse mutritional ar
toxicological effects have been remorted tollowing the use of tlese diets, and this
chservation indicates that high doses of radiation do not hawe major effects on the
rutritional content or toxicalogical properties af food. Irradiated food kas also been
used im the preparation of other specialized diets, in particular by astronauts both from
the USA and the USSE. Althauch detailed rutritional studies have rot been reported on
astromauts, the corsurption of drraciated food did nat sagee any tvert adverse rutritional
ar toxicological effects in this closely menitared QrGUp.

Lertain irradiatec foods have been consumed Sm some courtries for more than 20 vears.

4. Studies o irradiated feeds

There 15 3 considersble amaunt of toxicological data velating to the use of irradiated
Laboratory and coemmercial diets. & radiation dose af 15 x0y appeared active in pravertirg
spoilace Of commercizl diets, but some vegetative croanisms are mot effectively removed at
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1rrad1'at1'm doses of less than 24 kiy. Morecver, to kLl wiruses doses in excess of 40 kGy
e required. It arpesrs that irradialion of animal feeds takes place garerally at doses
B, sidersoly higher than mest human food products.

s .1, Labaratory animal diers

B oecrodoction over several suecessive gererations of mice keot on diets irraciated up o &5
: kGy dig rot aopear to be different from those fed on avtoglaved or ethylere oxide=fumicated
W ats,  Moraower, mice maintained on the irradiated diet exhibited greater weight gain than
B rhose fed the autoslaved diet, but similar weight cain to those fed the fumigated

B 5et. Similar eesults are also wailable for the rat.  In foor multigereration feeding

B ctdics in rats, kept on potritionably suypletented test dists irradiated p to &0 YGy, ro
- adserse effects were chegrved in respect of growth, haematolooy, reproduction and tumour

B inciderce in the paremt of Suecessive gorerations.  Twe conparative  studies are awailable
4p SPF Wistar rats pleced o oamine acid and witemiresurp lemented feeds stertlized edither by
RE i rragiation at 50 kiy or by autcclaving at 1M0°C or at 120°C.  Rats were maintained on one
T these three dipts for two weeks prior to mating. My differerees were observed amag the
- rertility ndices nf the three groups. Litter size, grmowth rate, feed corsumtion and
general health were monitored in the resulting offspri;gs of several generatiors obtained
dering 18 months withost detacting amy significat of fferores ammo the three diets, apart
from some differences n urine ard blood bischemistry of the animals of the F, gereration
that uderwent 3 9day feeding stody,

15-20 ¥ recuction in the Lvmhocyte coumt was seen e male Sprague-bawley rats kept om
freshly=irradiated or storec=irradiated fat or showve 6 kGy)} stadard Laboratory diets, with
older rats being more susceptible to this effect. Morsower, preliminary data from an
xperimert in which an irradiated diet (2-200 kGy) was fed for one sonth indicated an
Jrerease of absolute ard relative weicht of the thymus, bt rot of the splesn.  The agent
responsible for the byrphooytopaenia indured by irrediated Laboratory diets has robt baen
identified ror the action mecharisms clarified. Studies conducted for the Imkernational
Proiect at Karlsrghe failed to confirm an effect of feedino Arradiated diets on ropper of
wphocytes im the periphecal circulation. However, a possible effect on the imune system
has still mot been ruled aut, particolarly in the Light of the Russian study indicating
that lomo—tern feeding of irradiated diet at 0.5, 5 or % 3y induced a dose-dependent
kidrev damage possibly nediated through an dsrunological mechanism.

Aimal Labaratory diets have been shown o be mutagenic when tested imediately after
irradistion st X ky in Salmorella strain TA 1530 ad strain G &6 in & host-mediated assay
imolying a Large rumter of mice.  Ethanol ard water extracts, but rot ether extracts, of
thagse dicts were also mutapenic in this system, The effect of reducing the irraciation
dose used {i.e. FL5 k)] stilt produced an dncreased response 0 terms of the dncidence of
. histidire revertants in one experiment with Salmorella TA 133),  The mutagens in irradiated
. feeds are probably relatively short Lived, This was indicated by ancther study with

: @ssentially the same fost syatem that showsd @ slight increase in the Lewel of back

L Miations uxm treatrent with a dist ismediately after rraciation at & 4Gy, whereas no
Witeneric sctivity at all could be detected if the drradiated pellets were stored for two
werks before agministration to mice. Seweral dominant lethal assays hawe been carried out
_ With diets irradisted ar 2% or 45 kGy with ro evidence of mutagenicity. An experiment with
_ mimal feed containing -bwat revealed a slightly dncreased incidence of polyploidy
25z0crated with freskly irradiated feed at doses ower 2D kGy, and mo effect at doses below

. & kEy, or whem Toed irradiated at high dogses (b to 43 kGy) was used aiter storage for &
voWemka

~In 3 series of paperinents on rats the effect of irradiated semi—synthetic fesd (at 10 kGy)

has beenm ronpared with the effect of heat—treated semi-synthetic feed ¢WI0°C for &0
Mrutest. The feed was stored for at least & davs at 4°C before being used, The rats were
" fed for 9 weeks ard were immnised cnoe weekly m each of the Last thres weeks with the
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anTiger tetars fowin and rod blood eolls from shoeo. Blood samiles wers then taken ard
exaninend for thei- content of anbibogiss for the At igers in guesticn.  In 3 total of four
experirents, iresdiated ferd did mnt 2920 tho S e resoanse, althasgh heat-treated fesd
in e of the expertemis prodiced 2 Gmorevad —esree corared to rorirraciated feed.

4.2, Toamerpial feador-f fe

whele nereals, irrardfetes ar 0.2 kCy, were fed for & months at 75 % of the dist to Eattery
ners, o sionificaw eféents were detostod on body wright g@ain, eog produsticn, tatal
weight ~f gage and mesm on wedont,  Soat-mortem examination rovealed ro svidnee of any
adhmrse effects dwe to the drradiate? diet.  Simitar datz are also availablge for whole dier
irradiate ot G kel 2 three—nereration stidy whg carrted e At chickore adming stered
tiets irraniated 2 0 sy or 35 MGy, ND eSfoetn sero getectod on grouth response, feed
et*icienc, e thianine o rimedavine cootent of mscle ad Liver. ne report i
vailzd'e irhicating 3 deercane o 2] production dirfrg a multigenaretion otudy on
chickens fed 4 cet frraizted o= 10 kGy, tait this effert was attributed o partial
destrictio of vitwine € are D

A ereicerable smeint of dara i3 3uailzble on pige fed for 34 months vitaminesionlemented
tiets irradiated at chnes wp to 20 kGy. Mo effects of the irradiation were detected oo
aroeth rete, fead dptale, g bieod Lests; sooe mon—=zooc i fic histologiczl changes wore
chsereed in gbe pirs fed some rradiated diets. The effects on pia rearoduction of
vitamir=sLonlsrented feed -rarilized oy irradiation at 50 kG have been comparec with these
of feer? sterilized by haat treatrent (30 mimctes at 120900 ard of wntreated

teerl. Parameters monitorad 4ncfided for the parent,. Fooand B generation, fertility index,
averane diration of preonancy, piglet weight at birth, size Ard weight of Litters,
vialility drdex, lactation incex, arowth rate of piglets ang coreral state of health. In
no case oid the gmimals treated with irradiated feed rerformed less webl than controls,
whereas less satisfarctory results were reportrg for the pigs fed the heat—sterilized diet,
Bimilar resi:lts were cbtained 90 & 4—months fattening stidy on £, animals. & long—term pig
sty sugnested that rradiation of the feed may Induce haematological changes: in fact an
ncreased romber of reutronhile Lewrcoytes was oheerved Sn pigs giien the irradiated diet
from the age of 11 momths far 23 months,

5. Feeial toricological rorgiderations

2.7, Eaply mutagenicily data

As early as 199 4 ronber of both oositive and necative results was available from waricus
Uyoes of mutagenicity experiments on 1rradisted fords, mst of which had Been performed in
vitro.  These resnlis bear the mark of the garly stage of develomment of these methods ang
?F‘E?msl"ﬂ ently of less relovance o an eveluat ion made Today.

Thiz =ertion deals with these garly miacenicity data, whersas the more recent data
procuend in oroer to asaess whether the efferts identifiad “n these early studies could
rRnIfest themseluves in mwmals exoosed to irradiated foods and ford comonents have al reachy
been disnsend in the grevios sbsectiong of Section WTTI.

In 1968 the Inint f:oect Comitres for Frod Ireafiation (JECFI) had awailable the results
from varicos ssmeriments with irradiated culture mecia or media additives. Expeciments
with Drosoohila, amonost others, had revealed an ircreased mitation freguency fol Lowing
B¥RORLNE B rraciated media, which was eonsidered to irdicate that MAEAGenIC SubkSTances,
ceuld be prodiesd by irradiation. A zecord pxoeriment with Oroseshila revealed oo
msiacenic effents, however.
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Besides these experiments, a rumber of ofrer in vitr eeperiments did Feport the tindirgs

of mstacenic and other toxic effects of varicus kindz of jrradiated media or twdia
acditives.

B osarly in vitro experimert cenonstrated that Lhe growch of E. goli bacteria is restricted
moTe by the additiee of porace extracts from frraciated potatoes Than trom rooe irradiated
patatoes. A0 dncresse 0 toe inedcdence of ricroeuctel was meparie: in cells of barley
esltured in 3 growth medium to which ieraciated fushed potatoes had been added, and iU was
showrs that the cell division in witra of carrol colls stinglated with cotonut mils coulc be
Srhibited i1 the coogiut bk was ircedisted peforsnaced, In addition to this an irradiated
medium was alzo shown b have a stromgly dnhidtieg effect on the grewth ¢ Loe carrot
cells, It was also dwnonsirared thai irradiated Swger couid bring about auncrmal
chromoseme divisions in plart cells tasen from Traoescentia paluoosa.  The sae suthor
fgrd that the irradisticn of the culture media produced & falk in pH from 7.0 to 3.3,

The ewperiments refarred to aoove ard 4 series of correspordin garl1er expelIAEnNTs Were
evalisated in 1969, It was staced then that these positive effects could be related in the
mjority of cases to a naber of tonparatively sinple chamical and Bicchemical tactors
which may be assumec to ow of mioor significance in healthymamnals.,

Firstly, the irradiation process causes hydrogen peroxide ard ather peroxidised conponents
to he produced in the drradiated materdial. It was fourd from sindlar experinents that the
eytotoxic ard mutagenic efipcis were Suppregsed 3% the enzyme cataiase was aoded.

Catalase, which is foawl in healtny menmais, has the ability to transform peroxy compands,
and since iT s Xrown inat peroxy coMpouns can DB mUcdoendc amd cylotoxic, Tt may be
assuared that a Large proportion of the efiects coserved are due to the presence of peroxy
compounds oroduced by the irrediatios process.  IT .as shown, amngst other taings, that 3
rutagenic effect cam Le procuced only in E. cali straing which had ro catalase pizyme
activity, whereas E. coli straing with catalase enzyme Jctivity are not responsive. [T was
algn foud that the relatiorsmip berwesn the cell censity amd the (oocentratiom of the
irrachated product in tne medium is criticai. The effects are not prooueed &t pign cell
gensities since the merabolic aclivity of the celis i3 then abie to eliminate the
radiolytic products 40 bhe medium,

Secordly, the ireadiation of media aiso brings axut a steep fail in the ph, which @y De
taker &5 an adeguete explanation for & rumoer of tiw eftects igentifieo.

G2 lrrediation of polyunsaturated fats

When certain foods becose rancic on being left 1o stawd, escecially atter having oeen
heater, it can be related to the tact, that a rueber of changes rtakes place in the
polyuneaturated fatty acids., The prucess which is due to the efiect of free radicals in
the presence of oxynen s peroxidation. Tiis process results in the fornatiom of, amngst
other things, hydroperoxides and a runper o7 carbunyl compounds, such as mwonic algehyde.

The process cam alao be indtiated oy tee irrsdiation of fuods containing wsacurated fats,
esmacially under onfavoyrable conditions,  As is alrgady familiar fioom irvperigevicns of
rancidity, the process i slowmed doen to a consiverabie deyree if the food 15 irreciated
wncer oiygen=fres coklitions (e.y. in & nitrooen atmsmnere?, at low terperatiae, and if
antioxicdants are present in the Food.

Peroridat for: i5 bebieved to be the cause of a nurber of toxie effects in Diowgical
svstems. The tissue cells cortain unsaturates fatty acids, in particular i teose fats
which are koown a¢ the phosprolipids, which serve the funetion of puilding tlocss in the
menbranes, for example of witochondria, lysesomes and the endoplaswmic reticuium,  The
perosidat ive destructiorm af the usaturated fatiy acioz in Lhe menorores Will Take olace
under attack by free radicals ard activated forms of owygen.  These reacticrs can be
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imitiated by a grest many chemical substances.  The result can be the disnetion of the
orgaised structure of the merbranes, resclting n the loss of their specialised functions.
feditional free radicals ard peroeides, which coold also attack other drpartast substances
in the cells, are formed during the peraxide chain reaction,

Tne effect of such attackes o the celis will deperd on the degree of peroxidation, and
ranges Trom the Loss of 4 small risber Of spetialised processes to cell deatin.  Im certatn
cages the dewelopment of farcer hos Deen Dinked to the presence of free radicals ardg
peroxidation processes; a specific supgestion has also veen put forward to the effect that
gancer resulting from exposure to ultraviolet Light is attributable 1o the formation of
chalesterdl-aloha—oxide in the cell. Tress hoothesis sre based in particular on the foct
that the effects are often coupterec by antiosicants.

A series of towic effects are reported in test animals following the direct injection of
pure hydreperoxides of fatty acids. The most signi ficant effects of various hydroperoxides
in rats hawe been the massive diffusion of tisswe fluid imto the aboominal cavity (ascites)
and cell death in particular in the Liver ard among the red blood cells. It has bom
ceronstrated at the biochemical Level that the kedroserxides are zble to irhibit the
respiratary chain of the ecells.

The effoet is wvery much weaker, howsver, if these substarces are administered perorally,
amparent(y because the substarces are destrowed to a wery great extent in the
castro-intestinal tract. Only at wery hich chsages iz 2 local toxic effect shserved in the
castro-intestinal tract,

A rurter of carbenyl compounds 13 produced im the course of the peroxidation of weaturated
fatty acids. Suwch compoords con also be formed from carbchyedrates, botk by irradiatios and
by heating, Of these compounds, malomic aldehyde has been imucstigated fo the greatest
extent.  Malonic aldehydz is mutagenic in the Salmonelia reversion test acd in varios cell
culture systems, and s reported o be copahile of producing Liver carker 9n mice.

Az nas already been menticred in the nrevious sbsections of Section VIII, the many

avai Lable experiments in o way indicate that the irradistion of the foods memtioned at the
stated dosages will cause himars o be exposed to toxicologically harmful guantities af
rroctats formed throwgh peroxidation of polwonsaturated fats, This section deals with the
specitic cemsiderations related to the extent of the changes that the ingestion of
peroxidised fat could prodce and which are rot usually revealed i corventional animal
experiments and in in witrc experiments ad with the special Diccheical studies undertaken
to test this mossihiLity.

As wnzaturated fatty acids form part of the structure of the endoplasmatic reticulum (ERRD
renbrare, a zeries of eaperimonts has beer condiinted to iracstigate whether the daily
adninistration of irradiated fats can chance the ability of the test animaks to metabolize
xerobiotic substantes, awd thereby indircctly whetker acry charmes hawe occurred in the EPR
meTbirane -

Poek fat {2 % pobyursaturated) has boen chosen s a typical saturated fat, whereas herring
ofl (8 ¥ polynsatueated? has besr chosen as a bypical wrsaturated fat. The irradiation
af kerring oil in the rarge betwesn 2 arg M0 kiv resulted 90 an apnroxirately Lirear
incresse in the formatio of perocwides, wnsaturated aldenydes ard malonic alcehyde. The
formaticn of these substances is nhibited o a torgiderable extent by the addition of
antiomidants. In maize oil, which contaims witamim € 35 a natural antioxidant, these
substances are formed only to a small extent during irradiation. Mo antioxidant has been
adied] to the herring oil, which was used in the amvimal experimests,

Only very low mixed function oxidase (MOFY activity was chegrved in rats fed a fat—free
diet,
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Saturated fat added as pork fat (presert in the feed at 30 %) produces an ircreased Level
of activity oorpared to the fat-free diet, althouch still at a low lewglb, Mo change in MRD
activity has heen noted as a result of the irradiation of pork fat, or a5 a result of the
irradiation of tre carbohydrate and protein in the feed.

lrsaturated fat given as the herring il {present at 10 X in the foodd has caused high MFO
activity. hen the food contains 10 % Jrraciated {at 2.5 — 3 kGy) hercing oil, the MFO
activity is generally loser than with ron—irradisted herrirg oil. This may be taken as an
irdication that irradiation procuces chances in the tmsaturated fatty acids in the herring
ail. This is atso demonstrated by amalvtical chemical determination, where it is shown
that am irradiation dosame of 10 kGy causes the destructian of a rurber of solyunsaturated
fatty acigs, which in tum results 30 & chasee in the fatiy acid composition S0 the EFR
within 2 cays.

In spite of the lower basal ¥F) activity, bowewer, 3 slight increase in cytochroses P-450
ard F-643 actiuvity is cbserved after imduction with phercbarbital and Z-methyl cholanthrere
respactively in animals which had been given irradisted nerring oil, by comparison with
amimals which had beon giwven norirraciated herring ail.

The mensured changes in activity are small, in spite of the fact that the gquartity of
polyunsaturated far adninistered has heer hich.  The Changes are considersd to be without
towicological sigrificance for the tramsformation of xenchiotic coepounds in the human
b,
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TAELE 1. EFFECTS AND POSSIELE APPLICATIONS OF FOOD IRRADIATIDN

Effect Dovse {ky ) Aplication

Germination inhibited

Insect sterilisatiom i |0 | in potatoes ad onions
| 1 | Insect control i cereals
[ | Parasite cantrol wn fresh
| | | meat
| | |
| | 0.5 |
| | |
Insects killed | | |
I | I
| 1.0 1]
b1 11
Sacteria kitled (not sporesy 1 | T 1
|1 [ 1] Fasteurisation of foodstuffs
| 5@ | 7| torbired treatment
I | ||
] W salmonella bagteria killed in
Yeast and mould fungi kilked T [ | W00 | 1] eons and animal feeds
[ | |~ |
Basterial spores killed | 1 |
- | 1 Sterilisatiomn of foodstuffs
: ] ‘_[l 50.0 !|_r—‘_
[ractivation of enzymes ard toxirs | | 100.0|
| |




VAGLE 2. HYUROLARDONS [SCLATED FROM PORK FAT, COCOMIT BRJTTER, CLIVE OJL ANO SUMFLOWER OIL
AFTER IRRADIATION AT #0 kGy (B) AMD AFTER HEATINMG TO 17070 FOR 24 HOURS (HD

Loconut Sun Lower
Park fat 12 butter 2% Olive oil 33 ail 42

Hydrocarbons g H 2 H 8 H B K
Cetae +
r=0ctare + + + + + +
mheorane * + + + + +
rrDec I + + + + + + +
Urnckecane + + ¥
Urcier ae + -
reUrcer 2ne + + + + + + +
rrbedes g + + + + + + - +
rTridecars + + + ¥ + + + +
n-TEtr‘acbca'E. + + + + + + + +
r—Pentadecars + + + + * * * +
re~Hexadec ae + + + + + + +
mHeptagdecana +
mHeptadecae + + + + + +
= tadecare + + + + + + +
Derere={1) + +
florere—(1) + + + -
Decarne—(T) + + + - + +
Urdzcene—(1) + + +
Lodecens + + +
Dedecere—{]) + + + + +
Tridecerme + + *
Tridecene—{1] + + + * + + + +
Tetracecerne— (1) + + + + + + +
Tetradecers + + + +
Fertadecene + + + +
Pertadecers=(1 + + + + + + +
Hexadecene +
Hex acetene= (1) * + + + + + + +
Heptanecers + + +
Heptadecene—{1} + + + + £ +
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TR E 2. (oontirued)

Cocorut Sunf Lowar
Foprk fat 11 Butter 2) Oliwe ail 33 g1l &)
Hydrog arbons B H B b =: H E H
Cetadecene + +
Cotacecene— (1) + * + * * + +
3 Tetradecadiene + + +
4 Pertackcadiene + + +
Hexadecadiere + + + +
g Hept adet adiene + + + +
' Hepitacecadiene *
Heptadec.adi eme t
;' Hexadecatriera +
: Heptadecat riene +
Butyleyeloherens + + + +
E Fentyleychohexene + *
Hexy Leye Lobegere + + *
! Hepty Loy lobexene + + + +
1} Principal Qleic acid: Principal break—chwn proclct aftter
fatty acid: irradiation: hexadecadiene
Principat break=down product after
heating: cyelic hydrocarbons
2 Prircipal Lauric aecid:s Principal broak—down product afber
fatty acid: irradiation: decas

Prircipal break—down product after
heating: woietae

30 Principal Linoledc acid: Prircioal bBreak—down product after
fatty acid irradiation: hexadecadiens

Principal break—cown product after
heatirg: butyl cycloheras

&) Principatl, Oleic acid Principal break—don product after
fatry acid: irradiatiom: hesadecadiore

Principal bresk—down produet aftes
heating: eyclic hydrocarbons

Taken from "Lewmedsmogelestraling”, the Panish Food Imstitute (15€2)
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TAELE %, » ESTIMATES {F RADICLYTIC PROOUCTS (RPs) IM IRRADIATED FLOOS

Aadiarior Dose G rairield of all Yietd of atl by vield
Cerad) Euents;ﬂicu BPs in Fiod RPs 1f M3 aof UPs(g)
(mmol fkag) {ma/kgl {mo ko)

10 1 R 0.3

i 1 0.a5 14 1.5

1 1 .10 iy 3.0

1,10 il 1.0 A 0.0

I

(a) = Yield (in mmob/kq) s Doze {krad) 'GT x 10
(o) - Ascumes only W of FPs are uvige (see text)

(el = UEPs = Wnigue radiolytic prodacts

. G5 -




TARLE 4. MDST SULTAGLE METHODS FOR IDENTIFICATION OF DIFFERENT IRRMBIIATED SPICES

more efticient

more efficient

very similar

by {1 irvestigated

results by T results by CL recults b

both methods
Caraway (100 Cardarom (3 gasil (122 Aniseed (12)
Chilli ¢42) Celery (123 Fearmel, groared (4] Cloves, whole flower-tbod (A
Chive (3] Cinnamaon (&) rriom (4) Cormiander, sirgle seed (B)
Clovez, omund (1) Juriper berries, Peprer, white (3 Ferrel, single seed (8)
Cumin {8 ground (8] Fusheooms: Jumiper berries, whole berry {62
Curcuma (8) Shallot (2] Charpigron (3) Fimorsto, whale berry (3]
Curry (8 Chamterelie (3) Sesame {1
Gariic {3 Marel (3]

Corianger, groand (B
Paprika (12}

Pargley (&)

Perrar, bHack (&)
Pimerto, grood (G52
Saga (8]

Tarragx (1713

Edible boletus (3)
Ringed holetus (3]

mears Thermoluminescense, L means Chemiliminescence.
[ ) naber of renths after the radiation treatment, during which treatment identification is still
passible (some of the irestigations have been doce ooly with samples frem oee mencfacturer of a

spice typel.
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TASLE 5. : HUTRITIOMAL ASPECTS OF FUOD IRRADIATECN @ EXAMPLES OF CHANGES INDUCED Tk FISH

Fooed item

Radiation
foses (kGy}

(hemical Reference
changes obhserved

1. Mackerel

7. Haddock and
et ish

3. Berring fillets
ard o1l

L, Shrim

1=

w o 10

P

2 =43

47 -1

Upaon storage at -7 i Urderdal et al (1978)
plastic hags, no changes

in amire acids., Niacin was

stable even at the highest

dose, bt 3kGy induced losses

of 15 ad 26% for thiamine

ad pyridoxine, respectively.

At higher doses, thiamine €as

almost completeby destroyed.

No effect on oxidative Ghady et al (19787
geterioration

formation of  Angelini et al 19730
hydrocarbens, carbayl and Tk et al (1576}
sl phur compourds

[rradiation under vacum at  Adam et ak (9B
0°C did not cause aty de Murray (19800
struction of polyursaturated

favty acids in fiklets. 50X

destruction of the polwprsa

turated fatty acids was o

served in oil.

——

Stability of tryptophan was  AMTLRES axd Movak (1978

measured after storage a3t
varios temperature, Slight

{ossec were observed.

Irradiation at —~W0°C did not  Ekias B.5. {1985}
cagse aty destruction of "peyelopments in meat
cysteine, methicnine and science = 3. Ed.
tryptophan both immediately  R. Lairie; Elsevier
after irradiation and an re— Applied Science
sxamiration after 15 months Publk cation Ltd,
storage. Essex, 1K, pp 115-153

ot loss of vit.Bl mmediate- Elias amd Cohey L1977

ly after irradiation at 0°c
and = additional 8% loss
occureed after 4 months
storage at O°C

—irradiation of fried pork
under vacudm caused m lose
of lirgteic, Lirolenic and
arachidonic acid also after
15 days of storage at room
temperatures.,




L =30 PE%5 Loss of vit. B

& Less than W destruction of
pantothenic acid ad mo de—
struction of folacin.




PUTRITIONAL, ASFELTS OF FOOD TRRADIATION : EXAMPLES OF CHANGES INGUCED IN FRUITS,
WEGEWABLES AND TLEERS

Radiation
dofe Ckiy?

Chemical chanes
cEgarved

Feferemce

e to 2

Slight Losses n ascorbic acid

ard caroters, Mo chanoes N
levelzs of ribeflavin, niacin,
thiamine, fat, prot=in, sucar

Sorvers et al (1%79)
Thexras 2 Beyers (19¢%)
Beyers and Thomas (1979)
Blakesley et al {19792

ard minerals.

Slight losses n escorhic acid
and carpteng. Mo acverse effects
on "olatile profile”,

wp o

ko charges in "“wolatile profile®
ror in chemical constitgents.

I, Stradberry Wyt 3

4_ Litchi Slight Losses in witamin £ and

carotena
5. Banaa D.&0.4  do charoe Laaharars (1971)
T oard 28 luss of witamin C

respectiwvely

. &3 Orarge Josephson (19790

Z5 ard 485 losses of witamin
respectively. Increased peel
brownirg at 2 kv

2=7r.05 Bel Li-Dornipd ard
Baraldi (1977

Keskin (1980

&, range juice

7. bates Jaddou B Al-Hakim {1978]
furds B oal=Warelmed C19E0)

ada et al (1978

w to 1.5 Mo charge in free fetry acids
g flayaur

tio change in reducing susar
catent, maior carcohydeate,
and orotein,  No malonaldehyde
detected

Mo change in amire-acid
comegsition

up te 5

Lo s 10

&, Tomato 1.5-5.0  718¥ Loss of witgmio €, Magadds et al (1973
cgecreassd sugar level; decressed  Josephson {19751
resistance ta pemetration

ard imcreased decay

9. Carroy 0.a M3 change in coroosition with
renard to sogars, nitrogen,
frog aming acids and pectins.
Slight decrease in witamin ©

ayl -carctere

Isail et al 1777
Baraldi et al {1979

10 Potato Baraldi and Miwccio (19730
Bellomonte et al (1978)
fzar ot al (19800

Jossohson (1979}

up to 0015 3light loss in witamin G
buring after irradiation
storage witamin C
disappeared more rapidiy than
in ronirradiated potatoes
gharged thiamire and ribof Lavin
Some changes 0 the concentration

- 59 -




of free gmwnd acids, but mot in
anino acid maks 3 of proteins.

1. Cas=sua Jabey 1.25; At 1.25 kv and abowve, total Onbady (19757
2.5 5 protein was reduced by 1%;
Lysire, argwire ard pheryl-
alanine increazed slightly,
whereas saltlle carbotrdrates,
nemicellulose and celluiose
slightly decreased.

12. Orimn wp to 015 In the preserce of air, some Ghods et al {19663
carnersion of ascorbic acid to Hahroud et al (1978}
cdehwdrcascorbic acid was chsoryved.

Mo change cocurred in the amino
apid composition.

13. Erdive W ot ? Stight Loss of witamin £ Largerak {19750

- BDO-
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TAAE 7. NJTRITICHAL ASPECTS OF FOOD IRRADIATION : EXAMFLES OF CHANGES INDUCED IN CEREALS

Food §ten

fachiation  Chemical chanoes
thee (k) ohserved

Faferense

1. Rice Wp to 1
3
_f"_:‘ 2. baize
3. vheat
) ;
-
. ";"l..‘?
4
2
10
4. Sorghm 0.2
and Millet
5. Datmeal 0.25
2 ...'.
i 1
g
: :i; :
B
. b. Kidey bears  0.15
y ¥

0.2&-3.0

0.153-1.0

Mo affect on nitrogen content, dzar et al (1979}
arire avic composition.  Doses
higher than 1 kGy roduce Lewels
pf thiamire, riboflavin, macin,
and oyridorine.

after 4 years storage, protein  Thain et al (1979
qual ity ard witamin content
werg vnafferted.

Ha change 1n moisture, ash, W (T977)
nitrogen, protedn, fat, carbee
hydrate and Llysire content.
Yitamin E ard witanin B complex
Hd rot show muich chaoe, except
for thiamine which may be lost
1o some exient,

2 loss of vitamin B

slight loss of yitamin €

#o chaoe o total Lipids and in Rao et al (1578}
gounts arg constituents of nore

polar and polar Lipids.  However,

there was a skight Loss of ur

saturated fatty acids and bound

lipid. Free Lipidges increased.

Mo change reported in amine acids.

WHO (15772

Mo changes in contents of anine Adrian and Frayssinet
acids, vitamine & and B, (1%

niacin ard panthothenic acid.
2% loss of witamin B, after biehl (%79
3 myeths of storage and 837 loss

after & months. Mon-irradiated

aatmeal ooly showed 7% ard 3R

logs, respectively.

The Loss of witamin £ after

& months of storage could be

recured from 545 to SN by packing

in a nitrooen atmospherc.

o irradiation beans showed an Fonseca et al (197%
early Loss of riboflavin,

increased harderieg ard deyelor

ment of an undesirable Laste.

After 9 mortng storaoe,

irradiated and roreirradisted

beans did mot differ.
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7. St lower

8, Cocoa beoars

9. Logute Bese

0. Mot

0.20

ep te 5

Ho cherges n guality and
compositicn of fatty acids
of the oil,

Mo chaneEs in reducing =ugars,
tatal amirg acicds, total fat and
protein of beans. Ho chanoes in
chemical composition of fat,

Mo radiation darage

dFAT loss of witamin E

- By -

EL Zeam et al {1977)

WD (19813

Cooeln el al (1978)

Elias anc Cohen {1977}




TIGLE B, APPRONIMATE REDUCTION DOSES (kGy)} TO REDUCE VIMBLE MUVMEERS OF VARIOLS
MLCRCTCRGAMISMS ONE MILL IOMEQLD

Grasrrecative bacteria

Escherichia goli 1.5 - 3.0
Salmorella s, 340 - 5.0
zhigella spp. 1.5=2.0
Aciretchacter soo. C.5 = 1.0
PooLmas son. .5 = 2.0
Proteus 1.5 - 1.5
Wibrio parshaemlyt iogs a.5 = 1.0
Moraxella 5.0 - 7.0

Grampositive bacteria

Bacillus vegetati

Bachllus cereus

Bacillus stearathertophilus
Clestridium borslinem A and B
Clegtridium batubirm E
Clostridium perfringens

B3zl
1
SR

Leuconosto: 0.5 - 3.
Lactobarillus 2,0-7.4
Microoooous spp. 2-5
Microcooous radiodurans k1]
Microoocous roseus m
Staphylococos aureus 0.5 = 5.0
SErephooous S. = 7.5
Streptococoss fascalis - A
Moubds ad yeasts
fapergilius 1.5~ 5.0
PericilLlium 0.5 = 2.4
Saccharomyces 5 =10
Yireag
bifferent species 3
oot ard mouth disease 0 - 3
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TARLE 9. SOFE IRSADIATED FOCDS THAAT HAVE BEEM SUBMITTED TO TOXICOLOGICAL INVESTIGATION

. 1. FRULTS 5. SPICES AbD COMDIMENTS
1. Anlesw 1. Garlie C(powder)=
E 2. MApricots* 2. Mixture of spicesw
| 3. Baanask 3. Onion (powder)#
I, 4. Datese 4. Faprkair
i 5. Mardarin orangesker 5. Pepper thblacklix
¢ . Momgoesionk
o 7. Cranges* . MISCELLANEGUS PLANT FOO0S
z 8. Papayassess 1. Cocoa beanssw
2. Peachesw 2. Potatpesess
10, Pripe—plums Z. Walretz

11. Strawberrisswi*
T. FISH NG FISH PRODUCTS

3 2. VEGETAELES 1. Carps
) 1. Carrotw 2. Latfizh»
.- 2. Lelerys 3. Codox

i 3. Cauld flowers 4. Fish paste (Kamabokg)oe

: Lo Lettuces 5. Flourdersx

- 3. Mushrooms & Herrirgws

i &, Onionsecr 7. Mackerelrk

iF £, Norway haddoe ks

g 3. CEREALS Y. Plaicewk

Ei 1. Maizer 0. Sea troutk

- 2. Ricets

7] 3. Wit 8. SHELL FISH

5 1. Clams=e

; 4. PULSES 2. Shrimpsee

1. Beanss :

i 2. Lentilse B, FEATS

i X, Peagwe 1. Bagonss

. 2. Beef ard beef productsses

f 4. Composite diets contaierisg meatss
L, Ham#es
5, Horsexs

&, Mived offalse

- T. Farkxo

; H. Poultryser

i

1~

e e Ty i

wiew Food item extensively tested with one or more long—term studies awvailable.
¥ Foert item less externsiwely tested with o lomgeterm studh narmally availsble.
* Food item pearly tested.

1 ; X . _
Seme of thoce studies were carried out at wery high radiation doses for
cpecific purposes.
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A SPMARYT OF TOXICOLCGLCAL DATA OW [RRACGLATED FOORS

I o | L

Foob TTEM | ONERAL AVERAGE | RAHIMAL FEEGING STULIES | GEMOTORICITY TESTE ]

| RESIATION DOSE | I I

1- | I | |

| Tk | test/buraticn v Animal | I

| STORAGE TISE | I species | |

! I | I I

[ ! ! [ I

DATES | 0. 5=00. 8 | Strewt—term tosicity ! Rat | |
I | reproduction ] I I

| | ¢! oererationt | i |

I | 19 days) I I ;

| ; I I t

[ I I I I

BATES [ 0.5 | | | ames test [
(digests ad aqecus | 0.5 I | | SCE test [
extracts) | | | | oLt sumviyal [
[ I | | cell mutation t

| I I I !

i I I I [

CRTES | 0.55~1.7 | ! | Drosophila fsexlinked |
fuhale dates and i I I ! recessive Lethal test) |
digests) l I I [ |
! | I } |
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b SEMARY DF TOX1COLOGLICAL CATA O TRRAGIATCR FOROS

1 | | I I
| OO0 ITEM | VERKL AYERAZE | ANIMAL. FEEDIMG STUDIES | GEROTORXICLTY TESTS [
| | %AtaTith D0SE | |
I I I I
[ | Lkl i Test/buration | brimal | |
[ | STORAGE TIME | | seeches I
f i | N | | '
T [ [ [ [
| MenGD i C.73 | 1 genaracion | Rat | ;
| I | reprocxtion I I t
1 | [ 017 wemks) | | I
I I ! I I I
| | [ I [ i
| HARG ! G.7o | 2 gEaration | Raz | porvinant tethal, |
| i | resrocect ion, | i chromosome aberration |
| [ | zeratogenicity, | i I
I H | (103 weeks) | | |
! I [ | I |
] | | Shors=tern | Rat | H
| i [ (50 days! | I I
I d | I
| - I I
| P | 0.5 ' | Chiress | sCE test [
[ | | | hamszer | Microreslews test |
I I |
: I I
| Mo | ) | | | SCE l
: | | I | Mzation rate ]
i L I I
i : I I
I WPRICCTS | 2.5 1 | Rat l Dorinaet Lethal |
I ; ! |
| I T co I
| BRIED ChION [ 0.i5 i{mind | bowrtorm | Rat ! tominant Lethal E
| | =0.3 dmaxr | 3 gereratices’ ! | ;
| | | reorodiction teratology | | |
| | | €14 weeks) | | ]
| I i I I
i I ] I [
! GRIED THITH | .1 4 thort-term renproduction | sics | Bomimart Lethal |
| | | €7 perararion) | Rat : |
| | L M LY | i [
I | | | |
I | | i ;
| oRIED Ofdon : ol [ | mice I Macrorwgleus i
| | | | | Mhxrws morrom cellsh 1
[ | | I I
i I [ : [
| OMICH | 0.5, 0.3 | | | Pemnerse motation osiay |
| Toeil s | | . I {E. tali) DA repair P
| fraw arc! cooked | ! i LT |
I [ I I ! I
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SV T 2 A

B OSMMASY OF TORILOLGGICAL DATA OW IRRADLATED FOCCS

Chromoscer analysis

[ | | [ T
| FOOD LTZM | CVERALL AVERAGE | ANDMAL FEEDENG STUDLIES | GEMOTOXLCITY TESTS |
| | RAEDIATION DOSE | | |
I I I I i I
| | (G} | Yestimuran o | Bnimal |
| | sTReGE TIRE | P ospecies |
| | | | ) | |
[ | | ! i [
| fmIom i (.15 ot | [ ™o | Chremeomol atorrationsg |
| extract | 050 Ceames, 5023 | Rat ¥ (hore marrow celhs, mouselr |
| | ! | hest—rediated aszay (G40 |
| ! [ ! P 1] Ames test |
| 1 | i | Y chromesome beed kage !
| | | i | 3) 52 (hawas diploid and |
| H i | | [hirwse haster cells) 0
[ i | I Mite | somirant Lethal |
| ! . | | Migronueled ;
| H f | | 41 Gere motation CHY=r7 |
I 5 I I [
[ [ : | | !
| (i | 0.1 I I | Cytotomicity and |
| Courry preparation) | | | | mitagencity tasts :
i | | | | fomnpiomnds fliveescence,
: I I | | cnion regt tipes !
| | | | | |
i [ | | I

| ONION POWDER | 5, M I | | Ames reut |
| (enzymatic digests | [ | |
| od aoemars extracest | i | | |
1 | | I ! |
' [ | | | |
1 OHTON POWEE R | 9.15, 9.5, 3.6 | I ¢ e test |
| C(enzymatic digests | | | : |
[ e sepecus estroetsd | I I L I
| | | | | |
| [ | | [ I
| OION POWDER | 015, %.5, 15.6 | | Chirese [ &CE |
I I I | hetiter L I
I | I | Mice [ |
| | | [ [ |
I I I I i i
| oMIOM POWCER | oaE, 915 | | Chimese [ Chrorersore: amatysis |
i [ | | haster i (hore mareoa cells) |
! | | | [ Db metabolism |
| | | | i |
i [ [ [ ! [
| owiow | 0.3 I | | fmes rest '
| [ | )

[ 1 I
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A ROMRARY OF TOXICOLGGICAL DATA CH IRRADIATED FOOOS

1 I i [ I
| EOOD 1TES | OWERM L AVERAGE | AHIMAL FEEDIMG STUDLES [ GEMCTCHICLTY TESTS I
| | AsraTIce CosE | |
I I I I [ I
| | thayl | Test/buration | Arimal | |
| | SToRAGE TIME i | spesies | I
| I | i | {
I I [ i [ .
| fmichs I £.1 | Srore=term | Rat | bamirart Lethal I
| tfresh) | | 43 morthst | i j
i I | { i [
I I [ I |

b OWIOK POLDER | £} [ | | &LCE

Y ofizymatic cigests | | i [ $orward mosation I
! aed dowous ealracts) | | [ | ehromosome I
| J | R

T | | T 1

! oI PORDER | 0.15, %.5, 13.4 | | b rosophila |
I i ! | I I
I I I I I I
I LEGNE | 1.0 | shors=term feeding | Rac I I
| | | 1 ereration | 1 |
I I | reproductizn I I I
I I b (0 clays) I I I

H | I I

i [ I I
| LEGrE | 1.0 y | Chirece | SCE test
| {White e | ! | harmtir | Micrerucleus test |

! | I !

I i I I
| LEGME | 0.1, 2 ] Offspring survival | Garman | Lhiorosomal andlysis f
| ihack Deand | | [ cockrmash | bominaet Leknal i

! | |
I I !
| LEGME | W | ¥ Chinese | Db metabel s | |
| tite baan) | | i hamster | :
| I |
. [ |
| LEmRE | | | mutricieng, studies i Pat [ :
| (idrey beand | | | [ I

| :

[ I il
| LEFIE i 10 I I | s0E |
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