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Executive Summary 
This application seeks a variation to the Food Standards Code, Standard 1.5.3 Irradiation 
of Food, by adding  

1. Apple (Malus domestica) 

2. Apricot (Prunus armeniaca) 

3. Cherry (Prunus avium) 

4. Honeydew (Cucumis melo) 

5. Nectarine (Prunus persica var. nectarina) 

6. Peach (Prunus persica) 

7. Plum (Prunus domestica) 

8. Rockmelon (Cucumis melo) 

9. Strawberry (Fragaria x ananassa)  

10. Table grape (Vitis vinifera) 

11. Zucchini and scallopini / summer squash (Cucubita pepo) 

 

under the same dose and usage conditions presently prescribed for tropical fruits, 
persimmon, tomato and capsicum, that are currently approved in the Australia New 
Zealand Food Standards Code.  No other variation to Standard 1.5.3 is sought.  The 
purpose of irradiation will be for a phytosanitary objective and the minimum and maximum 
doses will be 150 Gy and 1 kGy, respectively. 

Applicant 
This application is submitted by the Queensland Department of Agriculture, Forestry and 
Fisheries (QLD DAFF).  QLD DAFF brings together specialist knowledge, networks and 
services to work with significant businesses and industry sectors to support the economic 
development for the benefit of all Queenslanders.  

Purpose 
The minimum dose requested for the phytosanitary regulatory treatment is 150 Gy and the 
maximum dose requested is 1000 Gy. 

Apple, apricot, cherry, honeydew melon, nectarine, peach, plum, rockmelon, strawberry, 
table grape and zucchini are potential hosts to fruit flies and other regulated pests, and 
are subject by regulation to phytosanitary treatments against specified pests as a 
condition of entry into many plant quarantine jurisdictions. This applies to both domestic 
and international markets.  

Irradiation at levels between 150 Gy and 1 kGy is effective at killing or sterilising regulated 
insect pests, such as fruit fly, without posing a risk to human health or significantly 
affecting product quality.  
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Queensland Fruit Fly (Q-fly) is considered one of the world’s worst pests of fruiting crops, 
and is listed as a pest requiring treatment by most international and interstate markets 
trading in the movement of fresh fruit. 

Food Standards Australia and New Zealand (FSANZ) previously stated, “decades of 
research worldwide has shown that irradiation of food is a safe and effective way to kill 
bacteria in foods, extend its shelf life and reduce insect infestation.”  

Irradiation is potentially a valuable tool to help the apple, apricot, cherry, honeydew melon, 
nectarine, peach, plum, rockmelon, strawberry, table grape and zucchini trade ensure 
biosecurity and that phytosanitary requirements are met.  Irradiation treatment provides an 
end product treatment option for these affected industries. 

The need for irradiation 
Several approved options exist for phytosanitary treatments of apple, apricot, cherry, 
honeydew melon, nectarine, peach, plum, rockmelon, strawberry, table grape and 
zucchini.  Among the most commonly used are pre and postharvest treatments with 
insecticides.  Following the review of dimethoate and fenthion use by the Australian 
Pesticides and Veterinary Medicines Authority (APVMA), many phytosanitary uses were 
lost or restricted.  

QLD DAFF and the horticulture industry consider trade in these fruits and vegetable at risk 
of market disruption.  The forecast value for total fruit and vegetables in 2012–13 is $2453 
million (mil), with total fruit and nuts accounting for $1334 mil and total vegetables $1119 
mil (Qld AgTrends 2013).  The Gross Value of Production (GVP) for grapes is forecast at 
$1110 mil, apples $402 mil, strawberries $212 mil and melons $159 mil (Horticulture 
Factsheet 2012). The volume of trade in the domestic trade of fruit and vegetables is by 
far the largest.  Supplying the domestic market is the major focus of the horticulture 
industry in Queensland (overall approximately 70%).  Access to interstate markets is vital 
to the ongoing economic viability of the state and industry and to regional health.  

New Zealand Fresh Produce Importers Association (NZFPIA) represents wholesalers, 
traders and retailers who import fresh produce, including fruits and vegetables, into New 
Zealand.  NZFPIA’s members rely heavily on Australian produce, in particular imports 
from Queensland, to meet the needs of New Zealand consumers.  

In addition to increased regulatory restrictions on the use of dimethoate and fenthion, 
there is growing awareness within the horticulture sector of the need for alternative 
treatments to insecticides due to consumer concerns about chemical residues and the 
potential occupational health and safety issues associated with the use of chemicals in the 
supply chain.  

While methyl bromide is approved for use in all states and territories within Australia there 
are consumer concerns regarding chemical treatments.  However, the lack of 
harmonisation on the use of systems approaches (e.g. pre-harvest cover sprays and 
postharvest inspection) within Australia could mean that the only option for entry into 
several Australian markets may be methyl bromide fumigation. 

Irradiation already is an approved phytosanitary treatment for a range of tropical fruits and 
vegetables.  The treatment would provide an alternative phytosanitary treatment for these 
affected industries.  It is anticipated that industry can commercially incorporate irradiation 
treatment into their supply chain with minimal impact on efficiency and profitability of the 
supply chain. 
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Irradiation as a quarantine measure 
International evidence supports irradiation against fruit flies and other regulated pests.  
The International Plant Protection Convention (IPPC) implemented several International 
Standards for Phytosanitary Measures (ISPM) relating to the use of irradiation for 
phytosanitary purposes.  ISPM 18, “Guidelines for the Use of Irradiation as Phytosanitary 
Measure” provides technical guidance on the specific procedures for the application of 
ionising radiation that countries should adopt when trading in irradiated fresh fruits and 
vegetables.   ISPM 28 “Phytosanitary Treatments for Regulated Pests” sets out minimum 
doses for a range of pests. 

For fruits and vegetables that are hosts to the fruit fly the required treatment is applied in 
accordance with international requirements, under ISPM 18 Annex 7 (2003).  The required 
treatment would specifically comply with ISPM 28, Irradiation Treatment for Fruit Flies of 
the Family Tephritidae (2007) with a minimum dose of 150 Gy for the prevention of the 
emergence of adult fruit flies in all fruits and vegetables.  

Further support for the efficacy of irradiation as a phytosanitary treatment for fruit fly exists 
in the US. In 2006, the US Animal and Plant Health Inspection Service (APHIS) approved 
generic irradiation doses of 150 Gy to reduce fruit fly infestation on specific fruits.  

In this application, the minimum dose requested is 150 Gy, which is a generic treatment 
for economic fruit fly species. The proposed treatment range of 150 Gy minimum dose 
and 1 kGy maximum dose will comply with ISPM 18 and 28 requirements and is identical 
to the current levels approved in Standard 1.5.3. 

Irradiation treatment is suitable for these fruits as the minimum effective dose for a 
phytosanitary purpose is lower than the radiation tolerance of the fresh produce of 
concern.  Studies on the effect of low dose irradiation on the eleven fruits - apple, apricot, 
cherry, honeydew melon, nectarine, peach, plum, rockmelon, strawberry, table grape and 
zucchini (QLD DAFF 2012, 2013; Attachments 1–8) and previous studies (Part 3.1) show 
that the nutritional value and postharvest fruit quality of irradiated fruits were not 
significantly affected.  

Additionally, a Codex Recommended Code of Practice for Radiation Facilities for 
Processing of Food and ASTM International Standards provide internationally accepted 
guidance on the establishment and routine operation of irradiation facilities, including 
detailed advice on dosimetry and record keeping.  

Exports of irradiated Australian mango, papaya and litchi have been approved by 
Biosecurity New Zealand for several years and trade in irradiated fruits and vegetables, 
particularly in the US are increasing, with imports of irradiated fruits from many developing 
countries.  In August 2013, Biosecurity New Zealand approved irradiated tomato and 
capsicum from Australia. 

In 2011, the use of irradiation for phytosanitary purposes for domestic trade was approved 
and accepted by all states and territories in Australia. This treatment is available to 
businesses under the national Interstate Certification Assurance Scheme as Operational 
Procedure number 55 (i.e. ICA 55).  It applies to all insects, excluding only Lepidoptera 
that pupate internally, and to all fruits for which FSANZ has approved the use of 
irradiation. 

Safety 
The safety of food irradiation has been thoroughly studied and evaluated comprehensively 
over the past 60 years.  No food technology has ever been as extensively studied with 
respect to food safety as food irradiation.  Panels of experts have systematically evaluated 
data from animal feeding tests and multi-generation tests in animals.  In 1980, the Joint 
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FAO/IEAE/WHO Expert Committee on the Wholesomeness of Irradiated Food (JECFI) 
affirmed that “Irradiation of any food commodity up to an overall average dose of 10 kGy 
introduces no toxicological hazard; hence toxicological testing of food so treated is no 
longer required”.  The JECFI also stated that irradiation of food up to a dose of 10 kGy 
introduces no special microbiological or nutritional problems.  Investigations since 1981 
have continued to support the JECFI’s conclusions.   

Codex Alimentarius issued a general Standard for Irradiated Foods (CAC1983, revised 
2003), that any food irradiated up to an overall dose of 10 kGy is safe and wholesome.  
Irradiation for a phytosanitary purpose in this application has a maximum dose of 1 kGy.  
There is overwhelming evidence that irradiated food is toxicologically safe, and presents 
no special nutritional problems.  The Food Irradiation Clearances Database shows over 
60 countries that have at least one use of food irradiation, 30 countries have approved 
irradiation as a disinfestation treatment (includes approvals for delayed ripening and 
inhibition of sprouting), about 23 countries have approved irradiation up to 1 kGy for all 
fruit and vegetables and, 12 countries for specified fruits and vegetables (including 
Australia and New Zealand through FSANZ 1.5.3) (IAEA 2011). 

Various studies on toxicology and chemistry of irradiated foods and food components 
have been reviewed, particularly of alkylcyclobutanones (ACBs).  These substances also 
exist in non-irradiated foods and in foods processed by more conventional processes such 
as cooking.  While minute amounts of such alkylcyclobutanones were detected in foods 
that contained high levels of total lipid and palmitic acid, such as in chicken and beef, the 
amounts as a result of irradiation at doses up to 1000 Gy, if any, would be minute and 
insignificant, and therefore would not pose a toxicological problem and is safe to eat.  The 
lipid content of these fresh fruits is nil or very low compared to the 5–25% in meat 
products.  No evidence of a hazard has been found on examination of radiolytic products 
produced. 

The American Council on Science and Health (ACSH) and the Centres for Disease 
Control and Prevention in the US support food irradiation as a science-based technology 
that has been proven to be safe and effective (Loaharanu 2003, 2007).  The use of 
irradiation provides consumers with a wider choice of safe, high-quality food.  The most 
important public health benefit is its ability to destroy pathogenic organisms in food.  The 
application in this submission is for a phytosanitary purpose, for a maximum dose 1kGy. 

FSANZ has previously assessed the toxicological hazard and nutritional adequacy of 
various irradiated tropical fruits (breadfruit, carambola, custard apple, litchi, longan, 
mango, mangosteen, papaya, persimmon and rambutan) and vegetables (tomato and 
capsicum) and concluded that there are no public health and safety issues associated 
with their consumption when irradiated up to a maximum dose of 1 kGy. 

At dose ≤1000 Gy, carbohydrates, proteins, dietary fibre and levels of minerals or trace 
elements in fruits and vegetables largely were not affected.  Overall vitamin changes were 
minimal or not significant between treated and untreated fresh produce. The impact of 
storage rather than irradiation generally impacted fruit nutritional and postharvest quality 
(QLD DAFF 2012, 2013 – Attachments 1–8) when these effects were reported.  As with 
other food processes, vitamin losses can be mitigated by protective actions (Diehl 1995).  
Irradiated fruits will be consumed as part of a mixed diet, and the treatment therefore will 
have little or nil impact on the total intake of specific nutrients. 

Irradiation of fresh produce for a pest disinfestation purpose has no microbiological 
implications and the maximum absorbed dose allowed (1 kGy) is one-tenth of the general 
maximum permitted under the Codex Standard. 
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Dietary Intake Assessment 
A Dietary Intake Assessment (DIA) for the eleven fruits is useful but the weight of data 
and evidence obtained from the DAFF studies and other research indicate that irradiation 
up to 1 kGy is unlikely to have any marked effect on the nutrient content of apple, apricot, 
cherry, honeydew melon, peach, plum, nectarine, rockmelon, strawberry, table grape and 
zucchini. 

Differences in the levels of irradiation sensitive (pro) vitamins (beta-carotene and Vitamin 
C) in apple, apricot, cherry, honeydew melon, peach, plum, nectarine, rockmelon, 
strawberry, table grape and zucchini were within the range of the vitamin losses that 
would have occurred during storage of non-irradiated fruit.  Ripening and other food 
processing methods have been shown to have much larger impacts on vitamin levels than 
irradiation treatment.  

An estimate of < 2% decrease on population intakes of Vitamin A and Vitamin C was 
projected in an assessment of the combined cumulative nutritional impacts of all the 
currently permitted irradiated foods (including tomato and capsicum) (FSANZ 2013 Risk 
and Technical Assessment report). 

Available data indicate that macronutrients (carbohydrate, fat, protein) and minerals of 
foods are unaffected by irradiation at doses up to 1 kGy. 

A robust and very comprehensive DIA was undertaken in a previous assessment (tomato 
and capsicum) for Australian and New Zealand populations (FSANZ 2013 Risk and 
Technical Assessment report).  FSANZ concluded that the irradiation of tomato, capsicum 
and certain tropical fruits at up to 1 kGy, and assuming a maximum nutrient loss of 15% 
nutrient loss applied to all fresh tomato, capsicum, and tropical fruits already permitted in 
the Standard, is not likely to have any impact on population intakes for any irradiation-
sensitive nutrients (i.e. water- and fat-soluble vitamins).  Furthermore, dietary intake would 
typically be derived from a wide range of foods. 

At the major food group level, ‘vegetable products and dishes’ and/or ‘fruit products and 
dishes’ are not major contributors (<5%) to thiamine, riboflavin or niacin intakes.  The 
more frequently consumed banana is identified as the major contributor to Vitamin B6 at 
the minor food group level.  Therefore population dietary intakes of these nutrients in 
Australia and New Zealand will not be affected by irradiation treatment of these 11 fresh 
produce.   

Vitamin B12, Vitamin D and pre-formed Vitamin A (retinol) are not present in quantifiable 
amounts in these 11 fresh produce under consideration for irradiation treatment.  Much of 
these vitamins are largely found in animal products (NHRMC 2006) and therefore these 
11 fresh produce are clearly not dietary sources of these vitamins.  Population dietary 
intakes of these nutrients in Australia and New Zealand will not be affected by irradiation 
treatment of these produce. 

The impact of irradiation on Vitamin A is also minimal. The major sources of Vitamin A for 
Australian and New Zealand children are carrots, similar root vegetables and milk. In older 
age groups vitamin A contributions are sourced from animal organ meats and dairy 
products. In a previous assessment on tomato and capsicum, FSANZ found that even a 
worst case scenario of 15% carotene loss the impact of Vitamin A intakes was minimal 
(<1%) and mean intakes remained above the Estimated Average Requirements (EAR).  

Similarly the FSANZ assessment on tomato and capsicum, using a worst case (15% loss) 
scenario for Vitamin C loss was 2% for older Australian and New Zealand population 
groups and ≤1% for all other population groups.  Mean intakes were above the EAR in all 
population groups. 
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There is currently no data available on the proportion of fresh apple, apricot, cherry, 
honeydew melon, peach, plum, nectarine, rockmelon, strawberry, table grape and 
zucchini that may be potentially irradiated.  Estimates on production volume of these fresh 
commodities are provided in the application however the proportion available for sale as 
irradiated produce in Australia and New Zealand can be expected to be lower.   

On the Australian domestic scene, fruit produced in endemic fruit fly areas that is being 
sent to areas free of fruit fly are required to undergo phytosanitary treatments. Current 
treatment options available for regulated pests include - cold disinfestation, heat 
treatment, chemical treatment (insecticides and fumigants), systems approach, conditional 
non-host status and irradiation (n.b not all treatment options are available for the crops 
listed in this application). However, not all fruit produced in endemic fruit fly areas requires 
treatments as the major markets on the east coast of Australia (Brisbane, Sydney, 
Melbourne etc.) are within endemic fruit fly areas and phytosanitary certification is not 
required. As such it is difficult to estimate the percentage of fruit within Australia that will 
require treatment.    

For New Zealand, which is free of fruit flies, all imports from fruit produced in endemic fruit 
fly areas will require treatment.  Fruit produced in fruit fly free areas (e.g Tasmania) will 
not require treatment. As such it is difficult to estimate what percentage of fruit will require 
irradiation treatment given that the need to treat fruit will vary with each commodity and 
where that commodity is produced.  

Other implications 
Irradiation at low doses is an effective alternative treatment that is safe to use.  The 
treatment method overall does not significantly impact on the nutritional and postharvest 
quality of fruit.  The approval for its use for a phytosanitary purpose will ensure continued 
access for fresh produce within Australia and overseas.  Literature and QLD DAFF data 
show this to be the case for many fresh fruits and vegetables.  The data indicated that the 
irradiated fruits treated under the same conditions for a phytosanitary purpose, would not 
present any nutritional concerns and postharvest quality is not severely impacted.  

Packaging materials used for packing these fresh produce are made from the same 
materials currently approved for use with irradiated mango, papaya and litchi fruit.  They 
are packaging materials suitable for irradiation treatment and comply with regulated 
articles both domestically and overseas, and approved for use in food irradiation by the 
US Food and Drug Administration (US FDA).  The irradiation treatment does not impair 
package integrity nor deposit toxic radiation reaction products or additives on the produce. 

Packages containing treated produce will be labelled in accordance with the labelling 
requirement as stated in FSANZ Code Standard 1.5.3.  Labelling identifies that the fruit 
was treated by irradiation and ensures that all parties are informed, thus providing choice 
for consumers.  Interestingly, foods that are chemically treated do not have to be labelled. 

The irradiation facility carrying out the treatment will be a licensed and regulated radiation 
facility, and abides by requirements of good manufacturing practice (GMP) and acts in 
accordance with the Codex Alimentarius General Standard for Irradiated Foods (2003b) 
and its associated Code of Practice for the Operation of Irradiation Facilities Used for the 
Treatment of Foods (1983).  Proper dosimetry systems and compliance by the approved 
irradiation facility with accurate records allow tracking of the irradiated produce from 
receiving through shipping. 

Australia has very strict food safety standards that apply to retail, wholesale, exporting 
and processing.  These standards are developed jointly be leading Australian retailers and 
Food Standards Australia New Zealand (FSANZ).  All reputable Australian and New 
Zealand fruit and vegetable producers operate an independently audited HACCP-based 
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food safety system.  These systems cover all facets of production and include periodic 
testing of fruit to ensure it complies with maximum residue level (MRL) requirements in 
proposed destination markets. 

Conclusion 
The approval of irradiation of apple, apricot, cherry, honeydew melon, nectarine, peach, 
plum, rockmelon, strawberry, table grape and zucchini for a phytosanitary purpose will 
provide a safe and effective option to maintain market access throughout Australia and 
New Zealand for those fruit crops grown in areas with endemic fruit fly populations and/or 
other regulated pests.  Consumers will benefit from the continued availability, choice and 
price stability of these fresh produce.  The harmonisation of phytosanitary irradiation 
treatments for regulated pests could mean access to new markets for Australian and New 
Zealand fresh produce, particularly for commodities whose production period is counter-
seasonal to that of the importing country. 
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Portions of this Application have been reproduced from applications previously submitted 
by the Queensland DAFF: 

• A1038 Irradiation of Persimmon and; 

• A1069 Irradiation of Tomatoes & Capsicums 

1.2  Nature of application   

This application seeks an amendment to an existing standard: Standard 1.5.3 – Irradiated 
Foods (FSANZ, 2003), to provide for the safe use of ionising radiation (irradiation) as a 
phytosanitary measure for Apple, Apricot, Cherry, Honeydew melon, Nectarine, Peach, 
Plum, Rockmelon, Strawberry, Table grape and Zucchini / scallopini only. 

1.3  Support for the application   

Letters of support (Appendix 7) from  

Australia: 

• Steritech Pty Ltd 

• Queensland Strawberry Industry 

• Cherry Growers Australia Inc. 

• Australian Melon Association Inc. 

• Apple and Pear Australia Ltd (Apple Sector) 

• Low Chill Australia 

• Bowen Gumlu Growers Association 

• Bundaberg Fruit & Veg Growers 

• AUSVEG 

• Fruits of Byron  

• CSI Group Pty Ltd 

• LaManna Group 

• Costa 

New Zealand: 

• New Zealand Fresh Produce Importers Association, Inc. 

• Fresh Partners (Pacific) Ltd 
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PART 2 – SPECIFIC INFORMATION 

2.1 Details of the application  

This application seeks amendments to the Food Standards Code, Standard 1.5.3 to 
include the following fruits: 

• apple (Malus domestica) 

• apricot (Prunus armeniaca) 

• cherry (Prunus avium) 

• honeydew (Cucumis melo) 

• nectarine (Prunus persica var. nectarina) 

• peach (Prunus persica) 

• plum (Prunus domestica) 

• rockmelon (Cucumis melo) 

• strawberry (Fragaria x ananassa.)  

• table grape (Vitis vinifera) 

• zucchini and scallopini / summer squash (Cucubita pepo) 

 

For all commodities listed above there is a wide range of varieties available to producers 
but all significant commercial varieties fall into the respective genus above.  The edible 
portions of zucchini/scallopini are botanically fruits, but are usually classed as vegetables 
in nutritional tables. This application will refer to zucchini as a fruit and all references to 
zucchini also include scallopini. 

The above fruits are potential fruit fly hosts and are subject by regulation to plant 
quarantine (phytosanitary) treatments against fruit fly and other regulated pests1 as a 
condition of entry and/or movement into certain plant quarantine1 jurisdictions. This 
applies to both domestic and international markets. 

The use of irradiation as a quarantine treatment for fruits and vegetables2 harmonises the 
domestic and foreign requirements for the movement of all fruit and vegetables that are 
hosts of quarantine pests and relieves unnecessary restrictions for producers.   

                                                                  
 
1 Plant quarantine - All activities designed to prevent the introduction and/or spread of quarantine pests or to ensure their 
official control. Pest -  Any species, strain or biotype of plant, animal or pathogenic agent injurious to plants or plant products 
(FAO 2010). A pest is considered neutralized when it is killed, rendered sterile or its further development into an adult is 
stopped.  

2 Fruit to be treated should be of good overall quality and reflect the results of good agricultural practices (GAP).  Fruit 
should be in an acceptable hygienic condition appropriate for the purpose of such processing. Recommended handling and 
storage procedures should be used prior to and after treatment. 

 



Application to amend the Food Standards Code, Standard 1.5.3  Irradiation of Food 
 
 

 19

Under the proposed amendment to Standard 1.5.3 it would be permitted to irradiate apple, 
apricot, cherry, honeydew melon, peach, plum, rockmelon, strawberry, table grape and 
zucchini as a postharvest phytosanitary treatment between a minimum dose of 150 Gray 
(Gy) and a maximum dose of 1000 Gy. The defined minimum absorbed dose will depend 
on the specific pests to be treated and directives from quarantine agencies. 

The amendment to Standard 1.5.3 would provide the affected industries with a 
phytosanitary option that is  

• Justified (Part 2.3) due to a technical need for alternative options for phytosanitary 
treatments - 

o To provide an alternative method to using insecticide treatments; 

o To maintain existing and ensure continual access of the selected fresh 
produce from fruit fly endemic areas to other states of Australia which are 
either totally or partly free from fruit flies (and other regulated pests); 

o To re-open and further expand export markets such as New Zealand;  

o To assist and maintain the economic viability of important segments of the 
horticulture sector and health of regional communities; 

o To provide consumers with a full range of choice to these fresh 
commodities, with sufficient labelling to clearly inform consumers of the 
treatment method (Standard 1.5.3 Mandatory labelling, Appendix A). 

• Toxicologically safe and which results in nutritionally adequate food (Part 3.2). 

• Highly effective as a broad spectrum method of pest disinfestation that is more 
practical than most other non-chemical treatment options and is cost-competitive 
(Part 2.2).  Apple, apricot, cherry, honeydew melon, nectarine, peach, plum, 
strawberry, table grape and zucchini are radio-tolerant of low dose irradiation. 

• Approved by the international authorities responsible for international standards 
and guidelines in the fields of human and plant health and by many national 
authorities (Part 4) and which is being put into practice in Australasia, North 
America and Asia (Part 2.2). 

 

2.2  Purpose and efficacy of the proposed variation 

Purpose 
The purpose of the proposed variation is to provide the apple, apricot, cherry, honeydew 
melon, peach, plum, nectarine, rockmelon, strawberry, table grape and zucchini industries 
with the option to use irradiation as a phytosanitary measure.  Approval of an accepted 
phytosanitary measure for a disinfestation purpose can ensure biosecurity and limit 
disruptions to market access and trade of these fresh commodities. The fruits of concern 
are potential hosts to fruit flies and other regulated pests, which are subject by regulation 
to phytosanitary treatments against specified pests as a condition of entry into many plant 
quarantine jurisdictions, in both domestic and international markets.  

In Australia, usage restrictions have been imposed on the two commonly-used chemical 
insecticides, dimethoate and fenthion.  Their restrictions and suspensions together 
exposes the horticulture industry to major market access disruptions, both domestic and 
export markets.  
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Suspensions and restrictions imposed on these chemical pesticides on a range of fruits 
and vegetables has resulted in the loss of market access protocols that incorporate 
postharvest use of the chemicals.  For example the New Zealand export market trade in 
tomato and capsicum ceased until irradiation was approved in August, 2013. For domestic 
trade, these industries currently have several options available which include the use of 
systems approaches or methyl bromide fumigation.   

The addition of irradiation as a regulatory treatment will diminish the dependence on other 
currently available treatments, such as insecticides, fumigants and thermal treatments.  Its 
use to mitigate pest risks is less detrimental to the environment and to the fruit dispatched 
at the doses for tephritid fruit flies (Hallman 2007). The horticulture industry also has to 
deal with the rising costs and increasing occupational safety and health issues associated 
with the use of chemicals in the supply chain. 

Other postharvest options for example, heat treatments, cold disinfestation, fumigants, 
new insecticides are available, although unsuited for use for particular fresh produce due 
to possible phytotoxity and quality issues, length of treatment time, as well as costs or the 
time frame needed to gain approval from quarantine authorities.  Irradiation is a cost-
competitive disinfestation process that is simple, safe, efficacious and already in use for 
some Australian exports, for example, litchi, mango, papaya, tomato and capsicum.  

While pesticide usage in these industries is being modified through increased utilisation of 
integrated pest management in the orchard and system approaches, the need for 
strategic pesticide use and other postharvest technological method continues. The 
purpose of the proposed variation is to provide industries with the option to use irradiation 
as a phytosanitary measure so that the marketing of fresh fruits between geographical 
regions within Australia will not necessarily be disrupted.  This will apply also to 
international market access. 

Irradiation is a proven and sound technique for insect disinfestation in a range of tropical 
fruits (Moy 1985, Moy and Wong 2002, Moy 2005).  Irradiation is a rapid treatment and 
treated produce can be released into trade immediately.  Approval to irradiate these fruits 
for a phytosanitary purpose will allow transition by the industry to irradiation technology 
and minimize potential economic loss to the horticulture industry. 

Thus irradiation is potentially a valuable treatment for the apple, apricot, cherry, honeydew 
melon, nectarine, peach, plum, rockmelon, strawberry, table grape and zucchini trade in 
ensuring biosecurity and phytosanitary requirements are met.  It is anticipated that 
industry can commercially incorporate irradiation treatment into their supply chain with 
minimal impact on efficiency and profitability of the supply chain.  Successful incorporation 
of irradiation treatment can be seen in the mango, papaya and litchi examples. 

Approval for the use of irradiation regulatory treatment would promote and facilitate trade,  
the outcome being national trading protocols for fruit fly host product are consistent across 
Australia and New Zealand and with international standards. 

 

Efficacy  
Australian and New Zealand quarantine agencies support irradiation against fruit flies and 
other regulated pests.  Previously both Aus DAFF Biosecurity and the NZ Biosecurity 
provided letters to FSANZ endorsing irradiation as an effective quarantine treatment for 
fruit fly and other pests that are of quarantine concern to Australia and NewZealand. 
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Further support for the efficacy of irradiation as a phytosanitary treatment for fruit fly exists 
in the United States (US), with approved generic irradiation doses of 150 Gy to reduce 
fruit fly infestation on specific fruits (USDA Animal and Plant Health Inspection Service 
(APHIS) 2006).   

To date, FSANZ has approved the irradiation of herbs, spices and herbal infusions and 
the irradiation of ten tropical fruits (breadfruit, carambola, custard apple, litchi, longan, 
mango, mangosteen, papaya, persimmon and rambutan) and two vegetables (tomato and 
capsicum).  FSANZ has established that there is a technological need to irradiate these 
foods, and that there are no safety concerns or significant loss of nutrients as a result of 
irradiation. 

The end point of phytosanitary irradiation is not acute mortality but prevention of further 
biological development and reproduction.  Since insects do not rapidly die after irradiation, 
extensive research by various plant protection agencies and by the IPPC ensuring that the 
treatment is efficacious have been undertaken. This has resulted in the issue of an 
International Standard (IPPC 2003 as ISPM No.18) that addresses the concern regarding 
efficacy. 

Examples of previous approvals by the New Zealand authorities for irradiation for 
quarantine purposes include, fresh mango (MAF 2009a), papaya (MAF 2009b), litchi 
(MAF 2008), capsicum (MAF 2013b) and tomato (MAF 2013c) from Australia to New 
Zealand (MAF 2013a, Standard 152.02 Importation and Clearance of Fresh Fruit and 
Vegetables into New Zealand).  Irradiation is the approved treatment for the insects of 
concern to New Zealand and the minimum dose required by New Zealand for the insect 
pests of concern is 150 Gy. 

Australia has approved irradiation as a treatment for Indian mangoes (BA 2008).  In 2009, 
Malaysia approved irradiation as a treatment for Australian mangoes (DAFF MICOR 
2013), with the minimum dose of 300 Gy. 

In Australia the national Interstate Certification Assurance (ICA) Scheme as Operational 
Procedure Number 55 (ICA 2011) permits the use of irradiation for phytosanitary purposes 
for fresh fruits and vegetables for domestic trade.  ICA 55 applies to any fresh produce 
approved by FSANZ and currently includes 10 fresh fruits and two vegetables.  This 
procedure conforms to the principles of ISPM 18 and 28.  The minimum doses required 
are 150 Gy for fruit flies of the family Tephritidae, 300 Gy for the mango seed weevil and 
400 Gy for all pests of the class Insecta except pupae and adults of the order of 
Lepidoptera. 

 

Efficacy –phytosanitary effectiveness 
The principles of radiation processing are well-understood.  Operational controls are 
based on internationally agreed and established protocols.  While industrial radiation 
processing has been a global commercial business for over 50 years with applications 
that include sterilisation of medical, pharmaceutical and other products and the cross-
linking of polymers (IAEA 2008), approval and uptake for irradiation processing of food 
has been slower.  The main applications are to eliminate food pathogens, to control 
maturation of horticultural products and to provide a postharvest method of disinfestation 
for fresh produce. 

Use of low dose irradiation to sterilise insect pests has been known for many years 
(Koidsumi 1930).  Its use as a quarantine treatment however was not considered seriously  
until recently, in the USA.  Bilateral agreements between countries (or states) are required 
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and there was no international guidance on how this could be safely and fairly conducted 
until 2003. 

In 2003, the International Plant Protection Convention (IPPC) published its Guidelines for 
the Use of Irradiation as Phytosanitary Measure International Standards for Phytosanitary 
Measures 18 (ISPM 18 – IPPC 2003).  ISPM 18 outlines basic protocols that countries 
should adopt when trading in irradiated fresh fruit and vegetables. This standard is 
recognized under the World Trade Organisation Agreement on the Application of Sanitary 
and Phytosanitary Measures (SPS Agreement) to which Australia and New Zealand are 
signatories (WTO 2011).  

The required treatment efficacy for the eleven fruits will comply with ISPM 28, Irradiation 
Treatment for Fruit Flies of the Family Tephritidae (generic) (Annex 7) (IPPC 2009) at 150 
Gy minimum absorbed dose to prevent the emergence of adults of fruit flies at the stated 
efficacy. This treatment should be applied in accordance with the requirements outlined in 
ISPM 18 (2003). This irradiation treatment should not be applied to fruit and vegetables 
stored in modified atmospheres.  

ASTM International produced a Standard Guide for Irradiation of Fresh Agricultural 
Produce as a Phytosanitary Treatment (ASTM 2006) where it details procedures for the 
radiation disinfestation of fresh produce for a quarantine treatment, with an absorbed dose 
range between 150 Gray (Gy) and 600 Gy.  The practical maximum dose may be higher 
or lower, depending on the radiation tolerance of a particular type of fruit.  

The International Database on Insect Disinfestation and Sterilization (IDIDAS) contains 
over 3300 references of technical data on irradiation studies of 300 species of arthropods 
(FAO/IAEA 2011a).  For almost all insects the minimum phytosanitary doses lie in a 
narrow dose range, between 100 to 600 Gy (ASTM 2006, Hallman 2011, Arvanitoyannis 
and Stratakos 2010a).  Irradiation is unique among phytosanitary treatments in its ability 
to be a broad-spectrum treatment for almost all important arthropod pests.  In turn, this led 
to the consideration of a “generic” minimum dose that would guarantee sterility and/or 
mortality in all or a defined sub-set of arthropods in any host plant material (Follet and 
Neven 2006).   

In 2006, the US Department of Agriculture ruled that 150 Gy was a generic minimum dose 
for all Tephritid fruit flies and that 400 Gy was a generic minimum dose for all insects 
except pupae and adults of Lepidoptera in all fruits and vegetables (USDA 2006).  By 
2009, the IPPC adopted ISPM 28 which includes acceptance of 150 Gy as a generic 
minimum dose for all Tephritid fruit flies in all host fruits and vegetables (IPPC 2009).   

The USDA has accepted a set of generic irradiation doses for many fruits exported from 
Hawaii, Vietnam, Thailand, India, Pakistan, Malaysia and Mexico to the US mainland 
(USDA 2007a, b, 2008a, b, c, 2010, 2011a).  

The use of irradiation for phytosanitary purposes for domestic trade was approved by all 
states and territories in Australia in 2011, under the national Interstate Certification 
Assurance (ICA) Scheme as Operational Procedure Number 55 (ICA 55).  ICA 55 applies 
to all insects, excluding only Lepidoptera that pupate internally, and to all fruits and 
vegetables for which FSANZ has approved the use of irradiation, and conforms to the 
principles of ISPM 18 and 28.  

 ICA 55 also sets the minimum doses required as follows – 

• 150 Gy for fruit flies of the family Tephritidae. 

• 300 Gy for the mango seed weevil. 
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• 400 Gy for all pests of the class Insecta except pupae and adults of the order of 
Lepidoptera. 

 

Efficacy – commodity tolerance 
A phytosanitary treatment of a fresh fruit or vegetable may be effective but it will only be 
used commercially if it does not degrade the qualities valued by consumers.  Reviews on 
radio-tolerance of various fresh commodities have been conducted by Akamine and Moy 
(1983), Kader (1986), Urbain (1986a), Thomas (1986a, b, c and 1988), Morris and Jessup 
(1994), Wall (2008) and Arvanitoyannis and Stratakos (2010b).  Possible adverse effects 
of irradiation on fruit quality such as softening, altered ripening, pitting, darkening, 
discoloration, scalding, loss of flavour or aroma, lower vitamin C and organic acids were 
observed in various fruit and vegetables but the reports appear confusing and conflicting.  
Economics however dictate that growers and retailers will also be interested in any 
change in shelf-life. 

Postharvest quality at potential maximum irradiation doses to ensure fruit quality while 
providing quarantine security is significant in considering using irradiation as a 
phytosanitary method.  Many of these studies was completed before irradiation was 
recognized internationally as a phytosanitary option and at a time when the purpose of 
irradiation was usually to increase shelf-life either through delaying ripening or controlling 
spoilage organisms.  Much of the literature describes fruit quality effects at doses 
exceeding 1 kGy and, significant decrease in storage decay in fresh produce generally 
involved doses in excess of 1 kGy.   

QLD DAFF (2012, 2013) conducted assessments on the postharvest quality of Australian 
apple, apricot, cherry, honeydew melon, nectarine, peach, plum, rockmelon, strawberry, 
table grape and zucchini after irradiation doses in the disinfestation range up to 1 kGy 
(see Attachments 1–8).  Export quality fruit were tested.  Postharvest fruit quality was 
assessed immediately after irradiation and after removal from recommended periods of 
cold storage.  Tests included fresh weight, fruit firmness, skin and/or flesh colour, 
biochemical analyses for soluble solids and titratable acidity, and the incidence and 
severity of disorders and disease. 

QLD DAFF (2012, 2013) concluded that the application of up to 1 kGy irradiation did not 
result in any detrimental damage to the postharvest quality of apple, apricot, cherry, 
peach, plum, rockmelon, strawberry, table grape and zucchini fruit.  Fruit quality in 
honeydew melon and nectarine tolerated doses below 600 Gy.  The fruit quality 
parameters assessed was impacted to a greater extent by storage time than by 
irradiation. 

The absorbed dose, commodity maturity and physiological state at harvest, pre- and post-
irradiation handling, storage environment and storage time all interact to affect product 
quality and shelf-life.  Different outcomes after similar treatments can occur between 
different varieties of the same fruit or vegetable. These complex interactions and the 
varying extents to which researchers took them into account or reported on them have 
resulted in literature that can appear confused and conflicting, as noted by Thomas 
(1988), Morris and Jessup (1994), Wall (2008) and Arvanitoyannis and Stratakos (2010b) 
and QLD DAFF (2012, 1013 Attachments).  

Irradiation at around 1 kGy can produce multiple effects on fresh fruits and vegetables, 
and can easily confound some of the generalisations (Morris and Jessup 1994).  Some of 
these include  
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• initial softening in the first few hours after irradiation; better retention of firmness in 
irradiated unripe fruit; general softening after higher doses (> 1 kGy); 

• an increase in respiration (CO2 and ethylene production) in some pre-climacteric 
fruit which can be associated with accelerated ripening in some fruits or a delay in 
ripening in others; yet other fruit experience a delay in ripening with no increase in 
respiration; 

• no delay found after the onset of climacteric respiration; 

• some respiration increase in non-climacteric fruits, mimicking the climacteric; 

• external and internal damage (discolouration, surface pitting, spotting, blackening, 
internal cell wall integrity); 

• accelerated or delayed colour development. 

Overall, there is agreement that majority of fruits and vegetables will be of acceptable 
quality irradiated at doses within the phytosanitary range up to 600 Gy (Arvanitoyannis 
and Stratakos 2010b, Heather and Hallman 2008a, b, QLD DAFF 2012, 2013) although 
many are radiotolerant up to 1 kGy.  For example, different outcomes in nutritional quality 
after similar treatments can occur between different varieties of the same fruit (Thomas 
1988, Morris and Jessup 1994, Lee and Kader 2000).  It is a well-known fact that the 
values of nutritional components measured depends upon the degree of ripeness of the 
fruit, and quite different results would no doubt have been obtained had unripe or over-
ripe fruits been analysed.   

More types of fresh fruit and vegetables tolerate irradiation than any other commercially 
available phytosanitary treatment Hallman (2011).  An exception may be products that 
naturally auto-oxidize rapidly, such as avocado.  In general, as the dose delivered 
increases towards 1 kGy, a slight loss of quality can be observed in some fruits and 
vegetables with loss in firmness and other attributes at doses above 1.5 kGy. 
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2.3  Justification for the application 

“Market access’’ and “biosecurity” are frequently used in reference to the adequate control 
of pests and diseases thus allowing the free movement and trade of fresh fruit and 
vegetables (and other commodities) across borders. The market access concerns relate 
both to facilitating exports to overseas markets and to interstate trade.  

Fruit flies and other regulated pests can interrupt export shipments of fruit and vegetables 
that are fruit fly hosts to fruit fly free areas in Australia, New Zealand and other overseas 
markets where these pests are absent.  Quarantine restrictions apply.  Not unlike the 
Interstate Certificate Assurance (ICA) scheme in Australia, under a system of plant 
phytosanitary certification based on quality management principles, accredited businesses 
must be able to demonstrate it has effective procedures that ensure that the specified 
produce meets specified quarantine requirements in force.    

The harmonisation of phytosanitary irradiation treatments for regulated pests (through 
ISPM No. 18, ISPM No. 28, ICA 55) to support efficient phytosanitary measures can 
enhance the mutual recognition of treatment efficacy, which would facilitate trade. 
Harmonisation of domestic interstate regulation improves and enhances Australia’s 
capacity to negotiate strong international market access arrangements.   

While there are various options (pre- and postharvest) for phytosanitary treatments for 
apple, apricot, cherry, honeydew melon, nectarine, peach, plum, rockmelon, strawberry, 
table grape and zucchini (see website DQMAWG, 2013a), the industries have relied quite 
heavily on the two insecticides, dimethoate and fenthion.  A national response to any 
change in use patterns of these insecticides was co-ordinated by the Office of the Chief 
Plant Protection Office (OCPPO) and details of these activities can be found on the 
Domestic Quarantine and Market Access Working Group (DQMAWG 2013b) website.  
Variations in domestic trading regulations and operational procedures may result in added 
costs to industry and reduced competitiveness.  Confusion in market access has already 
occurred. 

This application to FSANZ to amend the Food Standards Code 1.5.3 – Irradiation of food 
to include apple, apricot, cherry, honeydew melon, peach, plum, nectarine, rockmelon, 
strawberry, table grape and zucchini demonstrates that irradiation is an effective 
phytosanitary treatment that is safe and does not cause significant deterioration in the 
nutritional and postharvest quality of these fresh commodities.  The treatment method is 
available for immediate implementation and already in use as a phytosanitary treatment in 
Australia and New Zealand and in many other trading partners.  The decision to use this 
option will be a commercial decision by the industry, the supply chain and market.  

Concern about pesticide and chemical residues is greater than concern about irradiation 
in the various surveys conducted in the UK and USA (FSA 2004, Johnson et al. 2004, 
Eustice and Bruhn 2006).  This is also the case found in the few surveys in Australasia 
(Gamble et al. 2002, FSANZ 2008).  Implications for predicting consumer acceptance of 
emerging food technologies, including food irradiation are highlighted in other studies 
(Nunes 2010, Farkas and Farkas 2011, Frewer et al.  2011). 

In 2002, Moy and Wong indicated that markets in the US are not adverse to irradiated 
produce if the quality and price are decent and that consumers are increasingly accepting 
irradiated food.  In 2006, the regulatory agency (US Department of Agriculture) had taken 
the initiative and moved to take the technology forward ruling 150 Gy was a generic 
minimum dose for all Tephritid fruit flies and that 400 Gy was a generic minimum dose for 
all insects except pupae and adults of Lepidoptera in all fruits and vegetables (USDA 
2006).  This ruling has opened up trade between the US and many developing nations 
such as Vietnam and Thailand. 
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Irradiated apple, apricot, cherry, honeydew melon, peach, plum, nectarine, rockmelon, 
strawberry, table grape and zucchini at up to 1 kGy are as safe as non-irradiated apple, 
apricot, cherry, honeydew melon, peach, plum, nectarine, rockmelon, strawberry, table 
grape and zucchini. 

The Application seeks for permission relating to voluntarily irradiate the fruits of concern 
for a phytosanitary purpose. The Office of Best Practice Regulation (OBPR) previously 
stated “it has assessed that applications for permission relating to the voluntary irradiation 
of fruits and vegetables be treated as machinery in nature and as such do not require the 
preparation of a Regulation Impact Statement (RIS)” (FSANZ 2013). 

This section is limited to providing data for consideration of a qualitative assessment of 
the costs and benefits accruing from the voluntary adoption of irradiation treatment for the 
fruits applied for in the Application.  It is difficult to assign a dollar value to the impacts and 
the section has mainly focussed at trade and consumption.   Moreover because the 
decision to adopt irradiation is voluntary, it will be an economic decision as producers 
would only adopt the option if there are financial gains in it for them. 

Only limited amounts of Australian production is exported.  In the Australian fresh market, 
competition is mainly between Australian producers so maintaining domestic market 
access is high priority. Moreover, the processed fruit and vegetable sector which 
comprises frozen vegetables and tinned fruit and vegetables accounts for 65 per cent of 
this sector by market share (DAFF no date). 

The following section discusses domestic and export trade in general.  For details of the 
structure of each industry and production, data are provided in Appendix 1.  Estimates of 
consumption and trade are also provided separately in Appendix 1. 

 

Domestic trade  
In 2009–10 Australian horticulture had a gross value of production of $8.407 billion; major 
product groups were fruit and nuts $4,060 mil, vegetables $3023 mil, and nursery, flower 
and turf production $1324 mil (DAFF 2012 – Horticulture factsheet 2012).  The flow-on 
benefits of this is significant to all state economies across Australia.   The volume of trade 
in the domestic trade of fruit and vegetables is by far the largest.  As most of 
Queensland’s fruits and vegetables are sold interstate, access to interstate markets is vital 
to the state, the industries’ ongoing economic viability and regional health.   

In Queensland for example, the forecast value for total fruit and vegetables in 2012–13 is 
$2453 mil, with total fruit and nuts accounting for $1334 mil and total vegetables $1119 mil 
(Qld AgTrends 2013).  Table 1 shows forecast values of production for various fresh 
commodities.   

Queensland DAFF and the horticulture industry consider trade in these fruits and 
vegetable at risk of market disruption.  The forecast value for total fruit and vegetables in 
2012–13 is $2453 million (mil), with total fruit and nuts accounting for $1334 mil and total 
vegetables $1119 mil (Qld AgTrend 2013).  The Gross Value of Production (GVP) for 
grapes is forecast at $1110 mil, apples $402 mil, strawberries $212 mil and melons $159 
mil (Horticulture Factsheet 2012).  Access to interstate markets is vital to Queensland’s 
fruit and vegetable industries as approximately 70% is sold interstate. 

The availability of irradiation as an option for the phytosanitary treatment of fruit flies and 
other regulated pests will fulfil a technical need. Irradiation will provide a viable treatment 
option for these affected industries, exporters and importers with a chemical free 
postharvest treatment.  Access to an effective treatment may help ensure the economic 
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commodity specific and not approved by all states and territories for access to interstate 
markets.   

The production graphs below highlight the significant influence the various horticulture 
industries have on the supply of domestic product to Australian consumers.  Of the 
Queensland crops, the industries most affected are strawberry, zucchini and melons while 
peach and nectarine are less affected.  Apple and table grape are also affected but not 
presented in the graphs below.   Cherry, plum and apricot are less important or not 
produced in significants quantities in Queensland.  Depending on the production areas 
and the market destinations, treatment may not be required and other phytosanitary 
methods are available for the various crops. 

Figure 1: Australian and Queensland production and value data for selected industy groups.   

 
Source: QPIF 2009.  Top graph – first bar represents Australian production, second bar is Queensland. 

The actual volume and value of interstate trade to specific destinations are not fully 
known.  The states expected to require measures to protect against Queensland fruit fly 
and which may import significant volumes of irradiated Queensland fruit are South 
Australia, Western Australia and Tasmania. The other states with existing fruit fly hosts 
will not need to treat these commodities with irradiation.  Fruits produced in states other 
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Irradiation is increasingly approved in many countries for phytosanitary disinfestation and 
approval for its use will provide plant quarantine authorities with an additional 
phytosanitary option to current phytosanitary measures for fruit flies of the family 
Tephritidae (ISPM 28, Annex 7).  It is effective in promoting harmonization, facilitates 
trade and encourages bilateral collaboration through the WTO–SPS framework4. 

Generic doses of 150 Gy for Tephritid fruit flies and 400 Gy for all insects except pupa and 
adult Lepidoptera was approved by USDA-APHIS (2006) and the generic and specific 
doses apply to all agricultural products.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 4 The WTO Agreement on the Application of Sanitary and Phytosanitary Measures (SPS) recognizes recommendations 
from relevant international organizations including the Codex Alimentarius Commission. A worldwide standard for irradiated 
food adopted by the Codex Alimentarius Commission accepts that irradiation is a food process comparable to heating and 
freezing preservation of food, accepts the safety and effectiveness of irradiation, and accepts that there are no 
microbiological and nutrition problems caused by irradiation of food. 



Application to amend the Food Standards Code, Standard 1.5.3  Irradiation of Food 
 
 

 33

Phytosanitary treatments 
A range of phytosanitary treatments are currently approved for domestic interstate trade 
and for export market access.  However with usage restrictions and suspensions imposed 
on dimethoate and fenthion it is essential that an alternative and effective quarantine 
treatment be available that can be implemented promptly otherwise there could be 
significant economic loss to industries.  Overseas quarantine agencies are also reviewing 
their phytosanitary procedures and may well insist irradiation treatment for imports.  For 
example, the Ministry of Health, Malaysia, advised Biosecurity Australia that on 1 March 
2009 all mango (Mangifera indica) fruit must be irradiated prior to export with a minimum 
irradiation dose of 300 Gy because of Malaysia’s concern about the detection of Mango 
Seed Weevil (MSW) in consignments of Australian mangoes (DAFF MICOR 2009). 

The IPPC Recommendation on the replacement or reduction of the use of methyl bromide 
as a phytosanitary measure (IPPC 2008) has outlined alternative treatments that include 
cold treatment, high temperature forced air, hot water, quick freeze, vapour heat 
treatment, controlled atmosphere storage, chemical dip, phosphine, combination of 
treatments and irradiation as alternative phytosanitary measures for fresh fruit and 
vegetables. There are advantages and disadvantages for all the various quarantine 
treatments (EPA 1996, IPPC 2008).  

Other protocols may involve the implementation of systems approaches, pest free areas 
(PFAs), areas of low pest prevalence (ALPPs), pest free places of production, pest free 
production sites and equivalence. 

Irradiation is effective against a wide range of pests. The treatment method is more 
efficient and less phytotoxic than thermal, cold or fumigation treatments (Moy 1993, Moy 
and Wong 2002, Heather and Hallman 2008a, Hallman 2011, Follett and Sanxter 2000, 
2002, 2003) with product quality generally maintained.  From the point of market 
opportunities, irradiation at the doses for Tephritid fruit flies (<1000 Gy) is the most 
broadly applicable commercial treatment developed for a pest species. 

The USDA supports the use of irradiation for phytosanitary treatments.  The ruling by 
USDA-APHIS in 2006, approving generic doses of 150 Gy for Tephritid fruit flies (USDA-
APHIS 2006), applicable to all agricultural products offers exporting countries an 
alternative to chemical treatments.  Exporting countries negotiating trade in fresh fruit and 
vegetables can use the generic irradiation treatment, which is simple and straightforward.  
Since its introduction, there have been increasing imports of several tropical fresh produce 
from developing countries into the US. 

Trading partners in Asia, for example, Thailand, Vietnam and India, have developed 
uniform quarantine treatments using irradiation technology to export fruit to the US and 
these same countries are currently considering moving to irradiation treatment for 
imported fruits and vegetables. 

Market access is already disrupted and potential loss a serious concern in some 
commodities.  The affected markets are experiencing a shortage of the produce leading to 
increased prices and they may seek the product from elsewhere.  Meanwhile there will be 
excess supply and unreserved competition which would lead to reduced product price in 
non-quarantine markets.  

Research on heat and cold treatments for example vapour heat treatment (VHT), 
controlled atmosphere and VHT, and VHT and cold storage has been undertaken but few 
protocols have been developed and established for the domestic or international markets 
for these commodities.  Various concerns regarding postharvest quality, susceptibility to 
heat or cold damage, long treatment time and greater treatment costs (Lyons 1973, AFRA 
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undated, Ding et al 2002, Lim et al 2007, DQMAWG 2010, Lacson 2007) can make the 
protocol economically unviable. 

The small concentrations of chemical residues in fresh produce treated with any chemical 
treatment and concerns about phytotoxic effects, are still of significant, increasing 
consumer concern (Johnson et al. 2004, FSA 2004, 2007) and have directed research to 
focus on non-chemical phytosanitary treatments.  Radiofrequency heating, microwaves, 
ultrasound and pressure treatments are all at experimental stage (chapters in Heather and 
Hallman 2008b). 

In contrast, irradiation does not produce chemical residues.  It is known in advance that 
most fruits and vegetables are radiation-tolerant at low doses (≤ 1 kGy) and that there are 
approved generic minimum doses for Tephritid fruit flies, mango seed weevil and all other 
insects except pupae and adults of Lepidoptera in Australia, New Zealand and the USA.  

Comparisons between costs for irradiation treatment with costs of other alternative 
disinfestation treatments while worthwhile are often not simple and straightforward since 
facility capacity, annual throughput, and amortization method are important factors in the 
calculation.  Hallman (2011), in a more general categorisation, places heated air and 
irradiation as moderate cost alternatives and cold, hot water immersion and methyl 
bromide as low cost alternatives.  

US$30/tonne (1996 figures) was quoted for vapour heat treatment for a high throughput 
plant operating at near full capacity for 20 years (EPA 1996) with another up to 
US$400/tonne in the Philippines for treating mangoes destined for China in 2009 (ABW 
2009).  Lacson (2007) presented Australian data indicating treatment costs of about 
$250/tonne for hot water treatment, $200–250/tonne for vapour heat treatment, $46– 
600/tonne for cold treatment and $50–600/tonne for forced air heat treatment. 

The cost for irradiation treatment by an Australian facility is currently in the range A$50–70 
per tonne of fruit (Steritech, private comm.) but the cost is expected to decrease if greater 
phytosanitary use is made of the irradiation facility.  Irradiation treatment cost is greater 
than the cost of the insecticide treatments although the cost differential would be reduced 
if the full costs of assurance, occupational safety and health and chemical disposal of 
insecticides were taken into account.  However, the relative advantage of insecticide 
treatments becomes irrelevant if their use is withdrawn.  

Industries will make commercial decisions based only partly on treatment costs.  Superior 
quality of irradiated fresh produce (Hallman 2011, Heather and Hallman 2008b, EPA 
1996), rapid turnaround time and convenience offer significant advantages of irradiation 
over other treatment options.   
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• well-tolerated by most fresh produce, generally better than alternatives such as 
cold, heat, hot water and methyl bromide (Hallman 2011); 

• a cold process (no heat is generated during treatment and fruit can be 
harvested at a more mature stage than fruit that are heat treated);  

• penetrating (treatment can be in the final package and is insensitive to the size 
and shape of the fruit); 

• a simple operation depending only on the power of the source and the 
conveyer speed.  It is not sensitive to temperature, humidity or other physical 
parameters; 

• a rapid treatment and treated products are available for immediate distribution 
into trade; 

• cost competitive (see Phytosanitary treatment options). 

 

Discussion and reviews of the history, development and research on irradiation as a 
phytosanitary treatment can be found in Burditt (1996), Follet and Griffin (2006), Hallman 
(2000), Heather and Hallman (2008b), Hallman (2011).  Molins (2001) provides a 
summary of the history of food irradiation development and its adoption while US 
regulatory considerations are examined by Morehouse (2002).  Physiological responses 
of fresh produce - fruits and vegetables, tuber and bulbs - to irradiation are covered 
elsewhere (Morris and Jesup 1994, Thomas 1986a, b, c, d). 

The approval of the application will impact on benefits and costs to exports and imports 
however the extent and dollar value will be difficult to measure.  A report by NZIER (2007) 
on the benefits of imported fresh fruit and vegetables to New Zealand show gains in the 
order of 5% and 15% in allocative and dynamic efficiency gains.  Productive efficiency 
gains of between 0.5% and 1.5% are suggested because of the comparative advantage of 
New Zealand fruit on already competitive world markets.  NZIER concluded that welfare 
gains are between NZ$19.4 mil and NZ$58.2 mil for the benefits that they have valued. 

The costs from imported fresh fruit and vegetables to New Zealand included perceived 
biosecurity threats associated with potential entry and establishment of pests and the 
competitive threat the imports pose to locally grown produce. 

 

To consumers 
Assuring the on-going, year-round supply of fresh produce throughout Australia will 
ensure that consumers can continue to access their favourite nutritious foods. Maintaining 
existing supply, including shipments from Queensland to other states, will guard against 
periodic shortages and price rises. 

The benefits of irradiation as a safe and efficient treatment for the postharvest treatment 
of fruit and vegetable are well documented in as early as 1987 (Morris 1987).  Irradiation 
of fruits at low levels, usually less than 1.0 kGy, is applied to control or kill insects and 
pests, and extend shelf-life or delay spoilage.  This low dose treatment was shown to only 
cause minimal changes in nutritional and organoleptic qualities of fresh produce.  This is 
also demonstrated more recently with research conducted by QLD DAFF across a wide 
range of fresh commodities (2012, 2013). 
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The safety of food irradiation has been studied more extensively than any other food 
preservation process, including freezing, canning, dehydration and chemical additives.  
Radiolytic products that may be formed are similar to thermolytic products in heat 
treatment of foods.  The amounts that are found have been demonstrated to be non-toxic 
by any modern toxicological methods (Loaharanu 2003). 

Part 3.1 considers the nutritional adequacy of irradiated produce.  In summary, no 
significant change in dietary intake of nutrients will occur as a result of consuming 
irradiated (low dose) apple, apricot, cherry, honeydew melon, nectarine, peach, plum, 
rockmelon, strawberry, table grape and zucchini.  The nutritional value of fresh fruits and 
vegetables that have been irradiated is essentially unchanged (see 3.2 nutritional data).  
Postharvest fruit quality of these fruits generally is not affected by low dose irradiation with 
the exception of honeydew melon and nectarine, at doses ≥ 600 Gy.  The irradiation 
treatment had significant effect on the quality of honeydew melon and, to a lesser extent, 
nectarine fruit.  In both cases, the incidence and severity of symptoms (namely skin 
browning and pitting) increased with dose level; being observed only at the end of the 
recommended storage period.  Specifically, symptoms in honeydew melon occurred only 
when treated to a dose of 600 Gy and above, with up to 51% of the skin surface area 
being affected. In contrast, irradiation damage in nectarine fruit was comparatively low 
across all the treatments (< 1cm² skin area affected), with only a small proportion of fruit 
(3%) affected at 150 Gy.  However, this increased significantly to greater than 13% of fruit 
affected at a dose of 600 Gy and above. 

Irradiation is an effective phytosanitary method that leaves no chemical residues.  High 
quality fruits and vegetables can be shipped to quarantine sensitive regions and states 
and the possibility of cross-contamination prior to reaching the consumer is minimised 
since produce is treated after packaging.   

The concept of chemiclearance is recognised to include all irradiated fruits and vegetables 
since they will be treated in the same way for a disinfestation purpose.  Generic irradiation 
treatments at the low dose rate of 150 – 1000 Gy is proven and effective because 
irradiation is broadly effective against fruit flies at doses that typically do not harm product 
quality (Follett and Armstrong 2004, Follett and Neven 2006, Wall 2008). 

In its assessment of Application A443 Irradiation of tropical fruits – breadfruit, carambola, 
custard apple, litchi, longan, mango, mangosteen, papaya and rambutan, FSANZ 
concluded that “…. irradiation would have minimal impact on the nutrient status of the 
tropical fruits. 

In its assessment of Application A1038 Irradiation of persimmon, FSANZ concluded 
that…” ….available data indicate that the carbohydrate, fat, protein and mineral content of 
foods are unaffected by irradiation at doses up to 1 kGy. Therefore, irradiation is unlikely 
to affect the presence of macronutrients and minerals in persimmons.” 

In its assessment of Application A1069 Irradiation of tomatoes and capsicums, FSANZ 
concluded that “….there are no public health and safety issues associated with the 
consumption of tomatoes and capsicums which have been irradiated up to a maximum 
dose of 1 kGy. Available data indicate that the carbohydrate, fat, protein and mineral 
content of foods are unaffected by irradiation at doses up to 1 kGy.” 

Packaging materials currently used by the produce industry are diversified however while 
FSANZ ruling does not specify the specific packaging materials, they comply with ASTM 
Standard Guide F1640-09 (ASTM 2009), materials have been approved by the Food and 
Drug Administration in the US.  These same packaging types are already in use for 
packing of shipments of mango, litchi and papaya that have been irradiated and shipped 
to New Zealand. 
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Consumers are assured that the processing and handling of fruit before and after 
irradiation adhere to good manufacturing principles and quality assurance systems.  
Additionally, the reduction in surface spoilage bacteria and mould of irradiated fruit and 
vegetables could reduce wastage and extend shelf life (Akamine and Moy 1983, Prakash 
and Foley 2004, Niemira and Fan 2006, Jordan 2007), which can offset can offset the 
added costs of irradiation.  The cost of irradiated foods is expected to decrease as 
irradiated foods become more widespread and continuously gaining acceptance.  

Consumer attitudes and responses to irradiated foods are discussed in detail in Part 5.7. 
Nevertheless, the export of irradiated mango to New Zealand is a success story for 
Australian horticulture.  According to the Australian Mango Industry Association (Sexton-
McGrath 2010), New Zealand is the fastest growing market for Australian mango.  

Consumers increasingly perceive a human health risk from chemical pesticide/insecticide 
residues in food.  Their tolerance for more regulation or to pay more for residue-free food 
however varies (Baker and Crosbie 1993, Baker 1999, FSA 2004, 2007).  Irradiation 
leaves no toxic residues in food while producing a safe, nutritionally adequate product 
(JECFI 1981, FSANZ 2011a).  Surveys of public opinion have often shown initial 
reluctance among consumers to consider eating irradiated foods (Part 5.3).  However, the 
level of support for irradiated food increases when accurate information is provided, and is 
greater than for chemically treated food (Gamble et al. 2002, Johnson et al. 2004, FSA 
2004, Eustice and Bruhn 2006). 

Some consumers are likely to always reject irradiated foods and want to avoid consuming 
them. The mandatory labelling requirements of Standard 1.5.3 (Appendix 3) will ensure 
that consumers are informed that the food has been irradiated and that they can make 
informed choices. 

There is a published Codex Standard for Irradiated Foods (CAC 2003a) and 
Recommended International Code of Practice for the Operation of Radiation Facilities 
Used for the Treatment of Foods (CAC 2003b) and regulated by responsible government 
entities. 

Research showed that macronutrients, such as protein, carbohydrates, and fat, are 
relatively stable to radiation doses of up to 10 kGy.  Under optimal conditions, vitamin 
losses in foods irradiated at doses up to 1 kGy are considered insignificant.  While the 
level of some of the B-group vitamins can be reduced by irradiation, the losses also occur 
in other food preservation technologies, such as canning or blanching.  In general, the 
irradiation process produces very little chemical change in food.   

 

To Governments 
The horticulture industry is the principal driver of many local and regional economies.   
Overall Queensland accounts for about one third of Australian horticulture with another 
third along the Murray Darling Basin.  83 % of the land area in Queensland (173 million 
hectares) is used for agricultural production (Qld AgTrends 2012).  

Queensland is Australia’s premier State for fruit and vegetable production, growing one-
third of the nation’s produce with horticulture as Queensland’s second largest primary 
industry, worth more than $2 billion per year and employing about 25,000 people. 

The horticultural industry contributes significantly to the prosperity of people living in rural 
and regional Australia.  It is a primary and secondary source of income for families in 
regional Queensland and Australia.  Horticulture also accounts for about 20% of total 
employment in agriculture, employing about 100 000 people (HAL, 2012). There are 63 
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300 people employed in Australia to grow fruit, vegetables and nuts for the domestic and 
export markets.  Another 9800 are employed in fruit and vegetable processing (excluding 
wine manufacturing) (HAL 2012, source: DAFF Australian Food Statistics 2009–10).   

Fruit and nuts and vegetables are major contributors to regional economies and the 
foundation of many regional communities.  It is the most labour intensive of all agricultural 
industries with labour representing at least 50 % of the overall operating costs.  It is an 
industry with a significant link to the tourism industry, providing income for backpackers 
each year.  It supplies local, interstate and overseas markets through a range of outlets 
including wholesalers, supermarkets, green grocers, farmers’ markets and direct to 
consumers.  Excess production is traded.  Phytosanitary measures are regulations to 
prevent introduction or spread of quarantine pests and must be followed if interested 
parties are to ship regulated articles (fresh produce) out of quarantine areas. 

Growers will continue to produce the fruits and vegetables only while it is profitable.  
Imports are considered an alternative to domestic production and sales although Australia 
is a net importer of processed fruit and vegetable products and imports of fresh 
commodities are growing (Foster et al. 2010, HAL 2012 data).  While 9 % of the 
vegetables Australia produces are exported, 19 % is imported for consumption and 13 % 
of fruit production is exported compared to the 34 % imported for consumption as 
processed vegetables and fruits (Growcom 2011).  Thus, it is significant that access to 
markets be maintained. 

There will be reduced use and less dependence of pesticides resulting in greater 
environmental benefit.  The risks to environmental quality are negligible because of 
adherence and compliance to proper safety procedures regulated by the relevant 
authorities.   

Reviews of the benefits of ionizing radiation as an alternative treatment for various 
purposes are well documented, as indicated previously, and there are international 
standards relevant to the irradiation of fruit and vegetables.  Irradiation is a phytosanitary 
option used around the world including the United States and is approved by the World 
Health Organisation and Australian Government. 

The treatment method has been successfully tried and tested and, been applied for 
several types of food in more than 30 countries, including Canada, Japan, France, the 
Netherlands, Belgium, South Africa, Australia, China, India, Mexico, Vietnam, Thailand 
and the United States.  These clearances can be viewed on the IDIDAS Database 
(FAO/IAEA 2011a). 

Extensive studies conducted over more than 50 years supports the safety of irradiated 
food for consumption (Diehl 1995, WHO 1994, WHO 1999).  The overall conclusion is that 
there is very little chemical change in irradiated foods and the radiolytic products formed 
with irradiated fruit (if any) up to a maximum of 1 kGy does not present any health 
problems. 

The FAO/IAEA/WHO Expert Committee on Food Irradiation (JECFI) concluded that “…the 
irradiation of any food commodity up to an overall average dose of 10 kGy presents no 
toxicological hazard, hence, toxicological testing of food so treated no longer required.”  In 
the same report, that “…irradiation of foods up to an overall average dose of 10 kGy 
introduces no special nutritional or microbiological problems” (WHO 1981). 

Fruit is treated in a special fully licensed and regulated processing facility after grading 
and packaging thus avoiding re-contamination or re-infestation of the product.  There are 
approved packaging materials suitable for irradiation treatment.  The facilities that carry 
out the treatment are approved and licensed facilities for the purpose, the correct doses 
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used are as required by law and only good quality produce accepted for irradiation as the 
treatment cannot be used as a substitute for poor hygienic practices. 

Various International Standards already exist for the application for irradiation of fruits and 
vegetables.  New Zealand and Australia are members of the World Trade Organisation 
(WTO) and have obligations under the Agreement on the Application of Sanitary and 
Phytosanitary Measures (SPS Agreement).  The SPS Agreement (WTO 2011) recognizes 
the standards, guidelines and recommendations of competent international organisations. 
These international organisations include the Codex Alimentatrius Commission for human 
health.  Codex has adopted a General Standard for Irradiated Foods which in summary, 
recommends that irradiation should be regarded as any other food process and as 
providing a safe and nutritionally adequate product up to a maximum dose of, generally, 
10 kGy (CAC 1983, 2003a).  

ISPMs already in place, under the SPS Agreement (Australia and New Zealand are 
contracting parties), include: 

• ISPM 18 – for harmonizing the use of irradiation as a phytosanitary treatment 
for international trade (IPPC 2003) and adopted a generic minimum dose of 
150 Gy as a treatment measure for Tephritid fruit flies within ISPM 28 (IPPC 
2009). 

• ISPM No.18 – Guidelines for the Use of Irradiation as a Phytosanitary Measure 
(2003) provides technical guidance on the procedures for the application of 
irradiation as a phytosanitary treatment for regulated pests or articles.  It is the 
international standard for harmonising the use of irradiation as a phytosanitary 
treatment.   

• ISPM 28 – Phytosanitary Treatments for Regulated Pests (2009) describes the 
requirements for submission and evaluation of the efficacy data and other 
relevant information on a phytosanitary treatment, with Irradiation Treatment 
for Fruit Flies of the Family Tephritidae (Generic) in Annex 7. 

FSANZ Standard 1.5.3 is in general conformity with the principles of the Codex Standard 
although it reserves the right to evaluate irradiated foods on a case-by-case basis.  The 
amendment of Standard 1.5.3 to add the 11 fresh produce would therefore put Australia 
and New Zealand in further compliance with the SPS Agreement.  It would be consistent 
with the SPS principles that all phytosanitary measures should be the least restrictive to 
trade possible and be based on sound scientific principles.  ICA 55 (for Australia) and the 
Import Health Standards (for New Zealand) outline phytosanitary measures that are in 
conformity with ISPM 18 and ISPM 28. 

There would be minimal disruption to domestic and interstate marketing and enhanced 
market opportunities and trade between Australia and New Zealand.   Potentially new 
markets and other export opportunities could be developed in view of the international 
treaty relating to plant health and biosecurity (ISPM 18).   

 

To industry 
Horticulture in Australia is an $8.5 billion industry and comprises fruit, vegetables, nuts, 
nursery, flowers, turf and nursery products.  In 2009–2010, the gross value of production 
for fruit and nuts was $4060 mil and vegetables worth $3023 mil.  Grapes were worth 
$1100 million, apples $402 million, strawberries $212 million and melons $159 million 
(DAFF Australia 2012). 
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can differ quite dramatically year-on-year, but nevertheless the sector significantly 
contributes to regional economies and community health.  Approval for the use of 
irradiation as a disinfestation treatment for these produce will provide an alternative 
phytosanitary measure for use on fresh produce shipped to pest-free areas within 
Australia at a time when existing measures are under threat of further restrictions or 
suspension.  

A significant advantage of the treatment method is its tolerance by a majority of fresh 
produce. The availability of an alternative option can help reduce the risk of product 
shortages, higher prices and uninterrupted access.  Some of the fruits of concern are 
among the highest priorities in the horticulture industries for maintaining domestic market 
access in Australia.  Recently, approval was obtained to irradiate tomatoes and 
capsicums and this means renewed market access for these two popular fresh 
commodities, within Australia and exports to New Zealand. 

Irradiation is a phytosanitary measure that can be implemented rapidly since ICA 55 is 
already in place in Australia and there is experience of exporting irradiated papaya, 
mango and litchi to New Zealand under existing approvals.  No other alternative presently 
offers this advantage.  

Approximately 80% of Australian fruit is sold domestically and it is not expected that the 
quantities will change significantly in relation to total domestic supply and any increased 
shipments may at least partially substitute for imports.  However, not all the fruits 
produced will need to be irradiated as this will depend on the production areas and sale 
destinations. Entry of Australian fresh produce into other markets is not expected to have 
a significant economic impact on prices or production in export destinations, especially 
given the costs of treatment and transport. 

Approval to permit irradiation of these eleven fruits for a phytosanitary purpose would 
ensure minimal economic loss to the industry and likely reduction in supply.   With 
economies becoming global, the need to meet the high phytosanitary requirement of trade 
partners would be uppermost and irradiation treatment is suitable for this purpose. 

Reduced use and less dependence of chemical pesticides is the principal environmental 
benefit.  There would be no requirement to store and dispose of pesticides on-farm and 
there is no associated withholding period, no chemical residues are generated and cost-
savings are expected with reduced wastage resulting from expected reduced damage to 
produce quality. 

Furthermore, the ability to treat in the final packaging and in pallet loads is an obvious 
advantage. 

The cost of irradiation to industry is not fully known however it is expected that these 
would be comparable to treatments currently employed.  Treatment costs are currently 5–
7 cents per kg of fruit or about A$50–70 per tonne of fruit (Steritech, private comm).  This 
is expected to decrease as volumes increase and consumer resistance to irradiated fruit 
lessen.  In 2007, Lacson’s data (2007) showed that the cost of irradiation at that time of 
$25–50/tonne was significantly lower compared to other treatments, for example, $46–
600/tonne for cold treatment. 

Incorporating irradiation treatment into the commercial supply chain could be effectively 
and efficiently achieved however, the decision to do so is a commercial one considered 
and assessed fully by the industry.  Logistical bottlenecks resulting from current limited 
availability of the technology in Australia and New Zealand for the purpose of 
phytosanitary disinfestation is a disadvantage. 
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Benefits to industry would lead to stability in the fresh produce market and prices, and 
access to export markets is maintained.  There is potential for increased export returns 
and new opportunities.  The continued prosperity and growth of the horticulture sector and 
its associated supply chain partners would have a positive benefit to government revenue 
and regional communities and society generally.  
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PART 3 – SAFETY ASSESSMENT 
CONSIDERATIONS 

3.1 Nutritional data 

A wide variety of fresh produce is available in Australia and New Zealand. The five most 
commonly eaten fruits are apples > oranges > grapes (inc. wine) > banana > pear, while 
potatoes > tomato > carrot > onion > pumpkin are the five most commonly eaten 
vegetables (MOH 1999).  Sub-populations may have a higher than average consumption 
for a fresh produce but overall, the 11 fruits of concern in the application are not a major 
part of the daily intake of any subpopulation in Australia and New Zealand.  From the 
dietary consumption patterns (ABS 1998, 1999, MOH 1999) and the nutrient tables (MOH 
2009, FSANZ 2010, USDA 2011b), it appears that the major contribution to daily dietary 
intake of macronutrients will come from foods other than apple, apricot, cherry, honeydew 
melon, peach, plum, nectarine, rockmelon, strawberry, table grape and zucchini. 

Discussions on each of these fruits (irradiated and untreated) are detailed separately in 
Appendix 2, together with the effects of irradiation after a period in cold storage. 

Table 7 compares micronutrient and vitamin values for eight of the nine tropical fruits (no 
data for mangosteen), persimmon, tomato and capsicum that have been approved for 
irradiation by FSANZ and for the 11 fruits applied for in this Application, i.e. apple, apricot, 
cherry, honeydew melon, peach, plum, nectarine, rockmelon, strawberry, table grape and 
zucchini. The table provides a good starting point for comparison and the fruit and 
vegetables (generally mixed sources).  Differences in values may be the result of produce 
grown under different conditions, soils, or times of year or be of the same varieties.  The 
diffrences seen in USDA and MOH values, and in the Qld DAFF studies could have been 
caused by anomalies of measurement or sampling, or changes in the food system.  

The nutritional profile for each of the 11 fruits before and after irradiation treatment is 
discussed separately in the following sections.  Compared to 20–30 years ago, fruit now 
are commonly harvested and delivered at a less mature stage for longer shelf life, which, 
in turn, can affect the nutrition value.  A characteristic feature of the ripening of fruit is that 
its unripe green colour turns yellow due to the enhanced biosynthesis of carotenoids 
(Katayama et al. 1971), particularly of beta (ß)-carotene (Dragovic-Uzelac et al., 2007). 

Generally the pattern of vitamin / mineral content is similar across these foods but each 
fruit may contain more or less of one or two vitamins.  For example, rockmelon has a 
beta-carotene value of 1428 µg/100g which is comparable with mango while apricot 
contains about half that amount and strawberry contains very little, approximately 3.5 
µg/100g.  Tomato and capsicum which are produce that are more commonly eaten on a 
daily basis contain beta-carotene values slightly higher than summerfruit.  Strawberry 
contains 52 mg/100g Vitamin C, the highest for these 11 fresh produce and considerably 
lower than the other fruits and vegetables on the approved list by FSANZ.  The more 
popular apple and table grape contain much less vitamin C (5 mg and 3.2 mg/100g Vit C 
respectively) (Table 7).  The fruits are not expected to contribute significantly to the daily 
nutritional intake. 

Pro-vitamin A (carotenes) and Vitamin C are present in other fresh produce and vitamin A 
in foods such as organ meats, dairy products, eggs and ready-to-eat cereals.  Green 
vegetables, grains and dairy and egg products generally are excellent sources of Vitamin 
K and, nuts, seeds, vegetable oils and many fresh vegetables are good sources of 
Vitamin E.  Folate can be found in small amounts in many foods with a major dietary 
source being enriched and fortified foods. 
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Although apples are popular and can be a significant part of the average consumer’s diet 
their contribution to overall micronutrient intake will not be pre-dominant.  Apricot, cherry, 
honeydew melon, peach, plum, nectarine, rockmelon, strawberry, table grapes and 
zucchini are also a useful sources of micronutrients, but they are consumed in smaller 
amounts or amounts equivalent to that of many other fresh produce crops and to lesser 
amounts than many popular fruit and vegetables. They will not be a significant contributor 
to overall micronutrient intake as daily intake of micronutrients will come from a range and 
types of foods.  Furthermore, socio-economic position, preferences, parental intake, and 
home availability/accessibility are all consistently positively associated with intake.  

Early studies on the effects of irradiation on fruit quality parameters, colour, flavour and 
texture showed that many factors can influence fruit responses to irradiation, including 
fruit maturity, cultivar, storage temperature and controlled atmosphere storage (Massey et 
al. 1964, Thomas et al. 1986a, b, c, 1988, Maxie and Abdel-Kader 1996, Bhushan and 
Thomas 1998, Miller and McDonald 1999).  Arvanitoyannis et al.  (2009) summarised the 
various applications of gamma irradiation in fruit and vegetables from 1978 through to 
2007, focusing on nutritional and fruit quality and shelf life extension, reducing postharvest 
losses and controlling stored product insects and microorganisms.  Compared to other 
widely employed processing methods, irradiation offered greater advantages in shelf life 
extension, no change in physical and organoleptic properties and at lower cost. 

The absorbed dose, commodity maturity and physiological state at harvest, pre and 
posthandling, transportation, presence of microorganisms, storage environment and 
storage time all interact to affect product quality and shelf life.  Different outcomes in 
nutritional quality after similar treatments can occur between different varieties of the 
same fruit, as noted by Thomas (1988), Morris and Jessup (1994) and Lee and Kader 
(2000).  It is a well-known fact that the values of nutritional components measured 
depends upon the degree of ripeness of the fruit, and quite different results would no 
doubt have been obtained had unripe or over-ripe fruits been analysed.  Furthermore, 
fresh produce today are generally harvested at a less mature stage for better product 
shelf life, than 15–20 years ago. 

 

Effects of irradiation on nutritional content and postharvest fruit quality 
There are many studies on the general effects of irradiation on the nutritional content of 
food.  They have been extensively reviewed by several organisations and individual 
scientists (JECFI 1981, 1999, Murray 1983, FDA 1986, Urbain 1986b, Thomas 1988, 
Thayer et al.1991, Diehl et al .1991, Kilcast 1994, Morris and Jessup 1994, WHO 1994, 
Diehl 1995, FDA 2008, Crawford and Ruff 1996; SCF 2003, EFSA 2011). 

The reviews are in broad agreement.  Irradiation up to the general 10 kGy limit of the 
Codex General Standard has little or no effect on the energy, macronutrient 
(carbohydrate, protein, total fat and dietary fibre) and mineral content of foods.  Many 
vitamins in food are largely unaffected by irradiation although some are destroyed with the 
extent increasing with increasing dose.  Overall vitamin losses are minimal at doses below 
1 kGy. Postharvest fruit quality of fresh produce after irradiation showed little change and 
many are the same changes that occur with aging and storage. The losses are generally 
within variations found between varieties of a specific food or the losses caused by 
storage and other preharvest or postharvest conditions (Mitchell et al. 1992, Farkas et al. 
1997, Boylston et al. 2002, Fan and Sokorai 2008).  Above 1 kGy losses may be 
significant but are no greater, and often less than, found after more conventional 
processing methods such as heating, freezing or canning (Kraybill 1982, Murray 1983, 
WHO 1994, JECFI 1999, SCF 2003, EFSA 2011).   
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JECFI evaluated the safety and wholesomeness of irradiated foods and concluded that 
“irradiation of food up to an overall average dose of 10 kGy introduces no special 
nutritional or microbiological problems” (1981).  Nutritional changes were not ruled out by 
JECFI but the group believed that any changes that did occur would be similar to those 
found from other processing technologies and would not present any hazard to 
consumers with a reasonably varied diet.   
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sasonal fruits.  Although a particular fruit may be a popular fruit, for example apple, its 
consumption is not likely to make a significant contribution daily nutritional intake.  
Irradiated apple, apricot, cherry, honeydew melon, nectarine, peach, plum, rockmelon, 
strawberry, table grape and zucchini at the low dose (150 – 1000 Gy) is as safe and 
nutritious as non-irradiated apple, apricot, cherry, honeydew melon, nectarine, peach, 
plum, rockmelon, strawberry, table grape and zucchini.  Taste, appearance, texture, 
composition and nutritional value of the food can be affected during irradiation treatment 
and the degree of the effects is dependent on the applied dose and other interactions as 
discussed previously. 

The essential findings from numerous studies and reviews have concluded that the 
change in the chemical composition of the irradiated food is minimal and the resulting 
compounds are the same as those formed when food is cooked or processed in the more 
traditional ways (Josephson et al. 1978, Wilkinson 1985, Gholap et al. 1990, Diehl 1991, 
Diehl 1995, JECFI WHO 1999).  Vitamin losses between varieties and those effects 
caused by growth conditions, physiological maturity and storage are greater than 
responses at low radiation doses < 1 kG.  Carotenoid losses in mangoes and papaya 
irradiated up to 2 kGy were reported to be negligible compared with the considerable 
losses resulting from freezing or canning (Beyers and Thomas1979). 

Research on the radio-tolerance of these fresh produce (QLD DAFF 2012, 2013) just after 
irradiation and after a recommended period of cold storage show that changes to the 
chemical composition of these fruits are minimal.  Storage time and not irradiation induced 
significant effects on several of the nutritional components.  In studies with other fruit, 
such as, papaya, rambutan and Kau oranges, Boylston et al. (2002) found no significant 
changes in nutrient and chemical quality.  There were no significant changes in ascorbic 
acid, carotenoid contents, pH, titratable acidity, and total soluble solids although aroma 
and flavour tended to be more intense in fruit irradiated at 750 Gy.  Storage had a greater 
effect on ascorbic acid and carotenoid contents than irradiation. 

Macronutrients, including carbohydrates, fats and proteins are essentially low-risk.  
Carbohydrates and proteins are not significantly affected at low doses and irradiation had 
not resulted in a change in the quantity of minerals or trace elements.  (Polyunsaturated 
fatty acids are generally not altered although rancidity and odour or colour changes can 
occur when fats are oxidized).  Except for avocado, fruits and vegetables generally 
contain negligible or nil amounts of fatty acids. 

A critical review of the effects of radiation treatment on the chemical constituents of 
banana, mango and papaya by Thomas (1986a) reported that there was no significant 
loss of nutrients with these fruit irradiated at doses that were optimal for a disinfestation 
purpose or at doses tolerated by the fruit commodity. Changes during storage such as 
decreasing soluble solids, acidity, internal colour, and increasing pH were regarded as 
normal effects, and not affected by irradiation.  The decrease in sugars and the increases 
in Vitamin C also were considered as normal storage effects (Mitchell 1992).   

Most of the information available on the impact of irradiation on vitamins relates to the 
degree of survival after treatment.  Reviews by Josephson et al. (1978), Thayer et al. 
(1991), Kilcast (1994) and JECFI (1999) concluded that vitamin losses from irradiated 
permitted foods would be minimal. 

It is anticipated that irradiation of these fruits under the same dose range and conditions 
applied for a disinfestation purpose would result in similar effects on vitamins that would 
be no greater than with conventional heat processing and therefore, would have minimal 
impact on the vitamin status of the fruit.   
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At the radiation conditions (≤1 kGy) applied in apple, apricot, cherry, nectarine, peach, 
plum, rockmelon, table grape, strawberry and zucchini, the changes in carbohydrate 
nutrient and functional characteristics are not significant.  Postharvest fruit quality 
attributes also are maintained for these fruits.   

Honeydew melon and nectarine however, were less tolerant to doses ≥ 600 Gy.  Beta-
carotene was initially affected by irradiation immediately after treatment, being significantly 
lower in the ≥ 600 Gy treatment (12 μg/100g) compared with control fruit (17 μg/100g), 
although by the end of the 14–day storage period no differences were detected across 
any of the treatments.  The beta-carotene level in honeydew melon however was naturally 
low to begin with and any changes could therefore have little or no impact. 

At doses ≥ 600 Gy there was increased skin browning and pitting in honeydew melon and 
nectarine fruits with increasing dose in the QLD DAFF study but not in the studies 
reported by Mitchell et al. (1992).  The incidence and severity of skin browning and pitting 
increased with dose level; being observed only at the end of the recommended storage 
period.  Specifically, symptoms in honeydew melon occurred only when treated to a dose 
of 600 Gy and above, with up to 51% of the skin surface area being affected.  In contrast, 
irradiation damage in nectarine fruit was comparatively low across all the treatments (< 
1cm² skin area affected), with only a small proportion of fruit (3%) affected at 150 Gy. 
However, this increased significantly to greater than 13% of fruit affected at a dose of 600 
Gy and above. 

Apples (Olsen et al. 1989, Drake et al. 1999, 2003) and cherries (Drake et al. 1994, Drake 
and Neven 1997, Eakin et al. 1985, Eaton 1970, Kader 1986) treated with doses up to 1.0 
kGy showed little or no loss in quality, demonstrating that irradiation at low doses can be 
used as a quarantine treatment for apples and cherries with little or no quality loss.  These 
results are confirmed in the QLD DAFF study which showed that irradiation at doses ≤ 1 
kGy produced little or no impact on the nutritional and postharvest fruit quality. 

The primary sources of Vitamin A, carotenoids and other radiation-sensitive vitamins 
considered in the Australian and New Zealand diet are carrots, meats, dairy products, 
eggs, wholegrains and fortified processed cereals.  In the context of total dietary intake, 
the vitamin levels and carotenoids in these fruits are minor compared to that in the major 
food groups.  The amount and variety of foods consumed that contain vitamins are 
adequate to meet daily nutritional needs. 

Losses in provitamin A (beta-carotene) will be small when irradiated up to 1000 Gy (QLD 
DAFF 2012, 2013) and the impact on the dietary intake of Vitamin A is insignificant.  No 
effect on carotenoid content was detected in spinach irradiated up to 1000 Gy (Gomes et 
al. 2008a).  Other fresh produce irradiated at doses greater than 1 kGy showed minor 
changes in carotenoids after treatment.  Carotenoid losses in mango and papaya (Beyers 
and Thomas 1979), broccoli (Gomes et al. 2008b) irradiated up to 2 and 3 kGy were 
small. 

With the exception of potassium intake, fruits and vegetables generally are not major 
contributors to Australians’ intake of six minerals - potassium, sodium, calcium, 
magnesium, iron and zinc (Cunningham et al. 2002).  

The US FDA (2008) concluded that irradiation of iceberg lettuce and spinach up to a 
maximum dose of 4 kGy will not have an adverse impact on the nutritional adequacy of 
the overall diet.  The major components of these eleven fruits, as with most fruits and 
vegetables are water and carbohydrate, with protein as a minor component.  Therefore it 
is also likely that the nutritional quality of these fruits irradiated at 150–1000 Gy will not be 
adversely affected.   
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The US FDA (2008) concluded that few reaction products that would be generated from 
the small amounts of protein in iceberg lettuce (<1 %) and spinach (<3 %) and the amino 
acid composition would not be significantly changed when irradiated at doses up to 4 kGy.  
It can be expected that reaction products generated would be minimal, if any, and that any 
changes to the amino acid composition would be negligible.  Blakesley et al. (1979) found 
that free amino acid and total amino acid content in irradiated mango and papaya at 0.75 
kGy and strawberry pulp at 2 kGy remained unchanged.  

Many fruits and vegetables are good sources of Vitamin A and carotenoids.  While 
Vitamin A and provitamin A carotenoids have been identified as radiation-sensitive fat-
soluble vitamins however, the carotenoids in plant products are fairly radiation-tolerant.  
After careful review the US FDA concluded that while spinach is an excellent source of 
Vitamin A, the small losses that might result from irradiating up to 4 kGy will have little 
impact on the dietary intake of Vitamin A.  Treatment of these eleven fruits are at doses ≤ 
1000 Gy and Vitamin A losses will be minimal, if any and therefore little impact on the 
dietary intake of Vitamin A.   Food irradiation is a non-thermal process; the loss of heat-
sensitive vitamins is expected not to be greater than with conventional heat processing. 
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3.2  Toxicological data 

There is a history of safe consumption of irradiated foods in many countries (FSANZ 
2013, section 2 of SD1).  In Australia and New Zealand, FSANZ has not previously 
identified any public health and safety issues associated with the consumption of herbs, 
tropical fruits, persimmon, tomato and capsicum or other permitted irradiated foods. 

The safety of food irradiation was previously examined by FSANZ in both long-term 
animal-feeding studies and in studies in humans - irradiated tomato and capsicum (2013), 
and persimmon (2012) - which found that irradiated tomato and capsicum and persimmon 
irradiated up to a maximum dose of 1 kGy are as safe to consume as non-irradiated 
tomato, capsicum and persimmon.  Concerns regarding illnesses in pets in association 
with the consumption of jerky pet treat products imported from China are fully discussed in 
the approval reports.  There is no evidence todate implicating irradiation as the causative 
agent. 

The safety of irradiated food has also been extensively assessed by national regulators 
and international scientific agencies (e.g. the USFDA, Canada andEuropean Union), they 
have approved the use of irradiation of specific foods following a safety assessment. 

The position of the Food and Agriculture Organization (FAO)/ International Atomic Energy 
Agency (IAEA)/ World Health Organization (WHO) Joint Expert Committee on Food 
Irradiation (JECFI 1981) on chemiclearance or chemical implications of irradiated foods 
affirmed that when foods of similar composition are similarly irradiated their chemical and 
microbiological responses are similar and they are accordingly toxicologically equivalent.  
When an irradiated food in a class of similar foods is cleared as safe and adequate for 
consumption, then other members of that class are, correspondingly, wholesome and 
safe. 

JECFI evaluated the overwhelming body of research studies assessing toxicological 
safety including the radiation chemistry of food components; in vitro and in vivo tests for 
mutagenicity, and feeding studies of a broad cross-section of animal species - rats, mice, 
dogs, quails, hamsters, chickens, pigs and monkeys.  The feeding studies included sub-
acute, chronic, reproductive, multi-generation and carcinogenicity studies. The data also 
included limited studies involving human volunteers.  JECFI found no specific nutritional or 
toxicological adverse effects.  Additionally, no adverse effects (nutritional and 
toxicological) have ever been reported over many years in which laboratory rodents, 
astronauts and immune-suppressed patients had received sterile diets irradiated at high 
doses (25 kGy) and whose health was well-monitored. 

JECFI (1981) stated that “irradiation of food up to an overall average dose of 10 kGy 
presents no toxicological hazard and introduces no special nutritional or microbiological 
changes”.  Hence toxicological testing of foods so treated is no longer required.  This 
conclusion was a basis for the adoption of the original Codex Alimentarius General 
Standard for irradiated Foods (CAC 2003a, 1983). 

In 1999, JECFI then concluded that foods irradiated with doses above 10 kGy were also 
safe and wholesome, “food irradiated to any dose appropriate to achieve the intended 
technological objective is both safe to consume and nutritionally adequate”.  In the JECFI 
opinion, the dose applied to any food would be limited by considerations of marketable 
quality before any toxicological hazard would arise.  As a result, the revised Codex 
General Standard for Irradiated Foods (CAC 2003a) states that the maximum absorbed 
dose delivered to a food should not exceed 10 kGy, except when necessary to achieve a 
legitimate technological purpose. 
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In a review on natural radioactivity and possible induced activity from consumption of 
irradiated food the authors concluded that the increase in radiation background dose from 
consuming irradiated food was insignificant and best characterised as zero (IAEA, 2002a). 

An issue between 2007 and 2009 emerged regarding irradiated dry cat food (~25–53 
kGy).  Various studies and reviews (Thayer et al. 1987, Cassidy et al. 2007, Caulfield et 
al. 2009, Duncan et al. 2009, Child et al. 2009, EFSA 2001, FSANZ/Australian Veterinary 
Association) suggested that was a cat-specific effect.  In commercial practice, food 
irradiation is generally limited to a maximum dose of 10 kGy and to 1 kGy for fresh 
produce. In addition, the cats were fed exclusively or almost exclusively on the irradiated 
diet, a situation that will not occur in human populations. However, given the strong other 
evidence for the toxicological safety of irradiated foods, the cat data appears of little 
relevance to low dose irradiation of fresh produce for human consumption. 

Although 2-dodecylcyclobutanone (2-DCB) and 2-alkylcyclobutanones (2-ACBs) can be 
detected in trace quantities in irradiated foods (Boyd et al. 1991, Crone et al. 1992, 
European Committee for Standardization 2003, Marchioni et al. 2004, Gadgil et al. 2005), 
the available data do not suggest that irradiated food would be a toxicological concern and 
pose a significant risk to human health (Thayer et al. 1987, WHO 1994, European 
Commission 2002, Health Canada 2003, Sommers 2003, Sommers and Schiestl 2004, 
Sommers  2006).   

In 2002, the World Health Organisation re-affirmed its 1994 opinion that food irradiation 
was a safe process (WHO 1994, 2002).  In 2003 and 2011, the European Food Safety 
Authority (SCF 2003, EFSA 2011) published major evaluations of the chemical safety of 
irradiated food which considered in detail the findings or issues related to chemical and 
toxicological safety that had appeared since the 1999 JECFI. The EFSA concluded that 
the newer data supported the previous EFSA positions on the safety of irradiated foods.  

In 2003, the World Health Organisation concluded that 2-DCB and 2-ACBs in general do 
not appear to pose a health risk to consumers based on scientific evidence at that time, 
including long-term feeding studies (WHO 2003), that irradiated foods are safe and 
nutritionally adequate.  

The FDA considers ACBs to be “of no toxicological concern’ (FDA 2005, 2008) and the 
EFSA states that ‘the genotoxic hazard associated with 2-ACBs is minimal, if any” (EFSA 
2011).  Many studies of their mutagenic and carcinogenic potential were conducted which 
have been subsequently reviewed by competent authorities (SCF 2002, WHO 2003, FDA 
2005, FDA 2008 and EFSA 2011).  

 

Radiolytic Products - 2-alkyl-cyclobutanones (ACBs) and 2 
dodecyl-cyclobutanones (DCBs) 
In the 1981 JECFI report, radiolytic products were all believed to be chemicals that were 
identical or structurally very similar to chemical constituents found in non-irradiated food or 
in food processed by heat treatments (Adam 1983, Nawar 1986).  Since then trace 
amounts of 2-alkyl-cyclobutanones (ACBs) and 2 dodecyl-cyclobutanones (DCBs) have 
been identified in some irradiated foods containing high concentrations of total lipid and 
palmitic acid (Crone et al. 1992, Delincee and Pool-Zobel 1998, Gadgil et al. 2002, 2005, 
Gadgil and Smith 2004, 2006, Sommers et al. 2006).  The concentrations have been 
found to be directly proportional to the radiation dose and the conditions of irradiation 
(Diehl 1995, JECFI 1999, Kim et al. 2004).  With foods such as chicken and ground beef 
that contain high total lipid and palmitic acid (5–25% depending on the cut), minute 



Application to amend the Food Standards Code, Standard 1.5.3  Irradiation of Food 
 
 

 54

amounts (<1 µg/ g lipid per kGy) of 2-ACB and 2-DCB have been detected when they 
were irradiated at 10–60 kGy (Crone et al. 1992) and 0.5–7.0 kGy (Gadgil et al. 2002, 
Gadgil et al. 2005).  More information on the impact of irradiation on the safety and quality 
of poultry and meat products is discussed in O’Bryan et al. (2008).  

Although radiolytic products can be derived from lipids when exposed to irradiation 
treatment (Nawar 1986, Diehl 1995), many of these products are comparable to those 
observed during storage or with heat treatment (Nawar 1986, WHO 1994).  The radiation 
chemistry and nature of the radiolytic products are described elsewhere (Raffi et al. 1981, 
Adam 1983, Diehl 1995).  

In as early as 1977, Schubert reviewed aspects of the toxicology and chemistry of 
irradiated foods and food components, the radiation chemical considerations, combined 
effects, mutagenicity testing and compared irradiation with other food processes such as 
cooking and food additives.  It was estimated that an average daily diet that contained 
10% irradiated foods would result in consumption of between 0.05–2 % of radiolytic 
products generated from conventional food processing in the form of food additives and 
other contaminants. 

Fernandez et al. (1984) evaluated the genetic risk of irradiated food consumption 
theoretically and experimentally.  According to the model used in the study it predicted 
that if a man ingested 100 g of irradiated food daily for 30 years, the calculated probability 
of damage would be 100 000 times lower than the natural probability of genetic error.  The 
model took into account the risk induced by consuming irradiated food directly and 
indirectly through an intermediate source. 

In a few in vitro tests some ACBs were reported to be genotoxic but the positive tests 
generally involved simultaneous high cytotoxicity. There is no credible in vivo evidence of 
genotoxic hazard to humans.  It is also known that ACBs are rapidly metabolized and 
largely eliminated from the body of rats (Gadgil and Smith 2006).  Interestingly, ACBs 
were found in non-irradiated nuts and nutmeg and may not be unique radiolytic products 
(Variya et al 2008). 

Various mutagenicity studies found no 2-DCB induced mutagenesis (Sommers 2003, 
2006, Sommers and Schiestl 2004).  Gadgil and Smith (2004) found 2-DCB to be non-
mutagenic and that the toxicity was so low in the assay that the authors concluded from 
the evidence that the potential risk from 2-DCB consumption, if any, is very low. 

In 2008, commercial non-irradiated and fresh cashew nut samples were shown to contain 
natural amounts of 2-dodecylcyclobutanone and 2-tetradecylcyclobutanone while 2-
dodecylcyclobutanone was found in non-irradiated nutmeg samples.  The presence of 2-
tetradecenylcyclobutanone was also observed in both commercial and irradiated cashew 
nuts (Variyar et al. 2008). 

In relation to this application it is relevant that individual radiolytic products such as ACBs 
are measured in trace concentrations (Crone et al. 1992, Gadgil et al. 2002, Gadgil et al. 
2005).  The doses applied to apple, apricot, cherry, honeydew melon, peach, plum, 
nectarine, rockmelon, strawberry, table grape and zucchini will be under 1 kGy.  Further, 
the concentrations of fats from which ACBS are formed are very low in apple, apricot, 
cherry, honeydew melon, nectarine, peach, plum, rockmelon, strawberry, table grape and 
zucchini (QLD DAFF 2012, 2013, FSANZ 2010, USDA 2011b). 

 

 



Application to amend the Food Standards Code, Standard 1.5.3  Irradiation of Food 
 
 

 55

Radiolytic Products - Furans 
Radiolytic furans have also been put forward as a potential hazard. The furans are 
produced mainly from irradiation of sugars and ascorbic acid (Vranova and Ciesarova 
2009).  Concentrations produced in a range of fresh fruits, however, are very low or 
undetectable even at doses above 1 kGy, and the furans are highly volatile (Fan and 
Sokorai 2008).  The sugar levels (FSANZ 2010, USDA 2011) in to apple, apricot, cherry, 
honeydew melon, peach, plum, nectarine, rockmelon, strawberry, table grape and 
zucchini are not high but still low levels of furan could be formed although of expected to 
have no toxicological effect. 

In its assessment of Application 1038 (Persimmons) and 1069 (Tomato and Capsicum), 
FSANZ evaluated post-2002 data on the toxicological safety of irradiated foods.  Detailed 
review of the various studies involving ACBs and furans lead FSANZ to conclude that 
there was no public health or safety issue associated with the consumption of irradiated 
persimmon, tomato and capsicum (FSANZ 2011a, 2013).  The risk from irradiated apple, 
apricot, cherry, honeydew melon, peach, plum, nectarine, rockmelon, strawberry, table 
grape and zucchini will be no greater than for irradiated persimmon, tomato and 
capsicum. 

The FDA considers that furan concentrations in the diet will not be increased by irradiation 
of food (FDA 2008). EFSA (2011) has considered radiolytic furans and some 
hydrocarbons, cholesterol oxides and aldehydes. EFSA concluded that these compounds 
were also found in foods subjected to other processing methods and that the amounts 
formed upon irradiation were not significantly higher than produced by heat treatment.  

The JECFI reports of 1981 and 1999 would have taken account of radiolytic products that 
were inevitably present in many of the irradiated foods tested in feeding trials in their 
assessment of toxicological hazard. No further radiolytic products that might be 
considered unique to irradiation or especially toxic from irradiation of fresh produce have 
been reported since the EFSA (2011) and FSANZ (2011a) reports.   

In 2008, the US FDA concluded that irradiation of iceberg lettuce and spinach at a dose 
up to 4.0 kGy (US FDA 2008, 21 CFR Part 179) does not present a toxicological hazard.  
This ruling is relevant to this application.  The basic principles of radiation chemistry which 
provides “the basis for the extrapolation and generalization from data obtained in specific 
foods irradiated under specific conditions to draw conclusions regarding foods of a similar 
type irradiated under different, yet related condition” was applied in that rigorous 
assessment.  

In 2003, 2012 and 2013, FSANZ approved the irradiation of breadfruit, carambola, custard 
apple, litchi, longan, mango, mangosteen, papaya and rambutan; persimmon and; tomato 
and capsicum, respectively, in Standard 1.5.3.  In its assessment of the toxicological 
issues, the authority concluded that irradiation of tropical fruits, persimmon and, tomato 
and capsicum up to a maximum of 1 kGy employing good manufacturing/irradiation 
practices is safe for Australian and New Zealand consumers.  FSANZ has not previously 
identified any public health and safety issues associated with the consumption of these or 
other permitted irradiated foods. 

As the food components in apple, apricot, cherry, honeydew melon, nectarine, peach, 
plum, rockmelon, strawberry, table grape and zucchini fall within the range of these fruits 
(see Section 3.1 Nutritional data), it would be safe to regard the same findings that 
irradiated apple, apricot, cherry, honeydew melon, nectarine, peach, plum, rockmelon, 
strawberry, table grape and zucchini treated under the same conditions for a 
phytosanitary purpose will not pose a toxicological problem. 
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Ionising radiation is a safe and effective method for inactivating bacteria in food, and has 
been approved by the US Food and Drug Administration (US FDA).  The American 
Medical Association (AMA) publicly supports food irradiation after it reviewed the 
toxicological data however; the purpose of this application is for a phytosanitary measure. 

 

3.3  Products or ingredient 

Not relevant to the request for a phytosanitary purpose. 

 

3.4  Microbial data 

Not relevant to the request for a phytosanitary purpose. 
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PART 4 – REGULATORY/ LEGISLATIVE 
IMPLICATIONS 

4.1 International standards 

The safety and benefits of food irradiation are supported and endorsed by the World 
Health Organisation and the Food and Agriculture Organisation of the United Nations. 

 

Codex Standard 
Essentially, the safety and nutritional aspects of irradiation of foods is ensured through 
compliance with the Codex General Standard for Irradiated Foods CODEX STAN 106-
1983, REV.1-2003 (2003), which applies to foods processed by ionizing radiation that is 
used in conjunction with applicable hygienic codes, food standards and transportation 
codes.  Information on the standard can be found at 
http://www.codexalimentarius.net/download/standards/16/CXS 106e.pdf.  

As one of the technological requirements for irradiating food, irradiation should not be 
used by the food industry as a substitute for good manufacturing practices.  

Irradiation doses greater than 10 kGy is allowed when "necessary to achieve a legitimate 
technological purpose”.  "The minimum absorbed dose should be sufficient to achieve the 
technological purpose, and the maximum absorbed dose should be less than that which 
would compromise consumer safety, wholesomeness or would adversely affect structural 
integrity, functional properties, or sensory attributes." 

The code concerned with food products processed by gamma rays is contained in 
Recommended International Code of Practice for Radiation Processing of Food 
(CAC/RCP 19-1979, Rev. 2-2003 (2003b).  This code covers the requirements of the 
irradiation process in a facility, aspects of the process as primary production and/or 
harvesting, postharvest treatment, storage and shipment, packaging, irradiation, labelling, 
post-irradiation storage and handling, and training5.  

The code represents a new version of the original code the Recommended International 
Code of practice for Operation of Irradiation Facilities used for the Treatment of Foods 
(CAC 1983).  Emphasis is on food safety and practice of HACCP as described in 
Recommended International Code of Practice General Principles of Food Hygiene 
(CAC/RCP 1-1969, Rev 4-2003 (2003d). 

Annex B to CAC/RCP 19-1979 (Rev. 1-1983) (CAC 2003a) specifies technological 
conditions for individual food items.  An average dose up to 1 kGy to control insect 
infestation is described for mango, papaya, pulses, rice, spices and condiments. 

Food irradiation may be integrated as part of a Hazard Analysis and Critical Control Point 
(HACCP) system, Recommended International Code of Practice General Principles of 
Food Hygiene (CAC/RCP 1-1969, Rev 4-2003 (2003d) in the supply chain. 

 
5  Codes of good irradiation practice and training manuals can be obtained from The International Consultative Group on 

Food Irradiation (ICGFI). Compilation of principles and international recommendations for regulatory control measures on 
food irradiation is published in ICGFI Document 21: Control of irradiated food in trade. 
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Irradiation is not a substitute procedure for good manufacturing practice and good 
agricultural and manufacturing practices should be employed.  The Code of Hygienic 
Practice for Fresh Fruits and Vegetables, CAC/RCP 53-2003 (2003c) addresses Good 
Agricultural Practices (GAPs) and Good Manufacturing Practices (GMPs) in the 
production of fresh fruits and vegetables from primary production to packing. 

Various methods developed for the detection of irradiated foods are coded in General 
Methods for the Detection of Irradiated Foods, CODEX STAN 231e, Rev.1-2003 (2003e).  

 

International Plant Protection Convention 
The main purpose of the International Plant Protection Convention (IPPC) and the 
responsibilities of the contracting parties are to prevent the introduction and spread of 
plant pests and promote appropriate measures for the control of regulated pests.  
Guidelines regarding phytosanitary measures endorsed by the IPPC are written as 
ISPMs.  

The International Standards for Phytosanitary Measures (ISPMs) provides guidelines to 
achieve international harmonization of phytosanitary measures and can help facilitate 
trade.  The harmonisation of phytosanitary measures can help avoid the use of 
unjustifiable measures as barriers to trade. ISPM Technical Panel on Phytosanitary 
Treatments (TPPT) is responsible for the development of internationally recognised 
treatments. 

ISPM No. 18 Guidelines for the Use of Irradiation as a Phytosanitary Measure (2003), of 
the International Plant Protection Convention, provides technical guidance on specific 
procedures for the application of ionizing radiation as a phytosanitary treatment for 
regulated pests. 

ISPM No. 28 Phytosanitary Treatments for Regulated Pests (2007, 2009) considers 
harmonizing phytosanitary treatments, particularly in international trade, which may also 
facilitate trade.   

Viable phytosanitary treatments are those that are economically and technically feasible, 
and meet ISPM No. 24 Guidelines for the Determination and Recognition of Equivalence 
of Phytosanitary Measures (2005).  This standard considers equivalent phytosanitary 
measures that achieve appropriate level of protection for the regulated pest(s) and 
accounts for the changing phytosanitary situations in exporting countries. 

The Recommendation for the Implementation of the IPPC, Replacement or reduction of 
the Use of Bromide as a Phytosanitary Measure (2008) provides guidance to National 
Plant Protection Organisations on the replacement of or reduction in the use of methyl 
bromide as a phytosanitary measure towards reducing emissions of methyl bromide. 

 

ASTM International (originally known as The American Society for Testing 
and Materials) 
Current and equivalent ASTM International standards regarding food irradiation are; 

 ASTM F1355-06 Standard Guide for Irradiation of Fresh Agricultural Produce as a 
Phytosanitary Treatment (2006) considers irradiation as a phytosanitary treatment to 
minimize the pest risk and to maximize the safety associated with the movement and use 
of fresh agricultural produce.  The guide provides procedures for radiation disinfestation to 



Application to amend the Food Standards Code, Standard 1.5.3  Irradiation of Food 
 
 

 59

control regulated pests.  The typical absorbed dose range is between 150 Gy and 600 Gy, 
for the control of certain insect pests of fresh fruits.  

ASTM F1640-09 Standard Guide for Packaging Materials for Foods to be Irradiated 
(2009), provides a guide and parameters for selection and use of packaging materials for 
holding food that are destined to be irradiated.  It also examines criteria for fitness for their 
use.  

ASTM E2303 – 03 Standard Guide for Absorbed-Dose Mapping in Radiation Processing 
Facilities (2003) provides guidance in determining absorbed-dose distributions in products 
that are irradiated and analyses of dose map data. 

Other associated codes include ISO / ASTM51204 – 04 Standard Practice for Dosimetry 
in Gamma Irradiation Facilities for Food Processing (2004) and ISO / ASTM51431 - 05 
Standard Practice for Dosimetry in Electron Beam and X-Ray (Bremsstrahlung) Irradiation 
Facilities for Food Processing (2005).  The standards outline the installation qualification 
program for an irradiator and routine processing in the facilities that irradiate food from 
gamma sources in the former and with high-energy electrons and X-rays in the second.   

Irradiation treatment of apple, apricot, cherry, honeydew melon, nectarine, peach, plum, 
rockmelon, strawberry, table grape and zucchini  (following approval) would comply with 
the relevant IPPC, Codex, FSANZ 1.5.3, ASTM and ICGFI standards.  

 

4.2  National standards or regulations 

Australia and New Zealand 
FSANZ Standard 1.5.3.  Irradiation of Food provides permission for the irradiation of 
specified foods where this method of processing fulfils a technological need.  The 
absorbed dose applied should be the minimum required for the technological purpose to 
be achieved and conforms to good radiation processing practice.  The standard also 
considers the packing materials used, labelling and record keeping in relation to the 
irradiation of food. 

Currently, the Standard allows for the irradiation of specified fresh produce - breadfruit, 
carambola, custard apple, litchi, longan, mango, mangosteen, papaya, rambutan, 
persimmon tomato and capsicum for a phytosanitary measure.  However, such 
processing is not a substitute procedure for good manufacturing practice. 

MAF Biosecurity New Zealand Standard 152.02: Importation and Clearance of Fresh Fruit 
and Vegetables into New Zealand (2008), and Import Health Standard Sub-class: Fresh 
Fruit/Vegetables; specifically provides for the import of irradiated mango (2004a), papaya 
(2009b), litchi (2008), capsicum (2013b) and tomato (2013c) from Australia, and papaya 
from Hawaii as a phytosanitary measure (2009c). The standards state that the strength of 
phytosanitary measures will generally be greater for high impact pests than for other 
regulated pests, reflecting the greater risks associated with these pests.  New Zealand 
does not export irradiated fresh produce, as no food irradiation facilities are approved in 
New Zealand. 

In August 2008, Biosecurity Australia (2008a) advised that the importation of fresh mango 
from India may be permitted subject to the Quarantine Act 1908, and the application of 
phytosanitary measures as specified in the Final Import Risk Analysis Report for Fresh 
Mango Fruit from India (2008b). The recommended quarantine measures are pre-export 
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irradiation treatment at 400 Gray, supported by an operational system to maintain and 
verify quarantine status. 

FSANZ Standard 1.4.3.  Articles and materials in contact with food, provides permission 
for materials and articles to be in contact with food. The Code however does not specify 
the details of the materials used in manufacturing the packaging and places this on the 
responsibility of the manufacturers. 

Australian Standard for Plastics Materials for Food Contact Use, AS2070 –1999  specifies 
materials and the procedures in the production of plastics materials, coating and printing 
of plastics items for food contact and subsequent use.  This includes such items as 
packages, domestic containers, wrapping materials, utensils or any other plastics items. 

This revised standard harmonises with the international Standards – US FDA regulations 
and EEC Directives. 

 

United States of America 
The safety and benefits of food irradiation in the US are approved by authorities including; 
the US Surgeon General, the Food & Drug Administration (FDA), the Centres for Disease 
Control, the US Dept. Health & Human Services, the US Department of Agriculture 
(USDA), the American Dietetic Association (ADA) and the American Medical Association. 

In the US, the FDA and the Food Safety and Inspection Service (FSIS) of the USDA have 
given permission for the use of irradiation on a wider range of foods.  For current 
information, the Code of Federal Regulations pertaining to irradiation is revised annually, 
which can be accessed at http://www.gpoaccess.gov/cfr/index.html.   

The Electronic Code of Federal Regulations (e-CFR) is a currently updated version of the 
Code of Federal Regulations (CFR); however it is not an official legal edition of the CFR.  

The FDA regulations are Title 21 Part 179 Irradiation in the production, processing and 
handling of food, 21 CFR 179 (2009).  Subparts are listed in Table 10. 

The US FDA has approved the use of ionising radiation on various foodstuffs under 
defined conditions.  These are specified in the Federal Register at 21 CFR Part 179 
Irradiation in the Production, Processing and Handling of Food § 179.26 Ionizing 
Radiation for the Treatment of Food, including meats such as pork, poultry, and packaged 
meats used solely in space flight programs, culinary herbs, spices, seeds, seasonings, 
wheat, fruits, and vegetables like lettuce and spinach.  

In October 2002, US Animal and Plant Health Inspection Service (APHIS) approved the 
use of irradiation against 11 major species of tropical and sub-tropical fruit fly and other 
pests, regardless of commodities and countries of origin, Irradiation Phytosanitary 
Treatment of Imported Fruits and Vegetables, thus opening up trade.  In January 2006, 
APHIS established generic doses for all insects (400 Gy) except Lepidoteran that pupate 
internally and for fruit flies (150 Gy).  From 2007 to the present day, approvals have been 
granted for the importation of irradiated fruit from several countries and pest specific 
doses have been established accordingly. 

APHIS regulates the use of irradiation to meet quarantine requirements of products 
entering the USA and the interstate movement of horticultural produce from Hawaii, 
Puerto Rico and the United States Virgin Islands into the mainland. 
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Framework Directive 1999/2/EC (EU 1999a) establishes a framework for controlling 
irradiated foods, labelling and importation.  

The framework Directive 1999/2/EC also covers general and technical aspects for 
radiation processing and conditions for authorising food irradiation.  Foodstuffs must only 
be irradiated in approved irradiation facilities in member states or in facilities in third 
countries approved by the Community in accordance with Article 4(4) of Directive 
1999/2/EC.  

Member States maintain existing national authorisations for the irradiation of certain 
foodstuffs in their own countries.  Currently Belgium, France, Italy, the Netherlands, 
Poland and the UK allow irradiation of foods other than herbs, spices and vegetable 
seasonings according to Article 4(6) of Directive 1999/2/EC, including grains, potatoes, 
onions, vegetables, pulses, strawberries, dried fruits and vegetables, seafood and other 
meat products. 

European Commission Directive 2009/975/EC Amending Directive 2002/72/EC addresses 
plastic materials and articles intended to come into contact with food (EU 2009a).  

Analytical methods for the detection of irradiated foods standardized by the European 
Committee for Standardisation (CEN) are described in Table 12, Section 4.6 (EU 2009b).  
These standards have been adopted by the Codex Alimetarius Commission as general 
methods.  All except EN14569:2004 are coded in CODEX STAN 231e, Rev.1-2003. 
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Other nations 
Canada has a regulatory approach similar to Australia and New Zealand.  The Canadian 
Food and Drug Regulations Amending the Food and Drug Regulations, 1094 — Food 
Irradiation (Health Canada 2002), provides for the treatment of foods with ionizing 
radiation. 

Permitted provisions include irradiation of potatoes and onions to inhibit sprouting during 
storage; wheat, flour, and whole wheat flour to control insect infestation during storage; 
whole or ground spices and dehydrated seasoning preparations to reduce microbial load; 
and irradiation of mangoes as a disinfestation treatment to control fruit flies and the 
mango seed weevil.  These are coded in the Canadian Food and Drugs Regulations Div 
26 Food Irradiation (2009a). 

Other related regulations are Food and Drugs Regulations Div 23 Food packaging 
material (2009b) and Canadian Food Inspection Agency (CFIA) Reference Listing of 
Accepted Construction Materials, Packaging Materials and Non-Food Chemical, Food 
contact q1. 

The recommended Canadian Code of practice for Food Irradiation  (Health Canada 
2002b) identifies principles for the treatment of food products with ionizing radiation and 
subsequent processing with the requirements of Canada’s Food and Drug Regulations.    

Other countries continue to irradiate significant volumes of food, including spices, 
vegetables, fruit, grains, potatoes and meats.  Large differences exist between the 
regulatory requirements concerning food irradiation in the Asia Pacific and the nations 
have begun to harmonise food irradiation regulations based on conformance with Codex 
requirements.   

China is currently the biggest user of irradiation.  Other countries with approval of food 
irradiation include Bangladesh, India, Indonesia, Iran, Israel, Japan, Korea, Pakistan, 
Philippines, Russia, Syria, Thailand in Asia; Costa Rica, Cuba, Mexico in North America;  
the South American countries of Argentina, Brazil, Chile, Peru, and Uruguay; and South 
Africa and Algeria in Africa. 
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PART 5 – OTHER IMPLICATIONS 

5.1  Cost considerations  

Chemical treatments for phytosanitary purposes (dimethoate and fenthion) have been 
restricted or cancelled and has affected access to fruit fly sensitive domestic markets for 
Australian fruit and vegetable growers, particularly for Queensland growers.  The potential 
cost to the industry could be considerable.   

In 2009–10 Australian horticulture had a gross value of production of $8.407 bil, the 
industry consisting of fruit, vegetables, nuts and nursery products.  The structure and 
production of each industry is discussed elsewhere in the application and their worth can 
be substantial to the industry and the regional communities that they support.  Overall, 10 
% of total horticulture production is exported (Part 2.3) however, it is pertinent to note that 
this application for use of irradiation is an option for a quarantine purpose.  Other methods 
are available and not all fresh commodities will be required to be treated. 

Phytosanitary protocols currently apply to the interstate movement of fresh produce that 
are hosts of fruit fly to fruit fly sensitive areas in Australia.  Approval for irradiation could 
alleviate the market access situation as it is an efficacious, selective, less disruptive and 
economic alternative to chemical pesticides and methyl bromide fumigation.  Treatment 
time is considerably less than other heat or cold alternative treatments.   

Asia remains the biggest market for Australian fruit and vegetable exports, the main 
vegetable products primarily exported to Japan, Malaysia and United Arab Emirates, and 
fresh fruit lines included apples, grapes and oranges, mainly to USA, Hong Kong and 
Malaysia.  While the key markets are in Hong Kong, Japan, Malaysia and Singapore, 
there are opportunities in New Zealand, the USA and the European Union.  China and 
India are recently opened markets for citrus, apple and mangoes. 

The presence of various pests and diseases in Australia means potential Asian markets 
would require phytosanitary measures to be undertaken before market access is granted.  
The use of dimethoate and fenthion may no longer be acceptable and alternative options 
need to be developed and negotiated.  The major export markets in Asia currently do not 
require quarantine treatment for our fresh produce however the status is expected to 
change.  For example, in 2009, Malaysia advised Biosecurity Australia that from 1 March 
2009 all fresh mango fruit must be irradiated prior to export (DAFF MICOR 2009).   

The potential loss of access to export markets will be costly to the industry and often is 
challenging and complex to re-enter, as these are very competitive markets. 

Irradiation shows great potential for increasing both market access and profitability for 
Australian and New Zealand growers, and industry cannot afford to depend on markets 
with low phytosanitary requirements.  These markets are generally volume sensitive and 
lower returning markets. 

Any additional processing will add cost to the food however it will also add value to the 
treated product.  Benefits include fruit quality, quantity, availability, convenience and 
quarantine safety.  In general, the cost of irradiation is expected to be competitive 
compared to other treatments that achieve a phytosanitary purpose.  In the US, the cost of 
irradiation to meet quarantine requirements is about 10–20% of that of vapour heat 
treatment (Loaharanu 2003). 

There are limitations with current heat and cold treatments, including associated costs and 
time.  Physical treatments, such as exposure to heat or cold and controlled atmosphere, 
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can either damage fruit or adversely affect the fruit in transit.  It is understood that these 
treatments are generally more complex to apply and more costly as the type of 
disinfestation treatment, singly or in combination, that may be effective is governed by 
both the pest species and the ability of the commodity to tolerate the treatment.  The time 
required to complete a cold treatment (including in transit) also can be costly. 

5.2  Profit implications  

Approval for the use of irradiation as a phytosanitary measure for these eleven fruits 
(apple, apricot, cherry, honeydew melon, peach, plum, nectarine, rockmelon, strawberry, 
table grape and zucchini will potentially maintain access for these industries for both 
domestic and export markets where a phytosanitary treatment is required (e.g. fruit fly is a 
pest of concern).  This should ensure continued access, and in the longer term, could lead 
to increase in production with increasing demand and improved market outlook.  

There will be opportunity to access additional markets.  The increased volume and 
business could ensure that growers and industry service providers will gain economies of 
size and scale.   

The countries in the northern hemisphere can provide significant market opportunities and 
improve profit for the Australian and New Zealand industry, particularly during the counter-
season.  Production in Australia and New Zealand however, is insignificant compared to 
other world production areas for these products.  Approval of irradiation as appropriate 
treatment for pest disinfestations can potentially assist in accessing previously challenging 
markets. 

5.3 Market share implications 

The Queensland DAFF estimates the value of the State’s fruit and nut production at about 
$1.06 billion, while vegetable production is valued at about $1.08 billion 

There are both domestic and export markets for each of the fresh fruits concerned.  The 
domestic market is small and sensitive to oversupply.  The economics of growing fresh 
produce in Australia is strongly determined by what percentage of production meets 
export standards.  Overall in 2010–11 Australia had a “trade deficit” of $697 million for 
fresh and processed fruit, nuts and vegetable because of high imports in the processed, 
frozen and other sectors although there was a trade surplus in fresh vegetable and (QLD 
DAFF 2012).  Export of fresh produce is limited by quarantine restrictions in several 
countries including USA, China, Japan, Korea and Taiwan.  Similar quarantine restrictions 
apply for imported fresh produce into Australia. 

Irradiation as a phytosanitary measure will provide growers with an alternative 
phytosanitary treatment as use of current chemical treatments have been restricted.  This 
will allow the industry to maintain their market share against competitor and substitute 
products. 

The biggest economic challenge lies in predicting market demand of irradiated fresh 
produce.  While approximately 90%, in general, of Australian fruits and vegetables is sold 
domestically, it is not expected that the quantities will change significantly in relation to 
total domestic supply.  Furthermore, not all produce destined for the domestic markets will 
need to be irradiated. In addition, imports of fresh produce and substitute fresh produce 
also add to the equation. 

While there is potential to increase the domestic market, the volumes traded represent 
only a very small percentage in comparison to other fruit substitute commodities and 



Application to amend the Food Standards Code, Standard 1.5.3  Irradiation of Food 
 
 

 68

competition for market share from other well organized fruit industries within the country 
and overseas (see world production Tables 69–76). 

Existing policy approved by Biosecurity Australia permits the importation of fresh produce 
from the overseas producing regions.  Specific detail and import conditions for each fruit 
or vegetable can be accessed from the Australian Government Department of Agriculture, 
Fisheries and Forestry ICON Database portal http://www.daff.gov.au/aqis/import/icon-icd. 

5.4 Price implications  

It is anticipated that approval for the use of irradiation as a phytosanitary measure will lead 
to increased competition in the market place.  The competition will be with untreated fruit 
and with other varieties of fruits.   

While the price of irradiated produce cannot be predicted it seems likely that irradiated 
produce may cost a little more than non-irradiated fruit, but how much more is unclear.  

However, pricing of fresh fruit is subject to the variables of seasonal supply and demand 
conditions.  Prices in all major Australian cities can vary, reflecting the variability in quality 
and supply.  Strong price pressure can occur when supplies from northern and southern 
production areas in Australia overlap. 

It is also expected that there would be strong price competition in export markets from 
New Zealand exports targeting the same Southeast Asian countries.  There is increasing 
competition from countries like China, Brazil and South Africa. 

The market share of Australian and New Zealand fresh produce in these export markets is 
small and prices received in these markets for irradiated products are unlikely to be 
greatly affected as fruit quality is a main determining factor. 

5.5 Trade implications 

Overall Australia had a “trade deficit” in 2010–11 for fresh and processed fruit, nuts and 
vegetables of $697 million because of high imports in the processed, frozen and other 
sectors.  Australia has a trade surplus in fresh vegetables (that is, the value of exports 
exceeds the value of imports).  Imports vs. exports for the past several years are shown in 
Table 13.  The value for fruit and nuts are declining while vegetables have increased.  
Overall imports have increased over the period between 2005 and 2011.  While the value 
of imports cannot be determined for each of these fresh produce, separate data provided 
in Appendix 1, suggests that the volumes of fruit traded will be not be impacted 
significantly from approval of the Application.  By world standards, Australia and New 
Zealand are minor players. 

Market access restrictions and intense import competition facing these horticultural 
industries work against the development of an export culture.  The task of complying with 
phytosanitary aspects of market access including the completion of research to prepare 
protocols has become a major issue for an increasing number of horticultural industries 
and industries are unduly locked out of the export arena. 
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A quantitative investigation of Australian and New Zealand consumers by Gamble et al. 
(2002) confirmed an earlier qualitative study that a lack of knowledge about irradiation and 
suspicions surrounding the use of the technology influenced the intention of those 
surveyed to purchase irradiated products. 

Overall, when respondents became aware of the purpose or need for the disinfestation 
treatment in fruits, they were more positive in supporting the use of the technology over 
other chemical alternatives.  Consumers were more concerned about pesticide residues, 
preservatives and microbiological contamination than irradiation.  Adequate labelling will 
give consumers informed choices for purchases of irradiated fruits, and the benefits from 
possible greater seasonal availability of fruits.  

The results are consistent with that found in previous consumer and market research on 
irradiated foods in the US and other countries (Bord and O’Connor 1989, Bruhn 1995, 
1999).  Interviews with consumers and marketing tests showed that those who knew 
something about irradiation responded more positively about the technology.  When 
consumers were informed about the technology and the purpose of the treatment, they 
were more willing to buy irradiated food products after having tried the irradiated food 
item. 

There is considerable survey information elsewhere particularly in the US but these are 
mainly for meats (Bruhn et al. 1986, DeRuiter and Dwyer 2002, Nayga et al. 2005, Gunes 
and Tekin 2006).  All studies revealed that accurate information about food irradiation 
could determine consumer choice in purchasing irradiated food products, hence 
expanding the market for these products.  In essence, availability of irradiated foods in the 
marketplace is itself an endorsement of product quality and safety (Bruhn 1999). 

Consumer education and market development activities in several ASEAN countries 
(IAEA 2001) have cleared the way for public acceptance and commercialization of food 
irradiation and trade development for irradiated food.  

Consumer attitudes towards issues in food safety can be inconsistent.  Brewer and Rojas 
(2008) showed that while the majority of consumers surveyed thought that irradiated 
foods, foods containing genetically modified organisms (GMOs) and food products from 
animals treated with hormones or antibiotics found safe by the US FDA are safe to eat, 
more than 20% have reduced their consumption and would pay more for untreated 
products. 

Responsible and educational material can help consumers make better-informed choices 
regarding irradiated fruit.  FSANZ has produced communication factsheets to assist 
consumer, industry and government understanding regarding food irradiation and 
irradiation of fruit in general.  Queensland Health has a consumer factsheet about food 
irradiation (2010).  The International Consultative Group on Food Irradiation has produced 
numerous publications and other information sheets about food irradiation to help address 
various aspects of concern.  They may be retrieved from their website www.iaea.org.  

In 2000, the US General Accounting Office reporting to congressional requestors 
concluded that the available research on food irradiation indicated that the benefits 
outweighed risks (2000).  Currently, many US supermarkets carry irradiated food products 
ranging from fresh tropical fruit from Hawaii or Florida, dehydrated spices and ground 
meat products.  

Research conducted in the US showed that consumers are more likely to buy clearly 
labelled irradiated food after being informed of the safety and benefits of the technology.  
Available research suggests that a successful market for irradiated foods can be achieved 
by educating consumers with the benefit and uses of the irradiation process.  Farkas 
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(2006) summarised commercial applications and recent developments with irradiated 
foods, expressing wider acceptance and increasing global trade in irradiated food 
products. 

In 1987 market trials in California showed that consumers chose irradiated papaya over 
hot-water-treated papaya from Hawaii at a ratio of 13:1.  More than 90% of Chinese 
consumers were more inclined to choose irradiated apples over chemically treated apples 
once they were presented with the benefits of irradiation (Loaharanu, 2003). 

The quantity and availability of irradiated food is expected to increase in the near future as 
irradiation is increasingly used as a sanitary and phytosanitary treatment in order to meet 
national and international trade requirements. 

The USDA estimated that the American consumer will receive approximately $2 in 
benefits such as reduced spoilage and less illness for each $1 spent on food irradiation 
(Loaharanu, 2003), however this value applies to all food products. 

Compared to the US and countries where irradiated food products have been available for 
the past decade, much would need to be done by Australian and New Zealand 
government agencies and suppliers to educate people about irradiation technology, and 
how irradiated foods compare nutritionally and safety-wise to similar products preserved in 
other ways.  

A consumer attitudes survey revealed that Australians (13.4%) and New Zealanders 
(10.6%) were less concerned about irradiation of food or food ingredients than they were 
with food poisoning and food safety (FSANZ 2008).
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PART 6 – FOOD IRRADIATION CLEARANCES 
DATABASE 
At present, over 55 countries use irradiation for ensuring safety and quality of foods and 
for fulfilling quarantine requirements in trade, as set out in the Agreement on the 
Application of Sanitary and Phytosanitary Measures (SPS) of the World Trade 
Organisation. 

The database is developed and  maintained by the Food and Envrironmental 
Subprogramme of the Joint FAO/IAEA Division of Nuclear Techniques in Food and 
Agriculture and is available on the International Atomic Energy Agency (IAEA) website, 
http://nucleus.iaea.org/ifa/  

The database provides information on country approvals of irradiated foods for 
consumption, and includes selections for country, food class, product, objective of 
irradiation, date of approval and the recommended dose limit. 
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Figure 3: Total Australian apple exports. 

 
Source : http://www.indexmundi.com/agriculture/?country=au&commodity=apples&graph=exports 

 

Table 19:Australian apple exports by state. 

 

Note: extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 

 

Apple consumption 
Most Australian apples are sold and consumed as fresh fruit with about 15% of the total 
Australian apple production processed for juice/cider, dried fruit, frozen fruit, fresh apple 
slices and canning (RIRDC 2010a).  Furthermore import competition in the juice market 
results in low prices for fruit that is only suitable for processing. 

Apples are among Australian consumers’ top three favourite fruits with an average 
domestic consumption of around 10 kg per person per annum in 2010/11 (Figure 4, HAL 
2012).  In fact, there has been a decline in apple consumption over the past five years due 
to competition from a range of available fruits. 
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Figure 5: Australian cherry production areas. 

 

 Source: Cherry Growers Australia 2013 http://www.cherrygrowers.org.au/  

 

The Australian industry predominately has a domestic fresh fruit focus with approximately 
2000 tonnes of fruit exported in 2008/09 (HAL 2011).  Fresh fruit is also imported counter 
seasonally from the USA and New Zealand.  Based on 2010 figures, the gross value of 
production of Australian cherries is approximately A$120 mil, of which A$30 mil is 
attributable to export sales, despite the comparatively small export volume (HAL 2011). 

Growing international demand is driving national cherry production expansion with 
forecasts however Queensland Fruit Fly is a major issue for the movement of NSW 
cherries into various markets.  Phytosanitary solutions that comply with overseas and 
domestic market requirement would help achieve market access.   However majority of 
the fruit will not require treatment since the main export production areas are from Victoria 
and Tasmania.  Moreover, cold disinfestation as a phytosanitary treatment has been 
accepted by the USA.  Irradiation would provide another option to key export markets 
such as China and the USA and also to the Taiwan market. 

Australia ranks 27th in world cherry production and New Zealand is at 50th (Table 23), 
representing less than 0.05% of the total world production.   
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Table 25:Cherry exports by states over several seasons. 

 

Note: extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 

 

Cherry consumption 
Eighty percent of the national production is destined for domestic consumption.  The 
industry is a small niche industry within Australia’s agricultural sector and is enjoying 
expansion with increasing strong export focus over the past few seasons. 

Cherries are consumed in a variety of ways - fresh, frozen and canned, or as juice, wine, 
brined or dried.  Cherries have been a popular niche fruit for consumption in Australia, and 
more recent attention on the health benefits of cherries (Alleaume 2010) has helped boost 
consumption to an average domestic consumption of cherries of around 0.5 kg per person 
per annum in 2010/11 (HAL 2010-Australian Bureau of Statistics ABS).  See Figure 8. 

Research (Australian Cherry Strategic Marketing Plan) revealed cherries are largely an 
impulse buy and consumers often associated cherries purchase with stonefruit. 

Figure 8: Per capita consumption of cherry in Australia. 

 
Note: Figure extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 
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Figure 10:Total Australian table grape exports and imports over past few seasons. 

  

Table 28:Major export destinations for Australian table grapes. 

 

Note: Fig and Table extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 

 

Table grape consumption 
According to the Australian Table Grape Association (ATGA 2013 website) demand for 
Australian table grapes has seen local production double in the past 10 years, from 65 
000 tonnes in 1998 to about 120 000 tonnes currently (although a marked decline was 
observed between 2007 to 2011, Table 26), of which approximately 55% of grapes are 
consumed domestically. 
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Domestic consumption of fresh table grapes in Australia for several seasons is shown in 
Figure 11, with a significant decline in the 2010/11 season.  Consumption was around 3.5 
kg per capita between 2007 and 2011.   

Figure 11:Fresh table grapes consumption in Australia. 

 
Note: extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 
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Figure 13:Exports and imports of fresh strawberry fruit. 

     

Note : Figures extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 

Western Australia has been the highest exporter accounting for over 85% of the national 
total (614 tonnes), with Queensland following a distant second at 88 tonnes in 2010/11 
(Table 31).   

The key Australian fresh strawberry export markets are in Asia (except for New Zealand), 
with Singapore, Thailand, New Zealand, Hong Kong and Malaysia being the most 
prominent (Table 32).   

Table 31:Exports of strawberry in Australia by state. 

 

Note : Figures extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 
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Table 32:Export markets forAustralian strawberry. 

 

Note : extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 

Fresh strawberry fruit are imported mainly from New Zealand (68 tonnes) and the USA 
(41 tonnes), however total volumes have declined significantly (Table 33).  Imports of 
fresh fruit have declined to insignificant levels in the past 4 years, down to only 110 tonnes 
in 2010/11 from 707 tonnes in 2007/08 although there are still significant imports of 
processed strawberry products. The US has historically been our largest exporting 
country. 

 

Table 33:Volume of total strawberry imports. 

 

Note: extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 

 

Strawberry consumption 
The combination of production across most Australian states provides a year-round 
national supply, primarily as fresh fruit for the retail or hospitality market.  95 % of the 
national production is destined for domestic consumption and is a growing niche industry 
within Australia’s agricultural sector.  Strawberries are consumed mainly as fresh fruit 
while second and third-grade fruit is frequently frozen and sold to processors for products 
such as jam.   

Strawberries have been a popular niche fruit for consumption in Australia with average 
domestic consumption of about 2.6 kg per person per annum in 2009/10 (HAL 2012 -
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Australian Bureau of Statistics ABS) (Figure 14).  Consumption is expected to increase as 
comparison of global consumption rates also demonstrates a potential for growth in 
demand although total Australian fresh and processed strawberry consumption per capita 
for 2011 was 2.01 kg (Fresh Logic 2012). 

Over the last two decades, the strawberry industry has experienced increased rates of 
consumption of strawberry and suggests that strawberries are gaining in popularity as one 
of the preferred fresh fruit in Australia and New Zealand, behind bananas, apples, 
oranges, grapes and pears.  In the December quarter 2011, strawberries were the fourth 
most frequently purchased fresh fruit (Fresh Logic 2012). 

Figure 14:Per capita consumption (kg) of strawberry in Australia. 

 
 

Note: extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 

Strawberry imports were 5910 tonnes for the year ending December 2011.  This was 
made up of 110 tonnes of fresh produce and 5800 tonnes of processed product 
(FreshLogic 2012). 
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MELON 

Melon structure and production 
Fresh watermelons (seedless and seeded), rockmelons and honeydew melons are the 
major melon products.  They are produced all year round and sold on the domestic market 
as fresh fruit or fresh cut preparations.  A small quantity of melons is exported, mainly 
rockmelons, to Southeast Asia and New Zealand.  Most fruit is marketed at capital city 
wholesale markets in Sydney, Melbourne, Brisbane, Adelaide and Perth. 

Overall, the Australian melon industry tends to be fragmented.  Melons are grown across 
all states and territories within Australia, with negligible amounts are grown in Tasmania 
and none are grown commercially in the Australian Capital Territory (Figure 15 and Table 
34).  Queensland, Western Australia and New South Wales are major producers of 
melons with the Northern Territory, Victoria and South Australia producing smaller 
volumes (HAL 2012).    

 

Figure 15:Melon growing regions in Australia. 

 

Table 34:Australian melons – watermelon, rockmelon and honeydew melon production by state. 

 

Note: extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 
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Melon Trade 
An export industry exists predominantly for rockmelons; however, the industry is relatively 
minor with approximately 5% exported.  Figure 16 shows Australian melon fruit exports 
from 2007/08 – 2010/11.  HAL (2012) reported that in 2010/11, a total of 8332 tonnes 
were exported, predominantly to UAE (2785 tonnes) and Singapore (2562 tonnes) and 
smaller amounts to New Zealand (1667 tonnes) and Hong Kong (499 tonnes).  
Processing of melons makes up a very minor section of the industry in Australia.  
Insignificant amounts are imported, about 12 tonnes in 2010/11 (HAL 2012).  

Melons are a fruit fly host, and quarantine restrictions in markets such as Japan and 
Korea are currently preventing access. 

 

Figure 16:Exports of melon fruit. 

 

  

Note: extracted from HAL, The Australian Horticulture Statistics Handbook 2012.  

 

Melon consumption 
The majority of the national rockmelon and honeydew melon production are destined for 
domestic consumption as fresh fruit or fresh cut preparations.  The average domestic 
consumption of rockmelon and honeydew melon is around 2.3 kg per person per annum 
(HAL 2012).  See Figure 17. 

Melons produced in Queensland destined for interstate and export markets will require 
phytosanitary treatment if a quarantine barrier is crossed. 
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Figure 17:Per capita consumption (kg) of rockmelon and honeydew melon in Australia. 

 

Note: extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 
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PEACH, PLUM & NECTARINE 

Peach, Plum, Nectarine and Apricot - structure and production 
Australian summer stonefruit is produced in about 26 regions in all states across the 
country with Victoria and New South Wales as the largest producing states however 
South Australia, Queensland and Western Australia are also important production states 
(Figure 18).  These areas of production cover low, medium and high chill fruit, and 
produce in excess of 100 000 tonnes of peaches, nectarines, plums and apricots between 
October and April.   

Low chill stonefruit varieties are produced in the area North of Coffs Harbour in NSW to 
the Atherton Tablelands in QLD, and in the area north of Gingin in WA.  Medium chill 
varieties are concentrated around Stanthorpe in Queensland, the Central Coast of NSW 
through to the Sydney basin and extending to Swan Hill and the Riverland of SA.  High 
chill fruit is produced in cooler climates including Southern NSW, the Goulburn Valley in 
Victoria, SA, Southern WA, and Tasmania.  Renmark, Swan Hill and the Goulburn Valley 
constitute more than 50% of production.  Treatment of low chill summerfruit from Qld and 
from other fruit fly zones in Australia will require a phytosanitary treatment if the produce 
crosses a quarantine barrier. 

 

Figure 18:Australian summer stonefruit production areas. 

 

Source: HAL 

The season extends from October through to April.  Early season fruit comes from sub-
tropical Queensland and northern areas of Western Australia and New South Wales 
followed by fruit from central to southern New South Wales and Western Australia, Swan 
Hill in Victoria and the Riverland of South Australia. Fruit from cooler climates are last to 
market.   

Limited summerfruit production details are presented.  Overall volumes of production are 
shown in Table 37 and 38, with Victoria accounting for more than 80% of the tonnage 
produced (Table 37) and peaches leading the summerfruit produce (Table 38).  In 
2008/09 Vic produced 62 500 tonnes peaches of the 76 800 tonnes total national 
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production.  Qld is a minor producer of peach.  In that same year, Qld produced 1541 
tonnes peach or about 2% of the total production. 

 

Table 37:Production volume of summerfruit crops in Australia by states. 

 

Note: extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 

  

Table 38:Production details of summerfruit crops in Australia. 

 

Note: extracted from HAL, The Australian Horticulture Statistics Handbook 2012. 

 

About 40 000 tonnes nectarine was produced in 2009/10 however it was worth 
substantially more per tonne than peach $102mil.  78 000 tonnes peach was worth $112 
mil (GVP) and 40 000 tonnes nectarine was worth $102 mil in the 2009/10 season.   

Plum and apricot are produced in smaller quantities compared to peach and nectarine.  
About 16 000 tonnes plum and 14 000 tonnes apricot were produce in 2009/10.   

Apricots are particularly site specific in their climatic requirements in comparison to other 
stone fruit, which has limited their production to a few localities and varieties, with Victoria 
producing the largest quantity (see also separate section for apricot data).   

World production estimates are presented in Tables 39 and 40.  Australia (not available) 
and New Zealand (ranked 23rd) are minor producers of summerfruit by world standards.   
In 2011 Australia produced 97 547 tonnes (ranked 22nd) and New Zealand produced 
(62nd) 7486 tonnes of peach and nectarine. 

World production details for plum and apricot could not be sourced at the present time. 
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Peach, Plum, Nectarine and Apricot Trade 
Nectarines, peaches, plums and apricots are exported from Australia with Australian 
growers having a reputation as quality niche market suppliers.  Australia provides counter-
seasonal summerfruit to complement northern producers and help keep customers 
supplied with fresh fruit year round. 

Australian summerfruit exports of 8202.55  tonnes were valued at $24.74 mil in the 
2010/11 season due to a good supply of quality fruit and favourable exchange rate (HAL 
2012).   

Major export markets are to Hong Kong, the Middle East and Singapore. Dominant 
players in the world export market for a range of summerfruit include France and Spain 
(HAL 2012).  Overall plum and peaches/nectarine exports each have fluctuated around 
3500 tonnes while apricots were around 250 tonnes for the past decade to selected 
markets (Figure 19). 

Figure 19:Total Australian exports of peach, nectarine, plum and apricot. 

 

            

 

   
 
Note: Figures extracted from HAL, The Australian Horticulture Statistics Handbook 2012.  

Following approval of a protocol in Australia in July 2013 shoppers in Australia will be able 
to buy peaches and nectarines grown from California in the winter period. 
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Peach, Plum, Nectarine and Apricot Consumption 
Summerfruit is one of Australia’s more popular seasonal fruit, with around 80% of 
Australian households purchasing summerfruit in season (University of Technology 
Sydney 2010).  This represented a year-on-year rise of 4.5% or 275 500 households.  
Other data can also be obtained from the Summerfruit Industry. 

All Australian fresh summerfruit have seen increases in consumption (Figure 20) since 
collection of data however consumption data are difficult to find.  Estimates of around 7 kg 
per capita per annum were put forward.  In the 2010/11 season an average weight of 3.0 
–4.7 kg nectarine, 2.0–2.4 kg peach, 2–4.5 kg plum and 1.1–1.9 kg apricot were 
purchased (HAL 2012).   

Summerfruit (stonefruit) is grown for both the processing and the fresh fruit market with 
the majority of fresh summerfruit consumed domestically and a large proportion of the 
processed fruit being exported.  Australia is a small player on the world stage and 
produces less than 1% of the world production of stone fruit.  The dried apricot sector 
continues to be under pressure from cheaper imported product, particularly from Turkey. 

Summerfruit are seasonal and consumption is limited to the summer months.  Total 
consumption of the various summerfruits in the two countries is shown in Figures 20 and 
21 (1983–1996 data).   

In Australia, the consumption of fresh apricots appeared to have levelled while fresh 
plums, prunes, peaches and nectarines have increased in that period.  During the same 
period, total consumption of fresh plums, prunes, peaches and nectarines declined while 
fresh apricots increased and remained constant. 
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Figure 20:Total Australian consumption of fresh summerfruit by commodity. 

 

 

 

 

 

 

Source: IndexMundi http://www.indexmundi.com/  viewed 29th May 2013 
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Figure 23:Domestic consumption for fresh apricots in Australia and New Zealand. 

 

 

 

Source: IndexMundi http://www.indexmundi.com/  viewed 29th May 2013 
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ZUCCHINI 

Zucchini structure and production 
Vegetable growing is concentrated in Queensland and New South Wales but vegetable 
farms in New South Wales on average are smaller than in the other States.  The top ten 
vegetable crops by value and in order in 2010/11 were potatoes, tomatoes, mushrooms, 
onions, melons, lettuces, carrots, beans, capsicums and broccoli. 

Cucurbits (mainly pumpkin, cucumber, zucchini, gherkins, marrow and squash) was worth 
$75 mil (GVP) in 1996/97 (ANRA site decommissioned 31st May 2013), representing 
about 2% of the total gross value of Australia’s horticultural production in that year. 
Cucurbits in Australia are produced largely for the domestic market although opportunities 
for overseas export have shown potential. (Cucumbers are currently exported to New 
Zealand, Hong Kong, Singapore and Papua New Guinea, whilst pumpkins are regularly 
exported to Japan). 

Zucchini production is almost exclusively for the domestic market.  Zucchini is traditionally 
a summer vegetable widely used in Mediterranean cuisine. 

Zucchini is grown in all horticultural production areas, in Victoria, New South Wales, 
Queensland, South Australia, Western Australia, the Northern Territory and Tasmania 
(Figure 24, combined cucurbit). 

Figure 24:Cucurbit production areas. 

 

Source: Australian Natural Resources Atlas 
http://www.anra.gov.au/topics/agriculture/pubs/national/cucurbits.html 

 

Combined production of zucchini and butter squash are presented in Table 45.  Annual 
production is around the 22 000 tonne mark with a gross value of approximately 65–72 
mil.  Farmgate value however has dropped slightly. 
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Figure 25:Cucumber, pumpkin and zucchini production and exports. 

 

Source: Australian Natural Resources Atlas 
http://www.anra.gov.au/topics/agriculture/pubs/national/cucurbits.html  (site decommissioned 30 
May 2013).
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APPENDIX 2.  NUTRITIONAL VALUE AND FRUIT 
QUALITY  

A2.1  Nutritional Value of Apple 

Apples are one of the most consumed fresh fruit in both Australia and second in New 
Zealand. Fresh apples are the first most consumed fruit by adult Australians (ABS 1999) 
and figures released by Statistics New Zealand (SNZ) show that an average Kiwi 
household spends $88 a year on bananas, compared with $61 for apples and $26 for 
oranges (Otago Daily Times 2013).   

Table 47 provides key nutritional data for fresh raw red apple, unpeeled and one 
reference for green apple.  Values were extracted from FSANZ (2010), the New Zealand 
Ministry of Health (MOH 2009) and the USDA (2011b).  Differences in values for a few 
micronutrients may be the result of testing different varieties and different growing 
conditions or crop management systems. 

Apples have high water content (83–85%) and therefore the macronutrient and energy 
levels are low relative to many other foods.  Carbohydrate accounts for about 11–13%.  
Apples contain little protein (0.3 g/100g) and total lipid (0.5 g/100g).  From the dietary 
consumption patterns (ABS 1998, 1999, MOH 1999) and the nutrient tables (MOH 2009, 
FSANZ 2010, USDA 2011b), it appears that the major contribution to daily dietary intake 
of macronutrients will come from foods other than apples. 

Data extracted from both FSANZ and NZMOH are compared against quoted FSANZ 
Reference Values with carbohydrate representing the largest percentage intake per 
serving (Table 48). 

The percentage daily intake per serve of fresh apple, which is 150 g fresh fruit accounts 
for about 4% energy, 0.9% protein, 6% available carbohydrate, 11% total dietary fibre, 
19% total sugars and 0.1% sodium (Table 48).  Using standard energy factors for 
carbohydrate, protein, fats and fibre (FAO 2002), the energy value from available per 100 
g carbohydrate is between 196–223 kJ (Table 49).  A major proportion of the energy value 
comes from carbohydrate with small amounts from protein and dietary fibre.   

Fresh produce are a major source of essential vitamins, minerals and fibre (ABS 1998, 
FDA 2008, CDC 2011).  Apples provide a source of Vitamin C and ß-carotene.  Apple fruit 
is also good source of B-complex vitamins such as riboflavin, thiamin, and pyridoxine 
(vitamin B-6) and contains a small amount of minerals like potassium, phosphorus, and 
calcium (Table 47).  

Apples are a popular part of the average consumer’s diet although their contribution to 
overall micronutrient intake will not be pre-dominant (comparison of values in Table 7). 
Although apples are a useful source of micronutrients, their nutritional profile suggests 
that they will not be a significant contributor to overall daily micronutrient intake.   
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Effects of irradiation on nutritional content and postharvest fruit 
quality of apple 
QLD DAFF (2013) recently conducted nutritional and fruit quality evaluations on red apple 
(Malus domestica) fruit, variety ‘Red Delicious’, after being treated with gamma irradiation 
and following a recommended cold (1°C) storage period of 28 days. Gamma irradiation 
treatments consisted of doses of 0, 150, 600 and 1000 Gray (Gy), with fruit evaluations 
conducted before and after storage (Attachment).  The results of the study are in 
agreement with data from previous research on various apple varieties. 

The nutrition study found apple can tolerate 1 kGy radiation; irradiation applications of up 
to 1 kGy did not significantly impact on the nutritional quality of apple fruit.  No significant 
dose by time interactions were reported in ash, carbohydrates, total dietary fibre, total 
sugars, fructose, glucose, sucrose, Vitamin C (total ascorbic acid) and Vitamin A (beta-
carotene).  The nutritional components tested were responsive to storage time and not to 
irradiation.  The changes observed in total carbohydrates and individual sugar 
components and the loss in beta-carotene were primarily associated with the biological 
ripening processes that can normally occur during storage.   
 
The Postharvest Technology Centre UC Davis (UC Davis website) recommendations for 
maintaining postharvest quality for apple reports a range of damage during storage - 
water loss, respiration, metabolism and microbial spoilage – all of these can affect the 
overall nutritional quality of apple during storage. 
 
Similar results were found by Drake et al. (2003) in two different apple varieties.  Total 
carbohydrate, sucrose, glucose, fructose and sorbitol concentrations in Fuji and Granny 
Smith apples were unaffected by irradiation treatment but these components were 
affected by storage time.  Sucrose decreased while concentrations of total carbohydrate, 
glucose, fructose and sorbitol increased as storage progressed.  An earlier study by Wang 
et al. (1993) showed that there was no significant effect of irradiation with 0.3–2.0 kGy on 
the nutritional qualities of apples. 
 
Specifically, a main effect of dose was not detected in Vitamin C (total ascorbic acid) and 
in Vitamin A (beta-carotene) in apple cv. ‘Red Delicious’ after irradiation.  Storage for 28 
days resulted in reduced Vitamin C (total ascorbic acid), with the greater decline in 
samples treated at ≥ 600Gy (QLD DAFF 2013). 
 
The amount of Vitamin C (total ascorbic acid) in apple is typically low as reported 
elsewhere (FSANZ 2010, Iordanescu 2012, MOH 2009, USDA 2011b) and it is well 
documented that Vitamin C in fruits can be influenced by cultivar, pre-harvest conditions, 
fruit maturity, harvesting and postharvest handling procedures (Carbone et al. 2011, Jan 
et al 2012, Iordanescu 2012, Lee and Kader 2000, Wu 2007). Other fruits such as 
capsicum, tropical fruits and summerfruit have greater Vitamin C concentrations than the 
popular apple (Table 7). 
 
Apple fruit treated with doses up to 1.0 kGy showed little or no loss in nutritional quality 
(QLD DAFF 2013, Drake et al. 1998, 2003).  Application of gamma irradiation treatments 
of ≤1 kGy therefore can be considered a suitable phytosanitary / disinfestation method 
without inducing significant deleterious effects to the chemical and proximate components 
of apple.  Compared with other fruit and vegetables, apple is reported to have a high 
tolerance to irradiation doses below 1 kGy (Kader 1986).  Hussain et al. (2008) reported 
no detrimental changes in fruit quality in apple irradiated < 0.5 kGy and showed that 0.4 
kGy gamma irradiation was effective in extending shelf life by 30 days under ambient 
temperature. 
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Apple fruit exhibited no symptoms of disease and no disorders occurred as a result of the 
irradiation or storage treatments. 

The postharvest fruit quality study found that apple fruit quality was affected by both 
irradiation and storage time.  Apple flesh colour properties were also affected by both 
irradiation and storage duration.  Fruit firmness decreased significantly with increasing 
irradiation dose.  Slightly firmer fruit found after storage was attributed to using different 
batches of fruit at each storage time assessment.  Apple firmness was reduced when 
irradiated, however this varied with dose and storage temperature (Al-Bachir 1999, Drake 
et al. 1998). 

A slight decrease in titratable acidity was detected after storage but no effects in total 
soluble solids were reported.  There was no change with irradiated Fuji or Granny Smith 
apples (Drake et al. 1998).   

Irradiation and storage duration had no impact on total soluble solids content (mean 12.2° 
Brix) although storage duration did cause a slight decrease in titratable acidity, decreasing 
from 0.17 to 0.16% malic acid.  

Overall, by the end of the trial fruit from all treatments were considered to be of a quality 
that was commercially saleable, despite the slight decrease in firmness and a change in 
flesh colour in the higher dose treatments. 
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A2.2  Nutritional value of Apricot 

Key nutritional data for fresh raw apricot is presented in Table 50.  Values are extracted 
from FSANZ (2010), the New Zealand Ministry of Health (MOH 2009) and the USDA 
(2011b). Differences in values for a few micronutrients may be the result of testing 
different varieties and different growing conditions or crop management systems. 

Fresh apricots have high water contents (approximately 85–87%) and are a source of 
vitamins A, C and E, potassium and dietary fibre.  A large portion of the calories in this 
produce comes from sugars.  The fruit's season is short and this produce is often 
consumed as a snack food.  

The values in Table 50 are used to derive the average nutrient content per single (150g) 
serve and the percentage contributions to daily intake of nutrients based on FSANZ 
Reference Values can also be derived.  The percentage of the daily intake from a single 
serve of apricot is approximately 2.9% energy, 2.4% protein, 3.8% available carbohydrate, 
11.3% total dietary fibre, 12.5% total sugar and 0.2% sodium (Table 51).  

Using standard energy factors for carbohydrate, protein, fats and fibre (FAO 2002), the 
energy value from available carbohydrate is approximately 132kJ/100g, almost entirely 
from sugars. The rest of the energy value comes from total dietary fibre and protein and a 
small amount from total lipid (Table 52). 

Fresh produce are a major source of essential vitamins, minerals and fibre (ABS 1998, 
FDA 2008, CDC 2011).  From the dietary consumption patterns (ABS 1998, 1999, MOH 
1999) and the nutrient tables (MOH 2009, FSANZ 2010, USDA 2011b), it appears that the 
major contribution to daily dietary intake of macronutrients will not come from fresh apricot 
fruit.  Apricots are not a significant part of the average consumer’s diet.  Although apricots 
are a useful source of micronutrients they are consumed generally as snack foods, and in 
amounts equivalent to that of many other fresh produce crops and to lesser amounts than 
many popular fruits. They will not be a significant contributor to overall micronutrient intake 
(see Table 7 for comparison of values across several fruits and vegetables).  It is also not 
known that any sub-populations have a higher than average consumption of fresh apricot 
and is unlikely to contribute a significant part of the average consumer’s diet.   

The nutrients will come from a range of foods other than apricot.  Pro-vitamin A 
(carotenes) and vitamin C are present in other fresh produce.  Much of the vitamin A will 
come from foods such as organ meats, dairy products, eggs and ready-to-eat cereals.  
Green vegetables, grains, dairy and egg products generally are an excellent source of 
vitamin K.  Vitamin K is not measured here.  Nuts, seeds, many fresh vegetables and 
vegetable oils are good sources of vitamin E.  
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Effects of irradiation on nutritional content and postharvest fruit 
quality of apricot 
QLD DAFF (2013) recently conducted nutritional and fruit quality evaluations on apricot 
(Prunus armeniaca) fruit, variety ‘Rival’, after being treated with gamma irradiation and 
following a recommended cold (1°C) storage period of 14 days. Gamma irradiation 
treatments consisted of doses of 0, 150, 600 and 1000 Gray (Gy), with fruit evaluations 
conducted before and after storage.  (Attachment) 

The nutrition study found irradiation applications of up to 1 kGy did not significantly impact 
on the nutritional quality of apricot fruit.  No significant dose by time interactions in ash, 
carbohydrates, total dietary fibre, total sugars, fructose, glucose, sucrose, Vitamin C (total 
ascorbic acid), Vitamin A (beta-carotene), energy, carbohydrates, moisture, total sugars, 
fructose and protein were found.  The nutritional status was affected more by the changes 
that occurred during the ripening process while in cold storage, in Vitamin C (total 
ascorbic acid), Vitamin A (beta carotene) and soluble solid contents (soluble sugars). 

The study by Lee et al. (2008a) found no significant effect of gamma irradiation in Vitamin 
C, total sugar and reducing sugar in apricot fruit treated up to 2 kGy and stored at 20°C 
over a two week period.  Treatment with electron beam (1 kGy and 2 kGy) also did not 
affect total sugar and Vitamin C content in apricot (Lee et al. 2008b). 

After 14 days the Vitamin C (total ascorbic acid) content in all treatments declined from a 
mean of 0.44 mg/100g to 0.27 mg/100g.  Vitamin C (total ascorbic acid) in untreated 
apricot fruit reduced from 0.47 mg/100g to 0.27 mg/100g while treated samples dropped 
from between 0.37 – 0.47mg/100g to 0.23 – 0.30 mg/100g.   

The QLD DAFF (2013) study reported lower levels of Vitamin C (total ascorbic acid) than 
reported elsewhere.  Cultivar, season, pre-harvest conditions, fruit maturity, harvesting 
and postharvest handling procedures, temperature management can affect Vitamin C 
level in fruits (e.g. Lee and Kader 2000).  The contribution of Vitamin C from consumption 
of fresh apricot to total dietary intake however is unlikely to be significant. 

Vitamin A (beta-carotene) in raw apricot was also unaffected by irradiation treatments up 
to 1 kGy after irradiation treatment and after 14 days cold storage (QLD DAFF 2013).  The 
same results were found by Egea et al. (2005) in ‘Bulida’ apricot irradiated at 0.5 kGy and 
1 kGy.  Beta-carotene in apricot juice treated between 0.5 kGy and 3.0 kGy was also 
unaffected (Agneessens et al. 1989). 
 
Results from the QLD DAFF nutritional study (2013) agree with data found in other 
studies.  The nutritional quality of apricot fruit was not adversely impacted by irradiation up 
to 1.0 kGy (Egea et al. 2005, Lee et al. 2008a, Lee et al. 2008b).  Application of gamma 
irradiation treatments of ≤1 kGy therefore can be considered a suitable phytosanitary 
treatment without inducing significant deleterious effects to the chemical and proximate 
components of apricot. 

The QLD DAFF postharvest fruit quality (2013) study found that apricot fruit were not 
impacted by irradiation treatments of up to 1000 Gy but entirely by the effects of storage.   
Fruit quality remained relatively high by the end of the 14 day storage period.  Therefore 
irradiation up to 1 kGy can therefore be safely used as a phytosanitary or disinfestation 
method without causing any deleterious effects on fruit quality.   Cold storage for up to 14 
days resulted in partial ripening of fruit as indicated by a slight reduction in fruit firmness 
and titratable acidity levels, and minor changes in skin colour properties. 
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Past work has shown that apricot fruit generally have a “moderate” tolerance to irradiation 
at doses of <1 kGy compared with other fruit and vegetables (Kader 1986).   Drake and 
Neven (1998) and Egea et al. (2007) found no differences in skin colour, soluble solids or 
titratable acidity levels although with an increase in internal breakdown and a decrease in 
firmness following an irradiation dose of up to 900 Gy was detected (Drake and Neven 
1998).  As noted by several authors (Kader 1986, Mitchell et al. 1992) responses to 
irradiation can vary widely between variety, harvest maturity, growing conditions and or 
other factors associated with geographic location.
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A2.3  Nutritional Value of Cherry 

Cherries are a seasonal fruit, low in calories and provide a source of vitamin C, calcium, 
potassium and fibre.  The concentration of vitamin A is low in sweet cherries. 

There are 250–263 kJ of energy in a 100 g serve of cherry (Table 53).  Current per capita 
sweet cherry consumption in Australia is low.  Sweet cherry is considered an occasional 
special treat by consumers and not everyday enjoyment.  Sweet cherry is not eaten for 
food but for pure enjoyment and would unlikely contribute significant amounts to the daily 
nutritional intake (Tables 53, 54, 55).  

Key nutritional data for fresh sweet cherry are shown in Table 53, the values are extracted 
from FSANZ (2010), the New Zealand Ministry of Health (MOH 2009) and the USDA 
(2011b).  The differences in values for a few micronutrients may be the result of testing 
different varieties and different growing conditions or crop management systems. 

Water is the major component, approximately 80%.  100 g cherry contains about 250–260 
kJ energy, 1g protein, 14 g carbohydrate and about 1.6 g dietary fibre.  Vitamin C ranges 
between 9 and 20 mg/100 g and beta-carotene between 26 – 56 µg/100g.  Glucose and 
fructose are the main reducing sugars. 

The percentage contributions to daily intake of nutrients based on FSANZ Reference 
Values are derived and shown in Table 54.  The percentage of the daily intake from a 
single serve of sweet cherry is approximately 4.4 % energy, 2.6 % protein, 6.5% available 
carbohydrate, 7% total dietary fibre, 21% total sugar and 0.1% sodium. 

Using standard energy factors for carbohydrate, protein, fats and fibre (FAO 2002), the 
energy value from available carbohydrate is approximately 219–238 kJ/100g for sweet 
cherry.  Majority of the energy value comes from carbohydrate, mainly sugar, with the rest 
from protein, dietary fibre and fat (Table 55). 

The vitamin C content of sweet cherry is much lower than most other fruit and vegetables 
such as melons, strawberry and capsicum. The ß-carotene content (26–56 μg/100g) is 
below the range found for other fruits.  A comparison of vitamin values against the 10 
tropical fruits, tomatoes and capsicums approved for irradiation by FSANZ is provided in 
Table 7 (average values).  

Fresh produce are a major source of essential vitamins, minerals and fibre (ABS 1998, 
FDA 2008, CDC 2011).  From the dietary consumption patterns (ABS 1998, 1999, MOH 
1999) and the nutrient tables (MOH 2009, FSANZ 2010, USDA 2011b), it appears that the 
major contribution to daily dietary intake of macronutrients will not come from sweet 
cherry.  It is also not known that any sub-populations have a higher than average 
consumption of sweet cherries and therefore is unlikely to contribute a significant part of 
the average consumer’s diet.  Cherry contribution to overall micronutrient intake will not be 
significant and they are consumed as a very occasional snack food.   

Pro-vitamin A (carotenes) and vitamin C are present in other fresh produce.  Overall, 
much of the vitamin A will come from foods such as organ meats, dairy products, eggs 
and ready-to-eat cereals.  Green vegetables, grains, dairy and egg products generally are 
an excellent source of vitamin K.  Vitamin K is not measured here.  Nuts, seeds, many 
fresh vegetables and vegetable oils are good sources of vitamin E.  
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Effects of irradiation on nutritional content and postharvest fruit 
quality of cherry  
A report of irradiation studies of Australian sweet cherry conducted in 2012 is provided in 
full in the Attachment 4 to this application. The cultivar studied was fresh ripe cherry 
(Prunus avium), variety ‘Stella’.  The research investigated the effect of low dose gamma 
(ɣ)–irradiation on the nutritional profile and postharvest quality of sweet cherry irradiated 
at pest disinfestation doses of 0 Gy, 150 Gy, 600 Gy and 1000 Gy.   

Analyses included ash, energy, dietary fibre, fat profile, moisture, sodium, protein, total 
sugars, sugar profile, Vitamin C (ascorbic acid) and beta-carotene. Time by dose 
interactions, at the four doses and measured on the two occasions, one day after 
irradiation and after 14 days cold storage at 0°C were completed.  Each time was 
analysed separately and where a significant dose effect was found, pair-wise comparisons 
were made using the 95% least significant difference (LSD). 

That study (QLD DAFF 2013) showed that low irradiation doses (150 Gy–1 kGy) 
combined with cold storage overall, does not result in significant cherry nutritional quality 
and postharvest fruit losses after treatment and after the 14-day storage period studied.  
Low dose irradiation (≤1kGy) did not cause any detrimental impact for all the nutritional 
components tested.  Storage treatment had a greater impact on sweet cherry nutrition 
than that of irradiation.   

After storage for 14 days, reduced Vitamin C (total ascorbic acid) and Vitamin A (beta-
carotene) levels and increased protein and ash content were reported.  The responses 
were reported as changes associated with senescence response.  After 14 days, only 
minor changes occurred as a result of irradiation, with a slight decline measured in beta- 
carotene levels at 600 Gy.   Same results were found in a previous study by Akbudak et 
al. (2008), ascorbic acid levels in untreated sweet cherry were no different from fruit 
irradiated at 300 Gy.  In that study which investigated storage at six different atmosphere 
combinations for up to 60 days after being exposed to gamma irradiation, the highest 
ascorbic acid value was recorded in fruit stored under controlled atmosphere and gamma 
irradiation. 

The QLD DAFF study (2013) reported a mean of 20.3 µg/100g beta-carotene for 
untreated sweet cherry and the irradiated samples ranged between 19.0 µg/100g and 
21.3 µg/100g just after irradiation.  These levels are lower compared to the 56 µg/100g 
beta-carotene in NUTTAB (FSANZ 2010) and 38 µg/100g in USDA (2010).  This may be 
due to different variety tested, fruit maturity, growing conditions and management 
practices. 
 
In an early study, quality of ‘Ron’s Seedling’, ‘American Bing’, and ‘Lambert’ sweet cherry 
was not affected by irradiation doses of 1 kGy  (Jessup 1990) and similarly Drake et al. 
(1994) reported that sweet cherry showed minimal quality loss after being irradiated for 
disinfestation.  Parveen and Mir (2011) reported that the quality of the cherry variety ‘Misri’ 
or ‘Double’, shrink-wrapped and gamma irradiated at 1.2 kGy showed little quality loss 
compared to untreated cherry after 28 days of refrigerated storage (3±1°C, RH 85±5%).   
Moreover, Drake et al (1997) stated that quality loss in irradiated sweet cherry is small 
compared to the more conventional means of methyl bromide (MeBr) disinfestation that 
can result in considerable quality loss. 

Protein levels were within the levels reported by reported by FSANZ (2010) and USDA 
(2010). There were little or no changes in carbohydrates, glucose and fructose across all 
samples and after 14 days cold storage.  Drake and Neven (1997) found that 
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carbohydrates (sucrose, glucose, fructose and sorbitol) were not influenced by irradiation 
treatment in ‘Rainer’ cherry, irradiated between 0.15 and 0.90 kGy.  The reducing sugars, 
glucose and fructose detected in ‘Germersdorfi’ cherry were not affected by increasing 
irradiation doses up to 5 kGy although during storage fructose increased while glucose 
decreased (Kovacs et al. 1995).   

In the postharvest quality study, sweet cherry fruit quality was impacted only by storage 
time and not by irradiation.  Storage time had a small impact on the skin colour (lightness 
values) of sweet cherry with fruit becoming slightly darker shade during storage. Overall, 
these effects were minor and did not detract from the integrity or overall visual appeal of 
the fruit. The findings suggest that an application of up to 1 kGy would not result in any 
detrimental damage to the quality of sweet cherry fruit 

These results concur with several other studies examining the effects of irradiation and 
subsequent cold storage on sweet cherry quality, whereby fruit integrity was unaffected 
(Drake et al. 1994, Kovacs et al. 1995).  Drake et al. (1994), for example, demonstrated 
that fruit treated to doses of up to 1kGy and stored for up to 21 days exhibited no 
significant changes in various fruit quality attributes, such as in fruit and stem colour, 
soluble solids, titratable acidity or sensory characteristics.  Even at a dose between 1 and 
2.5 kGy, fruit quality attributes such as skin colour, sugar contents were unaffected 
(Kovacs et al. 1995). Fruit firmness, however, was found in several studies to be impacted 
by irradiation, with firmness levels decreasing significantly above 0.4 kGy (Drake et al. 
1994, Kovacs et al. 1995).
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A2.4  Nutritional Value of Peach 

Not unlike other varieties of summerfruit, peaches are a source of Vitamins A, C and E 
and dietary fibre.  Key nutritional data for fresh raw peaches are shown Table 56.  Values 
are extracted from FSANZ (2010), the New Zealand Ministry of Health (MOH 2009) and 
the USDA (2011b). Significant differences in values for a few micronutrients may be the 
result of testing different varieties and different growing conditions or crop management 
systems. 

Peaches have high water content (approximately 85–89%).  Nutritional data for 100 g per 
fresh fruit is shown in Table 56.  100 g peach provides approximately 173 kJ of energy, 1 
g protein, 8.6 g carbohydrate (8.1 total sugars) and 1.9 g dietary fibre.  Vitamin C ranges 
from 6.6 – 9.6mg/100g and beta carotene is more variable, between 147–477 µg/100g.  
There is very little lipid and sodium. 

The percentage contributions to daily intake of nutrients based on FSANZ Reference 
Values can also be derived (Table 57).  The percentage of the daily intake from a single 
serve of peach is approximately 2.7–3.4 % energy, 3.0 % protein, 3.5–4.1 % available 
carbohydrate, 9.5–11.5 % total dietary fibre, 12.2–14.2 % total sugar and 0.1–0.3% 
sodium.   

Using standard energy factors for carbohydrate, protein, fats and fibre (FAO 2002), the 
energy value from available carbohydrate is approximately 124–153 kJ/100g with just over 
70% of the energy value coming from carbohydrate with the rest from protein, fats and 
dietary fibre (Table 58). 

In Australia and New Zealand, there are other more commonly eaten fresh fruits than 
peaches.  Summerfruit are seasonal and consumption is limited to the summer months 
extending from October to March.  The five most commonly eaten fruits are apples > 
oranges > grapes (inc. wine) > banana > pear.  It is not known if there are sub-populations 
that may have a higher than average consumption of peach.  Fresh produce are a major 
source of essential vitamins, minerals and fibre (ABS 1998, FDA 2008, CDC 2011) 
although it is also unlikely that peach will make major contribution to daily dietary intake of 
macronutrients.  Peaches are not a significant part of the average consumer’s diet.  
Although a useful source of micronutrients they are consumed in amounts equivalent to 
that of many other fresh produce crops and to lesser amounts than many popular fruits. 
They will not be a significant contributor to overall micronutrient intake. 

Pro-vitamin A (carotenes) and vitamin C are found in other fresh produce and vitamin A in 
foods such as organ meats, dairy products, eggs and ready-to-eat cereals.  In addition to 
green vegetables, grains and dairy and egg products are excellent sources of vitamin K.  
Nuts, seeds and vegetable oils, and many fresh vegetables are good sources of vitamin 
E.  Folate can be found in small amounts in many foods with a major dietary source being 
enriched and fortified foods. 
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Effects of irradiation on nutritional content and postharvest fruit 
quality of peach  
A report of irradiation studies in Australian fresh peach conducted in 2012 is provided in 
full in the Attachment in this section. The cultivar studied was raw yellow flesh peach 
(Prunus persica), variety ‘Elegant Lady’.  The research investigated the effect of low dose 
gamma (ɣ)–irradiation on the nutritional profile and postharvest quality of fresh raw peach 
irradiated at pest disinfestation doses of 0 Gy, 150 Gy, 600 Gy and 1000 Gy.   

The proximate and chemical measurements for peach were analysed using analysis of 
variance at Time 1 (one day after irradiation) and at Time 2 (after 28 days cold storage at 
0°C) after receiving irradiation.  Each time was analysed separately and where a 
significant dose effect was found, pair-wise comparisons were made using the 95% least 
significant difference (LSD).  Nutritional analyses included ash, energy, dietary fibre, fat 
profile, moisture, sodium, protein, total sugars, sugar profile, Vitamin C (ascorbic acid) and 
Vitamin A (beta-carotene). 

That study (QLD DAFF 2013) showed that low irradiation doses (150 Gy–1 kGy) 
combined with cold storage overall, did not result in significant deleterious effects on 
peach nutritional quality and overall fruit quality remained high and did not detract from the 
integrity or overall visual appeal of peach fruit. 

Overall the nutritional study (QLD DAFF 2013) found no significant effects of low dose 
irradiation for all the nutritional components tested in peach.  The peach variety ‘Elegant 
Lady’ has a relatively high tolerance to ionizing-radiation stress at doses ≤ 1 kGy as was 
indicated by Kader (1986) in his review of the potential applications of ionising energy in 
fruits and vegetables. 

No significant dose effects in mean Vitamin C (total ascorbic acid) levels were reported 
between irradiated and untreated peaches.  Overall, storage time resulted in lower mean 
Vitamin C (total ascorbic) levels across all treatments, which was the result of general fruit 
ripening.  The Vitamin C concentrations reported in the QLD DAFF study (2013) were 
lower than reported by MOH, FSANZ and USDA, which could have been due to 
differences in varieties, growing conditions, fruit maturity and post harvest handling. 
 
Irradiation and storage time did not affect beta-carotene in peaches (QLD DAFF 2013) 
although the values were lower than the values from MOH, FSANZ and USDA (147-477 
µg/100g).   The QLD DAFF study (2013) reported mean range between of 50.7 and 59.3 
µg/100g in irradiated peach and 60.0 µg/100g in untreated peach. The lower values were 
attributed to the differences in varieties, growing conditions, fruit maturity and post harvest 
handling.  The trend has been to harvest summerfruit at an earlier maturity stage 
nowadays compared to 20 years ago for longer market shelf life, and particularly for fruit 
destined for export markets. 
 
In the postharvest quality study, peach fruit quality was impacted by storage time and less 
so by irradiation.  Fruit firmness decreased with increasing irradiation dose, which was 
also observed in other studies (Braddock et al. 1966, Drake and Neven 1998, McDonald 
et al. 2012).  Changes that occurred in titratable acidity and total soluble solids during 
storage indicated fruit ripening during this 28 day storage period.  Overall fruit quality 
remained high despite a slight decrease in firmness and flesh colour at higher irradiation 
doses (≥ 600 Gy).  By the end of the 28 day storage period, fruit quality remained 
relatively high irrespective of any irradiation dose treatment. 
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A2.5  Nutritional value of Plum 

Key nutritional data for fresh raw plum extracted from FSANZ (2010), the New Zealand 
Ministry of Health (MOH 2009) and the USDA (2011b) are collated in Table 59.  
Significant differences in values for a few micronutrients may be the result of testing 
different varieties and different growing conditions or crop management systems. 

Like many other fresh fruits, plums have high water content (approximately 85–88 %).  
Nutritional data (100 g fresh fruit) is shown in Table 59.  100 g plum provides between 
162–267 kJ of energy, < 1 g protein, 7.1–13.9 g carbohydrate (6.5–13.8 g total sugars) 
and 1.4–2 g dietary fibre.  Vitamin C ranges is low, ranging between 3.2 and 9.5 mg/100g.  
Beta carotene is more variable, between 147–477 µg/100g.  There is very little lipid and 
sodium. 

The average nutrient content per single serve (150g for fresh fruit) is presented in Table 
60.  Percentage of the daily intake from a single serve of plum is approximately 2.8–4.6 % 
energy, 1.8–2.7 % protein, 3.4–6.7 % available carbohydrate, 8.5–10.0 % total dietary 
fibre, 10.8–23.0 % total sugar and 0.1–0.2 % sodium. 

The percentage contributions to daily intake of nutrients based on FSANZ Reference 
Values can also be derived.  The energy value from available carbohydrate is 
approximately 120–236 kJ/100g for plum, approximately 13 kJ from protein and 15 kJ 
from total dietary fibre (Table 61). 

Summerfruit or stonefruit are seasonal and consumption is limited to the summer months 
extending from October to March.  Plums are not known to be consumed in higher 
amounts by any subpopulations.  From the dietary consumption patterns (ABS 1998, 
1999, MOH 1999) and the nutrient tables (MOH 2009, FSANZ 2010, USDA 2011b), it 
appears plums are unlikely to make major contributions to daily dietary intake of 
macronutrients. 

Fresh produce are a major source of essential vitamins, minerals and fibre (ABS 1998, 
FDA 2008, CDC 2011).  Plums, for example, provide a source of vitamin C, vitamin A 
precursors (mainly ß-carotene), potassium and other trace elements and are similar to 
concentrations in other fruits such as peaches and nectarines. 

The Vitamin C content of plums is between 3.2–9.5 mg/100g and the ß-carotene content 
is not high, about 147–417 μg per 100g.  Other fruits such as peaches and nectarine 
contain similar levels of Vitamin C and ß-carotene while papaya contains higher levels for 
both the micronutrients.  Micronutrients can be supplied from other fresh produce other 
than plums. 

Pro-vitamin A (carotenes) and vitamin C can be obtained from other fresh produce and 
vitamin A from foods such as organ meats, dairy products, eggs and ready-to-eat cereals.  
Green vegetables are an excellent source of vitamin K, as are grains and dairy and egg 
products and nuts, seeds and vegetable oils and many fresh vegetables provide good 
sources of vitamin E.  Folate can be found in small amounts in many foods with a major 
dietary source being enriched and fortified foods. 

Plums are not a significant part of the average consumer’s diet and their contribution to 
overall micronutrient intake will be minimal.  The fruit are consumed in much smaller 
amounts than many other fresh and popular fruits available.  They will not be a significant 
contributor to overall micronutrient intake.  
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Effects of irradiation on nutritional content and postharvest fruit 
quality of plum  
Irradiation studies (QLD DAFF, 2013) of Australian raw plum (Prunus domestica), 
conducted in 2012 is provided in full in the Attachment 5 to this application. The cultivar 
studied was ‘Black Amber’.  The research investigated the effect of low dose gamma (ɣ)–
irradiation on the nutritional profile and postharvest quality of fresh raw peach irradiated at 
pest disinfestation doses of 0 Gy, 150 Gy, 600 Gy and 1000 Gy. 

The study showed that low irradiation doses up to 1 kGy) did not result in significant 
deleterious effects in nutritional quality and postharvest fruit quality in plum.  Storage had 
a greater effect than irradiation treatment itself.  The changes in nutrition and fruit quality 
were associated with ripening during storage. 

The study showed that plum is tolerant to ionising-radiation stress at doses ≤ 1 kGy.  
There was no nutritional quality loss in plum treated with ≤ 1 kGy gamma-irradiation.  Ash, 
energy, dietary fibre, fat profile, moisture, sodium, protein, total sugars, sugar profile, 
Vitamin C (total ascorbic acid) and Vitamin A (beta-carotene) were not affected.  Low 
dose irradiation treatment was considered a safe disinfestation method for plum. 

No significant dose effects in mean Vitamin C (total ascorbic acid) levels were reported 
between irradiated and untreated plums, decreased levels were observed after 35 days in 
cold storage in all treatments. Mean values for Vitamin C (total ascorbic acid) reported 
were 1.12 and 0.34 mg/100g after treatment and after 35 days, respectively.  Lee et al. 
(2008a) found no significant effect of gamma irradiation and treatment with electron beam 
(Lee et al. 2008b) in Vitamin C in the stone fruit, apricot, at doses up to 2 kGy.  
 
Although there was no dose effect detected, the irradiated samples recorded higher 
increases in beta-carotene after 35 days (QLD DAFF 2013).  A strong positive correlation 
between irradiation treatment and beta-carotene content in sundried apricots irradiated at 
doses > 1 kGy was reported by Hussain et al. (2011).  The increase may be attributed to 
the increased extractability of carotenoids resulting from the changes in cellular structure 
(Boylston et al. 2002, Moreno et al. 2007). 

Fruit maturity may have impacted the beta-carotene content.  The increase in beta-
carotene over the 35 days was due to the test fruit being at a less mature stage when 
treated (Katayama et al. 1971, Ampomah-Dwamena 2009).  The immaturity of the fruit 
may also have been responsible for the lower Vitamin C content recorded, compared with 
reported values from MOH, FSANZ and USDA. 

Past work has shown that plum fruit generally have a “moderate” tolerance to irradiation at 
doses of <1 kGy compared with other fruit and vegetables (Kader 1986).  Several studies 
have reported that ionizing radiation can cause softening in plum fruit.  South African 
grown ‘Songold’ plums, for example, became significantly softer when irradiated with 
between 600 to 800 Gy compared to untreated fruit (Viljoen 2011).  QLD DAFF fruit 
quality evaluations (2013) found that plum fruit were impacted more by storage time than 
by irradiation itself.  Plum fruit quality remained comparatively high over the 35 day 
storage period with minor changes in fruit quality associated with ripening during storage, 
as indicated by a reduction in firmness and titratable acidity levels. 

Storage duration caused a significant reduction in fruit firmness, decreasing from 5.4 to 
3.4 N before and after removal from cold storage. After the storage period, Brix levels 
remained similar to pre-storage levels (mean 11°) whereas titratable acidity values 
decreased significantly from 1.3 to 1.0%.  Additionally, fruit became a slightly darker red 
colour over this period, which was partially enhanced by higher irradiation doses (≥ 600 
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Gy).  In contrast, Moy (1983) found differences in colour at 0.5 kGy and texture at 0.5 kGy 
and 1.0 kGy treated plum.  Kader (1986) reported that applications of ionizing radiation 
above 150 Gy may cause undesirable side effects such as tissue darkening in various fruit 
types. The overall extent of darkening in plum skin in this study was small (< 2 lightness 
units between irradiation doses), with the differences not visibly discernable with the 
naked eye. 

Applications of gamma irradiation treatments of up to 1 k Gy can therefore be safely used 
as a phytosanitary or disinfestation measure without causing any deleterious effects on 
nutritional and fruit quality. 
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A2.6  Nutritional value of Table Grape 

Table 62 provides key nutritional data for fresh red table grape. Values are extracted from 
FSANZ (2010), the New Zealand Ministry of Health (MOH 2009) and the USDA (2011b). 
The significant differences in values for a few micronutrients may be the result of testing 
different varieties and different growing conditions or crop management systems. 

Table grapes have a high water content, of approximately 80 %, with macronutrient levels 
and energy content low relative to many other foods.  100 g table grape provides 277–288 
kJ energy, carbohydrate is 15–18 g/ 100g, total sugars 15–16 g/100g and vitamin and 
mineral contents are low. 

The average nutrient values per single serve (150g for fresh fruit) can be derived and is 
presented in Table 63. The percentage contributions to daily intake of nutrients based on 
FSANZ Reference Values can also be derived and shown in the same table.  A single 
serve of table grapes accounts for approximately 4.8–5.6 % energy, 2.3–2.7 % protein, 
7.5–7.9 % available carbohydrate, 0–17.5 % total dietary fibre, 25.8–27.2 % total sugar 
and 0.1–0.3 % sodium. 

Using standard energy factors for carbohydrate, protein, fats and fibre (FAO 2002), the 
major energy value comes from available carbohydrate at approximately 263–277 
kJ/100g.  Minute amounts come from protein, fats and dietary fibre (Table 64). 

The Viitamin C content of red table grapes (3.2–10.8 mg/100g) is low and comparable to 
other more commonly eaten fruits such as apples (5 mg/100g) and banana (4 mg/100g). 
The ß-carotene content of red table grape is in the range found for many other fruits 
however, the values vary with variety.   

Table 7 compares vitamin values for the nine tropical fruits, persimmon, tomato and 
capsicum approved for irradiation by FSANZ.  Generally the pattern of vitamin content of 
table grape is not too different and within ranges of the particular component of the foods 
in the table. 

In addition to fresh fruits, the main sources of pro-vitamin A (carotenes) and Vitamin C are 
found in other fresh produce and vitamin A in foods such as organ meats, dairy products, 
eggs and ready-to-eat cereals.  Green vegetables generally are an excellent source of 
vitamin K, as are grains and dairy and egg products.  Nuts, seeds and vegetable oils, as 
well as many fresh vegetables are good sources of vitamin E.  Folate can be found in 
small amounts in many foods with a major dietary source being enriched and fortified 
foods 

Table grape is not a significant part of the average consumer’s diet and the nutrient values 
show that its contribution to overall micronutrient intake is therefore also not significant.  
Table grape is a popularly consumed fruit in Australia and New Zealand, ranked third in 
the most commonly eaten fruits - apples > oranges > grapes (inc. wine) > banana > pear 
(MOH 1999).  It is not known that there are any sub-populations who may have a higher 
than average consumption of table grapes.  From the dietary consumption patterns (ABS 
1998, 1999, MOH 1999) and the nutrient tables (MOH 2009, FSANZ 2010, USDA 2011b), 
it appears that the major contribution to daily dietary intake of macronutrients will come 
from foods other than table grapes.  Contribution to micronutrient intake will not be 
significant as well.  There are other fresh fruits and vegetables and foods that contribute 
greater amounts of nutrition to daily dietary intake. 
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Effects of irradiation on nutritional content and postharvest fruit 
quality of table grapes 
QLD DAFF (2013) recently conducted nutritional and fruit quality evaluations of fresh red  
table grape (Vitis vinifera) fruit, variety ‘Flame Seedless’, after being treated with gamma 
irradiation and following a recommended cold (0°C) storage period of 50 days. Gamma 
irradiation treatments consisted of doses of 0, 150, 600 and 1000 Gray (Gy), with fruit 
evaluations conducted before and after storage (See Attachment in this section). 

The QLD DAFF study found that applications of gamma irradiation treatments of up to 
1000 Gy can be safely applied on fresh table grape fruit without inducing any significant 
damaging effects on the nutritional quality and postharvest fruit quality.  No nutritional 
quality loss in table grape fruit was found after irradiation applications of up to 1 kGy.  
Energy, dietary fibre, fat profile, moisture, sodium, protein, total sugars, sugar profile, 
Vitamin C (total ascorbic acid) and Vitamin A (beta-carotene) were not affected.  Similar 
results were found in the study by Kang et al. (2012) who found that X-ray irradiation up to 
1.0 kGy had no negative effect on the physical and chemical quality of fresh American 
‘Red Globe’ grape.  Kang et al. (2012) found no significant effect of irradiation on weight 
loss, total soluble solids, titratable acidity, protein, mineral content and sensory 
assessments of ‘Red Globe’ table grapes irradiated at 0.2, 0.4, 0.6 and 1.0 kGy.   

The nutritional status was affected more by the changes that occurred during the ripening 
process while in cold storage for 50 days.   Cold storage for 50 days after treatment 
resulted in significantly lower Vitamin C (total ascorbic acid) and Vitamin A (beta-carotene) 
levels, the largest decrease observed in the 600 Gy sample (0.80 mg/100g).  No 
significant dose effects were detected in beta-carotene in the control samples and the 
treated fruit one day after irradiation treatment (24.7–29.7 µg/100g) and after 50 days 
storage (17.7–24.7 µg/100g).  The reported mean is 0 ug/100g in ‘Red Globe’ grapes 
(FSANZ 2010).  A significant decrease was noted after 50 days, with the largest decrease 
seen in the untreated sample, from 29.7 µg/100g down to 18.0 µg/100g.  Significant 
increases were observed in fructose, sodium and total dietary fibre.  These minor changes 
were attributed primarily to changes associated with senescence. 
 
The QLD DAFF postharvest fruit quality study found that table grape fruit were not 
impacted by irradiation treatments of up to 1000 Gy but entirely by the effects of storage.   
Fruit quality remained relatively high by the end of the 50 day storage period and it 
appeared that irradiation of up to 1 kGy can be beneficial for shelf life extension, as 
evidenced by the absence of disease or disorders, and by the presence of the natural 
bloom on the berries before and after storage.  Similar results were shown in earlier 
studies, with gamma irradiation at doses up to 1.0 kGy (Al-Bachir 1998, Kang et al. 2012) 
and at 2 kGy (Donini and Pansolli 1970).  Paek (2011) found that irradiation did not affect 
the shelf life of grapes and that age (or storage time) had a greater effect on the quality of 
the grapes than irradiation at doses up to 800 Gy and held at 3°C. 

Table grapes in this study did not exhibit any symptoms of decay or disease expression, 
and the natural bloom was present on the fruit before and after storage.  Fruit irradiated 
up to 1 kGy followed by cold storage of up to 50 days had little to no detrimental effects on 
fruit quality.   

Overall, the nutritional and postharvest quality of table grapes in this study following 
irradiation and cold storage was relatively high before and after storage.  Applications of 
gamma irradiation treatments of ≤ 1 kGy can be considered as a phytosanitary method for 
table grape. 
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A2.7  Nutritional value of Strawberry 

Fresh produce are a major source of essential vitamins, minerals and fibre (ABS 1998, 
FDA 2008, CDC 2011).  Strawberry is a good source of folate and potassium, and a 
source of dietary fibre, Vitamin C and manganese although a large portion of the calories 
in this food come from sugars.  The fruit is also very low in saturated fat, cholesterol and 
sodium.  Some other vitamins provided from this fruit are Vitamin B2, Vitamin B5, Vitamin 
B6 and Vitamin K. 

Table 65 shows key nutritional data for fresh strawberry fruit.  Values are extracted from 
FSANZ (2010), the New Zealand Ministry of Health (MOH 2009) and the USDA (2011b).  
The significant differences in values for a few micronutrients may be the result of testing 
different varieties and different growing conditions or crop management systems. 

Water contents in strawberries are high, ranging between 89 and 92 %.  The 
macronutrient levels and energy content are also reported. 100 g strawberry provides 
approximately 127 kJ of energy, < 1 g protein, 3.9–7.7 g carbohydrate (3.8–6.6 g total 
sugars) and 1.3–2.5 g dietary fibre.  Vitamin C content is between 45 and 59 mg/100g.  
Beta carotene is low, between nil and 7 µg/100g.  There is very little lipid and sodium. 

Table 66 shows the average nutrient values per single serve of strawberry (150g for fresh 
fruit), and Table 67 shows the energy value from the food components.  A serve of 
strawberries provides for approximately 1.8–2.4 energy, 2.1–2.4 % protein, 1.9–3.2 % 
available carbohydrate, 6.5–12.5 % total dietary fibre, 6.3–11% total sugar and 0.1–0.2 % 
sodium of the daily intake.  The energy value from available carbohydrate ranges between 
66–114 kJ/100g, with the majority coming from total sugars. The rest of the energy value 
comes from protein 11.9–13.6 kJ/100g, fats (7.4–17.9 kJ/100g) and dietary fibre (20–30 
kJ/100g). 

From the dietary consumption patterns (ABS 1998, 1999, MOH 1999) and the nutrient 
tables (MOH 2009, FSANZ 2010, USDA 2011b), it appears that the major contribution to 
daily dietary intake of macronutrients will come from foods other strawberries.  There are 
a wide variety of fresh fruits and vegetables available in Australia and New Zealand that 
are more commonly eaten that provide similar levels of nutrients. The five most commonly 
eaten fruits are apples > oranges > grapes (inc. wine) > banana > pear, while potatoes > 
tomato > carrot > onion > pumpkin are the five most commonly eaten vegetables (MOH 
1999).  A positive aspect for the industry is that strawberry is gaining market penetration 
but this will not change its contribution to daily intake of macro and micronutrients. 

Other fresh produce provide pro-vitamin A (carotenes) and vitamin C and  vitamin A can 
be found in foods such as organ meats, dairy products, eggs and ready-to-eat cereals.  
Green vegetables, grains and dairy and egg products are great sources of vitamin K while 
nuts, seeds and vegetable oils and other fresh vegetables are good sources of vitamin E. 
While folate can be found in small amounts in many foods a major dietary source is 
enriched and fortified foods. 

Strawberries are not a significant part of the average consumer’s diet and their 
contribution to overall micronutrient intake will not be significant.  There is no known sub-
population that consumes greater amounts of strawberries. 
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Effects of irradiation on nutritional content and postharvest fruit 
quality of fresh strawberry 
Fresh strawberries have a relatively short shelf life after harvesting because of rapid 
ripening and microbial spoilage.  Its high content of sugar allows for the development of 
the micro-organisms and the rate of rot of the fruit and doses up to 3000 Gy have been 
approved for strawberry irradiation (ICGFI 2002) to control spoilage.  Irradiation of 
strawberries as a means of prolonging shelf and storage life is a potentially profitable 
procedure, and the cost may be compensated by the saving achieved from the reduction 
in losses.  The effect of ionising radiation has produced contrasting results and have been 
reported to be attributed to differences in commodity, variety, postharvest handling, 
storage, production system, maturity, environmental conditions, soil type, growing and 
weather conditions during growth. 
 
A report of irradiation studies of Australian strawberry conducted in 2011/12 is provided in 
full (Attachment in this section) in this application. The study examines the radio-tolerance 
of strawberry at doses between 0 and 3 kGy.  The cultivar studied was fresh strawberry 
(Fragaria sp.), variety ‘Albion’.  The nutritional profile and postharvest fruit quality of fresh 
strawberry and microbiological aspects in shelf life extension in strawberry fruit irradiated 
at doses of 0 Gy, 150 Gy, 400 Gy, 1000 Gy, 2000 Gy, 2500 Gy and 3000 Gy were 
investigated. 

This section reports mainly on the results in strawberry treated at doses ≤ 1 kGy.  
Proximate and chemical measurements analysed after irradiation treatment and after a 
period of 14 days in cold storage at 0°C after receiving irradiation doses of 0 Gy, 150 Gy, 
600 Gy and 1000 Gy are considered in this discussion on nutritional quality.  

Overall, the findings of the study showed that cold storage duration but not irradiation had 
a significant effect on whole fruit quality.  Ash, energy, dietary fibre, fat profile, moisture, 
sodium, protein, total sugars, sugar profile, Vitamin C (total ascorbic acid) and Vitamin A 
(beta-carotene) were not impacted by low dose irradiation with favourable postharvest fruit 
quality. The changes were attributed to processes resulting from general ripening of fruit 
during storage and the extent of nutrient changes may be comparable or insignificant with 
losses often seen during handling, storage and microbial degradation, as they do during 
the accepted freezing, canning, heat treatment and pickling processes. 
 
In the nutritional study, applications of gamma irradiation treatments of ≤ 1kGy can be 
used as a phytosanitary treatment without inducing significant deleterious effects to the 
nutritional quality of fresh strawberry.  Fresh strawberry fruit is high in moisture content 
(>90%), low in protein (0.57–0.73 g/100g) and contain no fats.  In fact, the nutritional 
components of fresh strawberries were not negatively impacted by irradiation doses up to 
2500 Gy. 
 
The nutritional components of fresh strawberry were not negatively affected by 150 Gy, 
400 Gy and 1 kGy irradiation compared with the control sample immediately after 
irradiation treatment and after 14 days cold storage, with values ranging between 43.3–
51.0 mg/100g.  Mean beta-carotene decreased with storage time from 3.50 µg/100g to 
2.59 µg/100g over 14 days, and the strawberry samples irradiated at >1 kGy declined 
further to a mean of 1.97 µg/100g after another 14 days, although this second decline was 
not significant.    
 
Vitamin C was not affected at doses ≤ 1 kGy in the QLD DAFF study (2012).  Vitamin C 
levels were reported to decline in untreated strawberries from the beginning to the end of 
the storage (Perez et al. 1998, Sanz et al. 1999).  Graham and Stevenson (1997) 
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observed that the radiation-induced Vitamin C concentration change in different varieties 
was small compared to the large variations observed between the varieties.  The authors 
concluded that the contribution made by strawberries to vitamin C intake would be more 
dependent on the variety consumed than the effects of irradiation or storage. 

Irradiation of strawberry at doses between 2–3 kGy, combined with refrigeration (6°C) 
extended shelf life (Graham and Stevenson 1997).  Vitamin C content of irradiated 
strawberries at doses of >1 kGy was determined including measurements of total ascorbic 
acid (TAA), ascorbic acid (AA) and dehydroascorbic acid (DHAA) concentrations, and 
their contribution to vitamin C content (Graham and Stevenson 1997). In the study, the 
authors found that DHAA increased with increased dose while TAA concentration and AA 
decreased in strawberries assayed immediately after treatment.  During storage total 
Vitamin C and AA increased while DHAA decreased.  The researchers found that overall 
irradiation resulted in some loss in total Vitamin C which increased during storage.  In 
contrast, Herregods and Defroost (1963) reported Vitamin C in untreated samples 
reduced more rapidly than 1 kGy, 2.5 kGy and 5 kGy samples in 2–15°C storage.  
Saluhnke et al. (1959) found significant reductions in ascorbic acid content in irradiated 
strawberries while others have found only minor changes (Maxie et al. 1964). 

Storage impacted on some macro and micronutrient levels and the changes generally 
appeared to be associated with the ripening process during storage.  Although irradiation 
is known to destroy vitamins in pure and unadulterated systems, in food the damage may 
not be significant due the mutually protective action or shielding effect of various chemical 
constituents on each other (Diehl 1990, 1995). 
 
Several pre- and postharvest factors are responsible for the wide variation in Vitamin C 
content in fruits at harvest and include factors such as genotypic variation (Kader 1988, 
Lee and Kader 2000), climatic, environmental and cultural practices (Somers and Beeson 
1948, Lee 1974, Mozafar 1994).  Kader (1988) reported that maturity at harvest, the 
method of harvesting, and postharvest handling contribute to the variation, as do cooking 
and various processing methods can also affect the Vitamin C content (Fennema 1977). 

Strawberries contain low levels of beta-carotene.  Beta-carotene of untreated and 
irradiated fresh strawberries was not significantly different after treatment and after 
storage.  Beta-carotene levels however were significantly lower after 14 days in cold 
storage. Fresh untreated strawberry, variety ‘Albion’ had a mean of 3.13 µg/100g of beta-
carotene, the 150 Gy, 400 Gy and 1000 Gy irradiated samples had means of 3.57, 3.63 
and 4.27 µg/100g beta-carotene, respectively.  The value recorded in the FSANZ nutrient 
database is 0 µg/100g.  As discussed previously, the different nutritive values reported 
between studies can be attributed to differences in commodity, variety, postharvest 
handling, storage, production system, maturity, environmental conditions, soil type, 
growing and weather conditions during growth. 
 
Time in storage resulted in a significant decrease in sucrose while mean glucose and 
fructose increased.  Fructose was significantly higher in untreated and irradiated 
strawberry samples after 14 days.  Schubert et al. (1973) and Beyers et al. (1979) have 
found no significant changes after irradiation.  
 
Whole fruit quality decreased significantly with storage time but was not affected by the 
irradiation treatment.  Fruit removed from cold storage resulted in development of water-
soaked symptoms on individual fruit irrespective of any irradiation dose, with symptoms 
only occurring after 14 and 21 days of storage. During each shelf-life environment, fruit 
quality deteriorated further, with symptoms of water soaking occurring across most fruit 
irrespective of its irradiation treatment.  
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At 7 days storage, there was little to no difference between treatments (mean <25% 
browning), but after 14 days calyx browning in fruit irradiated with ≥ 2.5 kGy was 
approximately twice the severity compared with non-irradiated fruit (~25%).  The shelf life 
environment also exacerbated calyx discoloration across all treatments (including non-
irradiated fruit) suggesting chilling injury may have played a role in its expression. 

Increasing doses of irradiation but shorter storage times corresponded to an increased 
suppression of fruit mould growth.  Mould was present but in low levels (less than 10% of 
fruit with infections <1 cm2 in size) after 7 days storage and primarily only in fruit treated to 
a dose of <1 kGy.  After 14 days storage, mould was present in all irradiated fruit except 
those subjected to 3 kGy, with the proportion of fruit affected ranging from 3.3% (2 – 2.5 
kGy) to 25% (≤1 kGy) and 50% for control fruit.  
 
Fruit firmness levels were significantly affected by irradiation, with higher doses resulting 
in softer fruit.  Immediately after treatment, firmness levels in non-irradiated fruit (mean 2.6 
N) were 0.6 N firmer than those treated to 1kGy.  These findings are consistent with other 
studies on strawberry that reported a softening response due to irradiation (Thomas 
1986c, D’Amour et al. 1993, Yu et al. 1996, Vachon et al. 2003).  The subsequent loss in 
fruit firmness has been attributed to changes in cell wall composition and structure, 
particularly in the degradation of cell wall polysaccharides (D’Amour et al. 1994, Yu et al. 
1995).  Irradiated strawberries were softer with fruit firmness decreasing as dose 
increased (Yu et al. 1995, 1996), and intensity of the red colour decreased as irradiation 
dosage increased from 0 to 2 kGy (Yu et al. 1995). 
 
The presence of decay on fruit was generally considered as an unacceptable quality trait. 
The study showed that a dose of between 1 – 2 kGy and a storage time of 7 days would 
likely result in the optimum treatment combination for producing “acceptable” fruit at out-
turn.  Doses above 2 kGy resulted in fruit being considerably softer and having extensive 
browning on their calyxes, whilst below 1 kGy fruit decay would be a significant issue.   
 
In conclusion, the overall findings of this study suggest that an application of up to 1kGy 
will not result in any significant detrimental damage to the nutritional and postharvest 
quality of strawberry.  Irradiation treatment < 1kGy can be used as an alternative option 
for a phytosanitary purpose for fresh strawberry. 
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A2.8  Nutritional Value of Honeydew melon 

Key nutritional data for fresh yellow skin and white skin honeydew melons are presented 
in Table 68, with values extracted from FSANZ (2010), the New Zealand Ministry of 
Health (MOH 2009) and the USDA (2011b).  Significant differences in values for a few 
micronutrients may be the result of testing different varieties and different growing 
conditions or crop management systems.  The differences are apparent between yellow 
skin and white skin varieties. 

Honeydew melon fruit is very high in water content, ranging between 88–93%.  The 
macronutrient levels and energy content are accordingly, low.  Energy values range 
between 107 and 192 kJ, carbohydrate is 4.4–9.8 g/100g, total dietary fibre (0.9–1.0 
g/100) and protein (0.5–1.25 g/100g) are low.  The Vitamin C range is 12–50 mg/100g 
and beta-carotene at 30–50 μg/100g.   

The percentage contributions to daily intake of nutrients for yellow skin honeydew melon 
based on FSANZ Reference Values can be derived (Table 69) and the energy values are 
provided in Table 59.  The percentage of the daily intake from a single serve of honeydew 
melon is approximately 2.6–3.3 % energy, 2.1–3.8 % protein, 3.4–4.7 % available 
carbohydrate, 3–5 % total dietary fibre, 11.8–16.3 % total sugar and 2.1–2.9 % sodium.  
The energy value from available carbohydrate from 100 g honeydew melon is between 
120–166 kJ/g, with the rest from protein, fats and dietary fibre.  The majority energy value 
comes from total sugars and the rest from total dietary fibre, protein and lipids (Table 70). 

Honeydew melon is not a staple purchase.  The fruit is available throughout the year with 
purchase being more active but low in the summer months.  Honeydew melon is not one 
of the more popularly consumed fruit and there are no known sub-populations that may 
have a higher than average consumption of this fruit.  From the dietary consumption 
patterns (ABS 1998, 1999, MOH 1999) and the nutrient tables (MOH 2009, FSANZ 2010, 
USDA 2011b), it appears that honeydew melon is not a major contributor to the daily 
dietary intake of macronutrients.  

Fresh produce are a major source of essential vitamins, minerals and fibre (ABS 1998, 
FDA 2008, CDC 2011).  Honeydew melon provides some amounts of Vitamins A and C 
and potassium (150–436mg/100g) is comparable to the potassium content found in 
bananas (approximately 322–346 mg/100g) (FSANZ 2010).  Both vitamin contents are 
also comparable with the more popular banana fruit.  The vitamins are well known 
antioxidants that protect the body from free radical damage and boost the immune 
system. 

ß-carotene concentrations range between 30–50 g/100g, which is a little higher than 
bananas (23–35 g/100g) but significantly lower than from vegetables such as carrots 
(6000μg /100g).  The vitamin C content (approximately 12–50 mg/100g) is within the 
range of most other fresh produce.   Table 7 compares vitamin values for the eight tropical 
fruits, persimmon, tomato and capsicum approved for irradiation by FSANZ.  Generally 
the pattern of vitamin content is similar across these foods.  Honeydew melon fruit is not 
expected to significantly affect daily nutrient intake. 

Other fresh produce contain Pro-vitamin A (carotenes) and vitamin C and foods such as 
organ meats, dairy products, eggs and ready-to-eat cereals are excellent sources of 
vitamin A.  Green vegetables, grains and dairy and egg products generally are excellent 
sources of vitamin K.  Nuts, seeds and vegetable oils and many fresh vegetables are 
good sources of vitamin E.  Folate can be found in small amounts in many foods with a 
major dietary source being enriched and fortified foods. 
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Effects of irradiation on nutritional content and postharvest fruit 
quality of honeydew melon 
QLD DAFF (2012) recently conducted nutritional and fruit quality evaluations on 
honeydew melon (Cucumis melo) fruit, variety ‘Galaxy’, after being treated with gamma 
irradiation and following a recommended cold (7°C) storage period of 14 days. Gamma 
irradiation treatments consisted of doses of 0, 150, 600 and 1000 Gy, with fruit 
evaluations conducted before and after storage.  (See Attachment - Effect of irradiation on 
the nutritional profile and postharvest quality of tomato, capsicum, zucchini, nectarine, 
rockmelon and honeydew melon at end of section). 

The nutrition study found honeydew melon fruit can tolerate up to 1 kGy irradiation.  With 
the exception of beta-carotene there were no significant dose effects on ash, 
carbohydrates, energy, dietary fibre, fat profile, moisture, sodium, protein, sugars and 
Vitamin C (ascorbic acid) either before storage or after cold storage for 14 days.  The 
nutritional status was affected more by the changes that occurred during the ripening 
process while in cold storage than by irradiation. 

Honeydew melon however, was less tolerant to doses ≥ 600 Gy with respect to beta-
carotene after irradiation treatment.  No differences in beta-carotene were found after 14 
days.  Beta-carotene was initially affected by irradiation immediately after treatment, being 
significantly lower in the ≥ 600 Gy treatment (12 μg/100g) compared with control fruit (17 
μg/100g), although by the end of the 14-day storage period no differences were detected 
across all of the treatments (mean 12.3 μg/100g).  In a study with rockmelon, a Cucumis 
melo produce, Castell-Perez et al. (2004) found no changes in beta-carotene content of 
whole melon fruits irradiated at 1000 Gy over the storage period at 10°C. 

Application of irradiation treatment impacted the postharvest fruit quality of honeydew 
melon, with irradiation damage only expressed by the end of the storage period and at 
doses ≥ 600 Gy.  The incidence and severity of symptoms (skin browning and pitting) 
increased with dose level.  Symptoms in honeydew melon fruit occurred only when treated 
to a dose of 600 Gy and above, with up to 51% of the skin surface area being affected. 

Reports on melon fruit have also shown that treatment with gamma irradiation at or below 
1000 Gy resulted in little to no damage to fruit (Kader 1986; Castell-Perez et al. 2004).  
According to Kader (1986), melon fruit are generally regarded as having a relatively high 
stress tolerance to ionizing radiation (up to 1kGy), although acknowledges that various pre 
and postharvest factors can influence their susceptibility, including climatic growing 
conditions, cultural field practices, and handling and storage conditions.  
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A2.9  Nutritional value of Rockmelon 

Table 71 shows key nutritional data for fresh raw rockmelon, with values extracted from 
FSANZ (2010), the New Zealand Ministry of Health (MOH 2009) and the USDA (2011b). 
Significant differences in values for a few micronutrients may be the result of testing 
different varieties and different growing conditions or crop management systems. 

Rockmelon fruit is high in water contents (approximately 83–90%).  The macronutrient 
levels and energy content are low.  100 g rockmelon fruit provides 107–141 kJ energy, 
contains 0.6–1.2 g protein, 5.2–8.2 g carbohydrate, 0.8–1.2 g total dietary fibre, 0.7–0.8 g 
ash and minute amounts of lipid (0.1–0.2 g) and, small amounts of vitamins and other 
micronutrients. 

The percentage contributions to daily intake of nutrients based on FSANZ Reference 
Values can be derived (Table 72) and energy value in Table 73. 

The percentage of the daily intake from a single serve of rockmelon is approximately 1.8–
2.1 % energy, 1.8–3.7 % protein, 2.5–2.8 % available carbohydrate, 4–6 % total dietary 
fibre, 8.7–9.5 % total sugar and 0.9–1.1 % sodium. Using standard energy factors for 
carbohydrate, protein, fats and fibre (FAO 2002), the energy value from available 
carbohydrate from 100 g rockmelon is approximately 88–97kJ/g, the rest from protein, fats 
and dietary fibre.  

From the dietary consumption patterns (ABS 1998, 1999, MOH 1999) and the nutrient 
tables (MOH 2009, FSANZ 2010, USDA 2011b), it appears that the major contribution to 
daily dietary intake of macronutrients does not come from rockmelon. There are no known 
sub-populations that may have a higher than average consumption of rockmelon. 

Fresh produce are a major source of essential vitamins, minerals and fibre (ABS 1998, 
FDA 2008, CDC 2011).  Rockmelon is a good source of Vitamins A and C and is high in 
potassium. Both vitamins are well known antioxidants that protect the body from free 
radical damage and boost the immune system. Consumption of rockmelon is steady and 
is a popular fruit consumed in the summer period Australia and New Zealand.  

In rockmelons, ß-carotene concentrations range between 836–2020 μg/100 g, which is 
higher than the concentrations found in fruits such as apples and bananas but lower than 
vegetables such as carrots (6000 μg /100g).  The vitamin C content (approximately 25–41 
mg/100g) is similar to other fruits.  Table 7 compares vitamin values for fresh produce 
approved for irradiation by FSANZ.  Generally the pattern of vitamin content is similar 
across these foods and consumption of irradiated rockmelon is expected not to 
significantly affect daily nutrient intake.  In addition, daily intake will more commonly be 
from a range of foods and therefore is not expected to significantly affect daily nutrient 
intake. 

Other fresh produce contain Pro-vitamin A (carotenes) and vitamin C and foods such as 
organ meats, dairy products, eggs and ready-to-eat cereals are excellent sources of 
vitamin A.  Green vegetables, grains and dairy and egg products generally are excellent 
sources of vitamin K.  Nuts, seeds and vegetable oils and many fresh vegetables are 
good sources of vitamin E.  Folate can be found in small amounts in many foods with a 
major dietary source being enriched and fortified foods. 

Rockmelons are a useful source of micronutrients but not a significant part of the average 
consumer’s diet and, their contribution to overall micronutrient intake will therefore not be 
significant. There are many other more popular fresh fruits and vegetables that provide 
equivalent amounts of micronutrients to overall micronutrient intake.
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Effects of irradiation on nutritional content and postharvest fruit 
quality of rockmelon 
QLD DAFF (2012) recently conducted nutritional and fruit quality evaluations on 
rockmelon (Cucumis melo) fruit, variety ‘Triumph’, after being treated with gamma 
irradiation and following a recommended cold (7°C) storage period of 14 days. Gamma 
irradiation treatments consisted of doses of 0, 150, 600 and 1000 Gray (Gy), with fruit 
evaluations conducted before and after storage.  (See Attachment - Effect of irradiation on 
the nutritional profile and postharvest quality of tomato, capsicum, zucchini, nectarine, 
rockmelon and honeydew melon at end of section). 

The nutrition study found rockmelon fruit can tolerate up to 1 kGy irradiation without 
significant dose effects on the nutritional attributes tested.  Irradiation had no significant 
effect on ash, carbohydrates, energy, dietary fibre, fat profile, moisture, sodium, protein, 
sugars and Vitamin C (ascorbic acid) either before storage or after cold storage for 14 
days.  The nutritional status was affected more by the changes that occurred during the 
ripening process while in cold storage in Vitamin C (total ascorbic acid), Vitamin A (beta 
carotene) and soluble solid contents (soluble sugars).  Mean Vitamin C (ascorbic acid) 
ranged from 17.60–27.33mg/100g one day after irradiation treatment and between 17.80–
23.07mg/100g after 14 days in storage.  No significant dose effects were detected in beta-
carotene in the control samples and the treated rockmelon fruit one day after irradiation 
treatment (986.7–1600.0μg/100g) and after 14 days storage (1026.7–1266.7μg/100g).  

The Castell-Perez et al. study (2004) found no significant effect on the sugars content of 
whole cantaloupe (rockmelon) fruits irradiated at 1000Gy but sugars content decreased 
significantly by the fourth day of storage at 10°C.  No changes in beta-carotene content of 
whole cantaloupes over the storage period were also reported. 

The QLD DAFF postharvest fruit quality (2012) study found no effect of irradiation on the 
overall visual appearance and fruit quality of rockmelon fruit and no significant effect on 
the internal flesh colour.  Total soluble solids and titratable acidity were unaffected by any 
of the irradiation treatments, although storage time did result in a small but significant 
decline in Brix levels and a slight increase in citric acid levels.   

Rockmelon fruit became softer during storage but was unaffected by the irradiation 
treatment.  By Day 14, fruit had lost approximately 5% of their initial mean fresh weight 
(1.7kg), although this was not influenced by the irradiation treatment.   

Results from the QLD DAFF study (2012) and the Castell-Perez et al. study (2004) show 
that rockmelon fruit treated at doses ≤ 1 kGy are not significantly impacted.  Low dose (≤1 
kGy) irradiation treatment can be used as an effective phytosanitary method.  An 
application of up to 1kGy will not result in any significant detrimental damage to the 
nutritional and postharvest quality of rockmelon fruit. 
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A2.10  Nutritional value of Nectarine 

Table 74 shows key nutritional data for fresh raw nectarine, with values extracted from 
FSANZ (2010), the New Zealand Ministry of Health (MOH 2009) and the USDA (2011b). 
There are some differences in values for a few micronutrients which may be the result of 
testing different varieties and different growing conditions or crop management systems.   

Water content in nectarine is highest at approximately 87%.  100 g nectarine provides on 
average about 165 kJ of energy, 1.2 g protein, 8.8 g carbohydrate, 1.8 g dietary fibre and 
very little total lipid and sodium.  Vitamin C is approximately 4.3–12 mg/100g and the 
range in beta-carotene is large, between 65 and 362 µg/100g.  There is no one nutritional 
component that stands out as a major contributor to daily nutritional intake. 

Average nutrient values per single serve (150g for fresh fruit) is shown in Table 75.  The 
percentage contributions to daily intake of nutrients based on FSANZ Reference Values 
can also be derived (Table 75).  The percentage of the daily intake from a single serve of 
nectarine is approximately 2.8–3.2 % energy, 3.3–3.6 % protein, 3.7–3.9 % available 
carbohydrate, 8.0–10.5 % total dietary fibre, about 13 % total sugar and 0.13 % sodium. 

Using standard energy factors for carbohydrate, protein, fats and fibre (FAO 2002), the 
energy value from available carbohydrate is approximately 138–207 kJ from 100g 
nectarine.  The balance energy value comes from protein and total lipid (Table 76). 

In Australia and New Zealand, there are other more commonly eaten fresh fruits than 
nectarine although as a stonefruit group, production and consumption is slightly increasing 
in market penetration.  There are other more commonly eaten fruits, apples > oranges > 
grapes (including wine) > banana > pear.  It is not known if there are sub-populations in 
Australia and New Zealand that may have a higher than average consumption of 
nectarine however, the fruit is not likely a major contributor to daily macro and 
micronutrient intakes. 

Fresh produce are a major source of essential vitamins, minerals and fibre (ABS 1998, 
FDA 2008, CDC 2011) but it is unlikely that the major contribution to daily dietary intake of 
macronutrients will come from nectarine.  Nectarines are not a significant part of the 
average consumer’s diet in Australia and New Zealand.  Although a useful source of 
micronutrients nectarine are consumed in amounts equivalent to that of many other fresh 
produce crops and to lesser amounts than many popular vegetables.  They will not be a 
significant contributor to overall micronutrient intake. 

Pro-vitamin A (carotenes) and vitamin C can be found in other fresh produce and vitamin 
A in foods such as organ meats, dairy products, eggs and ready-to-eat cereals.  Green 
vegetables, grains and dairy and egg products generally provide good sources of vitamin 
K and nuts, seeds, vegetable oils and many fresh vegetables are good sources of vitamin 
E.  Folate is found in small amounts in many foods with a major dietary source being 
enriched and fortified foods. 
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Effects of irradiation on nutritional content and postharvest fruit 
quality of nectarine 
QLD DAFF (2012) recently conducted nutritional and fruit quality evaluations on white 
flesh nectarine (Prunus persica) fruit, variety ‘Arctic Snow’, after being treated with gamma 
irradiation and following a recommended cold (4°C) storage period of 21 days. Gamma 
irradiation treatments consisted of doses of 0, 150, 600 and 1000 Gray (Gy), with fruit 
evaluations conducted before and after storage.  (See Attachment - Effect of irradiation on 
the nutritional profile and postharvest quality of tomato, capsicum, zucchini, nectarine, 
rockmelon and honeydew melon at end of section). 

Overall, the results showed that applications of gamma irradiation of ≤ 1kGy did not 
significantly impact on the majority of nutritional components in nectarine one day after 
treatment, except for fat, poly-unsaturated fat and sugar profile (fructose, glucose and 
sucrose).  Fat, poly-unsaturated fat and sucrose at the 1000 Gy dose was significantly 
lower than the control dose (0 Gy) and lower doses.  On the other hand, mean glucose 
and fructose was significantly higher for fruit treated at 1000Gy than untreated nectarine 
and the lower doses. 

Storage time impacted the values of some nutrients and they were associated with the 
ripening process during storage.  Minor changes were reported in fructose, sucrose and 
glucose. Time in storage resulted in a significant decrease in sucrose while mean glucose 
and fructose increased.  Fructose was significantly higher with irradiated nectarine after 
21 days.  Wall (2007) observed these changes in bananas as dose increased to 800Gy 
and attributed these differences to an acceleration of sucrose hydrolysis. 

There was a significant time effect detected in Vitamin C (total ascorbic acid).  Untreated 
and treated nectarines contained 1.37–2.00mg/100g Vitamin C (total ascorbic acid) before 
storage and increased levels were detected (4.37–6.33mg/100g) after 21 days.  However, 
no significant differences were detected between untreated and irradiated samples within 
each assessment time. 

The irradiation treatment had a small but significant effect on the postharvest fruit quality 
of nectarine fruit, with the incidence and severity of skin browning and pitting increasing 
with dose level.  These symptoms were observed only at the end of the 21-day storage 
period.  The overall severity of symptoms in nectarine fruit was very low across all 
treatment doses (< 1cm² skin area affected), with only a few (3%) fruit expressing very 
mild symptoms at 150Gy.   However, this increased significantly to greater than 13% of 
fruit affected at a dose of 600 Gy and above. Mitchell et al. (1992) also assessed the 
effects irradiation on nectarine, yet found no effects on fruit physico-chemical properties 
up to 300Gy.  According to Kader (1986), nectarine fruits are generally regarded as 
having a relatively high stress tolerance to ionizing radiation, up to 1kGy, although 
acknowledges that various pre and postharvest factors can influence their susceptibility, 
including climatic growing conditions, cultural field practices, and handling and storage 
conditions. 

The QLD DAFF study (2012) did not define the threshold between 150 and 600 Gy where 
these disorders could be expressed. 

An irradiation treatment of ≤ 1kGy is safe to apply on nectarine fruit as a phytosanitary 
method, no detrimental effects were found in the nutritional profile. 
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A2.11  Nutritional value of Zucchini 

Zucchini is a summer vegetable widely used in traditional Mediterranean cuisine.  Total 
national production is about 15% of pumpkin production (2008 data). 

Table 77 shows key nutritional data for fresh raw zucchini, with values extracted from 
FSANZ (2010), the New Zealand Ministry of Health (MOH 2009) and the USDA (2011b).  
Significant differences reported in values for a few micronutrients may be the result of 
testing different varieties and different growing conditions or crop management systems. 

Zucchini has a high water content of approximately 94%. Macronutrient levels and energy 
content are, therefore, low relative to many other foods. Zucchini is one of the very low 
calorie vegetables; provide only 61–70 kJ per 100 g and is a good source of potassium 
(191–439 mg/100g).  Its peel provides a source of dietary fibre.  Zucchini is a relatively 
moderate source of folates, provides of 18–24 µg or around 5% of RDA per 100 g (Power 
Your Diet no date) 

The average nutrient content per single serve of zucchini (75g for fresh vegetables) can 
be derived and presented in Table 78.  A single serve of zucchini provides approximately 
1.2 % energy, 2.4–5.9 % protein, 0.8 % available carbohydrate, 6–8 % total dietary fibre, 
2.7–2.9 % total sugar and 0.1 % sodium of the average daily intake.  

The percentage contributions to daily intake of nutrients based on FSANZ Reference 
Values can also be derived.  Using standard energy factors for carbohydrate, protein, fats 
and fibre, the energy value from available carbohydrate is approximately 27–30 kJ/100g 
for zucchini.  The rest of the energy values come from protein, fats and dietary fibre (Table 
79). 

A wide variety of fresh produce is available in Australia and New Zealand. The five most 
commonly eaten vegetables are potatoes > tomato > carrot > onion > pumpkin (MOH 
1999).  Sub-populations, for example of Mediterranean origin, may have a higher than 
average consumption of zucchini.  However, from the dietary consumption patterns (ABS 
1998, 1999, MOH 1999) and the nutrient tables (MOH 2009, FSANZ 2010, USDA 2011b), 
it appears that the major contribution to daily dietary intake of macronutrients will come 
from foods other than zucchini. 

Fresh produce are a major source of essential vitamins, minerals and fibre (ABS 1998, 
FDA 2008, CDC 2011).  In zucchini, ß-carotene concentrations are similar to 
concentrations in other vegetables such as broccoli and tomato but lower than green 
capsicum (200μg per 100g), red capsicum (1400μg per 100g) and carrot (6000μg/100g).  
Vitamin C concentrations are similar to those found in broccoli and cauliflower but much 
lower than capsicums.   Majority of micronutrients can be found in foods other than 
zucchini.  Pro-vitamin A (carotenes) and Vitamin C are present in other fresh produce and 
Vitamin A in organ meats, dairy products, eggs and ready-to-eat cereals.  Nuts, seeds and 
vegetable oils, as well as many fresh vegetables are good sources of Vitamin E.  A major 
dietary source of folates is from enriched and fortified foods.  

Zucchini is a useful source of micronutrients, but they are consumed in amounts 
equivalent to or less than that of many other fresh produce crops and to lesser amounts 
than many popular vegetables. They will not be a significant contributor to overall 
micronutrient intake.  
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Effects of irradiation on nutritional content and postharvest fruit 
quality of raw zucchini 
A report of irradiation studies of Australian zucchini conducted in 2011 is provided in full 
(Attachment) in this section. The cultivar studied was raw dark skin zucchini (Cucurbita 
pepo), variety ‘Blackjack’. The research investigated the effect of low dose gamma (ɣ )–
irradiation on the nutritional profile and postharvest fruit quality of zucchini irradiated at 
pest disinfestation doses of 0 Gy, 150 Gy, 600 Gy and 1000 Gy after irradiation treatment 
and after a recommended period of 7 days in cold storage at 8°C. (See Attachment - 
Effect of irradiation on the nutritional profile and postharvest quality of tomato, capsicum, 
zucchini, nectarine, rockmelon and honeydew melon at end of section). 

In the nutritional study, applications of gamma irradiation treatments of ≤ 1kGy can be 
used as a phytosanitary method without inducing significant deleterious effects to the 
chemical and proximate components of zucchini.  No significant dose effects were found 
in ash, carbohydrates, energy, dietary fibre, fat profile, moisture, sodium, protein, sugars, 
Vitamin C (ascorbic acid) and Vitamin A (beta-carotene) after treatment.  This was also 
found in an early study by Mitchell et al. (1992) where no loss in nutritional composition 
was found with zucchini irradiated at 300Gy.  Significant differences between doses 
however, were found after seven days for carbohydrates, dietary fibre and total sugars 
although the mean values were higher for the treated samples than the untreated control.  

Vitamin C (ascorbic acid) levels were not significantly different between irradiated zucchini 
samples and the untreated control.  Vitamin C (ascorbic acid) in the untreated control was 
6.20mg/100g and 12.60 mg/100g, 8.90 mg/100g and 8.37mg/100g in the 150 Gy, 600 Gy 
and 1000 Gy samples, respectively.  After seven days storage, mean Vitamin C (ascorbic 
acid) was 7.03 mg/100g for the control sample and varied between 8.53 mg/100g and 
11.13 mg/100g in the irradiated zucchini samples. 

Beta-carotene of untreated and irradiated zucchini samples was not significantly different 
after treatment and after storage although storage had a significant impact.  In all cases, 
mean beta-carotene increased, with the greatest increase reported for the 150 Gy sample. 

Storage impacted on some macro and micronutrient levels and the changes generally 
appeared to be associated with the ripening process during storage.  Although irradiation 
is known to destroy vitamins in pure and unadulterated systems, in food the damage may 
not be significant due the mutually protective action or shielding effect of various chemical 
constituents on each other (Diehl 1990, 1995). As early as 1965, Bramlage and Lipton 
reported the use of gamma irradiation in vegetables to extend market life.   

The QLD DAFF postharvest fruit quality study showed that irradiation applied up to 1 kGy 
overall had little to no effect on a range of quality attributes measured in zucchini.  The 
commodity was instead impacted more by storage time than by irradiation itself, 
undergoing the typical senescent-related processes (e.g. deterioration through aging) 
often observed under storage conditions, such as changes in skin and/or flesh colour, 
flesh softening and weight loss. 

Zucchini colour properties changed over the seven day storage period, with the skin 
becoming a lighter green and the flesh a darker yellow colour with time.  Only small 
changes in internal flesh colour (chroma values) were attributed to the effects of 
irradiation, resulting in flesh tissue becoming slightly duller in colour by Day 7, particularly 
with doses at and above 600Gy.  These changes however were not visually detectable. 

The overall findings of the study indicate that an application of up to 1kGy will not result in 
any significant detrimental damage to the nutritional and postharvest quality of zucchini.  
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 APPENDIX 3 – LABELLING 
Packages containing treated produce (apple, apricot, cherry, honeydew melon, peach, 
plum, nectarine, rockmelon, strawberry, table grape and zucchini) will be unambiguously 
labelled in accordance with the labelling requirement of FSANZ Food Standards Code 
Standard 1.5.3. There is no application to vary the labelling requirement.  

Standard 1.5.3 states that 

(1) The label on the package of irradiated food must include a statement to the effect that 
the irradiated food has been treated with ionising radiation. 

Examples include: 

 

 

 

(2 The label on a package of food containing an irradiated food as an ingredient or 
component, must include a statement that the ingredient or component has been treated 
with ionising radiation, either as part of the declaration of that ingredient or component in 
an ingredient list or elsewhere on the label.  

(3) Where an irradiated food, or a food containing an irradiated food as an ingredient or 
component, is not required to bear a label pursuant to clause 2 (1) of Standard 1.2.1, 
there must be displayed on or in connection with the display of the food a statement that 
the food has been treated with ionising radiation, or that it contains an ingredient or 
component that has been treated with ionising radiation, as the case may be.  

 

‘TREATED WITH IONISING RADIATION’ 

‘IRRADIATED (name of food) ’
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APPENDIX 4 – FACILITIES, DOSIMETRY AND 
RECORD KEEPING 

A4.1 Facilities 

In accordance with Standard 1.5.3, the operation of irradiation facilities and control of the 
irradiation process will be undertaken in accordance with any relevant State, Territory and 
New Zealand law governing radiation control.  They will also be undertaken in accordance 
with the Codex Alimentarius Code of Practice for Radiation Processing of Food (CAC 
2003b). 

The Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) regulates all 
Australian Government entities and the activities of non-Australian Government entities 
are regulated by the respective state and territory authorities.  

The Ministry of Health’s Office of Radiation Safety administers the Radiation Protection 
Act 1965 and the Radiation Protection Regulations 1982 on behalf of the New Zealand 
Government. This legislation controls the use of ionising radiation.  It regulates all 
radiation facilities and radioactive substances and apparatus in New Zealand.  The 
National Radiation Laboratory (NRL) is a specialist unit of The Institute of Environmental 
Science & Research Ltd (ESR).  NRL provides a resource of expert advice, service 
provision and research capability on matters concerning public, occupational and medical 
exposure to radiation, the performance of radiation equipment and the measurement of 
radiation and radioactivity. 

Any facility used to irradiate food will be a licensed and prescribed radiation facility.  It is 
not expected that irradiation of food will be carried out in New Zealand. 

In Australia, responsibility for licensing is under the jurisdiction of the relevant state 
departments:   

• ACT Health, Radiation Safety Section 

• NSW Environment Protection Authority (EPA) 

• NT Department of Health, Radiation Protection 

• QLD Health 

• SA Environment Protection Authority 

• TAS Dept of Health and Human Services, Radiation Protection 

• VIC Department of Health 

• WA Department of Health, Radiological Council. 

Extensive worker training, supervision and regulatory oversight are required. All matters 
including occupational health safety and welfare regulations are regulated by the relevant 
regulatory authorities, i.e. all national, state, territory and local government authorities.  

The relevant regulatory entities ensure that commercial irradiation facilities are properly 
designed and operate according to federal and state or territory regulations. The facilities 
have multiple fail–safe measures and have established extensive and well-documented 
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A4.2  Dosimetry 

Dosimetry is one component of a total quality assurance programme for adherence to 
good irradiation (manufacturing) practice. Record–keeping (Appendix A4.3), trained staff 
and adherence to licensing conditions are also obligatory.  

Proper dosimetry systems will ensure that the dose required technically for each treatment 
is given and that it is within the dose range stipulated in Standard 1.5.3. Competence in 
dosimetry is also required for any approval by federal and state licensing agencies to 
operate an irradiation facility and by the relevant plant quarantine authorities when a 
facility treats food for a disinfestation purpose. Authorities require dosimetry to be 
conducted in accordance with internationally recognized procedures.  

The purpose of irradiation as a phytosanitary treatment is to minimize the pest risk and to 
maximize the safety associated with the movement and use of fresh agricultural produce.  
The dose range is applied in accordance with ASTM F1355 - 06 Standard Guide for 
Irradiation of Fresh Agricultural Produce as a Phytosanitary Treatment.  

The requirements for proper dosimetry are laid out in the Codex Recommended Code of 
Practice for Radiation Processing of Food (CAC 2003b). Internationally recognized 
guidelines and manuals on how to conduct adequate dosimetry are available ((ISO/ASTM 
51275, ISO/ASTM 51276, ISO/ASTM 51538, ISO/ASTM 51607, ISO/ASTM 51631 and 
ASTM F1355-06). An overview is provided in a report of an IAEA workshop (IAEA 2002b). 

The International Consultative Group on Food Irradiation (ICGFI) has issued documents 
providing overall guidance on Good Irradiation Practice (GIP) for a range of foods and 
food classes (a list of GIPs and other ICGFI documents can be obtained at 
https://apps.who.int/fsf/whopb3.htm). There is a Code of Good Irradiation Practice for 
Insect Disinfestation of Fresh Fruits (ICGFI 1991). 

The procedure used in commercial food irradiation is that the food package or pallet is is 
exposed to the source for the specified time and then the package or pallet is rotated 
through 180°, to expose the other side.  As the radiation energy is absorbed by the food, 
the dose absorbed progressively decreases. The food at the outermost part of the 
package or pallet will receive the maximum dose and the food in the middle the minimum 
dose.  

The minimum dose (Dmin) must be that set by biosecurity officials to ensure elimination of 
the pest threat. The maximum dose (Dmax) may then be the lower of the dose that 
produces an adverse effect on quality or the regulated maximum dose for fresh produce of 
1 kGy. In practice the ratio of Dmax to Dmin (the dose uniformity) is set by the fixed 
engineered features of the plant and the physical dimensions and density of the package 
or pallet. To ensure that Dmax and Dmin are as required, it is necessary to ‘map’ the dose 
distribution within the package or pallet. Guidance on dose mapping is available in the 
standard manuals on dosimetry. 

The Irradiation Operator must perform dose mapping to establish the dose distribution 
within the product in order to demonstrate that the treatment consistently meets the 
prescribed requirements under defined and controlled conditions. For dose mapping, the 
Irradiation Operator must place sufficient dosimeters throughout the product that is to be 
passed through the irradiator.  

The positioning of the dosimeters will depend on the composition, density, configuration of 
the packaging and shape and or size of the product. The variation in dose is determined 
by mapping the dose distribution in at least three process loads with the same product 
loading configuration and irradiation conditions. The Irradiation Operator must record dose 
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mapping using a Dose Mapping Record or records which capture the same information. 
The dose mapping record shall provide the following – 

(a) the name and address of the accredited Business; 

(b) the time and date when the dose mapping occurred; 

(c) the dimensions and packaging of the product; 

(d) geometric packaging configuration; 

(e) the loading pattern of the dose mapped product; 

(f) the location of the dosimeters within the product; 

(g) the type of dosimeter; 

(h) the duration of irradiation; 

(i) the minimum and maximum absorbed doses in the product; and 

(j) the printed name and signature of the operator that conducted dose mapping. 

Likely positions of dosimeters to map dose distribution within a pallet are shown below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The product dose mapping must be repeated if changes are made, either in the facility or 
in an operational mode that could affect the magnitudes or locations of the maximum and 
minimum doses. 

Nine dosimeters (A1 – C3) are placed as shown on a horizontal plane at four levels (L) 
within the pallet load. Dose mapping is carried out on trial shipments prior to any 
commercial treatments. During commercial treatments, the irradiation operator performs 
routine dosimetry to ensure that the specified dose is received by the product. Dosimeters 
are placed in the process load at the predetermined maximum and minimum dose 
positions, or at a qualified reference dose location (an example is shown in the figure 
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above). Routine dosimetry must be performed for each lot and the Irradiation Operator 
then records the minimum and maximum absorbed dose from the routine dosimetry using 
the Irradiation Treatment Record or records which capture the same information. 

The dosimeters and dosimeter reader system used by Steritech are supplied by Far West 
Technology, Goleta, USA (http://fwt.com/racm/fwt70ds.htm). The dosimeter type is the 
Radiochromic Optical Waveguide Dosimeter, which uses a dye that changes from clear to 
deep blue as the absorbed dose increases.  The dosimeter model for food irradiation is 
the FWT-70-40M dosimeter which has a sensitivity range of 10Gy to 10,000Gy.  Each 
new batch of dosimeters is calibrated upon purchase. 

The dosimeter reader model used is the FWT-200 in which the dosimeters are read at an 
optical wavelength of 656nm.  This reader is easy to use, providing an automatic zero and 
PC interface.  The reader is easily calibrated using Neutral Density Filters and adjusting 
the gain on the FWT-200 reader.   

The relevant ISO/ASTM standards for use of the dosimetry system are: 

ISO/ASTM 51261:2002 – Guide For The Selection And Calibration Of Dosimetry 
Systems For Radiation Processing 

ISO/ASTM 51310:2004 – Practice For Use Of A Radiochromic Optical Waveguide 
Dosimetry System. 

Important standards considered include; ISO / ASTM51204 – 04 Standard Practice for 
Dosimetry in  Gamma Irradiation Facilities for Radiation Processing (2004), ISO / 
ASTM51431 – 05 Standard Practice for Dosimetry in  Electron Beam and X-Ray 
(Bremsstrahlung) Irradiation Facilities for Radiation Processing (2005) and ASTM E2303 – 
03 Standard Guide for Absorbed-Dose Mapping in Radiation Processing Facilities (2003). 

Dosimetry is subject to approval by the relevant licensing authority and the plant 
quarantine authority.  Dose mapping will be repeated if the packaging is changed from the 
original map test conditions approved. 

Dosimetry is only one component of a total quality assurance program for adherence to 
good manufacturing practices. 

Aspects of dosimetry related to radiation processing of food at an irradiation facility 
including dosimetry procedures for process validation and process control (IAEA 2002a) 
can be used to ensure the compliance of trade in irradiated food with national and 
international standards. 
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A4.3  Record-keeping 

Approved radiation facilities must keep accurate records as specified by the competent 
radiation licensing and plant quarantine authorities. The purpose of the records is to 
establish and document traceability.  

Records will be maintained to track the irradiated food product from receiving through 
shipping. All records must identify the irradiated product and be retained in accordance 
with requirements by phytosanitary authorities. 

Irradiation treatment, however, will not replace good agricultural production practices and 
the supply chain practices currently in place and employed by Australian and New 
Zealand growers. 

There will be compliance with record keeping requirements, as established in FSANZ 
Standard 1.5.3: 

(1) Records must be kept at a facility where food is irradiated in relation to: 

• the nature and quality of the food treated; and 

• lot identification; and 

• the minimum durable life of the food treated; and 

• the process used; and 

• compliance with the process used; and 

• the minimum and maximum dose absorbed by the food; and 

• an indication whether or not the product has been irradiated previously and if so, 
details of such treatment; and 

• date of irradiation. 

 (2) The records required to be kept by subclause (1) must be kept for a period of time that 
exceeds the minimum durable life of the irradiated food by one year. 

Irradiation treatment does not need to kill the pest immediately to provide quarantine 
security as it effectively renders pests sterile (IPPC 2003, 2009). As a result, live (but 
sterile) pests may occasionally accompany shipments. This was initially a cause of some 
concern among biosecurity officials. However, the successful import of irradiated fruits into 
the US and New Zealand shows that the issue is being managed and will continue to 
decrease in importance as further experience is gained. The issue does emphasise the 
importance of record-keeping and the certification and labelling documents that 
accompany shipments. 

Research has been carried out on radiation-damage to insects at phytosanitary doses 
with the hope that it would prove possible to identify irradiated insects. Some success has 
been achieved and Nation (1999) nominated several possible markers to indicate 
treatment, but the methods are too time-consuming, costly and require expert 
interpretation. They are not yet useful for confirming that an insect has been irradiated on 
a rapid, routine basis. 
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This results in an added level of importance to the certification procedures for irradiation 
facilities, treatment monitoring, proper record documentation, labelling of shipments and 
system integrity. Eventually, visual inspection for the target pests may be replaced by 
100% reliance on a certification system for confirmation of treatment application and 
efficacy (IPPC 2009, Hallman 2008). 

Compliance by the approved radiation facility with accurate records as specified by the 
relevant radiation licensing authorities and relevant plant quarantine authorities, regulated 
at the national, state and local government authority, in establishing traceability will be 
fully documented.  The treatment facility must keep all dosimetry and treatment records. 

A copy of the procedural documentation for Facility Records and Traceability used at the 
Steritech Narangba facility is attached in the following page. Mango and litchi are routinely 
irradiated at the facility prior to shipment to New Zealand. 

Food irradiation may be incorporated as part of a Hazard Analysis and Critical Control 
Point (HACCP)-plan where applicable but a HACCP-plan is not required for the use of 
radiation processing of food processed for purposes other than for food safety.  The 
provisions of this Code will provide guidance to the radiation processor to apply the 
HACCP (1997) system, as recommended in the Recommended International Code of 
Practice General Principles of Food Hygiene (2003d - CAC/RCP 1-1969, Rev 4-2003, 
Amd. 1-1999), where applicable for food safety purposes to foods processed by ionizing 
radiation. 

Accurate records will allow tracking and tracing in addition to meeting regulatory 
compliance.  Retail distribution channels are able to respond to needs from their suppliers 
about the status of production, manufacturing and shipping. 
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Facility Records and Traceability 
On  receipt  of  each  delivery;  pallets  and  trays  are  counted  and  verified  by  2  staff.  
Accompanying mandatory documentation is checked for accuracy and completeness; tray count 
is verified in writing in the space allocated on the form.   
 
All  pallets  must  be  packaged/wrapped/protected  according  to  the  guidelines  set  by 
AQIS/MAF/Biosecurity Australia to meet export requirements PRIOR to arrival at Steritech. 
 
Each pallet  is  checked  for damage and  labeling as  it  is unloaded  from  the  transport provider.  
Each  tray  must  be  labeled  as  outlined  by  FSANZ/AQIS/MAF/Biosecurity  Australia  and  in 
accordance with  the  requirements  of  the destination  country.    If  during  the  checking process 
damage  to  the  product  or  incorrect  or  absence  of  labeling  is  found,  the  company/persons 
presenting  the  product  for  treatment  are  notified  immediately  by  the  Operations  Supervisor.  
Treatment  will  be  delayed  and  extra  charges  will  be  incurred  by  the  company  or  persons 
responsible for payment of Steritech’s invoice. 
 
Pallets are to be held in the designated area to prevent cross contamination. A process indicator 
is  placed  on  the  outside  of  the  pallet.  A  Process  Indicator  is  also  known  as  ‘Gamma  Dot’; 
“Irradiation Indicator Label’; ‘Go No Go Sticker’. 
 
Product  is  then bookedin;  to  our  system  and  given  an  identification/lot  number,  with  the 
following information: 
 

•Identification of Grower. 
•Identification of Exporter. 
•Identification of Facility. 
•Number of trays per pallet. 
•Number of pallets. 
•Destination Country, and Country specific Irradiation Certificate requirements. 
•Dose range; (e.g. 250Gy – 1000Gy). 
•Fruit variety. 
•Date of Treatment.  
 
Treatment Load Station Log Requires: 
• The date of processing and the signature of the operator. 
• The sequential pallet number (log‐in number). 
• The customer's name (usually abbreviated) and the product lot number. This information 

identifies back to the Lot Number and Booking‐in System. 
 
Routine Dosimeter Placement and Records: 
• Dosimeters are placed in the routine position, on every pallet of each consignment. 

Results to be recorded on the Certificate of Irradiation - Customer Copy, Warehouse 
Copy and Office Copy.  

• Results are also recorded in the Processing Log Book and on an Electronic Perspex 
file. 

 
**Steritech maintains records for a minimum of seven years.** 
 
The  following  attachments  are  for  grower/exporter  to  fill  in  prior  to  processing 
(mandatory).  

VICTORIA 
160 South Gippsland 
Highway 
Dandenong 3175 
 
PO Box 4040, 
Dandenong South 
Victoria 3164 Australia 
 
Telephone: (03) 8726 
5566 
Fax No: (03) 9701 3158

NSW 
5 Wildemere Rd 
Wetherill Park 2164. 
 
PO Box 6632, 
Wetherill Park 
N.S.W. 3164 Australia 
 
Telephone: (02) 9609 
5566 
Fax No:  (02) 9604 4396 
EM:

QLD 
180 Potassium St 
Narangba 4504 
 
PO Box 376, 
Burpengary  
Qld 4505 Australia 
 
Telephone: (07) 3293 
1566 
Fax No:  (07) 3293 1544 
EM:
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Attachments: 
1.1Gamma Irradiation Agreement. (completed at the start of every season) 
1.2Request for Irradiation of Tropical Fruit – Purchase Order. (required for every delivery) 
1.3Acknowledgement of Treatment and Loading Services. (completed at the start of every season) 
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APPENDIX 5 – PACKAGING 
Irradiation and packaging 
Irradiation disinfestation takes place after final packaging.  Fruits treated by irradiation are 
shipped in the same cartons in which they are treated.  Packaging is important in 
maintaining hygiene.  The structural integrity and purpose of the package must be 
maintained and no mobile chemical products that could migrate into the food should be 
produced following irradiation. 

The IPPC, under Article IV(4) 2(g), imposes a responsibility on national plant protection 
organizations to ensure that the phytosanitary security of consignments after certification 
regarding composition, substitution and re-infestation is maintained prior to export.  In 
Australia, ICA-55 (ICA 2011) imposes conditions on post-treatment security of packages 
in section 7.10 as follows.  Treated fruit shall be held for the minimum practical period 
after treatment before it must be secured against infestation.  Completed pallets shall be 
held for the minimum practical period before placing in secure conditions that prevent 
infestation.  Certified fruit must be transported from the facility in secure conditions which 
prevent infestation by fruit fly. 

Secure conditions include: 

(a) unvented packages; 

(b) vented packages with the vents secured with gauze/mesh with a maximum 
aperture of 1.6 mm; 

(c) fully enclosed under tarpaulins, hessian, shade cloth, mesh or other covering 
which provides a maximum aperture of 1.6 mm; 

(d) shrinkwrapped and sealed as a palletised unit; 

(e) fully enclosed or screened buildings, coldrooms, vehicles or other facilities free 
from gaps or other entry points greater than 1.6 mm. 

The insect-proof cartons have no openings that will allow the entry of fruit flies and the 
cartons will be sealed with seals or polywrapped that will visually indicate if the cartons 
have been opened.  Alternatively, each pallet of cartons must be completely enclosed in 
polyethylene, shrink-wrap, or another solid or netting covering that completely precludes 
access to the cartons by fruit flies before leaving the room.  
 
Extra conditions apply to fruit transported to Tasmania. 

The identity of treated lots is preserved by wrapping each pallet with polyethylene shrink 
wrap, net wrapping, or strapping so that each carton on the outside row is constrained, 
before leaving the irradiation facility.  

Australia New Zealand Food Standards Code 1.4.3 provides permission for articles and 
materials to be in contact with food in accordance with conditions set out in the Standard. 
However, the Code does not specify the details of materials and places the responsibility 
on to manufacturers. There is an Australia/New Zealand standard for plastic materials in 
contact with food (SA 1999). 

Australia New Zealand Food Code Standard 1.5.3 provides permission for the irradiation 
of a range of tropical fruits, including carambola, tomato and capsicum which, like apples, 
apricot, cherry, nectarine, peach, plum, strawberry and table grape, has edible peel.  The 
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packages and packing materials should be of suitable quality and in an acceptable 
hygienic condition appropriate to this form of processing. 

Currently, mango, papaya and litchi that are treated with ionizing radiation are packed and 
irradiated in standard fibreboard fruit and produce packages, and plastic inserts.  These 
fibreboard packages are standard fruit boxes that are sized according to the dimensions 
of the particular fruit in question. 

The corrugated or fibre board fruit boxes used for packing fresh produce are made from 
components consisting of kraft and recycled papers, inks, adhesives and various other 
coatings.  The components used by Amcor, Carter Holt Harvey and Visy are listed in the 
Tables A5.2 and A5.3 and Plate A5.1, respectively.  Material details are present 
individually or in combination. 

The materials used in manufacturing the fibre board packages and the plastic inserts are 
radiation-resistant at the disinfestation dose applied (150 Gy–1 kGy) and are approved for 
use in irradiating fruits and vegetables, under US FDA 21 CFR § 179.45 Packaging 
materials for use during the irradiation of prepackaged foods, Subpart C. 

The packaging will provide an effective barrier to re-contamination and re-infestation.  
Packaging must also meet the requirements of the importing region or country.  
Packaging will take into consideration the Codex General Standard for Irradiated Foods 
(CODEX-STAN 106-1983, Rev. 1-2003) and the Recommended International Code of 
Practice for Radiation Processing of Food (CAC/RCP 19-1979, Rev. 2-2003).  

Most food packaging materials have been shown to be resistant to irradiation damage at 
doses below 10 kGy and maintain integrity (Kilcast 1990, Morehouse and Komolprasert 
2004, Komolprasert 2007).  Komolprasert (2007) provides a useful review of packaging 
materials that have come into common use since the list of packaging materials for food 
irradiation was first approved by the FDA (2007), and how their safety may be assessed.  

Both the EU and the USA have regulations to guard against the migration of chemicals 
from food packaging into the food or onto its skin.  The selection and control of maximum 
migration levels of monomers in plastics and other materials used in the manufacture of 
food packaging in Australia and New Zealand has been based on what is permitted in 
some overseas legislation. 

Irradiation breaks polymers down into smaller molecular compounds and it is important 
that irradiation does not produce chemicals that are capable of migrating into the food with 
which it may be in contact. A list of packaging materials that are safe for use with 
irradiation approved by the US FDA is shown in Table A5.1. 

Safe packaging materials are also addressed in 21 CFR 179.21 which specifically allows 
the use of wax-coated paperboard, which are a common carton type for packaging fruit 
and vegetables.  Most of the packaging materials will withstand doses up to 10 kGy which 
is considerably higher than proposed 1 kGy maximum dose apple, apricot, cherry, 
honeydew, nectarine, peach, plum, rockmelon, strawberry, table grape and zucchini. 

Plastic inserts used do not discolour, lose strength or embrittle when irradiated at the 
recommended doses.  Some of the plastics described above may be modified with 
various adjuvants and other preservatives.  The Federal Code also addresses adjuvant 
substances and coatings. 

Various commercial adhesives and inks used for labelling are safe and generally resistant 
to irradiation.  The inks contain pigments and dyes that are stable under visible and ultra-
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APPENDIX 6 – METHODS OF VERIFICATION OF 
IRRADIATED FOODS 
There is no one simple method available for detecting whether food has been irradiated. 
This emphasises the minimal chemical changes that occur at doses below 10 kGy. 

Post irradiation analytical method, such as include electron spin resonance (ESR), 
thermoluminescence, lipid-derived volatiles, viscometry, electrical impedence and 
DNAComet assay are available.  None are generally not practical or reliable for easy and 
rapid verification at the low phytosanitary doses (<1kGy) requested in this application, 
again emphasizing the importance of proper documentation systems. 

A number of post-irradiation analytical methods are available that can be applied to 
different kinds of food (Marchioni 2006).  The methods are purpose-detection methods 
and applicable to foods containing fats, bone, cellulose or dry crystalline material such as 
dust particles present during irradiation.  The methods have been verified in international 
trials. Verified detection methods (EU 2009b, CAC 2003d) are listed in Table A6.1.  These 
methods are effective at doses in excess of 1 kGy.  Detection of irradiated food containing 
cellulose by ESR spectroscopy (EN 1787:2000) may be applicable for fruit and vegetables 
at doses above 1 kGy within about three weeks after treatment.  

The detection tests may estimate the dose delivered to the food approximately but cannot 
accurately measure it.  They are not a form of post-treatment dosimetry.  Detection tests 
however, can assist in the enforcement of labelling requirements by confirming whether or 
not a food has been irradiated. 

Currently, countries permitting the use of irradiation for phytosanitary disinfestation and 
other uses, e.g. USA, Australia, New Zealand and India, have selected phytosanitary 
certification, systems audits and treatment monitoring procedures supported by record 
keeping for management of the irradiation process.  Credible certification and accurate 
record keeping will continue to provide the most reliable and practical methods of tracking 
fruits that have been irradiated and for ensuring compliance with regulatory requirements.   
Adherence to the guidelines by all stakeholders will serve to uphold the current position 
within the principles on good manufacturing practice, good irradiation practice and food 
safety. 
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