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SUMMARY

The application of gamma-irradiation for extending the shelf life of sea-
food has been of interest for many years. This report reviews a number of
studies on seafood irradiation conducted over the past several years. Topics
covered include seafood irradiation techniques and dosages, species applic-
ability and differences, the effects of packaging on seafood preservation, and
changes in organcleptic acceptability as a result of irradiation. Particular
attention is given to radiation effects {1ikely and unlikely) of concern to the
public. These include the potential for generation of toxic chemical products,
botulinum toxin production, and other health concerns. No scientifically
defensible evidence of any kind was found for any harmful effect of irradiation
of seafoods at the doses being considered (iess than 300 krad), and all indica-
tions are that irradiation is an acceptable and needed additional tool for sea-

food preservation.
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INTRODUCTION

The U.S. Department of Energy (DOE) is in the process of funding demon-
stration food irradiation facilities in six states to test the effectiveness of
irradiation preservation of local food products. This literature survey was
conducted to provide a technical basis for future research specifically related
to the Alaska irradiator project. The major application for food irradiation
in Alaska is likely to be for parasite control, shelf-1ife extension, and
preservation of fish and other local seafood such as crab,

The literature survey should be an ongoing effort, to maintain a flow of
information as new research results are published, and also to report the con-
tents of harder-to-find documents as they become available. Also, as the pro-
gram develops, comments by interested members of the public may need to be
addressed, Such comments in the past have often been based on obscure foreign
language reports which are difficult and time~consuming to obtain,

In addition to the literature surveyed here, three other reviews are valu-
able for an understanding of the seafood irradiation concept. Nickerson,
Licciardello, and Ronsivalli {1983) provided a comprehensive survey of seafood
irradiation (including 233 references) in a 3-volume CRC {Chemical Rubber Co,)
Review entitled "Preservation of Food by Ionizing Radiation", which covers many
of the topics in this survey. Another important review is a recent report from
the Council for Agricultural Science and Technology (CAST 1986) which covers
irradiated food in general and not specifically seafood. In the CAST report,
the use of the term "irradiation" is avoided and is replaced with the more
cumbersome term “ionizing energy”. The CAST report is recommended as an
adjunct to this survey as it is technically more comprehensive and gives back-
ground research results from other foods to which seafood irradiation can be
related. Also, the U.K. government recently published a report entitled

"Report on the Safety and Wholesomeness of Irradiated Foods," which provides a
carefully researched non-U.S. viewpoint on the subject of food irradiation
(Advisory Comm. on Irradiated and Novel Foods 1986)}. This report consists of a
series of summaries and conclusions by the various committees set up by the

U.K. government. It deals with the question of irradiated food safety and



wholesomeness from various viewpoints, ranging from technology and radiologi-
cal, microbiological, and toxicological hazards, to nutrition, labeling, and
marketing.

It seems likely that any seafood that will eventually be irradiated for
commercial sale in the state of Alaska will first have been thoroughly evalu-
ated, from a technical standpoint, based on the identical product to be sold,
and on research performed in the U,S5, Although much excellent work has been
done outside the U.S., mostly supported by the International Atomic Energy
Agency {IAEA) and the Food and Agricultural Organization {FAQG) and related
agencies, most of it deals with products that are not major Alaskan seafood
items. It is unwise to transpose data obtained on one variety of seafood, or
even fish, to another species and to assume that the data will be identical for
both species. Research to be reported in this review shows clearly that dif-
ferent species of seafood respond differently to irradiation. Apart from the
illogical but very real public concern about the relijability of work done in
other countries, there are many factors other than the seafood species to be
considered, any of which can affect seafood quality. This is best summed up by
quoting from a Dutch report {Houwing, Obdam, and Oosterhuis 1978}:

Although many foreign institutes had published their irradiation results

in the last 10 to 15 years, we started research on the irradiation of cod

and plaice fillets and of shrimps some years ago. The reason was that,
despite these publications, we were unable to give a justifiable answer to
the question: “Is the irradiation of these fishery products feasible or
not?" An answer to a question like this was difficult not only on the
basis of foreign studies but also because several parameters such as
catching season, fishing grounds, freshness of the raw material and
hygiene in processing both at sea and ashore may influence the shelf-life
of fish in general and of irradiated products “n particular. Even if
these influences were known, it is hard to believe that they could be

transferred to Dutch circumstances. The crucial point was that we had a

strong wish to advise industry about irradiation possibilities in connec-

tion with the above-mentioned parameters, for which we could not take the
responsibility at that moment,

Seafood irradiation is one of the most intensely researched areas of food
irradiation, and potentially one of the most useful and productive. The
literature reports obtained and summarized here were identified from a computer
data-base survey performed by N, G. Carter of the Hanford Technical Library

staff. After restricting the field of search to seafood, irradiation, and



related keywords, the number of citations was reduced to 508, including Some
duplicates. Over 50 of these citations were requested in hard copy, including
some entire conference and symposia proceedings and government-funded reports.
The review is based on these reports and proceedings, and some journal articles
obtained from other sources. In some cases, the abstracts were deemed suf-
ficiently informative to be used, and in these cases the reference has been
tagged "abstract only" in the reference list. Use of abstracts has been
restricted as far as possible to foreign language material relating to data of
peripheral interest, such as tropical fish irradiation.

Public responses to the prospect of eating irradiated seafood are a cri-
tical item in the implementation of any demonstration irradiation plan. There
are several market surveys in existence. These have been summarized separately

from the technical review in this paper.

The "bottom 1ine" for seafood irradiation is positive. The technical
feasibility has been demonstrated, organoleptic tests performed, health and
safety aspects investigated, and long-term (multi-generation) feeding studies
with animals performed. Market surveys showed a good degree of potential
public acceptance. However, none of this material specifically relates to
Alaskan seafood. Research will have to be performed to show that conclusions
reached for seafood harvested in the continental U.S., Europe, and the Tropics
can al1so be applied to Alaska's seafood industry.






















































Another group of the dried fish was irradiated (up to 300 krad) without arti-
ficial infestation. Fish were cooked at periods ranging from 15 to 180 days
after irradiation. 1In an untreated control group, infestation of 60 to 70% of
the dried fish by six different species of flies had occurred. A dose of 200
krad was sufficient to prevent the larvae of the (most resistant) cheese
skipper fly from developing into pupae. The dried product, irradiated to

300 krad, stored for up to 6 months, and cooked, was acceptable to the taste
panel. There was some problem with packaging, due to physical puncture of the
bags by fins, leading to re-infestation by insects entering through the punc-
ture holes, Bags made of polyethylene and polypropylene 6- to 8-mm thick were
required to avoid this problem. Fisher strain rats were fed on irradiated
dried mackerel in a histopathological study (Bhanarapravati et al., 1975).
However, the findings of this study were marred by the discovery of foci of
pneumonitis in the Tungs of every animal, including controls, which may have
been responsible for the nonsignificant changes from normal observed in all rat

organs examined,

Finally, the Indonesian study by Maha (1981) on irradiated dried fish was
directed more towards packaging, transportation, and consumer acceptance than
technical feasibility. The resuits showed that a dose of 50 krad prevented
insect infestation in dried fish, which could then be marketed for 3 to
4 months under ambient conditions. Fermented, salted fish could be best
treated with a combination of 200 krad of irradiation after dipping in 2%

potassium sorbate as a preservative.

PACKAGING

Studies on the effect of packaging on the preservation of irradiated fish
have been mentioned above. This section deals specifically with problems
encountered by the use of different packaging materials and methods, the use of
aerobic {air-permeable) packages or anaerobic packages, and related considera-
tions. There are two main areas of concern in regard to seafood irradiation
and packaging: rancidity in air-filled packages and toxin production in
anaerobic packages.
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One concern is premature rancidity that can occur in particularly fatty
seafoods stored in aerobic packaging. Irradiation gJenerates free radicals in
the food (as does conventional cooking), some of which are long-lived, If the
food is packed in packaging that admits or contains air, the oxygen of the air
reacts with free radicals from unsaturated fat in the food to form peroxides,
which are the characteristic products of fat rancidity. By exposure of seafood
to air during and after irradiation, premature rancidity can occur; this is
more of a problem with higher irradiation doses and with fatty fish. This fact
was noted by Miyauchi et al. (1968) who commented that: "Some fish and
shellfish--notably haddock, shrimp, and Dungeness and King crab--lend them-
selves to irradiation with air in the package, but sole and flounder fillets
irradiated this way become rancid after 10 to 14 days of refrigerated storage.
These oxidative changes occur primarily in the fatty layer along the lateral
1ine and on the edges of the fillets exposed to the air in the package."”

There may also be some unfounded public concern about the hypothetical
formation of carcinogens during irradiation, from f-ee radical reactions in the
seafood, although there is no evidence in any publication or abstract examined
of any carcinogen formation during seafood irradiation. (This failure to
identify novel or carcinogenic compounds produced by radiation processes is not

surprising in view of the low doses used in treatments.)

Anaerobic packaging is also of concern because it provides an air-tight
environment which can encourage the growth of some toxin-producing bacteria.
One potential toxin that is produced in anaerobic conditions is that from

Clostridium botulinum whose spores are radiation resistant and can produce

viable bacteria that generate toxin after long storage. Harmiess bacteria
which normally cause changes in the fish {(odor, visible colonies, etc.) and
provide warning of impending spoilage are killed by the radiation.
Clostridium, which gives no detectable warnings in taste, smell, or color, is
not killed by irradiation at the low doses used. Hence, it is possible
(although highly untikely) to have apparently fresh fish which contain the
toxin., Formation of Clostridium toxin in fish afte~ irradiation has been the
subject of a large number of reports, summarized in a separate section. This
problem could perhaps be avoided by selection of a sackaging material with

22



Jimited permeability to oxygen. After irradiation in vacuum or in an inert
gas, the package would gradually (over several hours or days) allow oxygen
diffusion into the interior, replacing the inert gas or vacuum with an aerobic
environment. A very low level of oxygen (1 ppm or more) will prevent germina-

tion of Clostridium spores.

If these two concerns--rancidity in air-filled packages and toxin forma-
tion in vacuum or inert gas-filled packages--can be dealt with, then the actual
nature of the package seems to be a minor problem. Most reports describe the
use of polyethylene for irradiation work; other materials which do not discolor
or form leachable breakdown products during irradiation could also be used, In
a review by Kumta et al, (1973), results of fish irradiation in various forms
of packaging were described. Polyethylene films (0,076 to 0.165 mm) and their
laminates with paper or cellophane and aluminum foil and paper were found to be
impermeable to bacteria. Laminated film with aluminum foil was impermeable to
water vapor at 98°F and 80% relative humidity, whereas other matertals showed
considerable variability in water vapor transmission. Polyethylene-cellophane
laminates showed water vapor transmission rates lower than polyethylene and
other laminated films,

Miyauchi et al, (1966) reported the comparative effects of vacuum and non-
vacuum packaging of Dungeness crab meat, and also a comparison between packag-
ing in polyethylene pouches and in cans under vacuum. Their results {excluding
bacterial count data) are reproduced in Tables 7 and 8.

TASTE, 000R, AND TEXTURE OF IRRADIATED SEAFO00

Because of the diverse nature of seafood and the fact that it is used in
forms ranging from completely raw to dried, cooked, and smothered in spices,
organoleptic changes during irradiation vary from negligible to completely
unacceptable. End use of the product is therefore a factor in deciding whether
an irradiation-induced change in flavor, odor, or texture is acceptable. The
following examples of organoleptic changes induced in different seafoods illu-
strate this point.
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TABLE 7. Comparison of Storage Characteristics of Dungeness Crah
Meat Packed in Cans Under Vacuum or No Vacuum and
Irradiated {Miyauchi et al. 1966)

Storage Storage
Series Temperature, Time, Sensory Score

No. °F weeks No Vacuyum vyacuum

0 7.6 7.7

1 6.9 6.6

2 6.8 6.8

3 33° 3 6.5 6.7

4 6.3 6.5

5 6.4 6.6

6 5.4 5.4

0 8.2 8.3

2 7.7 7.8

3 6.0 7.8

33° 4 7.5 8.0

5 6.6 1.2

4 & 6.8 7.2

7 2.7 2.0

0 8.2 8.3

1 7.7 8.0

42° 2 7.3 7.3

3 5.0 4.0

Notes: Sensory score was based on a 10-point scale as
determined by a panel of trained testers evaluating
appearance, odor, flavor, and texture. Samples were
considered unmarketable at a score of <5, Irradi-
ated samples received 200 krad.

Miyauchi et al. (1968) determined the acceptability of deep-fat-fried
petrale sole and halibut, baked halibut, King and Dungeness crab meat cock-
tails, and Dungeness crab meat salad, after storage at 2 to 4 weeks after
irradiation to 0.2 or 0.25 Mrad. Table 9 reproduces the results of the taste
testing by 158 U.S. Army personnel at Fort Lee, Virginia.

These authors also prepared a general figure based on their results, which
shows the overall variation of acceptability and quality of irradiated fish
over five weeks of storage at 33°F, This figure agrees well with results
reported by other workers, and is reproduced below (Figure 5).
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TABLE 8. Comparison of Storage Characteristics of Dungeness Crab
Meat Vacuum-Packed in Plastic Pouches or Cans and
Irradiated (Miyauchi et al. 1966)

Radiation Storage

Lot, Dose, Time, Sensory Score
No. Mrad weeks Pouch Can
0 8.3 8.3
V4 7.0 7.8
3 6.3 7.8
4 7.5 8.0
1 0.2 5 6.4 7.2
6 5.8 7.2
7 5.3 2.0

8 2.0 --
0 8.7 8.5
2 8.4 7.5
0.1 2.5 6.8 4.0
2 3 4.5 2.0
0 8.2 8.3
2 7.6 7.0
0.2 ! 6.3 5.8
4 6.3 5.3
5 4.0 2.0

Notes: Sensory score was determined as for
Table 7. Plastic pouches were of
polyester-poliyethylene material,

Power et al. {1964b) determined the effects of various cooking methods on
taste of irradiated fish (haddock fillets). They found that steaming for
10 min compared favorably with baking as a desirable method for detection and
comparison of taste differences, but, as expected, frying was the least sensi-
tive method, tending to mask adverse flavor, odor, and texture changes. Frozen
unirradiated fish developed stale, slightly sour odors and flavors after
10 days, with very stale, ammonia-like odors and flavors dominating after
16 days. This change was associated with an increase in the trimethylamine
level to 8 mg N/g and then to 37 mg N/g. Irradiated fish developed the same
odor and flavor pattern after 23 to 30 days. Fish irradiated at 125 and
250 krad initially had slightly lower scores due to a slight "burnt" taste,
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TABLE 9. Mean Preference Scores of Irradiated and Unirradiated Seafoods (Miyauchi et al. 1968)

Number Storage Mean Preference Score(a)
of Judges Time, Dose, Nonirradiated, Irradiated,
Product in Panel Weeks Mrad Stored at -20°F  Stored at 33°F

Deep-fat -fried petrale sole fillets 50 2 0.2 7.68 7.52
53 4 0,2 7.49 7.32

Deep-fat-fried halibut 43 Z 0.25 7.60 7.72
46 4 0.25 7.59 7.33

Baked halibut 30 2 0,25 7.17 7.13
32 4 0.25 1.16 7.34

King crab meat cocktail 43 2 0.2 7.23 7.14
47 4 0,2 6.93 7.47

Dungeness crab meat cocktail 55 Z 0.2 7.14 7.23
Dungeness crab meat salad 63 2 0.2 7.33 7.44
Dungeness c¢rab meat rice casserole 63 Z 0.2 7.76 7.46

(a) Based on a 9-point hedonic scale where 1 to 4 indicate degrees of "dislike,” 5 indicates
neither l1ike nor dislike, and 6 to 9 indicate degrees of "like."
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TABLE 13. Quatitative Changes in the Bacterial Fiora in Irradiated and Unirradiated

Bombay Duck Laminates During Storage (Bhadra, Chaudhuri, and Bose 1973)

Preportion ot Bacteria Expressed in Percentage
Days of Storage
Batch Genus and/or 7 14 21 28 35 42
No, Type of Bacterla €onf, irr, Conf, Irr, Cant, Irr, Cont, Irr. Cont, Irr. Cont, Irr,

| Pseudomanas
Non-fluorescent 12 2 15 [ 14 12 - 10 - 2 - 2
F luorescent 4 0 16 0 14 0 - a - a - 0
Agramonas 16 10 10 6 20 0 - a - 2 - 0
Prateus 14 10 18 10 30 10 - & - 2 - 0
Achr onobacter 12 23 18 30 8 34 - 36 - 38 - 44
¥ibrio 10 0 4 0 4 0 - 0 - 0 - 0
Mlcrococcus 28 50 16 42 10 42 - 48 - 54 - 50
Flavobacter jum 2 0 0 0 0 0 - 0 - 2 - 2
Corzne?oms 2 0 2 2 0 0 - 0 - 0 - 0

N Psaudamonas
“Han=flTuorescent 2 0 B 1] 10 0 12 1] - 0 - -
F luarascent 0 0 2 0 4] 0 0 0 - 4] - -
Aeranonas i8 i0 10 10 15 B 24 0 - 0 - -
Proteus 26 26 32 18 n 14 28 8 - 8 - -
Achranobacter 16 20 20 25 20 32 20 38 - 46 - -

Yibrio 6 0 4 i} 4 0 2 0 - 0 -
Micrococcus 24 40 22 a5 20 44 12 48 - 44 - -
Fiavobacterlum [ 4 2 2 a Q0 0 0 - 0 - -
Corneforms 2 0 0 0 0 0 2 0 - 2 -

1l Psaudomanas
Nen=-fiuarescent 10 2 12 4 12 2 - 2 - 0 - 0
Fiuorescent 4 0 a 0 4 0 - 0 - 0 - 0
Aeromonas 14 10 18 10 16 4 - 4 - 2 - 2
Praoteus 26 12 20 10 28 4 - 4 - 6 - 6
Achr onobacter 16 36 20 36 20 40 - 40 - 40 - 38
Vibrio 4 V] 2 0 2 a - 10 - 0 - 0
Flavobacter|lum 4 0 0 0 4 0 - 2 - 0 - 0
Mi crococcus 20 40 16 40 14 46 - 46 50 - 52
Corrne?crms 2 0 4 0 0 2 2 2 - 2

Colanles were isolated fram TGY (containlng 0,5 sach of peptone and sodium chloride agar plates.

Reprinted with permisslon from the International Atomic Energy Agency, Ylenna,



HEALTH ASPECTS - MUTAGENICITY, CARCINOGENICITY, AND TERATOGENICITY

Apart from fears that irradiated seafood may ccntain toxins resulting from
the growth of radiation-resistant bacteria, there is the more general concern
that the irradiation process itself may lead to the formation of chemicals or
unique radiolytic products (URPs), which are carcinogenic (causing cancer),
mutagenic {causing mutations), or teratogenic (causing fetal maiformations).
No evidence has been found in the literature on seafood irradiation to suggest
that, at the doses contemplated for use (<300 krad), any such problems may
arise. In fact, there is no evidence for the formation of URPs at any dose.
However, 1ipid peroxidation and "cooked" or "burnt" flavors have been noted
after seafood irradiation at high doses, as described earlier in the text,.
Research performed to identify the source of these off-flavors and odors
pinpoints the fats as the primary reactant, and then only with oxygen in the
air, which is exactly the same process as that occuring during cooking,

One report (Gower and Wills 1986} studied possible associations between
seafood irradiation and carcinogenic chemical production. Only the abstract is
availablie at present. [t deals with a highly artificial system in which
mackerel and cod Viver oils were exposed to 1 to 4 Mrad of gamma radiation in
air; "large quantities” of lipid peroxides were formed, which were shown to
oxidize added benz[a]pyrene to highly carcinogenic benzpyrene quinones (Gower
and Wills 1986). Similar oxidation also took place during air storage of the
fish oils after addition of the benzpyrene. Antioxidants such as BHA and
¥itamin E inhibited the reaction.

The relevance of this report to food irradiation is not clear, despite the
warning in the report abstract. Benz[a]pyrene is not a normal constituent of
food, although it is formed in traces during heavy cooking {burning) of food.
Lipid peroxidation has been known for years and is a cause of rancid flavors,
Hence, heavy cooking of fish in air could lead to both lipid peroxidation and
benzpyrene formation and presumably to some degree of carcinogen formation,
although the extent to which this would occur in whole fish or fillets (as
opposed to oils) is unclear. There is thus a potential danger in eating
burned, rancid fish, which however would be highly unpalatable anyway.
Irradiation at any level reported {up to 1 Mrad) has never been shown to lead
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to detectable quantities of benz[a]pyrene formation, and in fact there is no
plausible theoretical reason why it should. Fish lipid peroxidation can be
prevented by suitable packaging. Lipid peroxidation wouid iead to off-flavors
and consumer rejection anyway. All the data we have reviewed seems to support
irradiation as a safe way to extend shelf life.

On a more scientific level, 1ipid oxidation during seafood irradiation in
air is a fact. The products are not URPs, but appear identical to normal per-
oxides formed during prolonged air storage, cooking, or rancidity. The double
bonds in unsaturated fish oils are prone to reaction with oxygen, which is
itseif a free (di)radical.

A detailed review of chemical changes observed to occur in irradiated sea-
foods has been published {King et al. 1972). Although 14 years have passed
since its publication, this is still one of the best summaries available. The
following is a precis of this review.

The effects of radiation, heating, and storage on the formation of
volatile organic compounds {VOCs) from clam meat have been reported.
There is an increase in total volatiles up to the time of spoilage,
followed after this time by a gradual dissipation and reduction in
VOC concentration. The general trend is accelerated or decelerated
by various treatments. Vacuum packaging minimized these effects on
volatiles {mainly carbonyl compounds). The effects of radiation,
cooking, and storage on the headspace gas components from clam meat
have also been determined (by gas chromatography/mass spectrometry
(GC/MS)). Compounds identified were:

Hydrogen sulfide Methyl mercaptan Dimethyl sulfide
Diethyl sulfide Ethyl n-butyl sulifide Acetaldehyde
Acetone . Isovaleraldehyde Valeraldehyde
Heptanone Butene I-Pentene
Toluene

The effect of 350 krad of gamma radiation on these air-packed ciam meats was to
increase the concentrations of dimethyl sulfide, acetaldehyde, l-pentene, and
methyl mercaptan and decrease the concentrations of the other components.

There was no change observed after a dose of 450 krad in vacuum-packed clam
meats., Cooking and storage caused similar changes.

A study of the effect of irradiation on fresh haddock or cod fillets was
performed, with the general results shown in Table 14,
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TABLE 14.

(King et al. 1972)

Compounds Identified in Fresh Irradiated and Unirradiated Haddock Fillets

Non- trradiated Irradiafe?a, irradiated lrradiated irradiated
Irradiated at 130 krad at 260 krad at 650 krad at 1300 krad at 6500 wrad
Acataldehyde Acetone Benzene Beanzene Acetone Acetone
Banzene Benzene
Acetone Benzene Dimethyl Cimethy! n-Butana n-Butana
disul flde disul f ide Butene 2-Butane thlol
Butens Butene Dimethyl dlsulfide Butane
Dimethyl Dimethyl Cimethyl sulfide Carbon disul fide
Diethyl Dimathyl sultide sulfide n-Heptana Carbonyl sulflde
ether disul fide 1-Haptyne Dimethyl disul fide
Methyl Dimethyl Hydrogen sulflide Dimethy! suifide
DimeThyl Dimathyl mercaptan trisul fide 2~-Mathyl-1-butene 2,3~Dithlchexane
disulfide sulflde Mathyl ethyl ketons  Ethyl alcohol
Mathyl Mathyl mercaptan n=Heptane
Dimethyl Hydrogen marcaptan 2-Methyl propane 1-Heptene
sul tide sul f1de n=-0ctane 1-Heptyne
Methyl thlo- 1~Octyne 1-Hexang
Toluene Mathyl acetate n-Pentane Hydraogen sul fide
marcaptan |~Pentene |sopentane
Taluene 2=-Thiobutane 2-Mathyl=1-
butanal
Teluene Toluene Methyl ethy!
ketone

Mathyl heptane
2-Methyl pantane
2-Methyl
propanol
n=0ctanea
1-0ctyne
n—-Pentane
1-Pentena
2=-Thiabytane
Toluene

ta) The smalier number of [dentitfications in This sample is believed to be a result of the
canter fraction belng more dllute when used for mass spectral amalysls, Gas chromatograms
of the head gas from the total volatile condensate did not show this anomaly.



The types and relative amounts of volatile compounds formed during chilled
storage of fish suggest that the most significant effect of irradiation is to
alter the importance of microbial activity during storage,

Free amino acids in seafood are believed responsible for much of the
fiavor, and may have a significant role in inhibiting or accelerating lipid
oxidation during seafood storage (Brooke et al, 1964). Model system studies
show that radiation can fragment amino acid molecules, although results with
actual seafood suggest that reality is more complex than the model system
studies would indicate. In one study, a dose of 4.5 Mrad led to an increase of
40% in the amount of extractable free amino acids from raw clam meat. Slight
increases in the free amino acid content of cod and haddock were noted after a
dose of as little as 200 krad, As amino acids are a normal part of the diet,
these slight increases are of little concern from the standpoint of possible
harmful products from food irradiation. They may affect taste, however, since
the sweetish taste of shrimp has been attributed to their free amino acid con-
tent {of about 3%).

Fatty acid composition changes after irradiation have been documented.
Characteristically "fatty" species of fish contain a larger proportion of tri-
glyceride lipid, mainly deposited in adipose tissue, while "lean" species Such
as cod or haddock contain more phospholipid as an integral part of their muscle
tissue. Radiation-induced changes in lipids were not well documented at the
time of King et al.'s {1972} review; although some changes in fatty acids and
lipids were noted, they were not chemically characterized, In one other report
{Tobback and Snauwaert 1978), radiolytic destruction of the fat-sqluble vitamin
A alcohol and its acetate derivative was reported after radiation doses of up
to 240 krad in an organic solvent. The alcohol was much more 1abile than the

acetate under these conditions,

One report of research funded by the TAEA (Moyuddin 1975), performed at
the Nuclear Institute for Agriculture and 8iology, Pyallpur, Pakistan, and
entitled "Cytotoxic and Mutagenic Effects of Conventionally Processed Foods in
Comparison with Irradiated Foods" may generate some public concern.
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A series of curries were prepared, and their mutagenic effects determined.
The tests used were the production of streptomycin-resistant mutants in
cultures of Pseudomonas fluorescens and of chromosorral abnormalities in

developing root tips of onions. All of the curries tested showed mutagenic
properties under the experimental conditions; a 10 krad dose to onions and
potatoes led to a 97 to 100% chromosome abnormality rate, as did a 200 krad
dose to fish subsequently incorporated into a fish curry. The fish curry was
mutagenic at a 64 to 89 % incidence even with a 1:100 dilution of the curry.
These results are not supported by any work on any sort of controls and are
widely variant from many studies done by others.

Moyuddin concluded that the curries were mutagenic because of the spices.
The spices themselves in unirradiated or irradiated form were responsible for
the effects, and where any effect due to irradiation could not be separated
from the toxic effect of the spices. States Moyuddin: "We feel there is
absolutely no need of getting alarmed at the consumption of irradiated foods
because they cause abnormalities in onion root tips. These spices have been
used for centuries and it is impossible to correlate any disease with the
consumption of these spices not to mention of any carcinogenesis" (sic).
Further, "It is abundantly clear from the data on cytogenicity that almost aill
the spices used for human consumption are cytotoxic or nucleotoxic in nature"
{Moyuddin 1975}.

The only fish dish used in this research was a curry prepared from fish
irradiated at 200 krad. This report also quotes previous reports by Stone,
Wuss, and Haas (1947, 1948) that irradiation of Staphylococcus aureus growth

substrates leads to cell mutations, and by Swaminathan et al. (1963) that
irradiated food enhanced the spontanecus mutation frequency in Drosophila
melanogaster. However, the data produced by Moyuddin clearly indicate that

irradiated fish curry is mutagenic. Unfortunately no control experiment was
performed with any unirradiated fish, The experiments are therefore flawed
because the effect of irradiation cannot be distinguished from the effects of

other components, particularly spices.

Many detailed studies using animals fed irradiated diets have been per-
formed, Without exception, the reports examined to date indicate that there is
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no mutagenic or toxic component in these diets, which have often been irra-
diated at high sterilizing doses of several Mrad. The following examples
illustrate this point.

The dehydro-irradiation process for shrimp being developed in India was
tested for nutritional effects of the product in four successive generations of
young rats, at a level of 25% of the diet. Both sexes of rats were used, and
the effects on growth, reproduction, lactation, longevity, organ histology, and
other biochemica) parameters were determined (Aravindakshan, Vakil, and
Sreenivasan 1973)., The results indicated that there were no adverse health
effects to the rats from a diet of 25% irradiated shrimp for four generations.

The Japanese are generally reluctant to consider using irradiated food
(although irradiation to achieve sprout inhibition of potatoes has been applied
commercially in Japan for some years now). One of the most thorough investiga-
tions on the safety of irradiated food was performed by Yoshikawa et al, (1982)
and Iwahara and Kobayashi (1983), who reported data on an examination of the
mutagenicity of unirradiated and irradiated fish-meat cake, wieners, and
oranges, The fish-meat cake was irradiated at 600 krad and extracted with 70%
methanol/water, Mutagenicity was determined on the streptomycin dependence of
Salmonelta typhimurium TALOO SMy., There was no difference between the irradi-

ated and unirradiated fish-meat cake extracts. The 2-year long-term genetic
toxicity effect of irradiated fish paste was determined by testing three
generations of rats, mice, and monkeys with various mutagenicity tests. There
was no toxic effect,

Over 20 other feeding studies have been reported in which the potential
harmful effects of feeding irradiated fish were investigated. Nocne showed any
harmful effects. Some of these studies were multi-generational, while others
went into great depth of detail on a single generation. The overall conclusion
of these studies, involving a total of thousands of animals and many man-years
of effort, is that feeding of irradiated fish is safe and dces not lead to car-

cinogenic, mutagenic, or teratogenic effects.

Listing all these studies here would be needlessly repetitive. A typical
example is a Russian study (Zajtsev and Maganova 1981; Zajtsev and Ostpova
1982) in which gamma-irradiated (200 krad) and hot smoked fish were fed as part
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of the diet to Wistar rats. In one part of the study, 52 female rats produced
611 embryos, and 35 rats supplied 2426 cells which were examined for chromo-
somal aberrations., The embryo abnormality incidence and the chromosomal
aberration incidence rate were normal compared with controls at the end of the
experiment. In a chronic (long-term) experiment of six generations of rats fed
irradiated fish, no chromosomal aberrations above the normal incidence were

observed.

In other studies of this type where fish was compared with other foods,
there was no genetic toxicity of fish, even when other accepted foods (e.q.,
dried dates; Renner et al, 1982} showed significant toxicity. Altmann (1982)
found an enhanced rate of DNA synthesis in Chinese hamsters fed fish irradiated
at 100 to 700 krad. Renner et al. (1982) explained this effect on DNA synthe-
sis as either the induction of an immunoactive compound as a result of feeding
irradiated fish, or as the persistence of an immuncactive compound due to the
removal by irradiation of spoilage organisms that would normally degrade it.
However, Renner (1982) also performed micronucleus, sister-chromatid exchange,
and spermatagonia tests, considered the most sensitive in vivo mutagenicity
tests available, on Chinese hamsters, rats, and mice, and found no evidence for
any mutagenic effect of feeding irradiated fish., Some evidence for an
increased mitosis rate in pigs fed irradiated fish (400 or 700 krad) has been
shown to be fallacious by Reusse, Messow, and Geister {1979), These authors
demonstrated a spontaneous, random variation in mitosis rate in pigs; chance
was considered as the causative agent, as the same high mitosis rate was also
found in some control groups.

Feeding studies to determine the effects of irradiated fish on various
mammalian species are notoriously difficult to carry out, time-consuming and
expensive, and difficult to interpret. Numerous variable factors have to be
taken into account. The fact that so many studies have been performed, with
results indicating that irradiated fish is a safe food, is encouraging, Occa-
sional reports indicating harmful effects of irradiated food are to be
expected, but examination of these reports reveals fhat the study was fiawed in
some way rather than that the irradiation process is harmful, The balance of
the evidence overwhelmingly indicates the safety of irradiated seafood at
radiation dosages much higher than those proposed (<300 krad).
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PUBLIC REACTION TO IRRADIATED SEAFO(QD

Several market studies have been performed to determine public acceptance
of irradiated seafood. These studies focus more on the way in which the food
is presented to the public than on technical factors of irradiation. These
studies are in general agreement that if the fact of irradiation is dissociated
from "contagion" with the nuclear industry, acceptance increases markedly. The
Canadian Gallup Poll Ltd. survey (1984) found a negative attitude towards
irradiation among traders, who felt that as they already were geared towards a
quick turnaround time (2-day delivery, 24-h storage) for fresh seafood, addi-
tional shelf life would be unnecessary. Reduction of waste was also not seen
as an advantage, Their major focus was on the frozen seafood market,

Considerable emphasis was placed on information and labeling supplied with
the irradiated fish in this study. A symbol denoting irradiation together with
a statement was preferred, aithough any use of the word “irradiation" or
“radiation" had very negative connotations, Emphasis on irradiated fish as
containing "no preservatives" and "no added chemicals" was seen as positive,
and considerable consumer confusion about the exact meaning of "fresh" was
noted. A lack of factual knowledge about the process was apparent among
members of the public; this would have to be addressed to dispel fears about
irradiated seafood.

The National Marine Fisheries Service funded a study of the marketability
of irradiated seafood (Doyle and Casey 1986)., This study was specifically
directed at evaluating the extent and nature of consumer fears of irradia-
tion. Further objectives were to present a strategy for minimizing fear reac-
tions on the part of consumers and to assess the potential impact of consumer
acceptance of irradiated seafoods on the seafood industry. The study deter-
mined that 5 to 10% of consumers would reject irradiated seafood based on their
existing values, and that education would not affect this rejection; 25 to 30%
would accept irradiated seafood on a similar basis, but could be swayed by
negative findings or exposure to the "negative" group; and the remainder were
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undecided, confused, concerned, and uncertain. The last group represents the
best potential for confirming positive attitudes through providing factual
information on seafood irradiation.

Currently, most consumers express a lack of interest and/or lack of knowl-
edge regarding food irradiation, a situation which is likely to change when
they have to make a choice on the supermarket shelves. The major factors lead-
ing to a high acceptance level {over 70%) related to demand for fresh seafood
and its availability. Market success for irradiated seafood was found to be
related more to consumer acceptance of the product than to acceptance of the
process. The National! Marine Fisheries Service study recommended a thorough
educational program for consumers prior to the introduction of irradiated
seafood, including a summary of the strategies opponents use to misinform;
adoption of a standardized retail symbol denoting irradiated food (but no
mandatory labeling); and continual monitoring of consumer attitudes during the
acceptance phase to determine changes in attitude. This study is in general
agreement with the Canadian Gallup Poll study mentioned above, except that no
emphasis on fears associated with the use of the term "irradiated" was noted in
the fisheries study.

These findings are positive, and are supported by an earlier presentation
by a consumer advocate (Young 1982) to a joint FAQ/TALA consulting meeting on
marketing. Young commented that the first reaction of a Tay person to the con-
cept of irradiated food was one of "horror, revulsion, and disbelief that we
could seriously anticipate such a thing" {sic), due to ignorance and associa-
tion with the nuclear industry. She went on to say that "before anyone rushes
into marketing irradiated foods, a lot of careful preparation must be done. A

consumer education program is essential.”
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