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Recent studies conducted by the Federal Research Center for Nutrition in Karlsruhe Gennany, and co-funded
by the International Consultative Group on Food Irradlatron (ICGFI) have ralsed serious questlons about the
'safety and Wholesomeness of rrradlated food ) :

A 1998 in vitro study found that a umque rrradratron byproduct of palrnrtlc acxd was “clearly” cytotoxrc
and “clearly” genotoxic to human cells and to rat cells. The chemical, a cyclobutanone called =
2-dodecylcyclobutanone (2-DCB), has- not been found naturally in any food anywhere on Earth For -
~reasons that have yet to be adequately explalned the World Health Organization (WHO) misstated and
dismissed the findings of this study in its recent report on high-dose irradiated food. S

A 1998 in vivo study found that 2-DCB caused “srgmﬁcant DNA damage” to rats that consumed the chemical.
Researchers stated that these tesults: “urge caution, and should provide impetus for further. studres These
studies are currently underway For reasons that have yet to be explarned nerther ICGFI rior the WHO has
publicly commented on the ﬁndmgs of th1s study ' : :

These findings take on a greater srgnrﬁcance n lrght of the fact that numerous studies conducted since. 1990
have identified 2- DCB in food irradiated at doses as low as 0.5 kGy, 1nclud1ng beef, pork 1amb, chicken,
eggs, mangoes, papayas, peamuts, instant soup powder, and freshwater saltwater and anadromous fish. 56.7.8.
This chemical is so readily 1dent1ﬁable as a unique irradiation byproduct of palnntlc acid that it is commonly
- used as a marker for irradiated. food —a byproduct ‘that has been shown to persistin. food for up to-13 years.’

The findings take on an even greater srgnrﬁcance in hght of the fact that palmitic acid is a naturally occurring
ingredient in virtually. all types ofimeat (mcludmg fish and shellfish), vegetables, fruit, grains, dairy: products
and vegetable oils.® In relation to petitions currently pending before the FDA, palmrtrc acid occurs in:

e dozens of ready-to—eat foods, 1nclud1ng'f sauces; pizzas, baked goods and snack foods.!!

- e crustacean shellfish in apprecrable quantltres representmg 16 percent of the fatty acids in Alaskan shnmp,
14 percent in queen crab, and 9. 2 percent in king crab. 12

« molluscan shellfish in appreciable quantities, representrng the highest percentage of fatty acids in American
oysters (28.9 percent), ocean quahaug (23.6 percent) and European oysters (22 4 percent) and the thrrd-
highest percentage of fatty acids in Pacific: scallops (19.3 percent)."

- e various types of poultry in varying quantities: 0.28-3.82, g/100g in chrcken 0.23-1.61 g/ lOOg in turkey,
1.22-9.58 g/100g in duck, and 1.47-6.95 g/100g in goose. In each of these types of poultry, palmltlc acid is the
fatty acid with the second-highest concentration: 21.6-24. 6 percent in chicken, 21.2-21.6 percent in turkey,
26.0-28.3 percent in duck, and 22.6-28.3 percent in goose.'

e various types of meat in varying quantrtres 1.42 g/100g in beef, 1.49 g/100 g in pork 1.01 g/100 g in lamb,
and 0.49 g/100 g in veal. In each of these meats, palmitic acid is the fatty acid with the second- -highest
corcentration: 25.96 percent in beef, 24.39 percent in pork; 23.56 percent in veal and 22. 82 percent in lamb."

In March, the Federal Research Center for Nutr;tlon released an abstract of an in vifro study on human cells
that revealed cytotoxic effects of two additional types of cyclobutanones — 2-tetradecylcyclobutanone

. (2-TCB) and 2- tetradecenylcyclobutano;re (2-TDCB) — which are unique irradiation byproducts of stearic —
acid and oleic acid, respectively. In vivo experiments with rats are being planned I

Based on these findings — and because of the German researchers warning — _the FDA should refrain from
considering all pending petitions until the ongoing and planned experiments are completed. The agency must

act with caution until more is known about the potentral cytotoxicity and genotoxrcrty of these chemrcals
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: Summary - ~ : :
In the treatment of foods contammg fat w1th Iomzmg radlatlon e for example ;athe 1rrad1at10n of
chicken or hambur‘ erto kill pathogens such as:Salmonella spp. or E coli O:157:H7 — arange

~of lipolytic digestion ¢ roducts are generated, among them the group of 2-alky lcyclobutanones
These compounds ¢ ”tam the same number (n) of carbon atoms as the sor fatty acids,
whereby a hydr arbon chain with n-4 carbon atoms is attached to. rmg position 2 of the -
cyclobutanone.’ “In this' way, —dodecylcyclobutanone is generated from. ahmtzc acid: Up to the.
present. day, cyclobutanones have not been found in non-irradiated food erefore, it is
important to examine the toxic or genotox1c potential of cyclobutanones in thi ‘fcontext of
dlscussmns about the safety of irradiated foods’ g

In this study, in vivo expenments were conducted on rats, whlch recexved two dlfferent doses of
2-dodecylcyclobutanones by way of pharyngeal probe. After 16 hours, colon cells were isolated -
from the rat: and analyzed for DNA damage by means of the. comet assay. :

~ No cytot0x1c effects were detected in the trypan blue vitality test. When the “% tall 1ntensxty or
the “tail moment” was used in the comet assay for quantitative analysis, the values obtained with
an experimental group that received a low concentration of 2- dodecylbutanone (1.12 mg/kg body
weight) were similar to those of the control group, which was administered 2% dimethyl
sulfoxide. Slight but significant DNA damage was observed in the experimental. group that
received the higher concentration of 2-dodecylcyclobutanone (14.9 mg/kg body weight). Further
studies are needed to clarify the relevance of these results to an evaluation of risk from the

: consumptlon of irradiated foods.

Introduction

Of late there has been growing interest in the treatment of foods with.i lomzmg radiation. The
irradiation can help improve the hygxemc quality of the food and prevent diseases that otherwise
could be caused by consumption of foods contaminated with: parasites or. pathogemc
microorganisms. Furthermore, the irradiation of certain foods facilitates an improvement in the
storage life and reduces the spoilage rate [Diehl, 1995]. A growing number of countries have
approved the use of ionizing radiation for numerous products [Anon., 1998]. Within the EU, one
can expect harmonization of the legal regulations of the member states with regard to foods and
food components treated with ionizing radiation. As a first step, irradiation of dried.aromatic
herbs and spices is to be permitted in all EU nations. This development is based in part on the
positive evaluation of the procedure by the World Health Organization. In a1992 posmon




statement, WHO stated that “foods that have been treated with i 1omzmg radratlon and produced
according to good manufactunng practice (GMP).are to be regarded as safe in terms of health -
and satisfactory from the perspective of nutritional physiology.” Numerous studies and animal
feeding experiments, as well as experiments on volunteer test subjects, support this conclusion
[WHO, 1994]. Taking account of the studies available to date, a new expert committee
- eoncluded in 1997 that “even irradiation of foods with. high doses (> 10 kGy) may | be judged safe
and satrsfactory in terms of nutrition” [WHO, 1997, 1998] In recent years, there has also been
increasing interest in a.nalytlcal techmques to determine- whethér a product has been 1rrad1ated
[Delincée, 1998]. 'For example, a research team in Northern. Ireland has determined that certain
lipolytic digestion products - namely, the 2- alkylcyclobutanones [LeTellier and Nawar 1972]
— might be products that are unique to irradiation and therefore hold great promise as markers
~ of irradiation treatment [Stevenson et al., 1990, Stevenson, 19961. As a result of irradiation, the
~ acyl-oxygen bond in tnglycendes is cleaved with formatlon of 2- alkylcyclobutanones with the
same number of carbon atoms as the initial fatty acid and with the alkyl group in ring position 2.
For example, 2—dodecyIcyclobutanone and 2-tetradecylcyclo none are formed from palmttrc '
acid and stearic acid, respectively. - Although 2-methylcyclobut vone has been 1dent1ﬁed
following ultrasound treatment of Hevea brasiliensis latex, for example [Nrshrmura et al., 1977],
cyclobutanones have not yet been detected in non—xrradlated foods [Stevenson 1996] 'However,
since cyclobutanones‘do occur in irradiated foods — for example at levels of 0.3-0.6 pg 2-
dodecylcyclobutanone/g fat/kGy in chickens [Stevenson et al;; 1990, 1993; Boyd et al., 1991;
Crone et al., 1992 a, b, 1993; Stevenson, 1996] — it is necessary to characterize their potentially
. toxic features and undertake arisk evaluation.

In this study, the so—called' “comet assay,” a new test procedure that detects DNA damage in
individual cells by means of microgel electrophoresis, has been employed as the, toxrcologlcal
test procedure: [McKelvey-Martm et al., 1993; Fairbairn et al.; 1995]. Rat colon cells', tissue in
- which tumors can be generated under certain nutrrtronal condltrons, were used as-the target cells..

! [Translator’s note} The German “Dickdarm” used here can be translated “large intestine” or “colon” (the latter a
segment of the former); “colon” has been translated since the authors used the unmistakable “Kolon” in the same -

context in the “Summary.”




| : tMaterlals and Methods

: :Materzals L : ‘ : %
~ The test substance, 2- dodecylcyclobutanone (2—DCB) ‘was synthe31zed accordmg to the'
spemﬁcatwns of Boyd et al (1 991). ‘ :

- In Vivo experzment

of exposure —_which was determ ned:

Male Sprague-Dawley rats (=250g) were obtamed from Charles Rlver nga ~
Sulzfeld) and kept under the usual conditions. ‘The rats were randomly divided into 4 groups.

Two groups of six ammals each recelved 2-DCB via pharyngeal probe: the first group received
1.12 mg/kg body welght (BW), the second group 14.9 mg/kg BW. A group of three animals

~ served as negative control, and received the solvent of 2-DCB, namely 2% dlmethyl sulfox1de

(DMSO)'in physmloglcal sodium chlo de
animals was' employed as posmve control,
BW (dlssolved in physiological sodium ¢
treatment regnnen employed here he

lution (5 ml/kg BW) The fourth group with three
recexved 15mgl 2—d1methylhydrazme (DMH)/kg -
ide sol ’tmn, 5 l/kg'BW) The feeding and _
) et al,,.1996). After 16 hours
od of mne for'the formatxon of DNA
damage in colon cells. caused by DMH and. measurable by the comet assay [Pool-Zobel 1996] -
the colon was removed from the rats and the- colon cells 1solated by means of enzyma‘nc
digestion [Brendler-Schwaab et al 1994]

Cyotoxzczty , ‘ ' ' ‘ '
The potential cytotoxxclty of 2-DCB to the cells of the colon was checked with the aid of the

trypan blue vitality test, a rapid and 31mple method to d1fferent1ate between hvmg and non-hvmg
-~ cells [Pool et al 1990 Pool-Zobel et al 1994] o . :

- Comet assay: ‘ : i =
DNA damage to the colon cells was determmed by means of smgle-cell mlcrogel electrophores1s

(comet assay) [Pool—Zobel et al., 1994; Pool-Zobel and Leucht; 1997]. For each data point, 50
cells per slide and 3 slides per determmatlon were analyzed The evaluation was carried out on a
fluorescence microscope ‘with the i 1mage processmg system of Perceptive Instruments (Halstead,
Great Bntam) The DNA distributio in the comet was calculated as “% tail mtensny” and “tail
moment” — the latter a product of th ,proportlon of DNA in the tail and the length of the comet
tail [Falrbalm et al., 1995]. With: more severe damage to the DNA, the proportion of DNA in the

~ tail, and hence also the “% tall 1ntens1ty and “tail moment mcrease ’

Dete?mz‘natzon of the quantity of substance administered
Two different concentrations of 2-DCB were selected.. The low concentration was meant to

~ model radiation pasteunzatmn (e.g. with 3 kGy), while the hlgher concentrat1on was intended to

represent radiation sterilization (60 kGy)

For the radiation pasteunzatlon (3 kGy) of fresh chicken, we assumed formation of =1.5 pg of 2-

| DCB/g fat. Since palmitic acid represents only about 1/5 of the fatty acids in chicken, the total

quantity of cyclobutanones was roughly proj jected to be 5 times as great. If'one assumes at the
same time that all of the fat that a person consumes is irradiated (according to the DGE*-

2 DGE = Deutsche Gesellschaft fiir Ernihrung = German Nutrition Association




© of ~20 pg of 2-DCB/g iation sterilized (60 k ;‘fra‘zen;("-'46°
oo i e £

Results

-evaluatxon of the comets both as “% taII mtensxty” and as “taﬂ moment

-difference relati\{e 1

‘Nutntlon Report 1996 aman Welghmg 70 kg consumes an average of 104 g fat/day, orl 49 g

fat’kg BW) this would lead to a 2- DCB content of 1.5 ugx 5x1 49 =11 2 ug of 2-DCB/kg
BW. : .

With a safety factor [Classen et al., 198?] of 10 for individual differences, and

- factor of 10 to account for differences between various species (here, rat/human), the eXpected

no-effect level (NOEL) for radlatlon pasteunzatlon hes at

11 2 ugx 10x 10“1 12mg2—DCB/kgBW

Slmllarly, one would expect NOEL of

5 X1, 49x 10x10=149 ng—DCB/kgB:

for the radiatlo ‘
[Crone etal.,

The trypan blue vxtahty test dld not reveal any cytotoxic ¢ effects on the colon ‘cells fron the 2-

; ‘v DCB that was administered. The vitality of the treated cells was on the same order of magmtude
(=90%) as the cells.of the‘negatxve control group, whlch were treated w1th DMSO alone

On the other hand DNA damage from 2—DCB was. observed in the comet as

When the;.resqlts.:o; "

the posmve control group, Wthh recewed DMN as alkylatmg agent one mus‘ ecaIl : »hat the
lattex; is a strong. and spec:ﬁc rat'colon carcmogen : o
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Figures 1a, b DNA single-strand breaks in rat colon cells from the action of 2- ‘
dodecylcyclobutanone énd'DMSO; or DMH. Administered with pharyngeal
probe, 16 hours befgre isolation of the colon. ) v
(** p<0.01 significantly different from the negative control with DMSO;
unpaired, two-sided Student’s t-test, n = 3-6). ‘




Discussion : | : : .
“Initial in vitro experiments. w1th 2~dodecylcyclobutanone whlch at various concentratrons was
apphed to rat colon cells as well as colon cells from human b;opsres have shown that 2-DCB
leads to DNA damage [Dehncee and’ Pool-ZobeI 1998]. Although the concentrations of 2-DCB
that were used, ranging from 0.30 — 1 .25 'mg/ml, are large in comparison to the expected
- consumption of pg quantities of 2-DCB, further clarification is needed to determme whether the
these results are relevant to the safety of rrradtated foods E :

The in vivo experiments that were Just conducted hkewwe show DNA damage to. colon cells at
higher concentrations of 2-DCB. Of course; one must keep in ‘mind that not every instance of
DNA damage proves to be a precursor to damage severe enough to generate a turnor, .or leads to
mutations in tumor-relevant genes. ‘Furthermore, possible DNA. repair processes and other:
cytotoxic events, for rnstance apoptosrs play a role before lesions become mamfest and cell
degeneration is. initiated. : :

In addition, the quantity of 2—DCB that was admmrstered here isto be regarded as vety hlgh A
projection shows that the- concentration of 14.9 mg/kg BW in humans corresponds to . :
consumption of more than 800 radlatron-stenhzed (60 kGy) broiler chickens. This companson ~
. raises the question of whether the safety factors must in fact be 10.x: 10. With several food
ingredients (e.g. selenium), this concept would lead to' deﬁmency symptoms smce the amount
required in rats, for example, is about 25% of’ the toxic dose [Classen et al.; 1987]. With lower
safety factors, and hence lower test concentratrons of 2—DCB there would no longer be any
detectable DNA damage.

It should be mentioned once again that in many animal feedmg experrments with n‘radlated foods
in which it is known that cyclobutanone was also in the feed, no evidence has been: found to-
indicate an injury from irradiated foods that have been ¢ sumed. Typlcal in this regard is the

" Raltech study in the USA [Thayer et al., 1987], in ' which several generations of’ mice and dogs

were fed with radiation-sterilized chrcken This study also included nutntron-physwlogtcal
teratologtcal and: genotoxrc expenments on various specre fammal

- In each case, it is necessary to check the relevance of th esults that have been obtamed Itis
striking that the variation in observations is much greater at the low dose than the- htgh dose,
which in the latter case entalls statrsttcal srgmﬁcance This must also be clanﬁed ‘

Contlusron

High concentrations of 2—dodecy1cyclobutanone lead to DNA damage i in colon cells that is
detectable with the comet assay. The requisite concentrations are very. much higher than those
that can be reached through the consumption of irradiated foods that contain fat The results
urge caution, and should provide impetus for further studies. :
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GENOTOXIC PROPERT[ES OF Z—DODECYLCYCLOBUT NE,
A COMPOUND FORMED ON IRRADIATION OF FOOD CONTAININ, FAT |

‘ Henry DELINCEE and Beatnce-Louxse POOL-ZOBEL

Instxtute ot’ Nutnuonal Physxology, Federal Research Centre for Nutntxon,
Engesserstr 20, D-76131 Karlsruhe Germany :

ABSTRACT g

When food contammg fat is treate by nizing dxat:on, ‘a group of 2-
alky!cyclobutanones is formed. These components contain the same number of
carbon atoms as their precursor fatty acids and the alkyl group islocated in ring
posrtxon 2. Thus, from palmitic acid Z-dodecylcyclobutanone is derived. To date,
there ‘is' no. ‘evidence that the cyclobutanones occur in unirradiated food.
.. Therefore, these. components cannot be consxdered inherent to food, and for
questions pertaining to risk assessment of irradiated food uld be advisable to-
- determine the genotoxxc and toxx . po ermals of cy nes. Measu

e been carned out.In vitro
_ cate that 2—dodecylcyclo-

in vitro findings are of relevancy for the[m vivo human exposure sxtuanon needs
to be investigated in further studies. In'vivo tests in rats

KEYWORDS

Food irradiation; cyclobutanone; genotoxicity; comet assay.

IN'I"RODUC'I'iON

Food irradiation is a thoroughly tested techmque and: numerous studxes have led to the
conclusion “that irradiated food produced in accordance with established good manufactunng
practice can be considered safe because the process of irradiation will not lead to changes in the
composition of the food that, from a toxicological point of view, would have an adverse effect
to human health” [WHO, 1994]. It is well-known that some radiolytic products are formed in
very low quantities, which may cause some health hazards only if consumed in amounts much
higher than actually present in irradiated food. Nevertheless, it is desirable to gain knowledge on
the toxic potential of the individual radiolytic products formed. Since the very great majority of

~ radiolytic products also are found in native or otherwise processed food, many toxxcologxcal
evaluations of these radiolytic products have been carried out in the past, and are set in
perspective to other levels of human exposure.
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" are especially produced in-a: ‘dose-dependent: manner.

Henty Delincée and

Twenry-ﬁve years ago, it was reported that on xrrad;atron of tnglycendes a cyclic compound is

*. formed of the same carbon number as the esterified fatty acid. This compound was identified as
‘the 2- alkylcyclobutanone [LeTelher and Nawar, 1972]. ‘Recently, these compounds have also
been identified in irradiated food, and ‘they: were, proposed to be a marker of the irradiation
treatment [Stevenson et al;, 1990; Stevenson, 1996]. In fact, an analytical detection method for
irradiated food based on the formation of 2-alkylcyclobutanones in fat-containing food has now
“been standardized on a European level (EN 1785 : 1996). It is claimed that e.g. 2-
dodecylcyclobutanone (2-DCB) derived from palmitic acid is radiation-specific.and has never
been detected in any non-irradiated or. rmcrobxoiogtcally spoiled food [Stevenson, 1996] Maybe
that improved analytical techniques in future will find 2—a]kylcycl0butanones also in otherwise
treated foodstuffs at extremely low levels, However, at present it is known that these compounds
irradiated food, and therefore an

assessment of the hcalth hazard of these 2- alkylcyclobutanoﬁés would be adwsable

“In this paper, the genotoxsc potennal of 2,; _f E using the “comet assay”, which

measures DNA strandbreaks in cells [McKelvey et 1993 ‘Fairbaim et al., 1995]. Accordmg
to a parallelogram. approach [Pool-Zobel et al.; 199 “test compound 2-DCB will ‘be
subjected 1o in vitro studies using rat and’ human olon cells, and subsequently an in vivo study

with rats will be. camed out. Weused primary rat and human colon cells since the colonisan

important ta:get tissue: for many food-s : épér the ﬁrst in wtro ‘estimations

of the zenotoxxc potennal of 7-DCB are poned

2-DCB was. obtamed symhcsrzed as. descnbed by‘ ,oyd eral. ‘(1991) from Dr. C:H. McMun’ay
(The Department.of Agnwlture for Northern Irel Belfast, UK). Rat colon cells were freshly
isolated from rat colon using an in situ / ex vivo n procedure: [Brendler-Schwaab er al,,
1994} Human cofon cells were isolated from bxopsxes ,[Pool~Zobel and Leucht; 1997].

Rat and human colon’ cells were: “incubated with 2-DCB in the concentration range. of

10.30-1.25 mg/mi for 30 minutes at 37°C Both thc cymmxxcxty test using the method of trypan.

blue exclusion and the DNA comet assay were performed as descnbed by Pool-Zobel et al
- (1994) and, PooI-Zobe! and Leucht. (1997) ‘

RESULTS AND DISCUSSION,

- A novel techmque to detect genotmuc eﬂ‘ects of chemxcals is.the comet assay, a micro gel
electrophoresns of single cells to measure DNA damage. Freshly isolated colon cells were chosen.
- since they are. metabohcally competent: and expected to convert chemlcals as in in vivo-like

conditions.

- Cytotoxicity of 2—DCB in rat colon cells is. obsewed at mcreasmg concentrations as shown in
" Fig. la. Toxicity was apparent at | .25 mg/ml as a reduction in the percentage of viable cells

(absolute viability below-80 %). Relative viability (based on.100-% viable cells in the untreated
control at 0 mg 2-DCB) gave similar results.
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In further experiments the DN. given experimental conditions - DNA single
strand breaks - were meastired
~ is a function of “tail lengtt

parameter for DNA dama

ns:tyof fluorescence in the tail”, was chosen as the
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tll moment
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Fig. 2 DNA single strand breaks in rat and human colon cells induced by 2-DCB at various
concentrations for 30 minutes at37° C. - ‘ '

(means = SEM of 4 rats and 3 separate human colons, 50 cells for each point) ~

Fig:lb shoﬁs.the viabilityvo'f 2.DCB on human colon ,g:élls (&bm bio;ﬁ)si’es')f,v and Fa‘cyto"td):dc- effect

with increasing dosage is clearly demonstrated. Human colon cells seem to be more sensitive

than rat colon cells; since the viability is decreased to less than 50 % at the highest coricentration
of 2-DCB (i.e. 1.25 mg/ml) tested. The higher sensitivity of human colon cells is also found in
response to DNA damage, higher tail moments being measured (Fig:2). ™ e

These in vitro results clearly indicate a genotoxic effect of 2-DCB. However, concentrations
tested are very high compared with actual human intake. Amounts of 2-DCB in‘irradiated food
will vary dependent on ridiation dose and other irradiation parameters, storage and storage
conditions, and of course on the amount and kind of fat in the food. For chicken, amounts of
‘about 0.3 - 0.6'pg 2-DCB / g lipid / kGy have been reported. In highly irradiated chicken meat
from the Raltech study (mean radiation dose about 58 kGy), amounts of 17 pg/g lipid were still

2). The tail moment of the comets, which

< o




_found after 12 years of storag [Crone et al 1992] In the Raltech study no adverse eﬁ'ects'

mcé; an"d Beélrice Lotise Pobi‘Zébel

attributable to the irradiation tr Qbserved [Thayer et al.,1987). Thus, a possible risk
from 2-DCB rust be at a very low Ievel Inxorder to assess and quantitate this minimal risk ﬁ'om_
the intake of 2-DCB with irradiated food,:more experlments than these prehmmary ones are

required. An in vivo testin rats is.in p‘rogr 5. -
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o Identrﬁeatlon of Irradlated Foods

E!ectron spln resonance spectroscopy and detectron of 2—alkylcyclcbutanones

X ad.lated produ
Ieast %rtly due to'f

velop methi ' -
number of works ps (Raffi and Belhard
nd fed collab&:'ra ;) tnals R
& )

(IAEA 1990): Forexampl the

‘ ‘, forirradiation and n influenced by
other processes

{i) have'a detﬁctl‘ limail

ar’ to.those induced by other process
such as cookmg‘ There is no general method applicable:to-all
foods; thus, a‘range of tests based on ‘migrobiological ‘
1c;led physxcal and che;

of d.eté (Dehncee, 1991' Raﬂ‘i and! Belhardo 199 : Leo

k carried out in our laboratory :

( ' ‘the ctors: outlined

e, (2) be accurabe and reproducible, | 7'

10]
changes:in food are being devel:
to complement each other and reinforce the probability:

[ ‘ contammg bone is
‘ ; g pped m the crystal lattice of the
one, and they give an ES ignal ] ict:
dependent of the ne {Dodd. A
Goodm 989, Stevenson and Gray,
ence the formation and

hniqu ;g.omph 7 thh the requue-

convectiot ]

venson; 1989a), (5) u:radlathn dose
e 1989);(6) ‘dose rate (Gray and Steven-
d(7) tempe ture of madlatlon (Stevenson and.

, tmn—mduced signal has been
T system mvestlgated has given a sig-

ape. In addition, it has been detectable under

‘aIl conditions examined and at doses well beIow those likely
to be used ‘commercially. The feasibility of using the ESR.
,techmque for estimating dose was demonstrated when it was
wn that the intensity of thesignal induced in chicken bone
ased as irradiation dose increased up to 10 kGy (Steven-

Gray, 1989); ‘Nevertheless, because intensity of the

ced signal may be affected to some extent by

e, the ability to accurately estimate
unknown processing history will not

] n of bone samples. has been proposed
asa means»of eliminating the necessity wing the back-
“but’ extrapolatxon tooriginal dose may still

e sample and the time

s0 béen shown
‘om irradiated
and. Stevenson,
t the method
lusion:levels of

i burgers.:
diiced signal can
oY, However, the
iticle is complex
nal, and: careful

resonance'(ESR) spectroscopy | m:

food containing bone or shells

alkyleyclobutanones i

other procedures: which .have -
. product has spoxled andisnol
11992).'The. signal is not generated by boiling s

been subJected te collabor ive: testmg is ‘also included.

ESR Spectroscopy

. ESR spectroscopy is used to detect unpaired electrons in.
reactive species such as free radxcals Generally, the latter are

so short:lived that they cannot be detected; but if they are-

trapped in hard, relatively dry components o"fa food, such as

The author is' Principal Scientific Officer, Food and Agricultural
Chemistry Research Div., Dept, of Agriculture for Northern Ireland,
and Reader, The Queen s Umvers1ty of Belfast; Newforge Lin.; Belfast
BT9 5PX, N rth ern Jreland, United ngdom

- the radiation-induced signal. (Stewart et.al,

ger aceeptab

(S ) art‘;et‘ al.,

ples in water
for 3 min, and despite the fact that'the: mtensxty of samples
-cooked afterirradiation is reduced, it is still posgsgl:ge foisolate

- situation with food containing she more'complex -

than for products ¢ontaining bone because there is evidence
that the nature of the free radicals-formed'and hence the shape
of the ESR signal are species dependent (Fig. 1). This diver-
s1ty of: ESR sxgnal shape w1ll present problems of unamblgu-

——Contmued on next page
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‘ ldentlﬁcation of Irradiated Foods (continued),

Detection of 2-Alkylcyclobutanones

LeTellier and Nawar. (1972)  reported the _presérice' of

2-alkylcyclobutanones in triglycerides irradiated at highdoses

* 2-Dodecyleyclobutanone has never been detected in any
' unirradiated or microbiologically spoiled samples and has al-
- ways been found in irradiated samples even at doses as low as
10.5 kGy. Specificity of the compound as a marker for irradi-

(60 kGy). These cyclic compounds have the same number of || ation treatment was demonstrated when it was shown that it

carbon atoms as the fatty acids from which they are formed, -
and the alkyl group is in ring position 2. This work provided "

the theoretical basis for the cyclobutanone method which was

developed in our laboratory: Since most foods contain at least .
some fat, the method should be applicable to a'wide.range of -

foods. Preliminary studies have shown that the method has
the potential to detect irradiated exotic fruits such asmangos,

ing the seeds 'as‘-theu‘s'ource%of—fa’t,’:but:thefn{iethodv.may not |

be applicable to all fruits and vegetables. 5
Using chicken ‘meat as d model for fat-contait ood,

‘procedure has been developed for.the‘isolation and detection-
of cyclobutanones iri samples irradiated at doses well below 10
kGy (Stevenson et al.,; 1990; Boyd et ak., 1991). The initial work
concentrated: on*2-dodecyleyclobutaneéne; which is formed:

from palmitic acid-on irradiation. Because:cyclobutanone
standards are not available.cot ] dadecyle i
tanone had to be-synthesized:
The analytical method involve
tion using hexane, fractionation-on & deactivatéd
umn, and identification using gas.chromatography-
trometry in the selected ion mionitoring mode fo.

[y Sy
3520 .

O ) . i i | ] .
34207 3440°. 3460 3480 " 3500

Fig. T—isolatsd Radlaﬂon-lnduced
5-kGy dose: (a) Mediterraniean crevette;

. was not produced by cooking (Crone et al., 1992a); by pack-
aging in -air; vacuum, or carbon dioxide (Sievenson et al;,
1993); or during storage (Crone et al., 1992a, b). Although the
compound ispartly destroyed by cooking, there is no difficulty
in detecting it in cooked, irradiated samples (Boyd et al., 1991;
Crone et al., 1992a). As irradiation dose increased up. to 10

..chicken .increased linearly {(Crone et 992a; Stevenson,
11992). A similar response was.found in samples irradiated at

frozen temperatures, although the amounts present at each
irradiation dose were s].i%)lg}y lower (Stevenson et al., 1993).

This work has_now. been supplemented .and. extended
llowing synthesis of 2-tetradecylcyclobutanone, -which is
formed from stearic acid on irradiation. As with 2-dodecyl-
clobutanone, ‘the amount..of Z-tetradecyleyclobutanone
rmed in chicken meat increased with increasing irradiation

flected the lower coneentrations of stearic acid. in-chicken
eat.. : g B

s that these two cy-
ork, lamb,.and beef (Table
f 2-dodecyl- and 2-tetrade-

cyleyclobutanone formed w atio similar to that of the

precursor fatty acids (Tabl

was irradiated frozen.. .. : : .
. Although the reason for these ¢ ions.is unknown, the
position of palmitic and stearic acid on the glycerol backbone

- may influence the quantity of cyclobutanone formed. In pork

1 lipid, there is a tendency for palmitic acid to be preferentially

' bound at position 2 of the glycerol backbone, while stearic acid

-}is most likely to be attached to position.1 (Gunstone et al.,

1986). In this position, the stearic acid may be more easily

-1 cleaved and cyclized, hence producing ‘more 2-tetradecylcy-

clobutanone. The even greater amounts of 2-tetradecyl- rela-

]| tive to 2-dodecylcyclobutanone in frozen irradiated pork may

olecules in the fro-

be due to closer, packing of triglycerid
zen state (Gunstone et al,; 1986). - =0 .,
" Interest in application of the ‘cyclobutano

thod to de-

| tect irradiated liquid whole egg was stimulated by the poten-

tial use:of irradiation to control Salmonella in egg products.
Both 2-dodecyl- . and _2-tetradecylcyclobutanone were de-
tected in liquid egg irradiated at 2.5 kGy' (Fig. 3), and the
amounts-of the compounds were in a ratiosimilar to that of

N
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oz 70 [ seusoiz
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Fig. 2—FEffect of lfradiation-Dése on the amount af‘z—teﬂ‘adecylcyclé—
butanone formed in chicken meat.. SEM = standard-error of the mear
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Fig..3—Selected lon Monitoring of the sum ofions m/z 98 and 112 from
{a) standards of 2-dodecylcyclobutanone (DCB) and 2-tetradecyleyclobu-
tanone (TCB): (b} pasteurized, irradiated (2.5 kGyl liquid egg; and (c} pas-
teurized liquid egg B z

_kGy; the amount of 2-dodecylcyclobutanone formed ;iri fresh

ose (Fig: 2), although the amounts present were lower and:
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TESTING

«

Foods lrradlated at oses above ‘00 Krad and c'tprlslng more than

0. OIZ of the dlet are estnnated to contaln URPs in sufflcxent quan xty to

warrant tox1colog1ca1 evaluatlon. The non-mammallan mutagenlclty tests

offer a level of sen51t1v1ty not practzcally attalnable 1n whole an1mal -

.tests,‘and‘recalling thatfmeny‘URPs may Béusimiler-chemlcally to;

substances occurrlng naturally in foo&s,

approprlate tools to evaluate the potentlal carcxnogen1c1ty of lrradlated

foods. The tests recommended are 1) gene mutatlons n: bacterza, w1th and

w1thout metabolzc actlvatlon, 2) gene mutatlons in cultured mammallan

eells, ) DNA repaxr in mammallan cells, and 4) receSSlve lethal mutatlons

in'Drosophiia. These test are con31dered to be'the mlnlmum battery.
Requests for substltutlons for any of the above tests should be Justxfled
and will be consi&ered on a case byfcase basxs.

BeQEuse‘of the anticipated low level of individual radiolytic products

present in the whole irradiated food, the above tests must be performed on

extracts in which the concentration of radiolytic products is maximized.

Also, many of the radiolytie productssfrom,polysaetharides and -proteins

. will be large molecules and will not penetrate the cell membrane in the igé

vitro systems, hence the use of enzyme digests is recommended prior to the’

concentration of URPs.




In addxtlon to the short—term mutagen1c1ty tests, foods 1rradlated at

doses. above 100 krad must be evaluated 1n 90 day feedlng studles 1n two
specles (one todent, one non-rodent) The 90—day rodent testkshgnld

-ifclude in utero exposure.l To assure that the-test anlmals are exposed to

the hlghest concentratlon of rad1olyt1c products possxble, the 1rra xated

food may be lyophlllzed and 1ncorporatedw;nto_theeanlmal diet at the

, hlghest‘concentratlon'thak ;oes not compromlse the nutr1t10na1

requirementsfoffthe_tei es (se Aypendlx IV) It xs not necessary e

-to test enzyme digesté 5rradlated food in these tests slnce ach

test animal provides d “of food components before systeml :

absorption occurs. Higher - oses of partlcular radlolytlc products may be

‘obtained if'the seiectivéi?*

pted and concentrated materlal used 1n
the short- term tests is. employed’ however; it is recognxzed that mdch
greater quanfxtxes woald be needed for 1n v1vo testlng and thus would make
this latter suggestlon extremely dxfflculo and expen51ve to effect ln’any

pract1ca1 sense.

#
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Federal Reg:ster { Val. 53. No. 251 / Friday, December 30. 1988 / Rules and Regulations.

DEPARTMENT OF HEALTH AHD
HUMAN SERVICES ’

FOOD AND DBUG ADMIH!STRATION

'z1ct=npm179 e
[Docknmam-oomms-sr—mo, :

“cule,” that: (1) pecmitted, manufac:urers

to use radiation at'doses not to exceed 1
kilogray (kGy)(100 krad} to inhibit the
growth and maturation

and to disi est food of anhmpod pes!a

3 \irad) lo disinfect dxy

** - aromatic vegetable
o splces and ‘herbs)

AGENCY: v Food nndDmg ) Admlmstrahon.‘
ACTION: Final rule: denial of requests’ for

heanng on thefﬁnal rules that amended

the food additive regnlatmns to
authorize the' use of gamma radmtmn for

Trichinella spszIs and for

treatment of\eertam othet oods: Afters

necessary to ,ustify»
however, is amending the: l

the regulation that: dambes ‘minor: dry '

ients that may be radiation.
sterjlized because oblechons and

. expenence h oW his:

Ianguage is ambiguots.

. DAreS: The: amendmient in 179.26(1:) (21

CFR 179.%[!1)) is effective December 30

" 1988: written: objections.onthe: -
amendment and requests for a heanng
on the amendment by January 30.:1989.
ADDRESS: Writteni objections-onthe
amendment {o the Dockets Management
Branch (HFA-305); Food and Drug
Administration: Rm. 4-82, 5600 Fishers’
Lane. Rockville, MD 20857
FOR FURTHER KNFOMATION CONT! ACT‘

! Clyde A Takeguchi, Center for Food
Saféty and ‘Applied Nutrition (HFF-330},.
Food and Drig ‘Adminigtration; 200 C'St.
SW., Washmgton. Dc 20204, 202-472~
5740.

SUPPLEMENTARY INFORMATION:

L Backgto:md

In the Federal Regxster of July 22,1985
(50 FR 29658}, in response to a petition -
by Radiation Techrology. Inc., FDA:
issued a final rule authorizing the . *
irradiation of fresh pork to-control -
Trichinelle spzmhs. FDA based itc
decision on data in: the petition and i in
its files. The @ agency ‘had published a -
notice announicing the filing of the
petition (FAP 4M3789) in the Federal
Register of July 23, 1984 {49 FR 29682).

In the Federal Registerof April 18,
1986 {51 FR 13376} FDA. issued a final
rule, referred to herein as the “omnibus

S-031999 0038(02X(29-DEC-88-13:21:05)

additive regulanons. ob;echons and
requests fora -hearing are goveried b
/ art 12'of FDA's regulations
Under 21 CFR. 12:22{a); (1) each
objection must be submitted on'or
before the 30th day after the dateo
pubhcahon of the final rule; (2] each:

objection must be separately numbered::

{3) each ob;echon must specify wil
particularity the provision of the:

- . regulation:or proposédorder obj s
t0; {4) each objection on-whicha ‘hearing .

is requested must specifically so stat
failure to.request:a hearing on an
objection constitutes:a waiver of the
right to a hearing on that objection: and:
(5) each objection requesting a heanng

must include a deiaﬂed’descnpnon and ©

analysis.of the factusl information to be
presented in support of the objection:
Failare to include a-description and :

-analysis for an objection constitutes a. . .

waiver of the right to a hearing on' rhat
objection.
FDA received 590 echons to the

to the omnibus rile. Mz y of the .
objections expressed general opposition
to food irradiation but.identified no
substantive question to'which the
agency car respond: Because these
objections failed to raise any basis on
which te question the validity of the
findfrules. the agency is denying themi.

'F4701.FMT...[16,30]...7-08-88

. omnibusu'e’

Seventeen ob;echons to the wradisted
pork rule ands3 sbjections 1o the
edto a specific
aspect of the rule but did not request-a
hearing. Twenty ‘objectionsita the
irradiated poik “rule ‘and 12 nb)echons to
the ommbus rule ; ¢

k Regxslst of Februaty 23.1 g87. ksz FR

5450). FDA ‘denied these requests
because the public:interest did not. .

* requite a stay:FDA evaluated esch of .

‘the-contentions made in stpport of a
stay and concluded that they failed to
create significant doubts. about the"
‘safety of the:food irradiatéd under lhe ;
conditions of exther of the two :

regulahons
B.Sk dard foi gmntmga bearmg -
' ia for d dmg whether to.

issue in’ 3 way‘soughl by -
person. Aheanng y ‘lI be denied If :

insufficient to justify the factual.
determination: urged, éven if accurate.
{4) Resolution of the factual issue in
the way sought by the:person is-
adequate fo justify the action requested.
- A hearing will not be granted on factual
issues that gre not determinative with

“ respect to the action requested, e.g.. if

the Commissioner concludes that the
action;would be the same even if the
factual issue were resolved in the way

. sought, or if a request is made that a

final regulation includé a provision not
reasonably encompassed by the

. proposal.

{5} The action requested isnot.
inconsistent with any. provision in the
act orany regulation in this chapter .
particularizing statutory standards. The
proper. procedure in those circumstances
is for the person requesting the hearing
to petition for an amendment or waiver
of the regulation involved.
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" no basie for the wi‘o!esale appmal of
irradiation; Since FDA's regulation did not.
require studies to-test for the long-term health
impact of these chiemicals. it is
the Food, Drug and Cosmetic Act, and
evidence will b¢ presenled at the pu
hearing. "
(HEI Para. 1.3.) (Emphasis by HE! )

. Inthis objection, HEI has'made a
number of allegations about the -/
sxgmficance of FDA's decisioii no!
require toxicological testing before

concluding that irradiation of food- inithe

circumstances set forth i § 179.26 is

safe. However: HEL has failed omake J -

an adequate proffer to: support a-he:
on any of these all
_Under FDA’S:

on & review:d expenmeu I
showing the amount and type-
cherical changg lesely o' ‘be'¢

reliance on that tmalysxs. it

HET asserts thac the concentratxon
URP’s is not the crucial factor but'again
has not provided any evidenice or
rationale to:support its assertxon. Ev
HEI is correct that cancer-can’
theoretically be initated by a smgles
or carcinogenic chemical, to justify
hearing, HEI'would haveito'provide
some evidenice that- would reasonably
link fow levels of URP's to the causati
of cancer. HEI has not presented any
such evidence. 1

As discussed earlierin this: document

and in the omnibus.rule, FDA examined
all available data from animal feeding
studies with irradiated foods and found
no link between irradiated food and-
cancer (51 FR 13376 at 13378). Therefore,
HEI's assertion is a mere allegation that
is not supported by any evidence. FDA

S-031999 0042(02)29-DEC-88-13:21:18)

sin vmlahon of!

will not gran: & heanug on the basis of |
such an-assertion:(21 CFR:12. 24[!))(2))
HEI's allegabon that FDA has niot ™
preserited scientific evidence that
radiolytic products are chemically and -

toxicologically similar to known: natural‘ ’

food componients is untrue; The agency .

v didicite specxﬁc amcles ot the radiation

13380} and included other references in’
the admxms r tive ﬁle (Dockel No. 81\'

‘information fii:its afety evah(atxon of

:‘:radlo'ync Produ

cal orchemical dlfferenees

radiolytic products and known :,

food components: HEI has failed

present any such evidence and, thus,

$:not provided a:basis for a heanng.
HEI contends that until - -

carcinogenicity and mu:agemmty
tudies are performed on-concentia d

radiolytic lpt’ocluc:ts. as suggested by

Epstein and Gofmian in a letterito the

‘editor.of Science (Ref. 17), there is no.
‘basig for the wholesale approval of -
‘irradiation: Epstem and Gofmani stated

that, ¢Stable radiolytic products cou!d
be extracted from: trradiated food by~
vatious.aqueoiis and nonaqueous:
solvents, which could then be

concentrated and subsequently’ tested e

/BFIFC, in its report. {Ref.5.p:18),
exphcxtly congidered testing ="
requirements, including the optmn of
testing extracted and concentrated:
radiolytic products. Based onits review:
of thie available literature dealing with -

. the identity, amount and polenhal

toxicity of radiolytic'products, BFIFG

recommended that such testing was not -
* necessaryito assure the safety of foods™
- -irradisted at doses below 1 kGy orof,
* minor'ingredients rradiated at déses

below 50-kGy because of the low
potential concentration of radiolytic

" products in such-foods. The agency, in
“the omnibus rule, agreed with the

recommendation’and concluded that
foods irradiated under-the conditions of
the regulation are safe, and thatne
additional toxicological testing should
be required {51 FR 13376 at 13378).

F470..FMT...[16,30]...7-08-88

has not éuppoﬂed it WAK énv endence ,

 that the levels ofradxolytxc producls

formed in food irradiat
conditions of :he rregulahon would be so
hxgh as 10 re i

to support the. apptoval
food addxuve. Tberef

conclusions of BFIFC, |
and other mformahon

Ixaggerahon of.

" dose relative 1o tha scnbed by this

regulation
establishes

nd a

m‘admted in
accordarice with the r on'{51 FR 13382).
In a review of 1,223 lesomeness studies
conducted by J.'Baina for the: Hingarian -
Academy of Sciefices in:1979; study results:
were classified as either neutral, adverse, or
beneficial. Each study could have several
oulcomes, since studies could address more
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EPARTMENT OF HEALTH AND

 HUMAN SERVICES
S Food and Drug Admmnstratlon
2 CFR’Part 179

[Docket Nos 85F—0507 and 86F—0509]

Processing and Handling of Food S

" AGENCY: Food and Drug Admini tratlon, e
- HHS.
" ACTION: Final rule, dem

est for
stay of effective date and for a- hearmg'
confirmation of effective date. -

: VII ‘Reference .

Administration (FDA) is. denymg th!e

‘requests for a hearing that it h Ja o
received on the final rule that amende:

radlatmn for the contro of food~borne :

concluded that the ob)ectlons doxmot

* - raise issues of material fact that ]nstxfy;:

a hearing or otherwise provide a basxs o
for revoking the amendment to the *
regulation. FDA isalso denying the
request for a stay of the effective date’
the amendment to the. food addmve

regulations.

: 1 FDA's Fmdmg of No Slgmﬁcant

. 2. Objections b FW
a. Information: subrmtted by
interested parties Y
b. Petmoner con

cnmes

d. Alleged. contradmtlon .
. ‘Summary and. Conclusmns

L Introduchon

DATES: - Effective date conﬁrmed May 1. Object

2, 1990.

FOR FURTHER INFORMATION CONT ACT
Patricia A’ Hapsen, Center: for Food

‘Safety and Applied: Nutrition (HFS-
206), Food and Drug Administration, :

200.C St. SW., Washington, | bC 20204,

- 202-418-3093.

SUPPLEMENTARY INFORMATION:
Table of Contents

L. Introduction ‘
I Objections, Requests fora Hearmg

. ‘and Reguest for a Stay . .
* M Standards for Granting a Hearing

IV. Analysis of Objections and Response
to Hearing Requests

A.. Safety of Frradiation to: Control
Microorganisms in Poultry

1. FDA’s Determination of Safety

2.. Objections

a. Letters -

b.. Objections. by FWI :

i. Power of the CIVO chromc rat
feeding study

ii. Addition of ethoxyqum to. :
irradiated chicken in the CIVO Studies

iii. Adequacy of all CIv o stud1es-——
other issues

iv. Compliance with the Bureau of
Foods Irradiated Food Committee
{BFIFC) report of 1980

B. Environmental Issues

5 Sectmn 409(f) of the F

Drug; and Cosmetic At

* ULS. C 348&)),‘ provx‘ st
lic

relatmg to a food additive regulauon,
any person adversely affected by such
order may file objections, specifying
with particularity the provisions of the
order “deemned objectionable, stating
reasonable grounds therefor, “and may "
publ :

resolved ata hearing. .
Under 21 CFR 171, 1\10 of the food

‘additive regulations, ob]ectlons and

requests for a hearing are'governed by

part 12 (21 CFR part 12) of FDA's
. regulations. Ui
- objection: (1)

lﬁ 22(a) each

> submitted on or
before the 30th day after the-date of
publication of the final rule; (2) must be

"separately numbered; (3) must specify

with parnculanty e provision of the
regulation or proposed order objected

‘to; (4) on which a hearing is requested

must specifically so state; failure.to
request a hearlng on an objection
constitutes-a waiver of the right to a

o _signatures and two. submissions from

hearing on that ob)echon, and (5)
requesting a hearing must include a

“detailed description and analysxs of the
* factual mformatron} to.be presented in -

pport of the jection. Failure to

~include a description and analy31s for
Tan ob)ectlon constitutes a waiver of the

rlght to a hearing on’that objection.
“Following publication of the poultry

o ﬁnal rule, FDA received several ©

identical _letters with multiple -

ed endmg a
of the scxentrﬁc Issues:

; sﬁhrmtted by the requester
ng other things; that: (1)
: and substantial -
: olution.ata heanng
i lnot be_granted on issues.

by avmlable and: speclﬁcally
reliable evidence; a hearing
granted on the basis of mere -

L ;lemals or general
) id’

a heanng, would be adequate to justify
resolution of the factual isste in the way
solight by the requestor; a hearing will
bedenied if the'data’and information
submitted are insufficient 1 justify the
factual determination urged; even if -
decurate;-and:(4) resolutlon of the:
factual issue in the way: sought by the
person is adequate to justify the‘action

_requested; a hearing will not be’ granted
~on factual issues-that are not™: .. -

determinative with respect to the action’
requested (e.g;, if the action would be-
the same even if the factual issue were
resolved in the way sought), - )

A party seeking a hearingis reqmred
to meet'al*‘threshold burden of *. -
tendéring evidence suggesting the need
for _hearmg *(Costle v. Pacific LegaI
Foundation; 445 U.S. 198,214-215
(1980] reh. den:; 4451.5. 947 (1980);

.citifig. Wembezgerv ‘Hynson, Westcoit &
- Dunning, Inc., 412 U.S. 609, 620-621

(1973)). An allegatmn that a hearing is
necessary to “sharpen the issues” or to
“fully develop the facts” does not meet
this test (Georgia Pacific Corp. v. U.S.
E.P.A. 671 F.2d 1235 1241 (ch Cir.

o A G
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- 'grantmg a heanng because a hearing
request must include specifically
- identified feliable evidence that.can

“lead tc ‘resolution of a factual issue in.

pute. A hearing will not be granted -

- on the basis of mere allegations or *
denials or general descriptions of
positions and contentions. ..~ -
(§12.24(b)(2)). Therefore, FDA i is .
denying the hearmg requested by these .

letters. "

=T b Ob]ectlons byFWI k In one of its

‘reasondble certainty
poultry at:300 krad {3 kGy] is not
harmful, ‘ th :

VO Iu"oruc mt

L Y-
- ‘about the statistical 1 power of the

- «.chronic feeding study in rats conducted N

- by.CIVO:'S ecifically, FWL ‘asserts that
this feeding study ‘was inadequdte for-
determining safety bécause the study’
.did not have sufficient stanstmal power
to demonstrate that the-cancer risk from
consumption of xrradlated chicken
would beless than one’in-a million.

- FWI stated® “In accordance with
procedures applied to food. additives

- generally; testing’ must be of such

senisitivity that even a small incremental

“risk of cancer. cannot escape detectlon,

] ults' of statlsucal
dmg the power of the test.

‘approval o m'adlauon of poultry *ox o
' ar the urden of estabhshmg

support 0 ;
only a table entitled. “Idenhﬁcahon of
<ic:Radiolytic Products in - -

. Irradlated Organic Media or Food,” but

this table contained ne information on
o genotoxlm ita frony ifradiated

poultry.

Iision. that the eviderice
demonstrated that irradiated poultry
was not. mutagemc (55 FR 18538 at
18540]

'Neither FDA’s guidelines mor
generally accepted scientific procedures
suggested for food additive testing

. FWT's conte
submissionis; FWI contends that “FDA . s Contenti

bas failed to: demonstrate that there is'a: -
‘that irradiation of

each group. For’ example; e standard appmach to
assess Iow levels of carcmogemc nsk is to feed a;

- illion from a.substancs’ and}x

- cannot be donie with a diet

s objection did not dispute.

, mil ‘mn 2 FWL provxded noinformation

to support its contention, éither by
reference to FDA's regulatmns or to any
other requirement. Thus, FDA .
concludes that this ebjection raises no -

. issue of fact'that canrbe resolved at a
CaE heanng Instead’?the b)ecnon snnply

power of this
“detect'an’incre:

- one million. Hc

T demonstrate V.
eAgency R P :

testing in laborato

suchia iugh dos
using & linear éx
modelito.detect'a

study design could detect a:1
mmdence at a high do:

Alternatively; testing ti

group would overwh

capabilities. Y
Under FDA guidelines,

is generally conducted at levels no: hxgher thans'

percent of the diet for nonnutri

. .cause a s gmﬁcant
numnona! deficit [Re noted previously and
discussed in-detail inthe poultry final nile; the
CIVO studies fed chicker irradiated at the " -
maximum dose allowed by the regulatxon. as well
as at twice that dose, in smounts, equxv-alem to 35
percent of the diet{by dry weight). Moreover, based
on its review of the.muf city data, L
concluded that there wastio basis to's
irradiated chicken would be carcinogenie: *

sirradiation doses: typxcéllycan be ratsed only
marginally lngherlhanw iild be used in practxce
before they prodiice effectsithat w 1d' change food
significantly, often: producing an npal:
product that animals will not et Speeial
processing conditions canhé used {6 minimize such
effects, however, such as m-adxa!ing foodiinithe.
frozen state in the abisence of air. In the poultry
final rule, FDA: cited tests conducted'at a dose
approximately 10 times highes: than the CIVO
studies, which studies showed no ddverse effects

recommend that carcmogem(;lty teshng #¥elated to irradiation (55 FR 18539 at 18540).FDA

be sufficiently sensitive to detectan
increased cancer risk of one in one

relied primarily on the GIVO studies, however,
because FDA would not expect irradiation of
poultry at a dose below 3 kGy to be eonducted

s descnptmns of
o contenhons (§12 24(b)(2))

ordinarily:consumed anythm other thau tnvxally ;
PP ) thie

submitted no information to establish
that the testing it recommended is
reqmred to demonstrate safety, or even
that such testing would be valid to
;assess safety. Nor d1d FWI provide any

information concerning how one can
sconduct such a study or how one can
interpret the findings in the context of
- poultry irradiated at a' dose not to
= exceed 3 kGy:iBecause FWI provided no

dence fo consider in support of its
_sertmn, FDA is denymg the request
j ‘ n this: pomt because a

‘d‘enials or general

ple te the testing. Prolonged contact
" { ds [fats) to be

TE nhng rancuhty by this means is of
iportance for a product: dned and

In. its second contention;- FWI states

. - sthat the CIVO studies were seriously
_-“compromised bécause the addition of
- thei antioxidant ethoxyquin to the

hicken decreased the levels of lipid

“peroxides in the irradiated chicken to
levels comparable to those in

' unirradiated chicken. FWI.contends that
" ‘these decreased levels would interfere

with the observation of Ftoxicity from the
lipid peroxides that were formed in
higher amounts.during the hot air

" drying of irradiated chicken than in the

umrradlated chicken. "
-1 the poultry final rule, FDA noted

that ethoxyquin had been incorporated
-into'both the control diets and the test
“diets in the CIVO studies. The agency

acknowledged (55 FR118538 at 15839

- and ‘15840) that FDA reviews of the

CIVO studles had raised thie question of

using the processmg condxuons reqmred for the
hlgher dose. -
Extracts,of m'admted foods have not been relied
on primarily for testmg because radiolytic products
of food do not differ in‘any particular chemical or
‘physical properties ﬁ-om other components of food
that wotild allow them to be specifically extracted
from food. Addmonally radiolyti¢ products:are
typxcally identical 1o substances that occur
naturally in foods, Therefore, FDA is not aware of
how one could prepare an extract that would ensure
the presence of all radiolytic. products while i -
excluding the preserice of other similar components
of faod that did not gesult from irradiation. The h
only way to ensure that all radiolytic products are
presentis to feed thé irradiated food itself:




