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CONSERVATION DU POISSON ET DES

PRODUITS DE LA PECHE PAR RAYONNEMENT IONISANT:

UN EXAMEN BIBLIOGRAPHIQUE

par

Noemi Chuaqu i -Of fe rmanns

RÉSUMÉ

Dans le présent rapport, on examine l'emploi du procédé de
radurisation pour la conservation du poisson et des produits de la pêche.
La bibliographie décrit plusieurs aspects du procédé t e l s que les espèces de
poissons et les doses de rayonnement nécessaires, la cornestibilité et
innocuité du poisson radiur isé ainsi que les recommandations fa i tes par les
organismes de réglementation internationaux quant à la possibl i té
d'application du procédé en question. On a déterminé les secteurs où i l
faut effectuer des recherches complémentaires.

On conclut dans le rapport que la radurisation est un procédé
efficace permettant de prolonger la durée de conservation du poisson et des
produits de la pêche. Des doses s'échelonnant de 0,75 à 2,5 kGy prolongent
la durée de conservation du double au t r i p l e par rapport aux procédés de
conservation sans l'emploi du rayonnement ionisant. La perte de valeur
nu t r i t ive à de t e l l e s doses est négligeable et aucuns effets toxicologiques
nocifs à court et long terme n'ont été décelés dans les expériences d'études
d'animaux. I l faut cependant étudier davantage l 'acceptat ion du
consommateur, la poss ib i l i t é économique et la sens ib i l i t é au rayonnement des
parasi tes du poisson et des produits de la pêche.
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PRESERVATION OF FISH AND FISH PRODUCTS

BY THE USE OF IONIZING RADIATION:

A LITERATURE REVIEW

by

Noemi Chuaqui-Offermanns

ABSTRACT

This report reviews the use of the radurization process in the
preservation of fish and fish products. The l i t e r a t u r e describes several
aspects of the process such as the f ish species and the doses required, the
wholesomeness of the radurized f ish , and recommendations by internat ional
author i t ies on the appl icabi l i ty of the process. Areas of further research
have been ident i f ied .

The report concludes that radurization is an effective process for
extending the shelf l i f e of fish and f ish products. Doses ranging from
0.75 to 2.5 kGy extend the shelf l i f e two to three times compared o
unirradiated controls . The loss of nut r i t ional value at these doses i s
ins ignif icant , and no deleterious short- or long-term toxicological effects
have been detected in studies on animals. However, further study i s
required on consumer acceptance, economic f e a s i b i l i t y , and radiat ion
sens i t i v i ty of parasites in fish and fish products.
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The applicability of the radiation process for the preservation of
fish and fish products has been reviewed from published literature.

1. SPECIES AND PROCESS CONSIDERATIONS

(1) The process is technologically effective to extend the shelf
life of most fish and fish products, both saltwater and
freshwater in origin. Optimum radiation doses range from
0.75 to 2.50 kGy, and can be applied successfully to extend
the shelf life of the product(s) from two to six weeks at
temperatures between 0 and 5°C. The shelf life of
unirradiated products ranges from five to twelve days, and so
a typical shelf life extension of 2 to 3-fold can be
achieved.

(2) Of the many species studied, the following are quite suitable
to be radurized:
(a) Saltwater species: cod, haddock, mackerel, ocean perch,

pollock, clams, oysters, scallops, and lobsters.
(b) Freshwater species: whitefish, trout, perch and carp.

(3) Species such as salmon, lake herring and tuna have been
found less suitable to be radurized. In general, lean
species are more suitable than fatty species. Optimum
radiation doses should be determined for each species
because, as it has been demonstrated, the quantity as well as
the quality of fat are factors influencing the successful
application of radurization to fish products.

All these species art; economically important to Canada.
Radurization studies on haddock, whitefish, cod and mackerel, scallops and
lobster have been carried out in Canada.

2. WHOLESOMENESS CONSIDERATIONS

Toxicological safety, nutritional value and microbiological safety
are common questions asked of the food irradiation process, and are there-
fore common to radurization of fish and fish products. Studies on the
wholesomeness of irradiated fish and fishery products have demonstrated
that:

(1) Nutrient losses are insignificant at the doses required for
shelf-life extension. Some reduction in certain vitamins
(thiamine) can occur, but this might be important only to
populations where fish is the only source of these
vitamins.



(2) From the jicrobiologi cal pv;int of view, the radurizati :.n
process can be safely and effectively applied to pvuL^rve
fish. The potential risk of C. botulinu.Ti is eiiminai-.J 1/
ensuring that the following precautions ere taken:

(a) Only top-quality fish is radurized.
(b) Radurization is Jone under a normal atmosphere.
(c) The radurized fish is stored under a normal

atmosphere at or below 3.3°C.

(3) As regards toxicological aspects, numerous researchers have
found that mice and rats fed with a variety of irradiated
fish and fish products do not reveal any deleterious effect
arising during either short- or long-term tes t s . Growth,
reproduction, mutation, tumor incidence and survival para-
meters were compared.

3. FUTURE WORK

Future r e s e a r c h should be done in the p o t e n t i a l use of low doses
of ionizing radiation on fish and fishery products in the following areas:

(1) Control of parasites. Little or no research has been done
in the area of radiation sensitivity of many parasites such
as flukes, tapeworms and round worms that are found in fish.

(2) Since the technical effectiveness of the process has been
proven, efforts should be directed towards consumer accept-
aoility studies, transportation tr ials and economic feasibil-
ity studies.

(3) Control of yeast and mold in order to reduce the dependency
on the usage of anti-mold and anti-yeast chemicals in seafood
preservation.



II INTRODUCTION AND OBJECTIVES

1. INTRODUCTION

In fish-producing countries, a fair amount of fish is sold as iced
fresh fish, either in local fish markets or distributed and exported to
neighboring countries. Iced seafood, while preferred over frozen products
by most consumers, is highly perishable due to microbial spoilage. Hence,
any extension of shelf life is highly desirable.

Among the processes considered for extending the shelf-life of
fish and fish products, radiation is one that has received a great deal of
attention.

Research programs on the radurization of fish and fish products
have been carried out in many countries with the support of local and inter-
national institutions involved in food-related areas. Some of these organi-
zations are the U.S. Fish and Wildlife Service, the U.S. Bureau of Commei—
cial Fisheries, the Fisheries Research Board of Canada, Icelandic Fisheries
Laboratories, Reykjavik, Federal Research Centre for Food Preservation
(Federal Republic of Germany), the Biochemistry and Food Technology
Division, Bhabha Atomic Research Centre (India), the Food and Agricultural
Organization, the International Atomic Energy Agency, and the World Health
Organization.

Most of the research programs [1,2,3,4] have included studies
designed to determine:

(1) Whether or not it is technically feasible to preserve seafood
by low doses of ionizing radiation [4,6,7,8].

(2) Optimum radurizing dose for different species of fish
[5,6,7,7].

(3) The relationship between preirradiation quality and post
irradiation shelf life [5,6,7,8,13].

(4) Suitability of various flexible materials for packaging
irradiated seafood.

(5) Effects on bacteriological aspects related to radurization
of fishery products, in particular, the Clostridium botulinum
question [8,9,10,11,12].

2. OBJECTIVES

The purpose of preparing this report was to summarize and evaluate
the published scientific data on the application of radurization to fishery
products. The goal of this report is to summarize what is known about the
use of the radurization process in preserving the shelf life of fresh fish
so that the process may receive speedy approval from government authorities.
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III SHELF LIFE EXTENSION OF RADURIZED FISH AND FISH PRODUCTS

1. INTRODUCTION

Fish and fish products are highly perishable. The spoilage process
due to the action of microorganisms and enzymes, common to most foods, is
enhanced in fish due to factors such as pH (close to neutrality), easy
penetration of bacteria through natural cavities (gill and vent), and the
presence of covering material (slime) which is an excellent culture medium.

The spoilage of fish is accompanied by changes in the organoleptic
characteristics (odor, flavor, color, texture) due to chemical changes in-
duced by the increased growth of bacteria and enzymatic action. All these
changes are used as evaluation parameters for estimating the shelf life of
fish products.

DETERMINATION OF OPTIMUM IRRADIATION CONDITIONS

The following parameters have been evaluated in determining the
optimum irradiation conditions that would lead to a product with a maximum
shelf life and a minimum change in acceptability:

(1) Optimum dose .
(2) Quality of the preirradiated product (raw material).
(3) Packaging.
(4) Storage temperature.

All these parameters are inter-related and their evaluation cannot
be done independently. For example, the optimum irradiation dose for a
given product will depend on factors such as init ial quality, packaging,
atmosphere under which the irradiation was performed, and storage
temperature after irradiation.

The optimum dose is defined as the rninimum dose at which the follow-
ing basic requirements are met:

(1) The irradiated product has similar organoleptic properties
when compared to the fresh product (flavor, color, odor, and
texture).

(2) The shelf life is extended to the point where distribution of
the fresh product is possible and spoilage will occur before
Clostridium botulinum, Type E, if present, could proliferate
and produce toxin.

Among the variables considered in determining the optimum dose, the type of
atmosphere surrounding the product during and after irradiation, as well as
the post-irradiation storage temperature have been given special attention.
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Storage temperatures ranging from 0 to 5°C have been selected as
representative of the temperature range in which fresh fish products are
distributed.

Air and vacuum are the preferred "atmospheres." Fatty fish, such as
herring, salmon and tuna, generally do not respond well to irradiation
treatment due to development of rancidity that may or may not be associated
with concurrent discoloration. However, some fishes with rather large fat
content, such as mackerel, can be radurized [1], indicating that fat
composition rather than the amount of fat is important. Vacuum packaging
has been used for controlling rancidity in radiation pasteurized products.
The efficiency of vacuum packaging varies with the species of fish being
radurized. When vacuum-packed irradiated mackerel [1] is stored, an excess
of drip exudate accumulates in the pouches, leading to consumer rejection of
the product. In some other cases, vacuum packaging is indispensable, as in
the case of white pomfret [2-4]; when irradiated under aerobic conditions,
it develops rancid odors, yellow discoloration and exhibits a shorter shelf
life extension compared with the vacuum-packed fish. Tlie yellow patches
encountered on the skin surface of irradiated white pomfret f i l le ts may be
due to reactions [3] such as the formation of 2-thiobarbituric-acid-reacting
substances (TBRS) such as malonaldehyde, and the reactivity of TBRS with
amino compounds such as amino acids, proteins.

Tables III—1 to III-4 summarize the optimum doses determined at 0 to
5°C for several fish and fish products and their respective shelf lives.

The init ial quality of the fish to be irradiated has a noticeable
influence on the quality and shelf life of the radurized product.

It has been found [8] that the shelf life of irradiated fish
depends on the length of the time period between landing and irradiation.
Studies on haddock [43,44] indicate that f i l le ts cut from fish stored up to
7 to 9 days on ice are suitable for irradiation. In general, when this
period is longer than four to five days, the shelf life of the irradiated
product decreases.

3 . EVALUATION OF SHELF LIFE (ASSESSMENT OF QUALITY)

The quali ty of fresh f ish s t a r t s de ter iora t ing soon after the fish
d i e s . The protect ive mechanisms present when the f ish i s al ive break down,
and bacteria pro l i fe ra t ion takes place.

At ear ly stages of deter iora t ion au toca ta ly t ic react ions commence,
producing changes in f lavor . An example of these react ions i s
dephosphorylation of inosine-5'-monophosphate [45] (IMP). As de ter iora t ion

progresses, accumulated IMP is degraded to hypoxanthine by autocata lys is
and bac ter ia l act ion: e . g . ,

A A,B
ATP+IMP—> INO • Hypoxanthine

S F or S
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TABLE I I I - 1

OPTIMUM IRRADIATION DOSE AND SHELF LIFE OF MARINE FISH SPECIES

ppnnnrr

Australian Flathead

Butterfish

Cod (Atlantic)

Cod (Pacific)

English Sole (Pacific)

Haake (Argentine)

Haake (Spain)

Halibut (Pacific)

Halibut (Atlantic)

Haddock (Atlantic)*

Mackerel (Atlantic)

Mackerel (Indian)

Ocean Perch (Atlantic)

Ocean Perch (Pacific)

Petrale Sole (Atlantic)

Pollock (Atlantic)

Tuna (Argentine)

White Pomfret (India)

FCRM

dressed

fillets

fillets

fillets

fillets

fillets

fillets

steaks

steaks

fillets

fillets

dressed

fillets

fillets

fillets

fillets

loins

fillets

DOSE

(kGy)

1.65

2.3

1.5

1-2

1 (2)

5.0

1.0

2.0 (2.0)

3.0

2.5 (0.75*)

2.5

1.5

2.5

1.5-2.0

1.5 (2.0)

1.5

2.2

1.0

*#

ATMOSPHERE

air

vacuim 2.5psi

air

vacuun (air)

vacuun (air)

air

a i r

vacuim (air)

vacuun

air (air)

a i r

air

air

air

vaccun (air)

air or vacuim

air

vacuun

SHELF LIFE

IRRADIATED

26 (0.6°C)

49 (1.7°C)

30 (0.6°C)

14-21 (-2.2,0.6,5°C)

14-21 (7)*** 0.6°C

9-15 (5°C)

12 (1°C)

21-56 (14) 0.6°C

30 (0.6°C)

S30 (25) 0.6°C

>30

25-28 (0.2°C)

30

28-30 (0.6°C)

20-25 (14-21) 0.6°C

30

25 (4-6°C)

35 (0.2°C)

(DAYS)

UNIRRADIATED

10-12

23

10-12

4-7

4-6 (4)

3-5

7

4-18

4-12

10-12

10-12

10-12

10-12

6-7

4-11

10-12

7

12

REFERENCE

5

6,7

5,8,9

10,11

11,12

13,14

15

9,11,17,18

19

8,20,21

8,20

1

8,9,20

11

9,17,18

8,9,20

23

2,3,4

* Studies done in Canada

** At irradiation and stcrage

*** Shelf life in ( ) refers to shelf life measured under the

atmosphere noted in parenthesis
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TABLE III-2

CPTIMUM IRRADIATION DOSE AND SHELF LIFE OF FRESHWATER FISH SPECIES

PRODUCT

Carp (Germany)
Guyniad (Germany)
Yellow Pe rch
Trout (Late)
Trout (Rainbow)
Trout (unspecified)
Whitefish*

FORM

dressed
dressed
fillets
fillets
fillets
whole gutted
wtole dressed

DOSE
(kGy)

5
1.0
2.0
3.0
3.0
2.0
1.5*

ATMOSPHERE

vacuum
vacuun
air
air
vacuun
vacuun
air

SHELF LIFE (DAYS)

IRRADIATED

35 (melting i c e )
23
33-39 (2.2°C)
26 (0.6°C)
42 (0.6°C)
28 (0°C)
29 (0°C)

UNIRRADIATED

15
9

10-32
8
8

21
14

REFERF" •:""

25
25
26
27
28
29
27,30

* Studies done in Canada

TABLE III-3

OPTIMUM IRRADIATION DOSE AND SHELF LIFE OF MOLLUSCS

PRODUCT

Clans (soft-shelled)
Claras (surf)
Oysters (Gulf)
Oysters (Pacific)
Oysters (unknown)
Scallops*

FORM

meat
meat
shucked
shucked
shucked
meat

DOSE
(kGy)

3.5 (4.5)
2.0
2.0
2.0
2.0
0.75*

ATMOSPHERE

vacuun (air)
air
air
vacuun
air
air

SHELF LIFE (DAYS)

IRRADIATED

>30 (28) 0.6°C
39 (0.6°C)
25-29 (0.6°C)
30-34 (0.6°C)
21-28 (0.6°C)
28 (0.6°C)

UNIRRADIATED

6
10

7
20
15
11

REFERENCE

8,9,32
11,33
34,35,36
10
9,37
38

* Studies done in Canada

TABLE III-4

OPTIMUM IRRADIATION DOSE AND SHELF LIFE OF CRUSTACEANS

PRODUCT

Dingsness Crab
King Crab
Lobster*
White Shrimp
Black Shrimp

FORM

cooked meat
meat
cooked meat
unshelled
unshelled

DGSE
(kGy)

2.0
2.0

1.5 (0.75*)
1.0
1.0

ATMOSPHERE

air
vacuun (air)
air (air)

air
air

SHELF LIFE (DAYS)

IRRADIATED

21-42 (0.6°C)
28-42 (20-36) 0.6°C
33 (28) 0.6°C
27 (0.6°C)
30 (0.6°C) 35 ( 3 - 3 ° O

UNIRRADIATED

5-14
5-14

10-12 (14-21)
12-16

5-15

REFERENCE

9,39
9,39
8,40
41
41,42

* Studies done in Canada
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where

ATP = adenosine-5 ' - t r iphosphate
A = au to ly t i c
INO = inosine
S = slow
B = bac te r i a l
F = fas t

As a consequence of bac te r ia l p ro l i f e ra t ion , organoleptic changes
(in f lavor , odor, color and tex ture) take place due to bac te r ia l enzymatic
act ion on the f i sh muscle. Some chemical changes associated with the
qual i ty loss include:

(1) Accumulation of v o l a t i l e ac ids , which cor re la tes with changes
in odor and t a s t e [13] .

(2) Trimethylamine (TMA) formation from the act ion of
tritnethylamine oxidase on trimethylamine oxide, present in
fresh sal twater fish [46] . The accumulation of t r imenthyl-
amine i s also correla ted with changes in odor and f lavor .

(3) Accumulation of v o l a t i l e bases, such as ammonia and
amines [46] .

Some or a l l of these changes have served as indicator parameters
for the development of methods leading to chemical detection of spoilage of
f ish and therefore an estimate of shelf l i f e .

Sensory analyses, chemical analyses and t o t a l viable plate counts
are the most common parameters used in estimating the qual i ty of i r rad ia ted
f ish and f ish products. Each has some l imi ta t ions and i s not t o t a l l y
r e l i a b l e when applied ind iv idua l ly . However, when applied in an integrated
way, they are very useful in measuring the qual i ty of i r r ad ia ted seafood
[47,48] .

3.1 SENSORY ANALYSIS

Sensory analysis has been widely used in assessing the qual i ty of
fish and f ish products [8 ,11,17,18,20-22,30,49] .

Different methods have been used in t h i s kind of evaluat ion. The
most common ones consist of comparing i r rad ia ted samples with high-qual i ty
unirradia ted reference samples. This comparison i s done by a panel of s ix
to eight experts using a nine-or 10-point sensory r a t ing scale that r e f l e c t s
changes in qual i ty from differences in comparative cha rac t e r i s t i c s [17] .

Some other groups [15,16] used a f ive-point hedonic r a t i ng scale
and an untrained panel consist ing of 20 judges drawn from laboratory
personnel.

In both cases , sensory c h a r a c t e r i s t i c s , including appearance, odor
and t ex tu re , were assessed for both raw or cooked samples.
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Taste was assessed in cooked samples. Usually the steamed method
was preferred over the deep-fried one, because the latter tends to mask some
of the off-flavors developed in the irradiated products. To many authors,
the sensory analysis is the best method for judging overall quality of the
fish, since this is the method by which consumers judge quality of the
product.

3.2 CHEMICAL ANALYSIS

Chemical tests are based on measuring decomposiiion products from
autocatalytic reactions and microbial growth.

The following tests have been considered as indicators of the
quality of irradiated fish:

(1) Dephosphorylation of inosine - 5'-monophosphate [45].
(2) Accumulation of hypoxantine [15,48].
(3) Total volatile bases (TVBN) [15,16,46].
(4) Concentration of trimethylamine (TMA) [46].
(5) Decrease in free glucose [46].
(6) Total volatile acids (TVA).

The total volatile bases, total volatile acids and trimethylamine
appear late in the course of spoilage and their determinations have limited
use in the early stages of storage [50], However, dephosphorylation of
ionosine-5'-monophosphate and accumulation of hypoxanthine are good indica-
tors for early decomposition.

The trimethylamine test that has been used in many studies cannot
be used in estimating the shelf life of freshwater fish because the muscle
of freshwater fish does not contain trimethylamine oxide, which is the
precursor of trimethylamine [51]. Use of the TMA test is not recommended
for doses exceeding 2 kGy [46].

Short-chain volatiles, such as formic, acetic, iso-valeric, and
butyric acids, are products of several reactions, including deamination of
aminoacids, peroxidation of lipids, oxidation of sugars, and others [13-15].
Hence, the usefulness of this test has been controversial [25]. However, it
has been found to be a useful tool to evaluate the quality of haake
fillets [13,30].

The TVBN test has also created controversy in its application,
with some supporters claiming good correlations with sensory analyses [46],
while others do not [16].

3.3 BACTERIOLOGICAL ANALYSIS

Total bacteria counts have been used for estimating the shelf life
of irradiated and unirradiated fish. It has been found that the total
bacteria count is larger (108/g) at spoilage in radurized than in the
untreated fish (106/g). These findings can be easily explained on the basis
of the microflora found in fish and the factors governing its quality and
quantity [39].
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The microflora of freshly caught fish, either saltwater or fresh-
water, is composed of Pseudomonas, Achromobacter, Micrococcus,
Flavobacterium and Lactobacillus [39,^3,52-55]. These microorganisms are
present in the skin, slime and gills, while the muscle tissue is generally
sterile. The microorganisms responsible for the spoilage of unirradiated
fish kept at refrigerated temperatures are Pseudomonas and Achromobacter.

Irradiation produces changes in the normal microflora, due to the
different radiosensitivity of the infecting bacteria. The decreasing order
of sensitivity is

Pseudomonas>Flavobacterium£Achromobacter£micrococcus^yeast.

Achromobacter has been found to be the main species present after
irradiation. This may be partly explained by its higher resistance to
radiation than Pseudomonas and Flavobacterium [39,52-55].

An average flora composition present after irradiation of fish is
almost impossible to establish since it varies with factors such as the
initial quality of the product, the fishing grounds and season, and handling
procedures after landing. Also, it is a complex and difficult task to
establish the quality and quantity of the microorganisms present at spoilage
time. The composition depends on factors such as packaging conditions, and
the storage temperature after irradiation. Achromobacter is the dominant
bacteria spoiling seafood irradiated at low doses, packed in air, and kept
between 0 and 5°C [39,43,56,57], while in vacuum-packed seafood
Lactobacillus has been found to be predominant [56,58],

All the factors mentioned above indicate that the total bacteria
count is not a reliable test in estimating the quality of fresh fish. This
is because only some species of the contaminating flora are responsible for
the spoilage of the product.

4. OPTIMUM RADURIZATION OF FISH

In determining the optimum conditions to radurize fish and fish
products, it has been found that some species are not suitable for preserved
by this process. Emerson et al. [59] have found that lake herring, when
irradiated at 3.0 kGy and kept at 0.6°C, did not spoil at 8-13 days as the
controls did. However, a loss of flavor did occur, making the product unac-
ceptable within this period of time. Slavin et al. [60] reported that the
loss of color in salmon steaks treated with ionizing radiation is a limiting
factor for the application of the process. Stansby and Kuds [61] reported
that king salmon developed a rancid flavor when irradiated at 3 kGy and
packed in N2 or under vacuum. The rancid flavor was stronger in the dark
tissues of the fish. Some other species of salmon were rancid immediately
after irradiation.

These observations are exceptions to the general trends of the
radiopasteurization process for preservating fish and fish products.
Tables III-1 to III-4 show that an optimum dose of ionizing radiation from
0.75 to 2.50 kGy can successfully be applied to extend the shelf life of
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most fish and fish products. These doses are sufficient to give a product a
shelf life of 2 to 6 weeks when it is stored at 0 to 5°C.

The extended shelf life achieved under these conditions is two to
five times that of the unirradiated product.

As can be seen in Table III—1 , the participation of Canada in the
field of radiation pasteurization of fresh saltwater fish has been limited.
Studies carried out only with few species of fish (haddock, cod and
mackerel) have been reported. Table III—5 indicates that the species of
fish with commercial relevance for Canada are quite numerous. However, most
of them are also common to the U.S. (Table III-6), where extensive studies
on irradiation have been done. It might be assumed that the optimum
radiation dose and shelf life determined for a given species is valid for
that species no matter where it is caught. However, there are several
factors that make this assumption not so general. Some of these factors are
the degree of contamination of the waters where the fish is caught, fishing
practices, and manufacturing practices in the fish industry. These factors
indicate that more work has to be done in Canada on the radurization of fish
with commercial relevance and that the studies should consider the different
Canadian fishing zones separately.

5. PACKAGING

The packing material used for radurized fish and fish products
should have the following characteristics [63]:

(1) It should protect the product from microbial recontamination.
(2) It should not be chemically or physically affected by

ionizing radiation.
(3) It should not alter the odor or flavor of the product.
(H) It should be resistant to wetness (melting ice) for long

periods of time (4-5 weeks).
(5) It should prevent losses of water.
(6) The cost should be reasonable.

Radurized fish products can be packed in bulk quantities in card-
board, wooden or metal boxes with tight-fitting lids; however, recontamina-
tion with microorganisms might not be prevented. Canning is another form of
packaging that has been considered, but has some disadvantages, such as that
the product cannot be seen. Canning is also a common container for heat-
sterilized food and could lead to errors, such as storing the product at
room temperature. The feasibility of using flexible plastic sealed pouches
was examined and studies have been done in an effort to select the proper
material that will satisfy the requirements indicated above.

Bacterial permeability tests [64] have been carried out on several
plastic materials (polyolefin - coated polyster, polyethylene - coated pol-
yester, Saran - coated nylon 11, nylon 6, nylon 11, polypropylene, polyethy-
lene, Saran - coated nylon 10). All the materials tested were considered to
be impermeable to bacteria even though nylon 6 and polyethylene showed some
incidence of bacterial growth. The authors considered that the experimental
conditions were so severe that these two can also be considered adequate.
They have also pointed out that the uniformity of the pouches regarding
sealing or integrity of the plastic material is somewhat unreliable.
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TABLE III-5

COMMERCIALLY IMPORTANT FISH CAUGHT IN CANADA 1978 [61]

AREA AND SPECIES

ATLANTIC COAST

Catfish
Cod
Flounder and Sole
Haddock
Haake
Halibut
Pollock
Redfish
Alewives
Herring
Mackerel
Salmon
Smelts
Swordfish

Molluscus and Crustaceans

Clams
Lobsters
Oysters
Scallops

PACIFIC COAST

Cod gray
Flounder and Sole
Halibut
Ling cod
Sablefish
Herring
Salmon
Chum
Co ho
Pink
Sockeye
Spring

CATCH (million
pounds)

1978

7.0

6m .o
238.0

95.0
24.0

4.0
61.0

163.0
17.0

538.0
55.0

3.0
5.0
7.0

8.0
42.0

3.0
241.2

14.0
7.0

11 .0
3.0
2 . 0

180.0
156.0

35.0
2 0 . 0
34 .0
49 .0
17.0

A

-
-
-

-
-

-
-

-

—

-
-

continued
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TABLE III-5 (concluded)

AREA AND SPECIES

Molluscs and Crustaceans

Clams
Crabs
Oysters
Shrimps and prawns
Others

INLAND

Bass
Catfish
Herring, lake
Perch (yellow)
Pickerel
Pike
Saugers
Smelts
Sturgeon
Trout
Whitefish

CATCH (million
pounds)

1978

6.0
3.0
6.0
4.0
1.0

1977

1 .0
1.0
4.0
11.0
13.0
9.0
4.0
23.0
0.2
2.1

20.0

A

-

- A Indicates: species with high trade volume
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TABLE III-6

COMMERCIALLY IMPORTANT FISH CAUGHT IN THE USA 1978, 1980 [62]

AREA AND SPECIES

Fish

Cod, Atlantic
Flounder
Haddock
Halibut
Herring, sea
Jack Mackerel
Menhaden
Ocean Pereh, Atlantic
Pollock
Salmon, Pacific
Tuna
Whiting

Shellfish

Clams (meat)
Crabs
Lobsters, American
Oysters (meat)
Scallops (meats)
Shrimp

CATCH (million pounds)

1978

87
181
39
18
151
68

2 595
36
43
404
409
51

88
449
34
51
33
423

1980

118
217
55
19
291
44

2 497
24
43
514
399
36

95
523
37
49
30
340
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Pouches made of polypropylene and Saran-coated nylon 11 showed poor unifor-
mity of sealing and integrity of the plastic.

Eighteen different plastic materials were tested [65] to asses
their suitability and reliabili ty, and i t was found that polyethylene and
polypropylene are not as suitable as the other materials tested (see
Table III-7). The reason given is the high rate of gas transmission of
these materials. The effectiveness of the heat seals and the structural
uniformity were also tested [66]. Seal failures were found in almost every
material tested, but none of the materials tested had noticeable pinholes.

It can be concluded that the most suitable packaging form recom-
mended for radurized fish products are plastic pouches. Among the most
suitable plastics available are saran types, and laminated aluminum foil
paper coated with polylefin or polyester [67].

In general, films with either low oxygen permeability or oxygen
impermeable are recommended. However, Giddlngs [68] strongly advises use of
oxygen-permeable films for reasons discussed in Section V. In selecting the
most suitable packaging material, the properties of the material as well as
the characteristics of the product to be radioprocessed should be taken into
consideration. Parameters such as composition, init ial quality, dose, and
length of shelf life are the ones to be considered.
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IV WHOLESOMENESS OF RADURIZED FISH AND FISH PRODUCTS

1. INTRODUCTION

A main requirement of various national health authorities (World
Health Organization, Health and Welfare Canada, Food and Drug Administra-
tion) in approving food irradiation is that the process is demonstrated to
be safe and that no harmful radiolytic products are produced. The task of
demonstrating the wholesomeness of irradiated food, including radurization
of fish products, has been undertaken by many groups [1-6],

A Coordinated Research Program (CRP) on the Wholesomeness of the
Process of Food Irradiation was initiated in 197-4 by the Food Preservation
section of the joint Food and Agricultural Organization/International Atomic
Energy Agency Division of Isotopes and Radiation Applications of Atomic
Energy for Food and Agricultural Development. This CRP was created with the
purpose of supplementing the data generated by another group, the Interna-
tional Project in the Field of Food Irradiation (IFIP) Karlsruhe, FRG
(1970), which coordinated the activities in the wholesomeness testing of
irradiated food in 24 countries [1].

Studies on the wholesomeness of irradiated food have focused in
two areas:

(1) Toxicological and microbiological safety of the processed
food.

(2) Effects on nutritional value.

Different methods have been used to assess these two parameters:
animal feeding studies [7-15], mutagenicity on microorganisims and mammalian
cell cultures [16-19], and chemical effects of ionizing radiation on
nutrient components of fish, such as vitamins, proteins, amino acids, lipids
and sugars [20-26].

2. RESULTS AND DISCUSSION

2.1 ANIMAL FEEDING STUDIES

Feeding irradiated foodstuffs to animals to test wholesomeness is
a universally accepted method, and has been used for a long time, despite
the fact that it is expensive and time consuming.

Toxicological safety studies of fish products have been done by
feeding mice, rats, pigs, dogs and chickens with different irradiated pro-
ducts such as carp and shrimps [2,10], salted and dried mackerel [27], fresh
mackerel [8,9], red fish [7], cod [3,4], haddock [3], soft-shelled
clams [2], tuna [3] and salmon [3]. The results obtained from these
experiments indicate that neither carcinogenicity nor toxicity was induced
in the animals fed with irradiated fish products.
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The irradiation doses used in most of the earlier experiments were
relatively high (6 kGy [4], 27.9 kGy [3], 55.8 kGy [3], 1 kGy [2],
8 kGy [2]) compared with the optimum recommended doses for radiopasteuriza-
tion of fish products (see Section III of this report). However, when lower
doses were used in later experiments (2 kGy [5], 1.5 kGy [8,9], 2.5 kGy
[10]), the same results were obtained: there were no detectable toxic
effects due to the radiation treatment.

2.2 MUTAGENICITY IN MICROORGANISMS AND MAMMALIAN CELL CULTURES

Animal feeding t r ia ls have shown that there is no adverse effect
of irradiation on food. However, the limited number of animals used in this
kind of experiment does not allow us to eliminate the possibility of long-
term effects. A general way of overcoming this limitation is to increase
the dose of the compound being tested. However, the radiation dose given to
food cannot be increased beyond certain limits, due to possible alterations
in the nutritional value and is not a valid procedure on radiation chemical
grounds [16,17].

In order to deal with these limitations, the International Project
in the Field of Food Irradiation (IFIP) has sponsored long-term feeding
studies (80 weeks) [14,15], and recommended the use of a series of
short-term tests for assessing genetic damage [16,17]:

(1) Salmonella typhimurium.
(2) Sister chromatid exchange and point mutation assays

in cultured mammalian cells.
(3) The micronucleus, sister chromatid exchange and

germ-cell cytogenetics tests in mammals.
(4) Bone marrow cytogenetics and DNA repair induction

in mammals.
(5) The sex-linked recessive lethal mutation test in

Drosophila melanogaster.

These five tests have provided additional evidence on the safety
of radiopasteurization of fish and other food products. Each of the tests
has limitations on the extraction of the potential carcinogens or mutagens
from the food. Questions such as how much the test sample is altered by the
extraction procedure, whether digestion is better than an organic solvent
for sample preparation, or if the carcinogens or mutagens react with food
components during digestion or extraction are most pertinent to these tes ts .
However, the sister chromatid exchange, micronucleus test and spermatogonia
test are reported to be the most sensitive in vivo mutagenicity tests in
mammals [14,15], Therefore, the combined application of these tests to
animal feeding studies and to microorganisims and mammalian cells in culture
will provide reliable evidence on the safety of the irradiated product.

2.3 CHEMICAL EFFECTS OF IONIZING RADIATION ON NUTRIENT COMPONENTS

Fish is a source of high-quality proteins, lipids, minerals and
vitamins.

The first attempts to study radiation effects on food components
and specifically on fish products were made on model systems of known
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composition [6] such as vitamins A, 6 carotene and D. The results obtained
with these systems were extrapolated to food samples. The necessity to
evaluate the validity of these extrapolations led to conducting studies on
actual food samples irradiated at different doses.

Radiation effects on lipid components of fish have been the sub-
ject of many studies, perhaps due to the well known fact that unsaturated
fatty acids are highly susceptible to oxidation induced by ionizing radia-
tion. Several methods have been developed to estimate the extent of the
radiation-induced oxidation process in fish:

(1) Extraction of the volatile and non-volatile chemical compo-
nents derived from oxidative reactions [5,28,29].

(2) Selective extraction of well-known products formed as a
result of radiation-induced oxidation of unsaturated fatty
acids, e.g., malonaldehyde (MDA) and peroxides [30-33].

(3) Determination of the fatty acid composition of fish muscle
before and after irradiation [34-37].

2.4 RESULTS FROM STUDIES ON RADIATION-INDUCED LIPID OXIDATION IN FISH

Radiation-induced oxidative rancidity in radiopasteurized fish
depends on the fat content of the fish, as well as on the fatty acid compo-
sition of the fat. Indian mackerel with a total fat content of
8.6 ± 2.04 g/100 g [34,35] shows no observable changes in total lipids and
nonsaponifiable matter during storage at 0-2°C for a period of 32 days after
being irradiated in ice (0-2°C) at 1.5 kGy in sealed plastic pouches. The
changes in chemical indices, such as iodine value (IV), peroxide value (PV),
thiobarbituric acid (TBA), free fatty acid (FFA) and glyceride content of
the irradiated samples, were similar to the unirradiated ones during
storage. Gas liquid chromatography and thin layer chromatography studies on
lipids did not show the presence of any new component in the irradiated
sample. Radiopasteurization of mackerel can be done under atmospheric
conditions without development of radiation rancidity. Herring fillets with
a fat content ranging from 11% to 14% [31] and 24.5% [36] were irradiated at
1.0 and 2.0 kGy under normal atmosphere packaging and were stored at 2°C;
they showed increased T3A and PV as a function of storage time. However,
these values (TBA, PV) remain very low compared for vacuum-packed fillets
when the samples are packed in oxygen-permeable bags. Therefore, it is
recommended that radiopasteurization of herring fillets should be done in a
vacuum. In the case of herring, the proportion of saturated,
nonounsaturated and polyunsaturated fatty acids is 30.5, 53.5 and 16%,
respectively, with C 5 Q = C and C22=6

be^nS the major components of the
polyunsaturated fraction. In mackerel the proportion of saturated,
monounsaturated and polyunsaturated fat is 30.0, 35.75 and 33.4%, with
C1g=5being the major component of the polyunsaturated fraction [30,35]. It
is clear that the radiation-induced oxidative process depends not only on
the quantity of the fat in the fish but also on its composition.

2.5 EFFECT OF IRRADIATION ON TOTAL AND FREE AMINO ACIDS

Several studies conducted with different species of fish
(mackerel [22], sheat fish and Baltic cod [23], cod [21,24], clams [37] and
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haddock [20] have shown that pasteurizating closes of irradiation have very
little effect on the total amino acid composition, with the exception of
cysteine in cod [21,24], which was depressed by 4056 at doses between 1 and
10 kGy.

2.6 RADIATION EFFECTS ON FREE AMINO ACIDS

It has been found [5] that the general effect of radiation is to
increase the concentration and number of free amino acids (clams, cod and
haddock).

There are some hypotheses to explain the increase in free amino
acid content in irradiated fish as follows:

(1) Peptide bonds may be broken.
(2) Tissue structure may be broken down, which could increase

the amount of extractable amino acids.
(3) Proteolytic enzymes in situ, perhaps of bacterial origin,

may increase activity because of localized increases in
thermal energy.

2.7 EFFECT OF IONIZING RADIATION ON THE VITAMIN COMPONENT OF FISH

The most common vitamins found in fish are niaoin, ascorbic acid,
thiamine and riboflavin. Their concentrations vary from species to
species [38] e.g., artic char has 9.65 mg/100 g raw edible portion of
niacin, while walleye has only 1.79 mg/100 g.

Studies on the effects of radiation on vitamin components of fish
have been conducted with various species. In mackerel [21] , for example,
studies on thiamine, pyridoxine and niacin have indicated no significant
decrease in niacin, whereas moderate losses of thiamine and pyridoxine were
observed at 3 kGy. In cod [38], irradiation (6 kGy) did not affect
nicotinic acid, but riboflavin was reduced by 6% while thiamine losses were
47£. However, when cod was irradiated at doses up to 3 kGy [17,21,22], the
vitamins (thiamine, pyridoxine, niacin and a-tocopherol) were affected
slightly.

In haddock [20] irradiated at 1.5, 2.5 and 25 kGy, small losses of
B-vitamins (riboflavin, niacin, thiamine pyridoxine, pantothenic acid, and
B,2 vitamin) occur due to irradiation. In all cases, except that of
riboflavin, these losses were comparable to or less than that occurring
during iced storage. Riboflavin losses were significant when the dose was
25 kGy. At lower doses there were no significant changes after thirty days
of storage in melting ice, regardless of the atmosphere in which the fillets
were packed.

3. SUMMARY OF THE EFFECT OF RADURIZATION ON THE
NUTRITIVE VALUE OF FISH AND FISH PRODUCTS

Fish is considered a good source of high-quality proteins, lipids,
minerals and vitamins [39]. The effect of the radurization process on the
nutritive value of fish has been analyzed from this standpoint.
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(1) Deleterious effects on the quality of protein have not been
detected [MO,41], while very small effects on overall amino
acid composition have been found [5,20-24,37], together with
an increase in the free amino acids, with no consequence for
the nutritive value.

(2) Effect on vitamins. B-complex vitamins: niacine was
unaffected, while riboflavin losses of 6% to 9% have been
found [38,40]. Thiamine is sensitive [41-44], with losses
up to 47? having been reported. However, this sensitivity is
observed only at doses higher than 3 kGy.

(3) Effect on lipids: when fish and fish products are irradiated
under the optimum conditions determined for each species
(dose, atmosphere, packaging, temperature of storage,
radiation-induced oxidation products were not higher than in
the unirradiated samples.
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V THE CLOSTRIDIUM BOTULINUM QUESTION

1. INTRODUCTION

Fish radur iza t ion has been proven to be an effect ive process in
extending the shelf l i f e of fresh f ish products . However, the process has
been haunted by the so-ca l led Clostridium botulinum r i s k .

The use of s u b - s t e r i l i z i n g doses of ionizing rad ia t ion yie lds a
product with a reduced number of spoilage bac te r ia and therefore with an
extended shelf l i f e , usually two to three t imes, at r e f r ige ra t ed tempera-
t u r e s . The £. botulinum concern a r i se s from the fact tha t t h i s anaerobic
spore-producing bac te r ia i s only s l i g h t l y affected by low doses of ionizing
rad ia t ion (1-3 kGy) [1] and may find a product with an extended r e f r ige ra t ed
shelf l i f e t o serve as a good medium growth.

The key question tha t has been addressed worldwide regarding f i sh
radur iza t ion i s whether the process of rad ia t ion pas teur iza t ion increases
the r i sk of Clostridium botulinum toxin accumulating in the f i sh to l eve l s
above those observed in the equivalent untreated product while the t r ea t ed
fish is still organoleptically acceptable.

2. CHARACTERISTICS OF CLOSTRIDIUM BOTULINUM BACTERIA AND ITS TOXIN

C. botulinum bac te r ia i s a name for a number of heterogeneous
spore forming b a c t e r i a , divided in to A,B,C,D,E,F and G types , based on the
ant igenic c h a r a c t e r i s t i c s of the neurotoxin tha t they produce [ 2 ] . The
various s t r a i n s can be divided in to two groups on the basis of metabolic
c h a r a c t e r i s t i c s , p ro t eo ly t i c and non-pro teo ly t io . P ro teo ly t i c s t r a i n s A,B,
and F at tack a wide range of p ro t e in s . The minimum temperature of growth i s
10°C and the optimum i s 35 to 37°C. The pH of non-inhibi tory growth ranges
from 4.6 to 9.0. These s t r a i n s are the most h e a t - r e s i s t a n t . The
non~proteolyt ic s t r a i n s B,C,E and F are heat s ens i t i ve and they can grow at
temperatures as low as 3«3°C [31 with an optimum growth temperature of 3-5
to 37°C. The pH of non-inhibi tory growth ranges from 5.0 to 8.5.

All s t r a i n s of C. botulinum produce, pharmacologically, the same
neurotoxin tha t causes a neuroparalyt ic disease tha t can be f a t a l to animals
and humans. The neurotoxins are proteins of molecular weights ranging
between 100 000 and 150 000, s t ab l e at pH lower than 7, heat s ens i t i ve and
r a d i a t i o n r e s i s t a n t . The level of toxin in i r rad ia ted raw f i sh wi l l depend
on the i n i t i a l contamination and the storage temperature.

3. EVALUATION STUDIES ON THE HAZARD OF C. BOTULINUM IN
RADURIZED SEAFOOD

Raw f i sh gets contaminated with C. botulinum from the sea or
freshwater sed iments .
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The most common strain of £. botulinum found in fresh fish is the
non-proteolytic strain E [4-8]. However, some other strains have been
found, depending on the geographical area where the fish have been caught
[4,7,8,9,*16]. Most of the studies have assessed the potential risk of
botulism in radurized fish products by artificially inoculating the product
with spores of different strains, non-proteolytic type E [7,11,12];
proteolytic and non-proteolytic type B [10,3]- The inoculated species were
irradiated and stored at temperatures ranging from 0-10°C and the samples
were removed from storage at given time intervals and assessed for toxin
production.

These experiments have been carried out on different species of
fish and fish products packed under vacuum and normal atmospheres [13,14].
Different packaging was also used.

The following species were used in assessing the risk of
botulism [8]: cod, haddock, ocean perch, petrale sole, English sole, soft-
shelled clams, shrimps, herring and smoked fish (haddock, herring).

The general conclusions of these studies are that:

(1) Fresh fish with low level of contamination and stored at 5°C
or lower, radurized or not, only show detectable levels of
toxin long after spoilage has occurred.

(2) The chemical composition of fish affects the rate of toxin
production and the concentration of C_. botulinum.

In general, species of fatty fish provide a better growth medium for
bacteria than lean fish, and consequently the former species produce a
higher level of toxin [12].

(3) The packaging conditions have variable effects on the growth
of £. botulinum and its toxin. The findings indicate that
there is a dependence on the radiation dose as follows. In
the case of trout, (Salmo gardneri) [14] and haddock [12],
radurization (1.0 kGy, stored at 5°C) does not present a
botulism hazard. However, when doses of 2.0 kGy are used,
samples become toxic prior to being rejectable.

This behavior is not due to changes in the composition of the fish induced
by the dose of 2.0 kGy, which would favor the growth of C_. botulinum.
Instead, the longer shelf life provided by the combination of vacuum packing
and dose level permits larger growth of C_. botulinum.

(4) In all cases where the toxin of C. botulinum had been found
to accumulate, the samples have been inoculated with C_.
botulinum levels (1 or 2 spores/g) much higher than the
normally occurring one (less than 1 spore/g).

* NOTE: Study done in Canada by Fishery Research Board of Canada Halifax
Laboratory, Halifax, N.S.



(5) Giddings [15] has emphasized that to his knowledge there has
not been a single case of demonstrated toxin production in
uninoculated experimental controls treated with radiation and
held under any of the stress conditions employed in research
to date.

CONCLUSIONS

It can be concluded that the radiopasteurization process can be
safely applied as far as botulism is concerned to preserve fish and fish
products, providing that the following precautions are taken:

(1) Radurization should be used with top-quality fresh fish
products in plants adhering to good practices and good
quality control procedures.

(2) Radurization should be done under normal atmosphere in
samples packed in pouches made of oxygen-permeable films.
Vacuum or modified atmosphere packaging should be avoided.

(3) The radurized fish should be stored below 3.3°C.
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VI RECOMMENDATIONS ON RADURIZATION OF FISH AND FISH PRODUCTS
ISSUED BY INTERNATIONAL AUTHORITIES IN THE FIELD "OF FOOD
IRRADIATION (IAEA, FAO, WHO)

In 1969 a Panel on the Irradiation Preservation of Foods of Marine
Origin was formed by the joint Food and Agricultural Organization/Inter-
national Atomic Energy Agency Division of Atomic Energy in Food
and Agriculture [1]. The main task of the panel was to advise its
directors about the future orientation in which these leading organizations
should steer research on the radiation preservation of fish products.

The Panel assessed the subject from many angles, and made the
following recommendations:

(1) Market-Life Extension

(a) Only fishery products of good quality should be
irradiated for the purpose of prolonging their
market life.

(b) Market life must be defined in each area in
order to take into account a variety of local
conditions and preferences. When citing
market-life studies or other periods of stor-
age, the criteria on which the assessments were
based should be expressed so that the results
may be universally understood.

(c) Strict control must be maintained with regard
to the temperatures used in the handling and
refrigerated storage of irradiated fish
products, and there must be no slackening in
the enforcement of these restrictions. There-
fore, the Panel recommended that a visual tem-
perature indicator be developed for packages of
products in order to be able to determine if
the required temperatures have been adhered to.

(d) If the distribution chain requires that the
product be packaged, then the effect of the
packaging material must be included in assess-
ment of market life.

(e) Since the chemical tests used to determine the
market life of irradiated fishery products have
been of limited value, the Panel recommends
that more research be encouraged to find more
satisfactory indices.

(f) In view of the fact that total bacterial
counts, as presently determined, have been of
limited value in the determination of the mar-
ket life of irradiated products, the Panel
recommended that research be oriented towards
the development of materials and methods suit-
able for the rapid assessment of microbial
spoilage indicators.
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(2) Standardization of Working Tools

(a) The dose distribution in each particular product
and for each target geometry must be measured
in order to determine the absolute minimum and
maximum absorbed doses.

(b) In order to avoid confusion, the measured mini-
mum and maximum doses must be reported in an
appropriate way, with expressions of statisti-
cal error (e.g., minimum dose and uniformity
ratio and statistical variations, or both mini-
mum and maximum dose values and statistical
variation).

(c) The dosimetry method used, and the calibration
data for the source, must be described in de-
tail and equilibrated to an internationally
accepted standard (e.g., American Society for
Testing of Materials). The dose distribution
must be re-determined any time there is a
change in the critical aspects of the operation
(e.g., product density, package size, source
replenishment, etc.).

(d) The Panel recommended that there be continued
research to find more practical and more con-
venient dosimeters for food irradiation.

(e) The Panel agreed that standardization of sen-
sory assessment methods in all laboratories is
not practicable. It is recommended, therefore,
that whatever system is used, the results
should be treated in the appropriate statisti-
cal manner and full details presented. In
addition, sufficient details of the sensory
assessment method used should be presented to
enable others to relate the results to other
methods.

(f) Market life must be defined in each country and
the criteria must be so defined that results
may be universally understood.

(g) The Panel recommended that research be conduc-
ted to investigate physical and/or chemical
indices of quality in irradiated fish products
(e.g., identification of residual bacterial
enzymes and conductivity measurements).

3. £. botulinum As a Factor in '.he Wholesomeness of
Fishery Products

(a) The Panel endorses the recommendations of the
Panel on the "Elimination of Harmful Organisms
from Food and Feed by Irradiation"
(STI/PUB/200, IAEA, Vienna, 1968), that large-
scale radurization experiments should be car-
ried out on fish known to be naturally contami-
nated with £. botulinum, to aid in the assess-
ment of the extent of the botulinum hazard.
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(b) More inoculated-pack studies should be done on
various products at radurization doses in order
to determine more precisely the conditions
under which toxin may be produced. In addi-
tion, these studies should be extended to in-
clude a wide variety of fishery products.

(c) Investigations should be carried out to improve
the existing methods and to develop new methods
for determining the degree of contamination of
fishery products with C. botulinum.

(d) The Panel strongly recommends the use of stan-
dardized microbiological procedur.s and sam-
pling plans, in order to compare the results of
the laboratories in various parts of the
world.

(e) Quantitative studies should be carried out to
determine the natural incidence of _C.
botulinum in conventional fish-processing fac-
tories, in order to recognize the degree of
contamination.

(f) Since the concentration of type-E spores varies
widely in nature, and certain areas appear to
oe free of them, studies of the factors leading
to the development and accumulations of such
C_. botulinum are recommended.

Since these recommendations were made, the Food and Agricultural
Oganization and the International Atomic Energy Agency started several
coordinated research programs whose main objective was to look into the
problem areas identified by the panel of experts. Table VI-1 summarizes
some international activities in the field of food irradiation that have
contributed to clear up questions in most of these areas. One of these
programs that has played a significant role in the approval of irradiated
food (fish) for sale is the coordinated program on the wholesomeness of the
process of food irradiation (197^-1981), which generated a significant
amount of data on the wholesomeness of irradiated fish products. These data
were presented to the joint FAO/IAEA/WHO Expert committee on the
Wholesomeness of Irradiated Food (JECFI) for evaluation.

As a result of this effort, JECFI in 1976 recommended "provisional
acceptance" for human consumption of irradiated fish. In 1980, when more
data were generated by the program and by the International Project in the
Field of Food Irradiation (IFIP) (1970), the JECFI recommended an overall
maximum dose of 10 kGy for the irradiation of any food and stated that food
irradiated under the recommended dose does not present any toxicological
hazard and, therefore, further toxicological testing of it is not required.

Another coordinated research program that is contributing toward
the utilization of the food (fish) irradiation process and to facilitate
international trades, is the one on factors influencing the utilization of
the food irradiation processes created in 1980. This program operated for
four years, and some of its conclusions and recommendations follow.
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TABLE VI-1

INTERNATIONAL ACTIVITIES BETWEEN 1970-1981 [2]

Establishment of the International Project in the Field of Food

Irradiation (IFIP), 1970

FAO/IAEA Consultants on Microbial Aspects of Food Irradiation,

C3]

- Joint FAC7IAEA/WH0 Expert Committee on the Wholesomeness of

Irradiated Food, 1976 [4]

- FAO/IAEA Advisory Group on Standardization of Food Irradiation

1976

- Publication of Model Regulations for Control of and Trade in

Irradiated Food 1979 (Annex 7, Ref. 5)

- Joint FAO/IAEA/WHO Expert Committee on the Wholesomeness of

Irradiated Food 1980 [6]

- Joint FAO/IAEA/WHO Consultation Group on Revision of the General

Standard and Code of Practice of Irradiated Foods 1981 [7]

- FAO/IAEA Regional Seminar Program 1981-1983



(a) Eradication of enteric pathogens in frozen seafoods are: [8]

- Radiation treatment is an effective, and in some cases unique,
method for eliminating salmonella in fresh and frozen seafood
(shrimps).

- Radurization treatment for extending the iced storage life of
fresh fish and some forms of processed fish will facilitate
distribution of these items into the interior regions.

- Semi-large-scale experiments should be planned in collaboration
with industrialists to demonstrate to them the benefit of the
process.

(b) Control of infestlvity of parasites in food by irradiation

- Very l i t t l e research work has been done on this problem and
data available are not sufficient to evaluate the potential for
applications of irradiation technology in parasitic control.
However, existing data indicate that low doses are required for
controlling parasites.

- Radiation sensitivity studies are required in order to confirm
the optimum doses.

The formation of a task group by the FAO/IAEA was recommended,
with participation of WHO and health authorities. The role of the group
would be to address the worldwide problem of parasitic infections.

In fish, two parasites, nonpathogenic to human, but harmful to
fish, had been identified. Irradiation of fish to inactivate these para-
sites could avoid economic losses to exporters.

(c) Reduction of chemical additives in food through the use of irradiation

- More practice-oriented research on use of low-dose irradiation
to reduce dependency on anti-mould and anti-yeast chemicals, was
recommended.

From all the above conclusions and recommendations, the following
can be stressed:

(1) Radurization of fresh fish is an effective process to extend
its shelf l ife.

(2) The process is safe and does not present any toxicological
hazard.

(3) Further research has to be done in the potential use of low
doses of irradiation for controlling parasites, enteric bac-
teria and levels of chemical additives in fish.
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APPENDIX A

RADIATION SOURCES USED IN RADURIZATION

In early studies on seafood irradiation, the types of ionizing
radiation sources used were electron accelerators such as the Van de Graaff
accelerator, and used fuel rods from nuclear reactors [A.I,A.2]. In 1956,
Canada and the U.S. started to use cobalt-60 and began to design and produce
gamma irradiators [A.3~A.6].

Most commercial gamma-irradiation fac i l i t ies in operation today
are using cobalt-60 as their source material. The design of these cobalt-60
irradiators varies, depending on the builders and the intended use. Besides
the stationary type, some portable irradiators have been used (Chile, Brazil
and India).

In the radurization process for fish and fish products, several
irradiators have been placed on board ships in order to irradiate the
fish as soon as they are caught (U.S.A., Germany, Republic of Korea and the
U.S.S.R.)*.

Other sources of ionizing radiation have also been used in i r ra-
diation studies of fish and fish products: the so-called machine sources
(electron accelerators), which have been used in the Bremsstrahlung or
X-radiation mode (up to 5 MeV) or as a source of electrons (up to 10 MeV).

The following countries had or are using accelerators for commer-
cial or experimental work in food irradiation [A.7]: China, Equador,
France, Germany (FRG), Israel , Mexico, Malaysia, Netherlands, Poland, U.S.
and the U.S.S.R.
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APPENDIX B

LIST OF COUNTRIES WHERE IRRADIATED FISH AND FISH PRODUCTS
HAVE BEEN CLEARED FOR HUMAN CONSUMPTION [B.1]

COUNTRY
(Organization)

Australia

Bangladesh

Brazil

Canada

Chile

Netherlands

FAO/IAEAAMD
Expert
Ccrmittee 1976

FAO/IAEA/ii«0
Expert
Cctrmittee 1980

PRODUCT

frozen shrimp

fish

shrimps

fish and fish products
(f i l le ts , salted, smoked,
dried, dehydrated)

ood and haddock f i l le ts

teleost fish and fish
products

shrimps

shrimps

f i l le ts of haddock, coal
fish, whitting, f i l le t of
cod and plaice

frozen shrimp

boiled and cooled shrimps

frozen shrimp

frozen fish

cod and red fish

any food product

PURPOSE OF

IRRADIATION

decontamination

shelf-life extension
decontamination
insect disinfestation

shelf-life extension
decontamination

shelf-life extension
decontamination
insect disinfestation

shelf-life extension

shelf-life extension
decontamination
insect disinfestation

shelf-life extension

shelf-life extension

shelf-life extension

decontamination

shelf-life extension

decontamination

decontamination

shelf-life extension
decontamination

shelf-life extension
decontamination
insect disinfestation,etc

SORT OF
CLEARANCE

provisional

unconditional

provisional

unconditional

test marketing

unconditional

experimental
batches

test marketing

test marketing

provisional

provisional

provisional

provisional

provisional

unconditional

DOSE
kGy

6-6

up to 2.2

up to 2.2

up to 1.5

up to 5.0

0.5-1

1.0

1.0

7.0 max

1.0 max

7.0 max

6.0 max

2.0 to 2.2

DATE OF
APPROVAL

11 Sept/
16 Oct 1978

28 Dec 1983

8 Mar 1985

2 Oct 1973

29 Dec 1982

13 Nov 1960

15 Jin 1976

7 Sept 1976

9 May 1980

S Feb 1983

3 Feb 1983

2'A Aug 1983

17 Sept 1976

3 Nov 1983



B.I COMMERCIAL ACTIVITIES

B. I . I On-board Radurization of Iced Ocean Fish

On-board i r r ad i a t i on is of i n t e r e s t t o those countries such as
Germany, Iceland and Korea where the f i sh are caught and transported
unfrozen to ports from dis tant regions at sea. The appl icat ion of the
process wil l allow vessels to stay at sea for longer periods of time and to
re tu rn to port with fu l l loads .

The f i r s t shipboard i r r ad i a to r was bu i l t in the U.S. (1966) and
ins ta l l ed aboard the M.V. Delaware. The s tudies of i r r ad ia t ion of fish a t
sea were carr ied out by the Bureau of Commercial Fisher ies Technological
Laboratory in Gloucester, Massachusetts, under a contract with the United
Sta tes Atomic Energy Commission [B.2] . Also, in 1966 (September) a portable
on-shipboard i r r a d i a t o r was in s t a l l ed aboard the U.S. Bureau of Commercial
Fisher ies research vessel Oregon with the purpose of evaluating the
f e a s i b i l i t y of low-dose gamma-radiation processing of shrimp at sea [B.3L

Preliminary t r i a l s of on-board i r r ad i a t i on were carr ied out in
1971-1972 in the German Federal Republic [B.4] with an X-ray source
ins t a l l ed aboard the research vessel Walther Herwing.

The results obtained in these studies indicate that the shelf-life
of the fish can be doubled or tripled and the dose required is lower
(0.50 kGy) than the dose required (1.5 kGy) to prolong the shelf life of the
same species of fish irradiated one or two days out of the water [B.2].

On-board irradiation of fish has not been used on a commercial
scale for several reasons:

(1) Commercial scale on-board irradiation t r ia ls [B.5.B.6] failed
to demonstrate enhanced shelf life due to recontamination
after irradiation.

(2) In developed countries, the size of boats of most fishing
fleets (10-15 m in length) is not large enough to accommodate
a radiation source. Fleets with larger vessels are usually
equipped with filleting and freezing faci l i t ies , therefore,
there is no need to install an irradiation unit on board
because frozen fish has a longer shelf life (6-9 months) than
irradiated fish (4 weeks).

(3) In developing countries, most of the fishing is done either
inshore or in small boats powered with outboard or small
inboard motors; therefore, on-board irradiation is not
feasible.

Despite all the research work done during the last three decades
on the use of ionizing radiation to extend the shelf life of fresh fish and
fish products, only small amounts of fish have been irradiated for
commercial purposes. Besides Australia and the Netherlands that have
irradiated frozen shrimp, no other commercial activities have been
reported [B.7L
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APPENDIX C

FISH IRRADIATION PROGRESS IN CANADA

C. I . SPECIES AND PROCESS CONSIDERATIONS

The F i s h e r i e s Development Branch from the Department of F i s h e r i e s
and Oceans at the Halifax Laboratories has recently re-evaluated the
technical advantages and limitations of gamma-irradiation for preserving the
quality of fresh fish [C.I]. Cod, mackerel and scallops were chosen as
representatives of lean, fatty and shellfish, respectively.

From these studies, it was concluded that "Y-irradiation at doses
less than 5 kGy may be applied as a pretreatment operation for some species
of fresh, lean fish. The irradiation process should not be used for frozen
quality preservation for fatty fish and shellfish. However, the advantages
of extending shelf-life and inhibiting bacterial deterioration for fresh
fish by using irradiation is a powerful technique when the chilling and
handling operation is inadequate" [C.1]. I t was also concluded that more
research is required in radiation preservation of prepared fish products of
Canadian Atlantic species.

C.2 MARKET TESTING PROGRAM

With the i n t r o d u c t i o n in 1981 and the subsequent approval of the
I n t e r n a t i o n a l General Standard for I r r a d i a t e d Food of the Codex Alimenta-
r i o u s , s e v e r a l Canadian f i sh process ing companies and the Canadian
Department of F i s h e r i e s and Oceans showed a renewed i n t e r e s t in extending
the shelf life of fresh fish by radiation. As a result of this mutual
interest, a three-phase Market Testing Program was developed in 1983 [C.2]:

(1) Part I consists of a consumer survey to assess consumer
attitudes towards the idea of food irradiation as well as to
determine how much education would be required to have an
informed consumer response. Part I was completed in
1984 July. Results from the polling are summarized below:

(a) Without additional education, the Canadian consumer is
more aware of the subject of food irradiation than was
expected.

(b) The general response was favorable in that most said
"I'm not against i t , but I want to know more before I
decide".

(c) A small amount of additional consumer-oriented
education/information influenced consumer attitudes to
the point where approximately 80? said they would have
no hesitation in trying irradiated fish.

(2) Part II consists of an "in-home testing" test that involves
the ir>- diation of large quantities of fish for consumption
by sel .ced consumers at their homes.



(3) Part III is an "in-store testing" test consisting in irradia-
ting large quantities of fish to be sold in selected retai l
outlets.

Part II and Part III have not been done because the
Government feels that i t has done i ts part, and from here on the fish
industry should take the lead in these two parts of the test program.

C.3 COMMERCIAL ACTIVITIES

A group of pr iva te businesses in Newfoundland with the support of
the provincia l and federal governments are involved in studying the f e a s i -
bility of building a fish irradiation facility in the province.

The study will involve economics and the assessment of all the
parameters needed in the successful operation of a fish irradiation facil-
ity. The final report was expected late in 1985.

A non-profit commercial size irradiation facility will be built in
1986 in the Montreal area. This facility will be used as a demonstration,
education and product-testing center [C.3].
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