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FOOD ADDLTIVE PET{FIUS‘ﬁd.?H-3974 Food bafetv and Inspectlon

I *he t tle refer to the reference number in the
rev1cu a.'fbﬂ s ir”adla*ed Foods Lash “orce)’"

ﬁglﬁgpghgggig;e d_ chronic feedlng studies xn rats, mice and dogs:

=97 ﬂuLLl dengrqtlﬁn studv in rats thh radxat]on -pasteurized
~~hicken; be Knecht-van. bekelen. A,; Van der Meulen, H.C.;Til,
'H.P.&'de,ﬁrcat, A.P.; 193 1; CIVO Tech. ‘Heport R3622.

Tnxc mult E(PPPathn reproduct‘on Studv in . rats fed diets
with 35% chicken irradiated up to 6 kGy {600 kRad) was well
cenductea and did not show any ad‘erqe effect',
irradiated chicken on reproductlon parameters. A
'subchronlz sturty performed ‘with third generatlon offsprlng
mreported slight changes in heart, liver and kldney weights
and. a decreaqe of serum glutamic~ pvruvlc acid transferase
{SGPT) and alkaline phosphatase (AP). These. observat1ons were
not considered to be of toxicological significance.
- The Agency requested, received and. rev1ewed the working
- sheets of individual anlmal observatlons llncludlng
-hlstopatholo ) I These records were not useful for
verification of the reported results. However, in view of the.
excellent reputation of the performlng laboratory, and the
excellent design of the study DTRE considers thlb study
acceptable as part of the safety‘evaluatlon.
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Beagle dogs: Til, H.P.:Willems, ‘lf
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‘his study was resolved by the Director of the Canadian
Sencral Food DLFPP'OI1tP ir a letter to Dr. banfor"Miller
'Jar* ) w!”8:: rmxnu bdspd ana tvpod"aphl rror. The

“not

incidenie o.‘»x\or pafho.ou\ in thp final reportw
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Comee-yeay fzeding study with bow-dose irradiated‘chicken in
«;Huismans, J.W. & de Groot,

{.Pﬁ. 19:! Terh . Reps r[\O R344$

Dogs were fed a dxet “with 30% Onlcken 1rradlatea ap to 6 kGY
{690 kRad) tor § year and were ‘found to be free of adverse
findings due to feeding. of 1rrad1ated chicken. The individual
data sheects of this study were revlened and found to support

the abbnnue of adverse effects.

 §DePldl rudy on pntentlal Thlamxne deflclencv:

= 218" xnxestlgatlon of p0331ble antithlamln properties in
irradiation sterilized chicken; McGown, E.L.; Lewis, C.M. &

-Waring.‘P;Pii 1379; Contract DL R i R R

“xhls specxal study was de316ned to evaluate whether rats fed
a diet with 35% ch1cken 1rradlated at. 47 kGy (4700 kRad)
“would develop signs of thlamxne deflclency. The activity of
the thiamine dependent enzyme ‘transketolase in ‘erythrocytes

" was not 51gn1f1cant1y‘altered bs ‘Feeding. rats diets with
irradiated chicken indicating that the rats’ thiamine status
was sufficient. However,; since. the duration of this study was
not reported this finding is of" llmlted value for our safety

evaluation.

. *




pamsieo: teratology stuay:
DAWMDIT-Tn-t-nd T,

19

= q0 Animald teeding study for irradiated

sterilized §33Lffoods:
v bahlgren, BE.R. e: ali.; 1980; Contract

Feeding diets with 33% chi

k#ad) v samsters during organcgenesis did not result in
Hevelopméntal abrormalities in the offepring. This study was
recjewed in-depth and was found to be of good qualits.

i-.'—t‘~ :fifﬁum’l‘ 'i,i,s“tl

4 Irradiared Chicken rabbi
g; tontvac:, e ’

= :eratoiogg studx:,Dahlsreh. R.R.;

This negarive €eratology study in rabbits fed chicken. ,
irradinted up to 13 kGyr «3300 kkad) was reviewed in-depth and’
2 of good quality. :

v

353“chsﬁ gprggniogy‘gtmdy;'Tﬁomsnn.gG,Hw; Dahlgren, R.K. et
L1ETT; contract DAMDM-T6-C-6047. : - L

1 _nvgaijveuteﬁaxulogy study invmlce_fed;jﬁ%"of their d:iet
th chirken irradiated up to 13 kKGy 4500 kRad) was of
mired valus due T.¥ procedural flaws. {see memo Tom Collins,

Yarch 4, 1940

or electron irradiated chicken

Toratciogy study with gamma

in rat=: thristepher, J.P.; 19833 Contract Report, = .
S Thias reratelgy study vas reviewed In-depth and,-althbugh
sacritfics vas performed 1 day early tday 20 of gestation), no
evidenecs of teratogenicitywas found. The study therefore
supperts the absence of teratogenicity. '

<, Potential for Genetic Toxicity:

-
-

15 bominant lethal study; Black,

C.M. et al.; no date reported;

B

Contract.

This dominant fethal study in mice fed 35% of their diet as
irradiated chicken was rejected, because no irradiation dose
was reported and because the positive~contr0;
(triethylenemelaminé)’was;found‘to be negative.

199 Evaluation of the mutagenicity.of irradiéted sterilized

éhicken»by the sex-linked recessive lethal test in Drosophila

melanogaster,;

. Lusskin, R.M.; 1979; Contract Rep.

n a medium containing- extracts of chicken
{5580 kRad) resulted in a
e control

Raising Drosophila o
irradiated at doses up to 55.8 kGy
decrease in the wumber of offspring. However, th
with extracts of unirradiated chicken was also toxic to
Drosophila (see memo Benz, November 8, 1988). The




jpxﬁv17516~(~5&17.

2,265 %n_inveSLigatlon of genetl

'ftest1na of dxg,
B. J.. Rranz, E. % Elias, P.

-chhangps‘dnd,muraﬂxnr assavs in’
‘34J.; hranz, E. & Elias, P. S 1980 Fa Cosm. Tox. ¥8:17¥-475.

dmplications of 'hnét'#bséiyafl)nq for mutagenic potenctial of
_rranxatnu ~hicken 1s unciedr” The rest is considered to be

nesavive i) snx~1 nhfﬁ reCCSSLV 1ethal’hutat10ns.

‘213 \ppirvatian of the Xmes‘ﬂutagériﬂifi test for ‘the assessment

of mutagenic activity of thermally pruvebsed ‘frozen, electron

irradiated, and gamma eraaiated "hlghcn. Anon; 1980; Contract

vy el ee r:dJC‘ red Ames fest by . f om chlcken
ir: Edla ed at Ievels up.te 3Q KGY D anRad) ulthanegative
res: - i

Phllllps,
18 3r1 375.

FﬂﬁeriextraCts of irradiatee : ) ’”RGY' equlvalent
Yo 700 kRad) did not have mutagenic: ac '.';.. e
review of this study rai‘, ; s about the pro 4
‘used in this study; e.g.; notl rains were. subjected
to adeguate pnsltlxe ﬁontrols L@ igh prote1n content
.ot the extracts may b ‘ D m‘SL gvf,ctor for ‘this test.’

ts5ee mems M. JLPrival,

= 26b AP investigation of cenetlc toxlco}ogv of irradiated
feodstuffs using short-term. test‘systems. II. Sister chromatid
ltures CHO cells; Phillips,

a. .

A¥though negative, : 9
experimental design and. vannut be used”for support of
non-mutagenicity {(see. Memo. ofﬂoreland to bunkel, March 28,

1986) .

£ 305 In vive mutagenicity testing of irradiated chicken, fish

.and 6ntes; Renner, H,W., 1980 Contract Rep.§78/1

Chicken. lrradxated at 7 va (100 hRad) and fed to rats, mice

or hamsters for 3 days. (100% of diet). d1d not cause increases
in micronucleated: bone ‘marrow cells, Slster Chromatid
exchanges (SCE) in bone marrow cells of mice and hamsters as
well as SCE in spermatogonia of mice were studied and were
shown not to be affected by the 1rrad18ted chicken diet (see

Memo of May 19, 1986).
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nosummnr, 13 diffe s types > ostudies nxfh dlets "ontalnlng
irradiceed chicken a: llxtnrpnt raixatlon dose Le\els, ranging
rrem 6 te 33 kG (50 2900 hRﬁd) are a\a;lable to support the
safet: n‘-lrradxarpd Phlcken

“The aiin ing table summarizes thke studxes tfat are a\axlable -in
G fxx'- for sapport of the afet\ of irradiated chlcken,
S : : I radiation
ne.  study . species .  duration. dose effects
Cme e e T i .. _kRad_
".97 .subchronicjfrepro rat 600 none
98 chronic rat; ?500ﬂlfnone o
7Y chronic/repre ~mouse'ff"V‘ ~5900 - kidney Ca
277 chronic mouse 700 .pone
‘16'chron1~/rppro - dog ~5900 - serum glob.
354 chronic ' dog L 600. none
218 subehr./special rat g 4700  none
90 teratology hamster T8 4500 none
93¢ teratolosgy . rabbit 14  4500° none
~ 353 teratoiogy mouse 18 3500 none
79 teratology rat 20 5900 - none
199 mutation ’ Drosophlla 5 - 5580 extract fO\lC
13 Ames ’ S.thyphim 0 - 5900 none
263 Ames S, tryphim 2 700 none
305 SCEsmicronue/spe rat.mbu$e  . 4 700 none

The above studies were thoroughly reviewed and when necessary
individual aunimal data or mlcroscoplc slides were reviewed by FDA

‘scientists. We have not identified any studies that indicate

advprse reactions to the consumpflon of “irradiated chicken- ‘up -to-

‘a radiation. dose of 59 kGy (5900 } Rad). It has been established

that the formation of radiation products has a linear

‘relationship to the radiation dose {Bureau of Foods Irradlatlon

Committee Report, 1981). The innocuousness in animal studies of
chicken irradiated at doses up to 59 kGy (5900 kRad) Provides.
sufficient evidence for the safety of 1rrad1at1ng poultry at the
petitioned level up to 3 kGy (300 kRad)
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2 Fublic Health Service

- Memorandum

Oate December 11 1998 -

‘-.v‘

From SCIENTIFIC SUPPORT BRANCH (HFS 207)

! Food Sc:ence and Nutntx nResea hCenter -
University of Rhode Island, West ngston
i Rhﬁde Is!and 02892-l802 i

) Edward S_.‘_Josepl;__son PhJ) (Professor F ood Scxence d"Nutrmon 2 esea:ch Center,
Umversn‘y f Rhode' Island) has submitted a. petition: requestmg that 21 CFR part 179 of
alations be amended to allow the use of approved sources: mcludmg

®Co, FCs and Xrays ip to 5MeV of ionizing radiation as a physical process for the

- pasteurization of fresh.shell eggs to kill Saimcmella enteritides. -Eating of raw or .
undercooked eggs has been cited as the pnmary cause: of human infection with thlS
pathogen 'The stated | purpose of irradiating fresh: shell eges isto reduce the mcldence of
foodborne illnéss and 1o prevent loss of hmnan life due to Salmonclla food poxsomng
The radlatlcm dose range glven m the petltlon s fmm 0.7t01 7 kGy

The pe ,ﬁubnntted a large number of publxshed artlcles and study reports ,
containing ¢ data and information related to eggs and other kinds of food in the areas of
radiation: chennsu-y, tmacology, nutrition, mlcrobxology and economics (see attachment
Table 1). The petmoner submitted several of these arucles/mfonnanon to establish that
many of the outbreaks of illness caused by Salmonella enteritidis in the United ngdom
and in the United States. (especxally in ‘northeast and mid-Atlantic areas of US) were due

tothe consnmptlon of raw or undercooked eggs: Some of these eggs were even
1t ’de A eggs To' cnutml or reduce the nurnbexz of Salmonella

‘ BE ‘
unmune-compronused mdmduals
No conventional animal toxxmty feeding smdxes on irradiated eggs were submitted in the
petmon The petitioner’s argument for the toxxcologxcal safety evaluation of irradiated
" eggs is based on mternational reports and reviewed artlcles We have reviewed the

001023




whcn i)erformed in accordance with good manufacmnng practxcc " (see Iréihsqum B
‘memio of 4/20/95). FAP 4M4428 was approved and the final rule was pubhshed inthe
g Federal Regxster (12/3/97). e _

further checked the Agency S ﬁle and the WHO Report cntltlcd "Safcty d L
Nutntmnal ‘Adequacy of Irradiated Food" { 1994). variety of irradiated foods mcludmg
red meat, chlcken, ﬁsh, eggs, etc. had been tested in the earlier animal feeding tax:c:ty
- studies, in nutritional studies, as well as in genotoxxcxty studies. The study designs and
parameters measured varied in these studies; in some cases, the: research was designed to
 test several different imadiated foods simultaneously. Inthe evalnation of individual
studx” 3'by different FDA reviewers, some of | heearlier individual study reports .can not
 stand alone'to provide definitive answers, how 1aken together as whole, these smdies
preseuta’comxst finding of no harm when irradi O'tJdSlWere‘ftSted in animal feeding.
- studxes and genetlc toxxcxty studxes (see OPA, Hatt: 1 memo of 1 1/20/97) ‘

' Th:s smdy was conducied in Laboratmre Central de Recherchcs Vetennanes, Pans,

France. In this study 10 to 30 rats/sex/ group were fed to a.diet containing irradiated

- whole eggs (0.5 Mrad) at 25% dry weight | base. as‘bxscmts for two generations (1080 i
days). 'I'he author concluded that no sxgmﬁcant findings in the test animals and irradiated

whole ¢ eggs in diet did not affect their health: as com ed»;to‘ammals fed thh non- |

irradiated ‘eggs. This study was reviewed by FDA previously and thc study was accepted,

although "with reservation” because it was only a summary. report (Khalsa of 1/7/82).

Nevertheless, the reviewer found no basis for dlsagreement with the author’s conclusions,
mdxcatmg that “no adverse effects in auy genexat:on were,found in thxs smdy. ‘

‘In this study 48 mice/group (Se;"i not specified) and 20 S’pragne Dawley ratslse:dgroup_ S

001026




- were fed a dxet contammg uradxate | pork bram and ‘tdn ‘ ﬁi(at 9 3 Mrad) for a penod

of 15 momhs The investi gator concluded that no carcinogenic. effect could bc atmbuted
- to the irradiated food preparations (including irradiated & dy was reviewed -
o prcwously’by}FDA and. "rejected" (Van Gemert of ]/6/82

: Th:rty rats/sex/gtonp were fed canned u'rad}ated cggs n the chet for two generatmns (in
lifespan). This study was reviewed' prevmusly and accepted (Irausqum of 2/12/82),

- However, this study was identified as a weak study becanse only a few toxxcologxcal
parameters were measured and reported and no hnstopathology data available. Thus, the
data were not suitable for evaluation on carcinogenicity of uradrated eggs. Nevertheless,
the reviewer mdlcated that no effects" attnbutable to :rradxanon were found m these

studies.

In summary, all of the submxtted review articles. regm'dmg toxmty studzes were based on

more or less the same data base, in which most of the toxicity feeding studies were
~ . conducted on a variety of irradiated foods. Only a few. reports describe studies conducted
" specifically on irradiated eggs. Inreview some of these individual study reports
considered in isoldtion, may not be able to stand alone to prov:dc definitive answers.
However, taken to gether the totality of evidence. from these data/studies indicates that
irradiated foods present no harm when tested in ammal fecdxng studies (sec OPA, Hattan
- memo of 1 1/20/97) and supparts a conclusmn that the pctxtmned use of irradiation on

fresh shell egps is safe ; 3

'l

In addition, m'adlated whole and powder eggs or cgg products at dose range from 30 10
kGy were approved in Croatia (from 1994), France {from 1990), Mexico {(from 1995),
South Africa (from 1989) and Yugoslavia (from 1984). This mfonnatlon was based on —

Food Irradiation Newsletter (Iomt FAO/MAEA Dmsmn of Nuclear chhmques in Food

0041027
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Comments -

"DATA SUMMARY FORM

BRA‘DIATED FO0DS ek

‘ Study Identlflcatlon ﬁ;/Zé/m( m ,Z; c./oj c.,( (’% 2 W?

a. Study Tltle [MJ.J)MM,/@, 2555 c:r M; KZM?(M/— e Lofn. pra

cv” Type of Report

d. Revzewer/ Date of Revi

e. FAIS. Document Typ‘ & Number

Iﬂz&dﬁm}vé&SE?V
Testing Fac1lity/ FAIS #De /Ze’@_@_aher 57‘

Reason for Rejectionf*“

i-;Summary of Effects/TIrradlation I A4 e il

Experlmental Desig_

. : ‘ - ’° 3"*-‘ ﬁlonvv--t PASY o
e. Group Size/ Sex /0= 30 /5"*/,}' ‘ 6"‘7“/(‘-11 ?,o/:e-u — At ivoe. olief~ oy

a. Test Type/ Date/ FAIS Test Name Code el R e$fuﬁ

b. Test SubJect Species/ FAIS Test SubJect Code '7 45465- i

c. Test SubJect Strain ‘,/\de

d. Test Duration, Specified in Days slﬂgo

l —-»lw.-‘l,cﬂ: M*»

f. Irradlation Conditlons"

g

- Type of Food Irradiated 2k % <
- Dose and Source .5 -k—ra-et-;‘ ‘Mrad' Csu", (’a*-— Cypvedde ':)

- Time after Irradlation - ,~"“ | N

- Atmcsphere - 4$5&€F“* be“ff3K2~b~ ef ":;;ﬁ?ﬁze*é;ﬁf' g

Temperature Shveod — as -AQQ;Jv”.Ev¢4o¢¢;u~2ﬁ§3‘)g; éﬁnu§.5_
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“ﬂ:‘_ Study Identlflcatloni;k

‘a.

b.

c:” Type of Report;%Mﬁ/

d.

e.

’Testing Facility/ FAIS. #
' Prelimlnary Evaluatl, '
“Reason for Rejection

;fSummary of Effects/ Irradiation Dose .12%7 g@gé@zia

foss;b/c Cﬂﬁ&ﬁo?é‘m/&ﬁ/ ,5:/‘ }W)/ﬁ 0] y@«c’b:‘
Study Tltle '

Author s namé/ Date L_g/, @2 /fép/(,f L Y Dé’C’ 16757

2~ D , Z&:Su&§>anzéu3u5z4/-
R “ﬂ%@% ‘0‘224 4G -Do7-MD-583
Rev1ewer/ Date of Rev1ew . Zp kﬁﬂ/ézgomagﬁz /~g 92,1

FALS Document Type r&.;_Number £ f?:/& (7?90 Vé’/% ?’Qé
uag@mamanmmlmﬁaww% ﬁ%mmﬁﬁom

Comments

1I. Experimental Design , : - . o s

a. Test Type/ Date/ FAIS Test Name Code Clrsonic

b.

c.

d.

i

Test Subject Species/ FAIS Test Subject Code [&uez Aot
per SL{}MO (’.gf/ —Jnx em& LIl D/w/gtf

Test.SubJect.Strain

Test Duration, Specified in Days ~MI2_

Group Size/ Sex 4&?—éza/%?aa ﬁég/@af sazgggggg/

. Irradiation CondltionS'

SWW

-'Type of Fooderradiaﬁqu‘f

- Dose and Source _ krad/ Mrad
- Time after Irradi?tion .3 |
- Atmosphere ___ : » AL - »

Temperature JOR
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: Amk. M aﬁvm« ﬂatalyo/ ;A«v»‘le«- Cov-«»»ad %aocs tmebmém’
a. Study‘Title S | ks r/‘/ v
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d. Rev;ewer/ Date of Rev;ew DI' - Bllﬁa Irausquin
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Experzmental Desig’~

mwfa—w c,‘%, //z.
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'._e; Group SI_ZE/ ‘;Se); 3o /7 30
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| | ” 1g.
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- Time after Irradlatlon MR i .
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-
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. PROPOSED USE
e denved .ﬁom m¢at,

“ADDRESS:. ) " _ . " National Food Processors Assocxatxo"

'NAME OF FOOD AI

_ Petitions, Control Branch o
‘Food and Drug AdmnuStranon i

NAME OF PETITIONER: . Food Irradiation Coalition. = "

¢ 13501 Street, NW  Suite 300
| ‘Washington, DC 20005

DATE: . August23, 1999

L Approved Sources of Iomzmg Radlatlon

/2 beheves its petmon meets: the' cntena for exp‘ ted Teview
guldance document entitled "Food Additive Petition Expedlted Review
d Center for Food Safety and Apphed Nutntmn StafP (Jan. 4,1999).

Dept.: of Health and Human Servmes g
Washmgton -D.C. 20204 :

Deai'SrrorMadam' o

The undersxgned F. ood Irradtatwn Caalmon submits this petition pursuant to sectmn 409(b)(1)

of the Federal Food, Drug, -and Cosmetic Act with respect to-the approved sources. of i ionizing
radiation for the treatment of human foods consisting of (a) edible tissue of animal food sources,
or (b) plant matenal (including seeds, sprouts; and the expressed or extracted j juices of fruit or
vegetables ) used as a beverage), with or without other approved food additives and ingredients to
help control ﬂhm-causmg microbial pathogens (e.g:, Bacillus cereus, Clostridium perfringens,
Campylobacter Jjejuni, Escherichia coli O157:H7, Listeria monocytogenes, Salmonella spp. and

-Shigella spp., Staphylococcus aureus and Yersinia spp.) and infectious ' protozoa (e.g.,

Cyclospora cayetanens:s -and Cryptospondzum parvum),: thereby reducmg related incidents of
‘ » nd loss of life.” Further, achieving this primary ob]cctrve of pathogen
control can also bej_ expected o result: in the  concomitant extension. of - nonfrozen (ie.,
refngerated) edlb marketable “life. - “The shelf life  extension results ﬁ'om the simultaneous

~reduction in numbers of the non-pathogemc spoxlagc ‘microflora that are- common to- such food

materials, thus: delaymg the onset of typical, recogmzable spoilage patterns by a matter of days to
a ‘week or more in the dose ranges of interest and under existing and ant1c1pated packaging,
handling, marketing and distribution/display- systems




) Toxicological Significarice -

- health. . Crawford and Ruff conclude that at. doses up to 10 kGy*
: eﬁ‘eeuve ‘ ‘

» *earcmogemc compounds in fat of mdiated bacon Mlce were the hpzds ‘of |

Jevel) that included ground beef, fresh ham, sliced baco green ‘beans, sh

i) Processed Meat and Poultry

Toxmologlcally, chemical compounds formed during food m'achanon at doses up. to 10 kGy are

‘insignificant and are the same as those already found in small quantities in foods or as formed

during tradmonal processes like heatmg and drying, (WHO, 1994).. As with heatmg and drying,
radiolytic products formed increase with dosage. Thus, frozen: foods have fewer radiolytic
products than those irradiated at room temperature. This accounts for the oﬁen preferred utility
of irradiation. under : low temperature - conditions, reduced oxygen, or m the presence of

am:loxxdants (WHO, 1994)

, temnned by the
manonal‘ Atomic Energy
HO,-1980) to be
ultitude -of animal
-the chemical

componnds”’formed by the mradxatxon of’rthe pnnc1pal compk ommittce also

been'¢

‘revxewed the results of studles of muln—generauonai animal colomes reared on mad:atcd diets

mvesugated toxzcologzcelly, and the database mchcates ﬁnoﬁadverseeﬂ‘ec the
tested The Jomt Conmnttee has relterated Its posmon (WHO 1997) ﬂlat food madlatxon w1l] not -
d "

nutnents Fnrther they (:Ite that world—renowned sczentlsts health orgamzauons and agencies

agree that radlolytlc products formed during the irradiation process ‘pose no danger to human
i 'dxatxon of' food is safe and

kGy) and fried bacon fat such that this constxtuted 20% of their d1_ . "There was no significant
difference between mice eating lipids of unirradiated bacon or irradiated bacon. Kraybill et al,

(1956) reported imvestigating. m'adlated foods (at commercxal processmg dosage and- twice that
ects, frozen

e diets were’ sat;sfaetery as far as

strawberries, and sliced peaches as dry solids fed to rats.

- growth and feed eﬁiclency and ‘were non-toxic based on the 8 week trial and diet continuation
-through two successive generations. A feeding study by Blood et al (1966) showed that rats

could be fed up to two years on irradiated beef as dry sohds wn:h no adverse effects-as evidenced

L
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change food efﬁcmncy, reproductlon mortahty, i and‘ pathology

Genetic tomcology 0 diated; cooked: chicken (7 kGy) and dried dates (I ‘kGy) has been

_studi¢d in small rodents’
provided any. evidence of toxmty induced by uradlatlon Elias (1989) has wntten a good review

Aof animal feeding studles and mutagemcxty testmg

i ) Fruits and Vegetables

The. chem-genenc : earance approach is apphcable to the safety\
According to Basson et al; (1 983), data from fruits is applicable among all fruits
on their work on the mango, strawberry, and lemon, the radiolytic. products
close in spectra. Radxolytlc products in fruits originate from the carbohydta
al 1983) The resultis carbonyhc compounds and hydrogen ‘peroxide. .In
(1983) found three tlmes the carbonyls in thermally treated mangoes v
(1986) noted that jonizing energy inthe presence of fuits and’ vegetab _
mostly from water xygen because produce is 80-95% water and the 1
20% oxygen. - Free radi formed are the same as those naturally prodﬁced.
(Hassan and Schellbom 1988; Weﬁars and Sies, 1988) ‘

Irradiation of ﬁuxts is a: well—studled subject because of the FDA approval of ~n‘rad1at10n up to 1
kGy in 1986. Irradxatlon is. helpful in sprout mhlbmon, insect djsmfmtatlon, and delayed
ripening. A dose “of 2:25 kGy is generally the maximum exposure: tolerated by fresh
commodities (Kader, 1986) Mutagenic effects noted for carbohydrates alone in: solutlon are not
observed when the actual food is irradiated, even at higher doses, as noted, for dates (and cooked
chicken and fish) (Renner et al., 1982). and frults and their juices (Den Dn_]ver et-al., 1986).
Dilute sucrose solution (a mimic for whole grapes and strawberri€s) | irradiated’ with -
produced the toxic agents hydroxya]ky] peroxides- derived: from ‘the mteractlon f radlolync
hydrogen, peroxide and o, B-unsaturated carbonyls from rad101ys1s of sucrose (Schubert, 1969).
However, strawberries irradiated at 2 kGy do not show any amounts of the: perondes or
carbonyls. Similar results have been noted by Basson et al, (1979) with mangoes.

iii.) Formulated Foods

To date, most food madlatlon applications have been based on irradiating the food either ina
whole form or the whole food divided into discrete pieces. Studies and literature reviews .
addressing the toxicological safety of irradiated foods have consequently focused on the
propetties of whole foods. Petitions granted by the FDA, for the most part, involve. mad;latmg a
whole food. This petition is requesting approval for ready-to-eat whole foods and ready—to—cat
formulated foods as well. Formulated foods would be mixtures of food components Wlth added

food ingredients.

In con31dermg the toxicological safety of irradiated fonnulated foods, we must rely on any
available information and also consider the further application of any principles of irradiation
chemistry to help us Judge the safety of m'adxated formulated foods. .

#
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A.bslrac(—Slx Jin.pive genetic: 10, ity tests,were;ca:ried\‘odts‘on.iirfx‘diated,or unirradiated cooked
chicken; dried dates, ooked fish: The tests'were as follows: sex-linked recessive lethal mutations in

Irie 5-ionly), chromosome; aberrations it bone marrow of Chinese’ham=.

sters, micronucleus test in rats; mice and-Chinese hamsters, sister-chromatid exchange in bope marrow -
of mice and;Chinese hamsters and. in spermatogonia of mice, and DNA metabolism in spleen cells of
Chinese hamsters. None of the tests provided any cvidence of genstic toxicity induced by irradiation. .
However, dried dates, whether irradiated or not, showed evidence of some genetic toxicity in their effect.

“‘on DNA metabolismiin:spleen cells and-SCE induction: in bone marrow. Feeding irradiated fish affected
DNA metabolism: in the spleéa cells of Chinese hagisters. Thiseffect could be interpreted as an induc-
tion ‘of an immunoactive compound, although. it could also be:explained by the persistence. of an
immunoactive compound due to the removal by irradiation of spoilage organisms that would normally

+ degrade it o A R

o INTRODUCTION: o described the in vitro short-term tests applied to irra-’

p, : S .  diated foodstuffs including an in vitro digestion pro-
treatment of food with ionizing radiation for  cedure (Phillips & Elias, 1978) designed to overcome..
vation purposes can give rise to complex chemi~ ¢ special problems presented by using -food; com- . .7

hanges which are dependent on food composition  posed as it is of complex macromolecules and other

irradiation conditions (for a review see Elias & = smaller chémical moieties, as a test subsirate. Since in
en, 1977). The production of mutagenic and/or . yitro: tests alone cannot. form a total; genetic toxicity
Cinogenic compounds ¢ ot be excluded. There- * screen, especially for a material such. as food, in vivo -

-genetic toxicity screening using a variely of short-- ‘jpvestigations were also'carried outat three European © %

0 test systems has to be ncluded. in a thorough — jaboratories, in collaboration. with: the International -

cological evaluation oOf adiated food. The pre- - Food Irradiation Project’s own laboratory .at Katls-* *

us papers in this series (Phillips, Kraoz & Elias,  ruhe. These studies, which cover six- short-term tests
; Phillips, Kranz, Elias & Miinzer, 1980b} have  in four different species, coniplete the genetic toxicity
‘ * screening of irradiated chicken, dates and fish. as rep- -
resentatives of three different classes of food, and the -
results are presented in this paper: . :

ations: BudR = Bromodeoxyuridines CPA.= cyelo-
iosphamide; IFIP = International  Food Irradiation
foject; MMS = methyl methanesulphonate; SCE = :
er~chromatid exchange.. o . EXPERIMENTAL
hom requests for reprints should be addressed. . . ‘ o . _
‘mames of the: individual research workers invelved Because the investigations were carried out in three.
‘given.in Table 1" : . different Institutest on several animal species, some
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: e control Joup or
the group giverrm radiated chicken.

Test 3. Micmnuc 15 test
The results of the micronucieus test ar

ized in Table 7. The ‘counts-of micronucleated eryth.
rocytes. per thousand were: similar in .the ontrol .and

“ , £= experimental groups and the means fell in" th Tange
g %-: e g EZ : 2:4 to 39. Thus-the level of mxcronucleus fotmaxmn
£ EIRRERTIAIIL 5 was independent of animal species. sex, test diet and
T gleEf=s=5sams 5. irradiation status of the test- diet. As expected  the
£ ol B i = *S = positive control of mice and hamsters treated
A A - 8 S . with-CPA both showed an increased incidence of s
EIOO S o N ¢ 8% ronuclei in pol
S-S ; 1= ""E'{:g normal matur
S| Bl lossoaTTT €5
- R B R Y L
SElelTlglsEsSaass . ES
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i B W e At X e Ky \
s | ok 2
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= ¥z &= nsw P )
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i, o i L &
219995559 % o 58 levels. also-occurred with those two new atches d
[ R e T rar et B~ 3 1 : ;
Sl X FRAB TR B dates:
EJRA88a R In the Spcrmalogomal SCE .test'in m:ge (Sl'able
2 : E S8 there was no increase in the number of the SCEs
| Z £=  cell when any of the'test dicts were &
2 -z £5  mals:the numbers of SCEs mhdll o o
N - S A we RO the con
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Vame of Petltloner. T ’ |
Natxonal Ftshenes Institute o N State of Loulslana

~ Name of food Addmve° B IApproved Sources 0

Proposed Use | . Inactlvatton in shellf sh Of?_l ibrio
' levels of coexisting Salmonella and Lzsterta species, :‘therebv

reducmg the potentlal for outbreaks of food pmsomng from thls
food source *~ : :

Petmons Control Branch :

-Food and Drug Administration
Department of Health and Human Servu:es '
200 C St., S.W., HFS 200

, WashmOton, DC 20204

Attentton Hansenf[rotter

Dear'Sir or Madam‘:

@“VwWMmﬂ

, The undemgned Mr. Robert Collette submlts this petmon- pursuant to sectton -
409(b)(1) of the Federal Food, Drug and Cosmetic Act, with respect to the use of approved
sources of ionizing radiation as a physical process forthe' ‘pasteurization of fresh or frozen

~ shelifish to kilt all Vibrio species and to reduce coex1stmg Salmonella and Listeria species,
thereby reducing related incidences of foodbomne illness. The minimum radiation dose range we'
are petmomng approval for is 0.5 kGy anda maximum not to exceed 7 5 kGy

Vzbrzo bacteria are naturally occurring marine rmcroorgamsms that are sometimes found n
seafood. ‘When present in sufficient numbers some strains. of these bacteria can cause human
illness. Vibrios represent a particular concern to high-risk qroups such as those with underlymg
chronic diseases and/or immune deficiencies, and can'inflict serious illniess in these individuals. o
The use of this process, in conjuncfion with HACCP and current regulatory requirements for the




- f.mdlmduals cannot be 1gnore“ but in terms of the general population this statem is

o true. Thus concerns about nutnﬁonal value are presently unwarranted

R Nevertheless, a feW ener ‘ l_mnents are mcluded ‘below "I'he effects on other
vitamins, proteins, fats, and carbohydrates are as subrmtted in Section E of the: Egg
Petltlon (]osephson 1997) and demonstrate that 1omzmg radiatlon, in the dose range

organoleptrc properttes begm to mgmﬁcantly dummsh. Organoleptlc conc
be a problem for shucked product because lower doses will be: requn‘ed
not all product v will withstand 7.5 kGy, but thiis will permit maximum flexi
maximize the inactivation of other pathogens while retaining good organol““‘
properties. Evidence of the variable response of different species: of shellfis
by Rodrick and Dixon (1994) for two specres of oysters ,

Other sensory charactenstms that have been evaluated were  taste; t‘?
and appearance. Adverse effects on these parameters were species specxﬁ
depended upon whether the meat had been shucked or was still in the s
1998). When, compared with unirradiated shellfish, no statrstlcally significan
differences wete obtained for irradiated product (ICGFI 1998) at radiation d
sufficient to prowde for: complete mactrvahon of: thrw ER

Toxicological Safety

The fundamental questron to be addressed in this section ¢ can be expressed '_as
follows: Does the radiation pasteurization of molluscan shellfish generate stable
rad101ysrs products that, by virtue of their structure, reachvrty and concentratlon pose
_srgmfrcant toxicological risk? * ~ EE T

27
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‘ This' questron has been rather exhaushvely, but indirectly addressed m recent
decades by animal (mcludlng short-term human) feeding studies and m”_ tr0 tests.
Direct analytical chemical analysis has also been used. There are a large number of
books, monographs and review articles that are in-part or entirely devoted to the
toxicological safety of irradiated food. Several of the more authoritative and detailed of
these are cited and listed in recent overviews, (Thayer 1994), (Crawford and Ruff 1996)
(Kaferstein and Moy 1993) The remammg arguments are as subrmtted in: the Egg

Petition Oosephson 1997). , g o

In addrtron, the WHO has recently stated that areview of the hterature indicates
that there is no toxrcologlcal problem with food 1rrad1ated to 70 kGy" NHO 1997). As
this is an order of magmtude greater than the level we are requestrng, there should be
no toxrcologlcal consequence to the u'radJatron of fresh raw shellﬁsh. s

Performance Charactenshcs ﬂ

We refer here to the draft gmdelmes pubhshed by the Interna il Consultative

~Group on Food Irradiation (ICGFI 1998), for approximate dose ranges to obtain the

greatest bacterial reduction with the least d1$turbance to desired organoleptrc
properties. It will be noted that these fall within the requested radlatlon doses of 0.5 to

7.5 kGy.

Summary

Consrdermg the above comments, we beheve that there is not need to conduct
toxicological studies of irradiated shellfish, especrally in view of the low dose requested
for this application. - ‘

The joint FAO/ WHO Food Standard Program was instituted for foods in
international trade. The Codex Alimentarius Commission. developed two' standards for
irradiated foods:

1. Internatlonal General Standard for Irradlated Foods and

2. Intematlonal Code of Practrce for the Operation of Radiation Facilities used for
the Treatment of Foods. - :

These are accepted by GATT countries. |

We submit that on all the foregoing counts there are no sigrﬁﬁcant toxicological
safety implications in connection with the irradiation of shellfish to eliminate Vibrio.
Reference List 4

Basak, J. Characterization of the Adaptive Response of Ionizing Radiation Induced by Low Doses of X-
rays to beno cholerae Cells: Mutat Res. 1996; 372(1) 115-118.. :
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Date: November 7,2000

 [RECEVER)

Name of Petitioner: “

NOV -9 2000

e ‘Natlonal Ftshenes Instrtute , t
1901, North Ft.MyerDr.. .= =l OFFICE OF Eh
Adington Virginia 22209 : L PREM ARKET APPF{OVAL

Attn: Robert Collette v

,_Supportmg Orgamzations.«. R ‘

: IBA Food Safety Division

MDS Nordron Inc, R f - 1661 International Dr. Suite 350
447 March Rd. L ‘Memphis Tenn. 38120 _ .

P 'Kanata (Ottawa) Ontano Canada B b T e S

Mr. Roy Johnston:™ ~
‘State of Louisiana,

Department of Agncutture and Forestry
P.O:Box 3334 =

* 5825Florida Boulevard -
Baton Rouge, LA 70821

Name of food addmve Approved sources of lomzmg radratron

Proposed Use The inactivation, in crustaceans of Vibrio, Salmonella, and Llstena
spp. and other pathogens to a ievel whlch is not likely to cause food borne iliness or to
sufﬁcsently low numbers to.inhibit their recovery and regrowth. . The use of ionizing .
radiation is intended to sngmﬁcanﬂy reduce the potential for outbreaks of food bome
iliness from this food source, and may also result in a concomitant reduction in numbers
of common food sportage mrcroorgamsms Regardless of the reason for treatment,
irradiated crustaceans must be held under proper storage conditions dunng the
refrigerator or freezer shelf life of the product o AR

" : ' Page 1 of 52




‘(Andrews and Grodner 1991)

| ToxrcologrcalSafety«

’ Performance Charactenstrcs

“-We refer here to the draft gurdelrnes publlshed? »

.

Cmstaoean Petition Section E

2 kGy but.then was scored fower with: hrgher doses due to the perceptrbllrty of browning

from possible Maillard Reactions i in the chemical matnx of the crawf sh tail meat

From the above dlscussron, itis easy to see that the D wrll be‘ ell controlled by the

| organoleptrc effects of radiation and this varies by. specres and- sub-specres It will up to

the processor 1o determlne the optimum dose and storage time for the: partlcular
product to be rrradlated ; Ce

ion ca*' _' "be expressed as follows

by animal (mcludlng short - term human) feedlng stu |e : and rn vitro tests. Direct
analytical chemical analysis has also been used. . Th ‘ knumber of books
monographs and review. articles that are in - part
safety of rrradlated food Several of the more auth

In addition, the WHO has recently stated thata revrew
there is no toxroologrcal problem with food irradiated to. 70 kGy (WHO 19997 1999). As
this i is an order of magmtude far greater than the level we a e ,;:r,equestmg, there would

nal Consultatlve Group
( obtain the greatest

Summary

Considering the above comments, we feel that there is no need to conduct toxicological
studies of irradiated crustaceans, especially in vrew of the low dose requested for this
application. -

The Joint FAO/WHO Food Standard Program was instituted for foods in intemational
trade. The Codex Alimentarius Commission developed two standards for irradiated
foods:

Page 44 o'ff 52 o




