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FOREWORD

The International Consultative Group on Food Irradiation (ICGFI) was established on
9 May 1984 under the aegis of FAO, IAEA and WHO. ICGFI is composed of experts and
other representatives designated by governments which have accepted the terms of .the
"Declaration" establishing ICGFI and have pledged to make voluntary contributions, in cash
or in kind, to carry out the activities of ICGFI.

The functions of ICGFI are as follows:

(a) To evaluate global developments in the field of food irradiation;
(b) To provide a focal point of advice on the application of food irradiation to Member

States and the Organizations; and
(c) To furnish information as required, through the Organizations, to the Joint

FAO/IAEA/WHO Expert Committee on the Wholesomeness of Irradiated Food, and
to the Codex Alimentarius Commission.

As of 1994, the following countries are members of ICGFI:

Argentina, Australia, Bangladesh, Belgium, Brazil, Bulgaria, Canada, Chile, Costa
Rica, Côte d'Ivoire, Ecuador, Egypt, France, Germany, Ghana, Greece, Hungary,
India, Indonesia, Iraq, Israel, Italy, Malaysia, Mexico, Netherlands, New Zealand,
Pakistan, Peru, Philippines, Poland, Portugal, Syrian Arab Republic, Thailand, Turkey,
Ukraine, United Kingdom, United States of America, Viet Nam and Yugoslavia.

The document contains a compilation of all available scientific and technical data on the
irradiation of strawberries. It is intended to assist governments in considering the
authorization of this particular application of radiation processing of food and in ensuring its
control in the facility and the control of irradiated food products moving in trade. The
compilation was prepared in response to the requirement of the Codex General Standard for
Irradiated Foods and associated Code that radiation treatment of food be justified on the basis
of a technological need or of a need to improve the hygienic quality of food.

The document was prepared also in response to the recommendations of the
FAO/IAEA/WHO/ITC-UNCTAD/GATT International Conference on the Acceptance,
Control of and Trade in Irradiated Food (Geneva, 1989) concerning the need for regulatory
control of radiation processing of food. It is hoped that the information contained in this
document will assist governments in considering requests for the approval of radiation
treatment of strawberries, or requests for authorization to import such irradiated products.
It is suggested that the various guidelines, codes and other documents adopted by ICGFI or
prepared under ICGFI's auspices be also consulted.

The present compilation of data was prepared by Dr. Paul Thomas, Food Technology
and Enzyme Engineering Division, Bhabha Atomic Research Centre, Bombay, India, and
reviewed by Mr. P. Boisseau (France), Mr. D. Ehlermann (Germany), Prof. I. Farkas
(Hungary) and Dr. L.G. Ladomery (FAO/IAEA).



EDITORIAL NOTE

In preparing this document for press, staff of the IAEA have made up the pages from the
original manuscript (s). The views expressed do not necessarily reflect those of the governments of the
nominating Member States or of the nominating organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as registered)
does not imply any intention to infringe proprietary rights, nor should it be construed as an
endorsement or recommendation on the part of the IAEA.
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1. INTRODUCTION

The strawberry (Fragaria sp.) which belongs to the non-climacteric class of fruits is
harvested when berries mature and attain the optimal ripeness in terms of colour and eating
quality. The fruit is highly perishable and fragile and requires to be handled with extreme
care during harvesting, transport and marketing. On account of the high respiration rate and
physiological process of overripening and microbial spoilage, the post-harvest life of the fruit
at higher ambient temperatures is extremely short and even under refrigeration the shelf-life
is rather short due to fungal decay. This is further aggravated by the fact that production
areas are usually located far away from marketing and consumption centres.

A number of fungi are known to cause post-harvest diseases of strawberry; however,
only three main fungal diseases affect post-harvest storage. These are grey mould rot caused
by Botrytis dnerea Pers. ex. Fr., "Leak" disease caused by Rhizopus stolonifer (Ehr. ex. Fr.)
Lind., and Anthracnose due to Colletotrichum actuatum Simmonds. The latter two diseases
are major problems at warmer temperatures, whereas the former usually develops under
refrigerated conditions.

Under temperate climates the principal microorganism causing spoilage is B. dnerea.
Infection usually occurs in the field at blossoming, and the fungus soon establishes in the
immature fruit but remains relatively quiescent until the fruits start to ripen. Active mycelia
of this fungus are found inside tissues of berries at harvest [Powelson, I960]. About 5% of
the harvested strawberries may be contaminated by Botrytis [Maxie et al., 1964] and the
decay spreads to the neighbouring fruits in a container, agglomerating them (nesting)
altogether. Pre- as well as post-harvest treatments with chemical fungicides do not necessarily
provide adequate control of the disease. Field infection and consequent post-harvest spoilage
is considerably less when strawberries are grown under plastic tunnels as practiced in
Europe. R. stolonifer commonly infects wounds inflicted during harvesting and handling and
infection spreads by contact from fruit to fruit, producing an extremely rapid growth
throughout the contents of a fruit container. At temperatures of about 25 to 27°C, optimal
for the growth of R. stolonifer, all strawberries within a container may be reduced to a
watery residue within 1 or 2 days [Sommer and Fortlage, 1966].

Whereas R. stolonifer could be effectively controlled by storage at temperatures below
10°C, the growth of B. dnerea can only be slowed, but not entirely stopped by lowering the
temperature to about 0°C, as the pathogen can still grow at far below the freezing point of
the host [Hawker et al., I960].

Post-harvest losses due to Botrytis have been estimated to be 15% or more in the USA
[Anon., 1965] and may reach up to 25% during 5.5 days refrigerated transit between
California and the East Coast [Johnson et al., 1965 ; Maxie et al., 1964], while losses as high
as 40% due to Rhizopus have been reported in South Africa during wet summer seasons [van
der Linde, 1982].

In Hungary 10-15% of the annual production are lost due to fungal decay [Farkas et
al., 1972] whereas in France the estimated losses are 5.9% at wholesale market, 4.9% at
retail market, and 18% with the consumer, amounting to 28.8% on the whole [Laville,
1981].



2. JUSTIFICATION FOR RADIATION PROCESSING

2.1. GENERAL

Irradiation of strawberries, with or without atmosphere control, extends the market life
of the fresh fruit by controlling moulds causing decay. Irradiated strawberries, like
unirradiated fruits, are stored and transported during distribution under refrigeration.
Irradiation obviates the need for the use of chemicals (fumigation or dipping) and enables the
marketing of fresh fruit packed/packaged without modified atmosphere. Irradiation treatment
also allows the harvesting of field-ripe strawberries, resulting in a product with greater
consumer appeal and longer shelf-life both at retail level and in the home. Details of
radiation treatment and alternate treatment methods are described below.

2.2. ALTERNATE METHODS FOR DECAY CONTROL

At present strawberries are stored and distributed under refrigeration with or without
controlled atmosphere to slow down overripening and microbial decay and thereby extend
the market life. The temperature recommended for storage of strawberries is 1-2°C [Lutz
and Hardenburg, 1968, Robinson et al., 1975, Geeson and Browne, 1982]. Rapid initial
cooling or precooling of the produce to 2-4°C by forced air circulation of cold air between
the fruits and maintaining the temperature during storage and transporting — the so-called
cold chain — are critical factors determining the shelf-life [Tomlain and Robinson, 1971;
Jarvis, 1973; Topping and Robinson, 1977].

Refrigeration in conjunction with CO2 enriched atmospheres within sealed polyethylene
covers suppress fungal spoilage and further extend the shelf-life of the fruit. Strawberries are
transported in pallets sealed within a polyethylene cover with an internal atmosphere of 15-
20% CO2 established by CO2 injection. Fruit softening is retarded and B. cinerea is inhibited.
The technique is at present used for distribution to produce warehouses [Barmore, 1987].
Additionally, post-harvest treatment in an atmosphere of 15% CO2 for 42 h enhances
firmness of berries in several cultivars [Smith, 1992; Smith and Skog, 1992]. In some
strawberry cultivars (varieties) storage in 10-20% CO2 may cause persistent off-flavours
[El-Kazzaz et al, 1982; Browne et al, 1984).

Hypobaric storage or low pressure storage at 10 mm Hg enables strawberries to be
stored successfully at 1.1 °C for up to 21 days [Jamieson, 1980], however, difficulty of
applying this on industrial scale is the major problem in its commercial application.

Post-harvest dip treatment with sodium dehydroacetate [Watadas 1971] or fumigation
with acetaldehyde vapours [Prasad and Stadelbacher, 1974] reduced decay in laboratory
studies but their efficacy is yet to be proven under commercial conditions.

2.3. RADIATION TREATMENT FOR EXTENSION OF MARKET LIFE

The growth of B. cinerea can be slowed down by prompt cooling and use of
refrigeration and elevated CO2 atmospheres in packages and in transit vehicles, however,
normal growth resumes when the fruits are removed from the modified atmospheres. The
commercial practice of packaging strawberries in punnets or boxes sealed with suitable
polymeric films to maintain a modified atmosphere inside the package has contributed
considerably to shelf-life extension. Irradiation either alone or in conjunction with modified
atmospheres extends the shelf-life of strawberries further by providing control of grey mould
rot and Rhizopus rot during refrigerated transport, storage, market display as well as in
consumer households [Thomas, 1986].
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Although the general adaptability of strawberries to irradiation appears to be influenced
by initial product quality, variety, harvest maturity, climatic conditions during growth,
temperature before and after treatment, and probably geographic locations, results of many
of the studies performed in various countries involving several varieties seem to indicate a
mean dose of 2 kGy1 with an upper limit of 3 kGy for satisfactory decay control without
unduly affecting the fruit quality. The minimum dose necessary for obtaining good results
is often 1.5 kGy. Doses of 3 kGy and more may result in a softer texture and loss of colour
and other quality attributes.

In California grown Shasta strawberries inoculated with B. cinerea, irradiation at doses
of 1 and 2 kGy, respectively, resulted in delaying mycelial growth for 5-7 days and 10-14
days, respectively, at 5°C. A normal rate of mycelial growth resumed thereafter. Contact
infection and nesting were also prevented for a similar period [Nelson et al., 1959]. With
naturally infected market samples, doses of 1-3 kGy substantially reduced Botrytis and
Rhizopus rot for 3 days at 24°C or for 10 days at 5°C. In berries stored for 2 days at
alternating temperatures of 4.4° and 24°C, decay was prevented by a dose of 3 kGy, but at
this dose injury was visible after 4 days which became severe after 8 days. However, under
similar storage conditions decay was prevented for 6 and 7 days by 1 and 2 kGy respectively
without visible injury to berries [Beraha et al, 1961].

A dose of 2 kGy was optimal for the cultivars (CVs) Kasuga, Lindalicious, Marshall,
Robinson, Shasta and Sparkle, extending their shelf-life to about 15 days at 4.4°C [Cooper
and Salunkhe, 1963]. Among the CVs, Kasuga, Lindalicious and Sparkle harvested at the
firm ripe stage of maturity stored better than the others.

Californian Shasta strawberries that were unusually soft at harvest when immediately
cooled to 2.8°C and irradiated at 3-5°C with 1, 2 and 3 kGy doses, showed higher
percentages of marketable fruits after storage for 6 days at 5 °C or 5 days at 5°C plus 2 days
at 20°C. The amount of marketable fruits was highest in 3 kGy lots, but the percentage of
soft fruit was increased sharply even in fruits that were originally of good quality, while in
poor quality fruits some berries had collapsed completely. Irradiation significantly inhibited
"nesting" during 10 days at 10°C when one severely decayed fruit was placed in the centre
of the fruit mass in each container prior to treatment. Even hi berries in which cooling was
delayed by 3 and 6 h after harvest, decay was substantially reduced by 2 kGy by delaying
the lesion development [Maxie et al., 1964].

Unsorted Shasta and Z-5A CVs irradiated with 1, 2 and 3 kGy doses 1 day after harvest
and then held at 15°C and 2.8°C for 2 and 5 or 12 days to simulate air shipment, rail
shipment or storage and rail shipment respectively showed that 2 kGy reduced decay in most
of the simulated marketing periods without affecting the quality. Treatment with 3 kGy was
no more effective than 2 kGy in reducing decay, but berries were noticeably softened by
3 kGy [Bramlage and Couey, 1965].

Among the strawberry cultivars produced on the Gulf Coast of the USA the CV
Dabreak was most adaptable for radiation preservation. A dose of 1.5 kGy was optimal in
terms of shelf-life and acceptability determined either at 15.6 or 4.4°C [Lovell and Flick,
1966].

'Gray (Gy) is the SI unit of absorbed dose. 1 gray is the dose absorbed by 1 kilogram material when 1 joule
energy is transmitted to it by ionizing radiation (1 Gy = 1 J/kg). 1 kGy = 1000 Gy.



In CV Redcoat grown in Canada a dose of 3.3 kGy prevented fungal development for
26 days at 4.4°C whereas the mould-free storage life was sharply reduced at doses of 1.1 or
2.2 kGy or at higher storage temperatures of 12.8 or 21.1 °C [Heeney et al, 1964]. In CVs
Cambridge Special and Royal Sovereign grown in the UK, irradiation at 2 and 3 kGy delayed
mould growth by 3 and 4.5-5 days at 20°C while unirradiated berries showed mould growth
hi 1 day. Practically no mould growth was noted for up to 40 days in irradiated samples at
1°C [Clark, 1959].

Strawberries grown in Venezuela when irradiated to 2 kGy one day after harvest
remained in good condition for 25 days at 3°Cj relative humidity (RH) 90% as compared to
9 days for controls [Solanas and Darder, 1963 and 1964]. Shelf-lives of 5 to 6 days at room
temperature and up to 18-20 days at 4±1°C were observed for Chilean strawberries
(F. chiloenis) treated with 2 kGy [Fernandez and Gonzalez, 1967]. A dose of 2 kGy was also
found effective for suppressing decay of the CV Tiago grown in Argentina, treated either
soon after harvest or a 1-day delay in cold storage (4±1°C). In irradiated berries packaged
in small boxes and then overwrapped with PVC film to avoid recontamination, losses due to
fungal infection and softening were minimal until 17-19 days storage at 4±1°C as compared
to 8 days hi unirradiated samples [Curzio and Piccini, 1984].

In studies carried out hi Hungary, on an average 1.5 to 3 times longer shelf-life was
observed for strawberries treated with 2 kGy and stored at 10°C [Farkas and Kiss, 1967].
Likewise for the Belgian CV Red Gauntlet stored at 2-15°C irradiation at 2.5 kGy retarded
mould development by a factor of 3 in comparison with controls [Herregods and De Proost,
1963]. In Bulgarian strawberries held at room temperature (20-22 °C) the earliest sign of
fungal decay appeared in control samples on the 2nd day after they have been packed and
on 4th or 5th day in 2.5 kGy treated samples, the decay progressing rapidly thereafter
[Tencheva and Todorov, 1975]. Similarly, for strawberries grown in the USSR fruits exposed
to 2 and 3 to 4 kGy remained mould-free for 2 and 4 days, respectively, when stored hi
uncooled warehouses at 25-28 °C while the control samples were attacked all over by mould
after 1 day (Rogachev, 1966). High quality berries after exposure to 3 and 4 kGy had a
shelf-life of 7 to 8 days at 20-25 °C as against 2 to 3 days for controls. At 5°C, the storage
life of 2 and 4 kGy treated samples was 20 and 26 days, respectively, and 15 days for
controls |Rogachev, 1966]. The shelf-life of a new Dukat variety of strawberries grown hi
Poland was extended by 9 days at 2-4°C after treatment with 2.5 kGy [Zegota, 1988].

Reduction of fungal decay obtained at 2 kGy varied among the CVs Blackmore,
Surecrop, and Sparkle cultivated hi Republic of Korea, the decay being more at 10°C than
at 4°C [Harn and Kim, 1967]. Berries harvested at unripe and ripe stages irradiated to 3 and
4 kGy and stored at 20±2°C hi polyethylene film pack showed shelf- life extension of 6 and
8 days, respectively [Kim et al, 1968].

With strawberries grown hi Japan, even a dose of 0.5 kGy was found effective in
retarding the appearance of visible fungal growth during 45 days storage at 4°C in berries
packed in wooden boxes that were sealed in polyethylene bags for preventing microbial post-
infection [Meshitsuka et al, 1962]. A shelf-life of 45 days observed hi these studies appears
to be rather unrealistic taking into consideration of the fact that even in the absence of
microbial infection, quality deterioration due to physiological changes would continue to
occur. For the CV Dormer the decay free shelf-life at 21-23°C was 1, 3, 4 and 4 to 5 days,
respectively for control, 1, 2, and 3 kGy treatments. In berries stored at 8-10°C, 10%
infection was noted after 7 to 8, 9 to 10, 11 to 12 and 12 to 14 days, respectively, hi control,
1, 2 and 3 kGy samples (Shibabe et al, 1967).
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In three CVs of strawberries grown in Israel a dose of 2 kGy was optimal for reducing
the rate of decay in both artificially inoculated (dipping fruits in a suspension of 106 spores
of B. einerea per ml) and naturally infected fruits. Fruits packed in cuplets to prevent contact
infection were irradiated either 4 h after harvest or artificial inoculation and then stored either
at 15°C or at 0°C followed by 2 to 4 days at 15-17°C. In field-infected berries stored at
15°C a dose of 1 kGy prolonged the incidence of decay to 5 days opposed to 3 days for
controls, whereas after 2 kGy the first sign of decay appeared after only 10 days. In samples
stored at 0°C for 8 and 20 days, the decay development on transfer to 15-17°C was
markedly reduced at 2 kGy in comparison to 1 kGy treated fruits [Barkai-Golan et al., 1967,
1971].

2.4. COMBINATION TREATMENTS FOR DISEASE CONTROL

With a view to reduce the radiation dose to be applied for disease control, researchers
have tried combination of irradiation with other physical and chemical treatments.

2.4.1. Controlled atmospheres plus radiation

Modifying the atmosphere during irradiation treatment or during storage may provide
better quality and decay control [Ahmed et al., 1972, Amen et al., 1985; Chalutz et al.,
1966; Couture and Willemot, 1989] but the improvement obtained hardly justified the cost
of the combination process [Ahmed et al., 1972; Chalutz et al., 1966].

Irradiation at 2 kGy was more effective when carried out under 20% CO2 [Anon. 1991]
while storage in an atmosphere of 10% 02 plus 10% CO2 following irradiation at 2 kGy
markedly reduced microbial decay in comparison to cold storage in air [Amen et al., 1985].
Recent studies showed that a combination of pallet wrapping, gassing with 10% CO2, chilling
and irradiation at a lower dose of 0.3-1 kGy controlled the development of fungal decay in
strawberries [Couture and Willemot, 1989]. The efficacy of this combination process has
since been demonstrated in a recent market testing in Florida, USA [Marcotte, 1992].

2.4.2. Radiation plus chemicals

A pre-irradiation chemical dip with either Captan or potassium sorbate followed by
irradiation (2 or 3 kGy) produced better decay control than that achieved by irradiation alone
(Cooper and Salunkhe, 1963], so also treatment with sodium dehydroacetate or Dowicide A
[Anon., 1961]. However, the fungicide plus irradiation combination used experimentally may
not give better results than irradiation alone [Akamine and Moy, 1983].

2.4.3. Radiation plus heat

Since gamma irradiation at dose levels which the strawberry can withstand does not
inactivate all fungal lesions, the potential use of combined heat and radiation treatments for
the control of fungal rot of strawberries have been attempted [Sommer et al., 1968;
Crake, 1980; Langerak, 1982; Brodrick etal, 1977; Markakis and Nicholas, 1978]. As the
conventional practice of dipping fruits in warm water is not suitable, the preferred method
of treatment has been exposure to warm moist air.

In California-grown Shasta strawberries no contact infection due to B. cinerea occurred
after 10 days of storage at 5°C when subjected to moist heat at 41 °C for 10 min followed
by irradiation at 2 kGy in less than 2 h of heating, while without irradiation nesting was
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delayed by about 5 days. A dose of 1 kGy preceded by heating was more effective than
2 kGy without prior heating [Sommer et al, 1968]. However, to inhibit growth of R.
nigricans the combination of moist heat at 50-52°C for 10 min plus 2 kGy was required. The
shelf-life of different strawberry cultivars grown in South Africa under cold storage (2°C)
conditions has been reported as 10 days as compared with nearly 20 days for those receiving
moist heat treatment at 50°C, for 10 min plus a 2 kGy radiation dose. A minimal amount of
berry softening may occur by the combination treatment but this adverse effect is negligible
compared with the beneficial effect of controlling disease and its efficacy was confirmed by
commercial tests [Brodrick et al, 1977]. Precise control of time and temperature are
important since excessive heat can result in berry softening and bleaching of colour [Sommer
étal, 1968].

2.5. TRANSPORTATION STUDIES

While most of the studies referred to earlier have been carried out under stationary
laboratory conditions, refrigerated shipment trials under actual marketing conditions carried
out from California to Chicago and New York have confirmed the low incidence in fungal
rots in consignments irradiated to an optimal dose of 2 kGy though with a slightly greater
amount of transit injury or softening [Maxie et al., 1964, 1970a, 1970b].

The efficacy of moist heat treatment at 50°C for 10 min plus a radiation dose of 2 kGy
was also confirmed in experiments conducted in South Africa using commercial consignments
of strawberries. However, the advantage was not so impressive in test consignments sent to
Cadarache for assessment [Brodrick, 1982; Brodrick et al., 1977; Van der Linde, 1979]

An airborne trial shipment of strawberries from South Africa to Wageningen,
Netherlands showed that products treated with 2 kGy were acceptable up to 3 days after
arrival, whereas non-irradiated were rejected on the day of arrival overseas, while treatment
with moist hot air affected the berry firmness [Brodrick, 1982].

2.6. IRRADIATION EFFECT ON CHEMICAL CONSTITUENTS

2.6.1. Total soluble solids

An increase in the content of soluble solids soon after irradiation followed by a slow
rise during storage has been observed in one study [Doma et al., 1984] but in another study
no such influence of irradiation could be observed [Johnson et al, 1965].

2.6.2. Sugars

A decrease in total sugars with increasing radiation dose was observed by some
researchers [Harn and Kim, 1967; Kim et al., 1968; Tencheva and Todorov, 1975] while
others found no significant changes both in total and reducing sugars after irradiation [Afif
and Ismail, 1976; Beyers et al, 1979; Chachin et al, 1969; Doma et al, 1984; Lovell and
Flick, 1966; Zegota, 1988]. No significant changes in thé content of fructose, glucose, and
sucrose was observed by gas Chromatographie (GC) analysis soon after irradiation to 1.5 or
3 kGy [Schubert et al., 1973], whereas a slight but not significant increase in reducing sugars
was noted during 2 weeks of storage at 2-4°C following irradiation to 2.5 and 3 kGy
[Zegota, 1988].
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2.6.3. Vitamins

A dose dependent decrease in the content of ascorbic acid (vitamin C) immediately or
24 h after irradiation has been recorded in some studies [Clark, 1959; Kim et al, 1968;
Kurosaki, 1970; Salunkhe et al, 1959; Zegota, 1988] while others have found little or.no
effect [Afifi and Ismail, 1976; DeZeeuw, 1961; Lopez et al, 1967]. However, the losses
during storage was more rapid in non-irradiated berries [Chachin et al, 1969; Doma et al,
1984; Herregods and Deproost, 1963; Kim et al, 1968; Kurosaki, 1970; Zegota, 1988] and,
therefore, at the end of storage berries irradiated up to doses of 2-2.5 kGy had similar or
higher contents of ascorbic acid. The minor differences observed in the vitamin C levels in
1 and 2 kGy treated berries after 2 and 11 days storage at 5°C were nutritionally non-
significant [Maxie et al, 1964]. Irradiation causes oxidation of ascorbic acid to
dehydroascorbic acid [Wells et al, 1963], which is also active biologically. It can thus be
concluded that at dose levels of 1 or 2 kGy there is no nutritionally significant effect of
irradiation on vitamin C content.

Moist heat treatment [41 °C for 30 min] alone or in combination with irradiation did not
intensify the loss of ascorbic acid as compared to untreated samples [Maxie et al, 1970].

Increased levels of niacin was recorded immediately and after 10 days of storage in
strawberries irradiated to 2 kGy while thiamine content remained unaltered [Maxie and
Sommer, 1968]. Another study showed no significant differences in the content of riboflavin,
niacin and thiamine 24 h after treatment with 2 kGy [Beyers et al, 1979].

2.6.4. Titratable acids and pH
No significant changes in the total titratable acidity or in the pH occurred soon after

irradiation or during storage [Couture et al, 1990; Voros et al, 1987; Zegota, 1988].

2.6.5. Pectic components and pectic enzymes

An immediate observable effect of irradiation on strawberries is the loss of firmness,
which may lead to an increased susceptibility of the fruits to handling and transit injury.

Studies on the pectic changes in the CV Red Gauntlet irradiated to 2 kGy at 2 stages
of maturities (40-50% surface pink red and 70-80% pink red) have shown that in the less
mature berries irradiation resulted in the breakdown of protopectin accompanied by increases
in water-soluble pectin and smaller changes in pectin methylesterase activity. In 70-80%
coloured berries, protopectin levels were equal in both treated and control samples while
pectin content was increased, but pectic acids and pectin methyl esterase activity were not
modified [Belli-Donini and Stornaiuolo, 1969]. Irradiation did not alter the content of soluble
calcium whereas the amount of calcium pectate and pectin methylesterase were reduced
[Belli-Donini, 1973].

2.6.6. Amino acids and proteins

Irradiation of homogenates of strawberry fruits of the CV Selekta to a dose of 2 kGy
caused no significant differences hi the levels of essential amino acids histidine, lysine,
phenylalanine, tryptophan, methionine, threonine, leucine, isoleucine, and valine, and non-
essential amino acids serine, glutamic acid, aspartic acid, alanine and proline [Blackesley et
al., 1979]. Also, no significant differences were noted in the protein content of whole berries
treated at the same dose levels [Beyers et al, 1979].
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2.6.7. Fatty acids

Levels of palmitic, palmitoleic, stearic, oleic, linoleic, linolenic, arachidic and icosenoic
acid as well as total lipids in homogenates of strawberry fruits were not significantly affected
by irradiation at a dose of 2 kGy [Blakesley et al, 1979].

2.6.8. Volatile compounds

At least 124 volatile compounds could be detected by capillary GC in both non-
irradiated and 2 kGy treated strawberry homogenates. No significant differences in the
volatile profiles was observed as a consequence of irradiation [Blakesley et al., 1979].
GCMS analysis of fresh whole strawberries irradiated to 2 kGy revealed only minor effects
on the volatile compounds except isobutyric acid which showed higher levels in irradiated
samples [Schubert et al, 1973]. Berries treated with a dose of 15 kGy showed eight new
compounds not detected in the corresponding non-irradiated samples, but this observation
may have no practical importance since the optimal dose required for shelf-life improvement
is about 2 kGy.

The content of volatile acids decreased with advancing storage period, but its level
increased after 6 days at 4-6°C for the control and 12 days for berries irradiated at 2 kGy
following the logarithmic progression of microflora. The enhanced shelf-life and maintenance
of organoleptic characteristics in the irradiated samples could be correlated to the volatile
acids index [Curzio et al., 1983].

2.6.9. Minerals

No notable changes in the content of ash, calcium, phosphorous, iron, sodium and
potassium were recorded in whole strawberries irradiated to 2 kGy [Beyers et al., 1979].

Based on the above studies it can be concluded that no significant changes occur in
chemical constituents of nutritional importance when strawberries are irradiated at practical
dose ranges.

2.6.10. Pigments

The colour of strawberry depends chiefly on the presence of water soluble anthocyanin
pigments and among them pelargonidine-3-monoglucoside. Degradation of anthocyanins by
irradiation was greatest in purified pigments, followed by fruit juices, and the least in whole
berries. Amongst strawberry, red current and raspberry fruit exposed to doses in the range
of 1.5-7.5 kGy, the least degradation of pigments occurred in strawberry. In strawberries
exposed to 2.5 kGy, a dose which destroyed 20% anthocyanins, total regeneration of
pigments was noted during 6-day s storage; however fruits exposed to higher doses did not
show regeneration, possibly due to irreversible changes in the anthocyanin molecule
[Horubala, 1964, 1968]. No visual colour changes were noted after 2 kGy [Truelsen, 1960;
1963; Maxie et al., 1964), and in some cases even after 2.5 and 3.5 kGy [Lovell and Flick,
1966] but after exposure to 3-3.5 kGy colour of the fruit was noticeably lighter [Truelsen,
1960, 1963] or had less luster than non-irradiated fruit [Johnson et al., 1965].

No changes in the coloration of anthocyanins were detected in strawberries after
exposure to doses of 1, 2 and 5 kGy gamma rays [Deschreider and Vigneron, 1973], whereas
in the CV Red Gauntlet increased pigment levels were recorded soon after irradiation to the
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same doses, followed by a storage dependent decrease thereafter [Herregods and De Proost,
1963]. While doses of 1-3.5 kGy caused no visual colour changes, photometrically control
samples showed significantly higher content of anthocyanins, with colour intensity decreasing
in indirect proportion to dose [Lovell and Flick, 1966], A slight decrease in anthocyanin
content after 82 h following exposure to doses in the range of 0.3-4 kGy was interpreted.as
a delay in ripening or senescence [Couture et al, 1990].

2.6.11. Carbon dioxide and ethylene evolution

Irradiation at 0.3, 1, 2 and 4 kGy doses caused a temporary increase in the respiratory
CO2 production in strawberries as a function of dose followed by a gradual decrease to the
initial levels during storage at 10°C. Maximum ethylene production occurred at 1 kGy while
at higher dose levels the increase in C2H4 production was inversely proportional to the dose
[Couture et al., 1990]. These changes are indicative of radiation induced stress and damage
followed by repair, which resulted in an increase in metabolism and energy input.

2.7. EFFECT ON ORGANOLEPTIC QUALITIES

Although the changes in texture, taste, flavour, aroma and colour are proportional to
the radiation dose [Bramlage and Couey, 1965; Farkas and Kiss, 1967; Harn and Kim, 1967;
Johnson etal, 1965; Nelson et al, 1959; Salunkhe, 1961; Salunkhe et al., 1959, 1961], the
general impression is that these changes are not detectable by sensory test if the dose does
not exceed 2 kGy considered adequate for decay control.

2.7.1. Texture
The softening of the berries with spongy water-soaked texture or soft spots is the first

defect manifested before the loss of juice and paling of colour. The softening increases with
the applied dose, although differences in the rate and extent of softening vary among different
cultivars and also is dependent on the ripeness of the berry at the time of treatment.

Most strawberry cultivars appears to show minimal changes in texture and other
organoleptic attributes after exposure to 2 kGy, a dose considered adequate for control of
fungal rotting [Bramlage and Couey, 1965; Beraha et al., 1961; Clark, 1959; Cooper and
Salunkhe, 1963; Diest et al, 1975; Farkas and Kiss, 1967; Guerrero et al, 1967; Johnson
et al, 1965; Lovell and Flick, 1966; Markakis et al., 1971; Maxie et al, 1964, 1970;
Nelson ef al, 1959].

In berries irradiated to 2.5 kGy, the softening determined by texture measurements
could not be substantiated by the microscopical examination of the tissue structure [Voros
et al, 1987]. The softening is attributed to depolymerization of pectin in cell walls
accompanied by loss of calcium [Al-Jasim and Markakis, 1965]. Consequently such fruits
yield more juice that is less viscous and dense [Clark, 1959; Herregods and De Proost,
1963]. The softening could not be overcome by soaking in a solution of 0.5% calcium salts
[Guerrero et al, 1967; Markakis and Nicholas, 1972]. It should, however, be noted that
textural changes are not apparent at practical dose ranges and soaking in caclium solutions
is not needed in practice.

Some researchers have observed a significant firming of irradiated strawberries during
storage [Ahmed et al, 1972; Elbert et al, 1965; Lovell and Flick, 1966] which may be due
to a dehydration effect. The time interval between harvest and irradiation, storage
temperature after irradiation and packaging influences the rate of softening and refirming
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during storage. However, these findings may not have any significance under practical
situations.

2.7.2. Colour and luster

The colour of the strawberries is essentially due to anthocyanins. A paling of the
external red colour and less luster after irradiation particularly at doses of 3 kGy and more
is observed by some authors [Amen et al., 1985; Baccaunaud et al., 1985; Deist et al.,
1985; Johnson et al, 1965; Martin and Tichenor, 1962; Martin et al, 1963], but others
found no changes in the visual colour at doses up to 2 kGy [Truelsen 1960, 1963; Maxie et
al, 1964; Lovell and Flick, 1966].

Varieties differ in their sensitivity to discoloration by irradiation [Truelsen, 1963;
Lovell and Flick, 1966]. The loss of colour is much less pronounced in berries irradiated at
the normal stage of harvesting than in berries irradiated when fully ripe [Deist et al, 1975].
Wells et al, (1963) reported a dose dependent increase in loss of colour in strawberries
during 3-6 months storage at 1.7°C following exposure to 3 and 8 kGy doses. It should be
noted that these doses are above optimum and therefore is of no practical significance.

2.7.3. Flavour and aroma

The differences in flavour due to irradiation is less noticeable than the differences in
aroma, texture and colour [Johnson et al, 1965]. Some researchers found no obvious effect
on the flavour even at higher doses 3-4 kGy [Thompson, 1959; Truelsen, 1963; Heene et
al, 1964, Johnson et al, 1965], others reported that flavour preferences declined as dose
increased from 1 to 4.65 kGy [Salunkhe et al, 1959] or observed a cooked odour and an off
flavour at 4 kGy [Nelson et al, 1959] or a loss of characteristic strawberry smell [Staden,
1973]. It is pertinent to point out that adverse effects on flavour occur only when the dose
exceed the optimal range and, therefore, these findings are of no practical importance.

2.7.4. Organoleptic tests

Results of organoleptic tests show that there does not exist any significant differences
between control and berries irradiated up to 2 kGy from the point of view of flavour [Afifi
and Ismail, 1976; Chachin etal, 1969; Lovell and Flick, 1966; Johnson etal, 1965]. Fruit
irradiated at 2.5 and 3 kGy were significantly different from control and those receiving
lower doses [Johnson et al, 1965; Afifi and Ismail, 1976] or frozen [Martin and Tichenor,
1962]. At higher doses the quality is degraded still further and berries become unacceptable
[Chachin et al, 1969; Martin and Tichenor, 1962].

A professional panel detected no significant difference between the organoleptic
qualities of control and strawberries treated with a dose of 2 kGy up to 9 days of cold storage
[Baccaunaud et al, 1965]. Similarly, results of sensory evaluation by a trained panel showed
that the organoleptic qualities of strawberries subjected to 2 kGy either immediately after
harvest or after 24 h storage at 4±1°C remained at commercially acceptable levels up to 17
days of storage at 4±1°C while the controls were acceptable only for 6-8 days [Curzio and
Piccini, 1984]. A preference for irradiated strawberries with advancing storage have been
reported [Truelsen, 1963; Heeney et al, 1964; Curzio and Piccini, 1984]. From these
reports it can be concluded that no significant changes are noted in the organoleptic qualities
at practical dose ranges.
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2.8. TEST MARKETING AND CONSUMER ACCEPTANCE TRIALS

Market performance and consumer acceptance studies have been conducted with
irradiated strawberries in South Africa [van der Linde, 1979, 1982; van der Linde and
Brodrick, 1982], Hungary [Kiss, 1984], France [Laizier, 1987] and more recently in the
USA [Marcotte, 1992; Pszczola, 1992].

During 1979, 7 tonnes of irradiated strawberries which were labelled with the
irradiation emblem (Radura), indicating that the fruits had been irradiated, were sold in 20
supermarkets in Johannesburg and Pretoria in South Africa. The outcome of the trial was
most encouraging with 88% of the consumers reacting positively, and in several cases the
treated strawberries were kept by the consumers for 10-12 days and longer [van der Linde,
1979, 1982]. Following this, during 1981, 200 tonnes of irradiated strawberries were sold
in the Johannesburg fresh produce market in which only the bulk containers (carton holding
12 punnets) were marked with a Radura label. The quality of the irradiated strawberries
remained far superior to the non-irradiated product during retail marketing [van der Linde
étal., 1982].

Recently commercial marketing in Florida and Chicago, USA, have demonstrated that
strawberries subjected to the combination process of modified atmosphere (10% CO2) and
irradiation (0.3-1 kGy) remained longer in a mould free state and sold well compared to the
modified atmosphere only strawberries, confirming that consumers will accept irradiated
foods given the chance [Marcotte, 1992; Pszczola, 1992].

2.9. METHODS FOR DETECTION OF IRRADIATION TREATMENT

Methods for identification of irradiated strawberries are useful for the enforcement of
labelling rules and for monitoring the food supply. A number of physical, chemical,
biological and microbiological methods are available and are being developed for
identification of irradiated strawberries. Reviews on advances in the identification of
irradiated foods are available in the published literature [Bögl, 1989; Delincée and
Ehlermann, 1989]. The Joint FAO/IAEA Division of Nuclear Techniques in Food and
Agriculture has recently published a review of the current literature on analytical detection
methods for irradiated foods [IAEA-TECDOC-587] and is conducting a co-ordinated research
programme on analytical detection methods [FAO/IAEA].

2.9.1. Physical methods

The electron spin (paramagnetic) resonance (ESR or EPR) measurement seems to be
one of the promising physical methods which could be used as a future routine test for
detection of irradiated strawberries [Dodd et al., 1985; Goodman et al., 1989; Raffi et al.,
1989]. ESR spectroscopy is based on the detection of paramagnetic centres formed in the
food during irradiation. Since these centres tend to be unstable in tissues with high water
content as in strawberry pulp, the test is performed on achenes or seeds with lower water
content where the paramagnetic centres are stable for longer periods.

Strawberry achenes irradiated to 10 kGy recorded strong ESR signals but a similar
signal of low intensity naturally present in unirradiated achenes made differentiation at lower
doses difficult [Dodd et al., 1985]. The natural signal in unirradiated strawberries was
thought to be possibly related to melanin-type pigments [Goodman et al., 1989]. In studies
conducted in France, a radiation induced signal was recorded in achenes of irradiated
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strawberries which was independent of achene preparation, increased with radiation dose but
decayed in storage [Raffi et al, 1988; Raffi and Agnel, 1989]. The ESR test could identify
seven strawberry varieties on the French market which have been irradiated to a minimum
dose of 1 kGy and held for less than 20 days under commercial conditions of storage at 5°C.

A recent report shows that it is possible to detect a signal in French strawberries that
was not detected in strawberries produced in Ireland when both were irradiated in Northern
Ireland [Stevenson, 1990] indicating the variations in response in the same fruit from
different sources.

A more promising physical method which is now ready for application is by
thermoluminescence measurements [Heide et al., 1990]. The thermoluminescence effect is
based on electrons being transferred to an excited state by ionizing radiation and returning
to a ground state emitting light when samples are heated, producing the typical glow curves.
Compared to ESR, TL effect is less influenced by water content and the TL intensity
remained stable after 10 days of storage which is longer than the expected marketing time
for strawberries. The TL effect was attributed to the soil and mineral grains adhering to the
strawberry fruit [Heide et al., 1990]. The fact that the signals arise from a contaminant may
raise the theoretical possibility of adulteration of samples [Stevenson, 1990]. An
intercomparison study involving thermoluminescence analysis to detect irradiated fruit and
vegetables including strawberries was carried out in Germany [Schreiber et ai, 1993].

2.9.2. Chemical method

The measurement of o-tyrosine in proteins, suggested as a method for detection of
irradiated meat, was found not applicable in case of strawberries [Willemot et al., 1989].
Only minute amounts of o-tyrosine were present even after irradiation at 30 kGy, which is
above tolerance limit and ten times higher than the recommended upper dose limit for decay
control of strawberries. Moreover, smaller amounts of o-tyrosine was detected in unirradiated
strawberries as well [Hart et al., 1988; Willemot et al., 1989]. Aromatic hydroxylation of
phenols and phenolic acids present in the fruit tissue has also been suggested as method for
detection of irradiation [Grootweld and Jain 1989a,b].

2.9.3. Biological method

Cytological abnormalities in the cells of primary roots of germinating seeds in irradiated
strawberries is suggested as a method for detection of irradiation [Natarajan et al., 1969].
The method required about 30 days and, therefore, is of not much practical utility as the
consignment, except the test sample, would have been marketed and consumed by this time.
However, biological methods are very reliable though time consuming.

2.9.4. Microbiological methods
The changes in the population of normal microflora of strawberries comprising of

Enterobacleriaceae, Pseudomonads, yeasts and moulds have been used to differentiate
between irradiated and non-irradiated strawberries [Taminga et al, 1975. 1977]. Gram
negative bacteria (Enterobacteriaceaè) which are sensitive to low doses of gamma rays were
found to be absent in strawberries irradiated to 2 kGy. These studies carried out in the
Netherlands, using field and green house grown strawberries as well as those imported from
Israel and Mexico, were confirmed by Australian researches who found the absence of
Enterobacteriaceaè in irradiated (2 kGy) field grown strawberries obtained from several
growers [O'Connor and Mitchell, 1991]. The method, however, may not be applicable to
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irradiated strawberries grown in green houses or in the open air on plastic sheets since
microbial counts are very low in such fruits [Kampelmacher, 1988]. Strawberries sanitized
by other procedures can also complicate the detection of irradiation by this procedure.

2.10. CONTROL OF THE PROCESS TO ENSURE PROPER PRACTICE

2.10.1. Pre-irradiation factors

Strawberries harvested during rainy weather [Truelsen, 1963] or following heavy rains
during growing seasons [Staden, 1973] and those grown during cool weather [Maxie et al.,
1964] are more susceptible to irradiation induced quality changes as compared to berries
harvested during sunny weather or late in the summer.

2.10.2. Commodity requirements

The effectiveness of irradiation is dependent on the initial quality of strawberry. Best
results are obtained when products of very good initial quality, in terms of ripeness, freedom
from harvest and handling injuries and field infections are used. Irradiation maintains the
initial quality but does not in any case improve the quality of substandard products.

The appropriate codes of good hygienic practice and standards of quality for strawberry
should be applied before or after irradiation treatment.

2.10.3. Pre-and post-irradiation storage requirements

Prompt precooling (0-3 °C) of the strawberries after harvest and maintaining the product
at cool temperatures (3-5°C) after irradiation and during transportation and storage are
important [Maxie et al., 1964], Maximal market life are obtained at storage temperatures of
2-5°C while at higher storage temperatures (10-15°C) or at ambient conditions (20-28°C)
shelf-life increase due to irradiation is proportionately lower [Bramlage and Couey, 1965;
Curzio and Piccini, 1984; Harn and Kirn, 1969; Heeney et al, 1964; Lopez et al, 1967;
Maxie^al, 1964; Meshitsukaetal., 1962; Rogachev, 1966; Tencheva and Todorov, 1975].
Delay between harvest and cooling can result in increased incidence of fungal decay [Maxie
étal, 1964].

2.10.4. Time of irradiation after harvest

It is important that irradiation treatment be given within the shortest time period
following harvest, preferably within 24 hours [Bramlage and Couey, 1965; Markakis et al.,
1971; Maxie et al, 1964; Solanas and Darder, 1963, 1964]. In the event of delay product
should be kept at cool temperatures.

2.10.5. Containers and packaging

The packaging material in contact with the product should not undergo significant
alteration of its functional properties nor yield toxic materials which can transfer to the
product.

The size and shape of containers which may be used for irradiation are determined in
part by certain aspects of the irradiation facility. The critical aspects include the
characteristics of product transport systems and of the irradiation source, as they relate to the
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dose distribution obtained within the container. The irradiation procedure will, therefore, be
aided if the product packages are geometrically well defined and uniform. With certain
irradiation facilities, it may be necessary to limit the use to certain package shapes and sizes.

Choice of packaging may be restricted by regulation in the country where the product
is sold. Packaging materials used must comply with relevant national and local regulations
(ICGFI is maintaining a list of authorized packaging materials suitable for food irradiation).

Overwrapping of strawberry containers with PVC or polyethylene film was found to
be beneficial to prevent post-irradiation contamination and infection [Curzio and Piccini,
1984; Meshitsuka et al, 1962] but in some cases no such advantage was seen [Markakis et
al., 1971]. Strawberries packed in pint boxes and flats and palleted are wrapped in plastic
when irradiation is combined with modified atmospheres [Couture and Willemot, 1989;
Marcotte, 1992].

2.11. IRRADIATION PROCESS REQUIREMENTS

The Codex General Standard for Irradiated Foods (worldwide standard) (Codex, 1992a)
and The Recommended International Code of Practice for Operation of Irradiation Facilities
Used for the Treatment of Food (Codex, 1992b) provide requirements and guidance
regarding certain irradiation process parameters and irradiation facilities and their operation.
It is recommended that these Codex references be consulted.

In accordance with the Codex Standard, the ionizing radiation which may be employed
in irradiating food is limited to:
(a) Gamma rays from the radionuclides ^Co or 137Cs;
(b) X rays generated from machine sources operated at or below an energy level of 5 MeV;
(c) Electrons generated from machine sources operated at or below an energy level of

10 MeV.
It should be noted that irradiation by electrons, having limited energy penetration, is

not possible for packages exceeding a certain thickness.

It is not possible to distinguish irradiated from unirradiated product by inspection, and,
therefore, it is important that, in the operation of an irradiation facility appropriate means,
such as physical barriers, be employed for keeping the irradiated and non-irradiated product
separate.

Indicators which change colour or which otherwise undergo some easily determined and
time-stable change when exposed to radiation in the dose range useful for strawberry
processing are not yet readily available commercially. Such devices, common in the
radiation-sterilization industry, used as a paper sticker, or equivalent, and attached to each
product unit, such as a carton, could assist the operator in identifying an irradiated product.

Maintenance of proper records of the operation of the irradiation facility is essential and
also required by regulations. The product which have been irradiated should be identified by
lot numbers or by other suitable means. Such measures to enable verification of the
irradiation treatment are required by government regulatory agencies.

The International Consultative Group on Food Irradiation (ICGFI) has developed
Guidelines for Preparing Regulations for the Control of Food Irradiation Facilities (ICGFI
Document No. 1).

20



2.11.1. Recommended dose ranges

General: Of the irradiation process parameters, the most important is the amount of ionizing
energy absorbed by the product. This is termed as 'absorbed dose'. The unit of absorbed
dose is the gray (Gy). One Gy is equal to the absorption of one joule energy per kg material.
It is important that the products receive the minimum absorbed dose required to achieve the
desired effect and that the uniformity ratio be maintained at an appropriate level. This
requires thorough dose mapping.

As already stated in Section 2.3 the optimal mean dose that can be used for most
cultivars of strawberry is 2 kGy. Depending on initial levels of field infection in the product,
the minimum and maximum effective doses required for obtaining the desired technological
objective may vary from 1.5-3 kGy. Doses exceeding 3 kGy can induce undesirable changes
in quality especially firmness, colour and aroma. Irradiation, if combined with modified
atmospheres (10% CO2), doses in the range of 0.30-1 kGy is adequate for enhanced shelf-life
as compared to only modified atmosphere packaging [Couture and Willemot, 1989].
2.11.2. Dosimetry

The radiation dose absorbed by the product and the dose uniformity or distribution
within the product package are dependent on many factors. These factors include the nature
of the source, the activity of the source, the geometry of the source, the geometry of the
conveyer, the density of the product, the nature of packaging and its dimensions, and the
distribution of the packages in the carrier.

The control of the irradiation procedure so as to deliver a prescribed dose entails a
number of considerations, the most important being the technology for measuring dose,
which is termed dosimetry. It is recommended that manuals on dosimetry procedures be
consulted (see ASTM Standard E 1204; ASTM Standard E 1261; McLaughlin, et al, 1989;
Chadwicke? al, 1977).
2.12. LABELLING REQUIREMENTS

The Codex General Standard for Irradiated Foods [Anon., 1984a] states:

"6.1. Inventory control
For irradiated foods, whether prepackaged or not, the relevant shipping
documents shall give appropriate information to identify the registered facility
which has irradiated the food, the date(s) of treatment and lot identification.

"6.2. Prepackaged foods intended for direct consumption
The labelling of prepackaged irradiated foods shall be in accordance with the
relevant provisions of the Codex General Standard for the Labelling of
Prepackaged Foods.

"6.3. Foods in bulk containers
The declaration of the fact of irradiation shall be made clear on the relevant
shipping documents. "

For prepackaged foods intended for direct consumption the relevant requirements (for
a prepackaged single component product such as strawberry) are described in the Codex
General Standard for the Labelling of Prepackaged Foods [Codex, 1989] as amended by the
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Codex Alimentarius Commission in 1991 [Codex, 1991]. While foods treated by other
physical preservation processes such as heating, refrigeration or freeezing are not required
to be labelled that they are so treated, the Codex General Standard for the Labelling of
Prepackaged Food, as amended by the 19th Session of the Codex Alimentarius Commission,
states that:

"5.2.1. The label of a food which has been treated with ionizing radiation shall carry
a written statement indicating that treatment in close proximity to the name of
the food. The use of the international food irradiation symbol, as shown
below, is optional, but when used it shall be in close proximity to the name
of the food."

Labelling is a complicated and controversial issue [Ladomery and Nocera, 1980], and
views of governments vary significantly. A survey of national regulations, including
labelling, has been prepared under the aegis of ICGFI [ICGFI, 1991].

3. WHOLESOMENESS DATA

It is pertinent to note that, based on the results of chemical, nutritional, microbiological
and wholesomeness studies, strawberry was one of the food commodities unconditionally
cleared by a Joint FAO/IAEA/WHO Expert Committee (JECFI) in 1977 [WHO, 1977]. The
subsequent JECFI Report on Wholesomeness of Irradiated Food concluded that irradiation
of any food commodity up to an overall average dose of 10 kGy presents no toxicological
hazard and introduces no toxicological or microbiological problems [WHO, 1981].

Specific toxicological investigations on irradiated strawberries included short term and
long term feeding studies in rats, mice, poultry and dogs [Borisova, 1969; Calandra and Ives,
1965, 1977a, 1977b; Mailing et al, 1971; Ness, 1972a, 1972b, 1972c, 1976a, 1976b,
1976c; Schubert et al., 1973]. In a compilation of bioassay data on the wholesomeness of
irradiated food items, Barna [1979] has listed 28 references in which irradiated strawberry
or strawberry juice constituted part of the diet fed to poultry, dogs and rat. The parameters
studied included the following: biological value, food efficiency, protein quality, N-balance,
food consumption, growth, body weight, weight gain, organ weights, reproductive
performance, fertility, litter size, number of young at parturition, weight of young animals,
gross pathology, histopathology, haematological status, RBC, WBC, haemoglobin content,
haematocrit value, blood chemistry, clinical chemistry, urine analysis, kidney and liver
function, intestinal enzyme activities, number of eggs laid, hatchability of eggs, life span,
mortality of adults, mortality of progeny, foetal mortality, tumour frequency, chromosome
analysis and chromatid aberrations in microorganisms and animal cells, mutagenic,
clastogenic and teratogenic effects, etc.
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The results of the wholesomeness data on irradiated strawberries summarized in the
1977 JECFI report [WHO, 1977] is reproduced below:
Microbiological aspects: From the microbiological standpoint, strawberries have not
ordinarily presented public health problems. However, outbreaks of gastrointestinal disease
have recently been recorded among consumers of strawberries that had been irrigated with
sewage-polluted water. Such strawberries can be identified, and rejected, on the basis of
bacteriological tests for faecal indicators. If these strawberries were irradiated, the bacterial
indicators and any bacterial enteric pathogens would probably be destroyed, but the viruses
that are likely to be present would not. Therefore, if there is reason to suspect contamination,
bacteriological tests should be carried out before irradiation. No microbiological problems
are likely to arise from the ingestion of irradiated strawberries of good hygienic quality.
Nutritional aspects: The nutritive value of strawberries lies predominantly in their high
ascorbic acid content. Irradiation within the specified range of doses does not significantly
reduce the ascorbic acid concentration. The irradiation of strawberries raises no nutritional
problems as strawberries do not contribute significantly to total dietary intake of this vitamin.
Toxicological aspects: Investigations with preparations of irradiated strawberries included
adequate short-term studies in rats, and two-year studies in chicken and dogs. These showed
that feeding various frozen or freeze-dried preparations of irradiated strawberries caused no
adverse effects significantly different from those produced by the ingestion of similar
preparations of non-irradiated strawberries. The observed deleterious effects occurred
randomly in various control and test groups and were not related to the administration of
irradiated material. The small number of animals used in the dog study and the large
individual variations in the variables examined render statistical evaluation difficult. In vitro
mutagenicity tests show no evidence of mutagenic activity, and the tumour incidence in the
long-term rat study showed no significant differences between the group fed irradiated
strawberries and the group fed non-irradiated strawberries.

Strawberries are normally consumed within one week of irradiation, but freeze-dried
strawberries were used in the feeding studies. S nice radiation chemical studies indicate that
radiolytic products are stabilized by freeze-drying, the results of these feeding studies are
considered relevant to the toxicological assessment of fresh irradiated strawberries. In
addition, studies performed with strawberry puree showed no adverse effects. The volatile
substances from irradiated and non-irradiated strawberries have been examined for mutagenic
potential with negative results. Toxicological data do not indicate any health hazard resulting
from ingestion of irradiated strawberries.

4. NATIONAL AND INTERNATIONAL CLEARANCES

Clearances issued at national level for irradiated strawberries are listed in Table I. It
can be seen from this table that ten countries have granted unconditional clearances
specifically for irradiated strawberries while the UK and the USA have granted clearances
for fresh fruits which also include strawberry.

As can be seen, there is a tendency to set mandatory maximum limits for radiation dose
absorbed by the strawberry. This is also true of other foodstuffs treated by irradiation.
Considering the tolerance of strawberries to ionizing radiation as indicated in Section 2.3,
the technological doses required and the safety of irradiated food up to an overall average
dose of 10 kGy it would not appear necessary to set legal limits for irradiation treatment of
this commodity. This is also true of many other food commodities which are self-regulating
with respect to absorbed dose of radiation [Vas et al., 1978].
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TABLE I. LIST OF CLEARANCES ON IRRADIATION OF STRAWBERRIES (as of 1st February 1994)

Country Type of clearance

Argentina

Belgium

Brazil

Chile

France

Hungary

Israel

South Africa*

Syrian Arab
Republic

Thailand

UK**

USA**

Codex

unconditional

conditional

unconditional

unconditional

unconditional

conditional

unconditional

unconditional

unconditional

unconditional

unconditional

unconditional

general

Permitted dose (kGy)

Minimum

1

Maximum

2.5

3.0

3.0

3.0

3.0

2.5

3.0 (av.)

4.0

3.0

3.0 (av.)

2.0 (av.)

1.0

10.0***

Date of approval

30 Apr. 1987

16 Jul. 1980

7 Mar. 1985

29 Dec. 1982

6 Jan. 1989

15 Apr. 1982

17 Feb. 1987

25 Aug. 1978

2 Aug. 1986

4 Dec. 1986

1 Jan. 1991

18 Apr. 1986

1984

Refers to authorization by food irradiation facility.
General clearance for fresh fruits.
Subject to good irradiation practice.

The Codex General Standard for Irradiated Foods, in fact represents a general clearance
of food up to an overall average dose of 10 kGy (Anon., 1984). An explanation of the
purpose and scope of the Codex General Standard is given in the report of a FAO/IAEA
Advisory Group meeting [Ladomery and Elias, 1985]. The International Consultative Group
on Food Irradiation (ICGFI) has issued guidelines on the general authorization of food
irradiation or authorization by classes of food [ICGFI, 1994].
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Other publications issued under the auspices of ICGFI

Facts about Food Irradiation (a series of fact sheets from the International Consultative Group
on Food Irradiation (ICGFI Fact Series 1-14) (available also in French, Russian and
Spanish)

Trade Promotion of Irradiated Food (IAEA-TECDOC-391)

Legislations in the Field of Food Irradiation (IAEA-TECDOC-422)

Regulations in the Field of Food Irradiation (IAEA-TECDOC-585)
(replaces IAEA-TECDOC-422)

The Use of Irradiation to Ensure Hygienic Quality of Food, Report of a Task Force Meeting
held in Vienna, 14-18 July 1986 (WHO/EHE/FOS/87.2)

Guidelines for Acceptance of Food Irradiation. Report of a Task Force Meeting on
Marketing/Public Relations of Food Irradiation held in Ottawa, Canada, 15-19 September
1986 (IAEA-TECDOC-432)

Safety Factors Influencing the Acceptance of Food Irradiation Technology, Report of a Task
Force Meeting on Public Information of Food Irradiation, held in Cadarache, France, 18-21
April 1988 (IAEA-TECDOC-490)

Consultation on Microbiological Criteria for Foods to be Further Processed including by
Irradiation, Report of a Task Force Meeting held in Geneva, 29 May-2 June 1989
(WHO/EHE/FOS/89.5) (available also in French and Spanish)

Analytical Detection Methods for Irradiated Foods — A Review of the Current Literature
(IAEA-TECDOC-587)

Radiation Safety of Gamma and Electron Irradiation Facilities (IAEA Safety Series No. 107,
IAEA, 1992)
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