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INTRODUCTION

This paper sets out to review and assess the major potential

applications of irradiation in horticultural produce of direct or

indirect interest in Ireland. Because of low product volumes and

seasonality, access to such applications will probably depend on the

existence of a multipurpose (rather than specialised) food irradiation

facility. The benefits of irradiation derive mainly from the fact that

it can destroy spoilage organisms, inhibit cell division and growth, and

reduce some types of enzyme activity. The objective of irradiation of

horticultural produce is quality retention i.e. extension of useful

storage or shelf-life. Horticultural produce comprises a wide range of

plant materials with storage lives ranging from a few days to over nine

months. The storage needs of each major category of produce is catered

for by combinations of existing post-harvest technologies (Table 1). In

TABLE 1: Technologies used in post-harvest storage of
horticultural produce

Refrigeration
Modified atmosphere stores/packac,es
Chemical sprout inhibitors
Pungicidal dips
Packaging



many potential applications irradiation complements these existing

technologies and depends on them; in a few cases it directly competes,

and in other areas it introduces possibilities which did not exist

previously. Successful irradiation of horticultural produce requires

attention to factors important in extension of storage life such as

agronomic practice, post-harvest physiology and post-harvest technology.

The physiological age of produce can also strongly affect its response

to irradiation (1).

In general, different categories of horticultural produce are

irradiated for single main beneficial effects such as mould inhibition

in strawberries, though other effects of irradiation play secondary roles.

For simplicity, in this paper three main beneficial effects of

irradiation are discussed separately and secondary and side-effects

alluded to where relevant:

1. Inhibition of microbial growth.

2. Inhibition of cell division and further growth.

3. Inhibition of ripening and senescence.

Besides these beneficial effects, irradiation can also have unwanted

side-effects on plant tissues (Table 2). These arise mainly through

TABLE 2: Some unwanted side-effects of irradiation in
horticultural products

Excessive tissue softening
Epidermal (skin) damage
Poor wound healing
Pigment damage
Physiological side-effects
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molecular damage, activation of enzymes, and unwanted inhibition of cell

division, (2-5). Such side-effects can limit the size of the irradia

tion dose given to a particular subject (6). In a few cases they present

special problems. For example in irradiation of potatoes to inhibit

sprouting, physiological side-effects can cause difficulties in

subsequent frozen chip production (see below) (7). Because chlorophyll

is radiation sensitive, some green leafy vegetables are unsuitable for

irradiation e.g. doses of 0.5 kGy cause yellowing in lettuce (1).

1. INHIBITION OP MICROBIAL GROWTH

Products which could benefit from this main effect have short post-

harvest lives terminated by microbial spoilage. Irradiation doses used

are in the 1-3 kGy range (1, 8, 9). The most widely studied application

is shelf-life extension in strawberries through mould inhibition, but

applications in other soft fruits, grapes, prepared vegetables and other

products have also been successful (1, 8-11). The most relevant

applications to Irish horticulture are probably those in strawberries

and prepared vegetables.

In the case of strawberries, as in other applications of this type,

the product must be protected from re-infection by overwrapping with a

suitable film. Although some workers found it necessary to combine heat

and irradiation in order to reduce the irradiation dose and so minimise

side effects (6), promising results with irradiation alone are reported

from South Africa (8) and their work probably represents the state of

the art in this application. In this South African work, attention to

interactions between irradiation, agronomic factors and post-harvest

treatments was important (Table 3). In fact, substantial increases in
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ge life were obtained only when fruits of uniform maturity were

used, when field heat was removed to 5 C immediately after picking, and

when fruits wero irradiated at 5*C and subsequently stored at 5 C.

The data in Table 3 compare storaqe life obtained in the South African

work with recent VK data on stornqe oi. unirradiatod strawberries in

CQ^-enriched atmospheres (12). Although the cultivar used and other

TABLK 3; Storage life in strawberries using (a) refrigeration
and COJJ-enrichment (b) irradiation and refrigeration

COLD STORAGE WITH 90% MARKETABILITY

Cold Storage Life (days)

o
(a) Field heat removal to 2-4 C 6 plus 1-3 shelf life

storage at 1-2°C, 15% CO^

(b) Field heat removal to 5 C
irradiation (2.4 kGy),
storage at 5°C 20 + ? shelf life

Data based on Brown et al (12) and Broderick et al (8)

experimental conditions were somewhat different/ the increase of

refrigerated storage life from 6 to 20 days gives some indication of the

practical benefits of irradiation.

Some have questioned the need for such storage life extension (13).

Implementation of strawberry irradiation could, however, considerably

alter current trading patterns by vastly increasing the mobility of the

product. Expensive out-of-season production in North-West Europe may

have to compete with irradiated strawberries imported by sea from the

Southern Hemisphere. Main-season producers could suffer serious

competition from low-cost countries such as Poland. In Ireland, the

fresh market for strawberries is relatively small and growers here
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freeze much of their high quality fruit for use by UK jam-makers. With

declining jam sales but a buoyant demand for fresh fruit in the UK,

irradiation of strawberries could present Irish producers with an

worthwhile opportunity.

Langerak and Damen (9) irradiated prepared mixed vegetables

("soupgreens") which had a mixed microbial flora, at doses up to 2kGy

7 1+

and this reduced total counts of 10 /g to about 10 /g. This treatment

increased shelf-life of the product at 10 C from 1 to 4 days by

retarding sour odour development. Inhibition of enzymatic browning at

cut surfaces and of after cooking browning in the onions present in the

mix were important secondary effects. The increased shelf-life was

sufficient to allow the product to be distributed nationally in Holland.

It's difficult to estimate the relevance of such an application to

Ireland, but if patterns evident in other countries are repeated here,

there should be increased demand at consumer and catering level for this

type of product.

2. INHIBITION OF CELL DIVISION/FURTHER GROWTH

2.1 Inhibition of sprout development in stored potatoes and onions

Low doses of irradiation (0.05 - 0.15 kGy) can inhibit cell

division in meristematic tissue and prevent sprcut development (7). In

both potatoes and onions, use of irradiation would compete directly with

current technology - sprout inhibition using chemical sprout inhibitors

such as chloroisopropyl N-(3-phenyl) carbamate (CIPC) and maleic

hydrazide. Table 4 compares sprout inhibition by irradiation and

chemical means. Both methods can be used effectively (14), and are

regarded as safe (15, 16). However, irradiation costs at least 1.5
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TA3LE 4: Sprout inhibition by irradiation and chemical means: a comparative overview

CIPC/IPC
POTATOES

Irradiation
ONIONS

Maleic Hydrazide Irradiation

CO

o

Inexpensive

Effective

Residues regarded
as safe

No side-effects

Expensive

Effective

No chemical residues

Problems for chip manu-
facture

Inexpensive

Effective in large
or small-scale use

Residues regarded
as safe

No side-effects

Expensive

More effective than MH at
high storage-temperatures

No chemical residues

Minimal side-effects



times the capital and operating cost of chemical sprout inhibition (7)

and can cause problems in potatoes for fro2en chip manufacture by

increasing free sugars (leading to excessively brown chips) and

increasing after cooking blackening (7). These latter problems are the

subject of on-going research (5f 17). In onions, there is a minor side-

effect of irradiation - internal browning at the base of the growing

point (18) but this appears to be of no practical importance.

Irradiation is superior to maleic hydrazide in sprout inhibition of

onions exported to the tropics, where ambient storage temperatures are

higher than in Europe, and the Dutch onion industry plans to use

irradiation for this purpose (7). Apart from this latter application,

irradiation does not offer economic advantages over conventional sprout

inhibition. Its future use depends strongly on attitudes of consumers

and governments to chemical residues in foods where an alternative

residue-free technology exists.

2-2 Inhibition of cap-opening and stalk growth ir: mushrooms (Agaricus
bisporus)

White closed mushrooms are preferred by the consumer, but quality

is rapidly lost through stalk growth, cap opening, enzymatic browning and

desiccation (19). The best existing technology aims to hold mushrooms

at 3-5*C in packages with good vapour barrier properties, but the high

respiration of the product and the insulating effect of the packaging

make this difficult (19). Irradiation strongly inhibits stalk opening

and enzymatic browning (19, 22) and results in substantial shelf-life at

moderate refrigeration temperatures (19), In a study on the effects of

irradiation and packaging on the keeping quality of mushrooms, Langerak

(19) found that, after allowing for transportation, unirradiated

mushrooms remained at first quality for 1, 2 and 3 days at 20°C, 8-10°C
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and 3-5 C respectively. Irradiated mushrooms held at the same

temperatures remained at first quality for 5, 7 and 10 days

respectively. Thus irradiated mushrooms at 8-10 C had shelf lives four

days lcnger thin unirradiated mushrooms at 3-5 C. Since temperatures of

8-10 C can be attained with less refrigeration cycles than temperatures

of 3-5PC this should not only save refrigeration costs but result In

less desiccation and condensation. Such substantial technical benefits

from irradiation could be important to a mushroom exporting country

(estimated value of Irish domestic fresh mushroom production (1984) was

IR£ll.6M of which IRf8.5M was exported). If our major competitors begin

to use this technology it will be essential for Irish growers to have

the option of doing likewise. Research on practical aspects of mushroom

irradiation under Irish conditions is urgently needed, but is being

prevented through the lack of a suitable irradiation facility.

3. INHIBITION OF RIPENING/SENESCENCE

Inhibition of ripening and senescence as a main effect is probably

the least relevant type of application for Irish horticulture. Research

has focused on inhibition of ripening and senescence in sub-tropical

fruits, because there is no alternative means to extend storage life (1,

23). This is because refrigeration of sub-tropical fruits such as

mangoes and avocados to temperatures < 12 C causes serious chilling

injury. By irradiating at doses of about 1 kGy, storage life at 12 C is

doubled. Increasing this dose to about 2 kGy also inhibits spoilage by

moulds but c.iuses skin damage in many sub-tropical fruits. As a result

doses of about lkGy in combination with hot water treatments can be used
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to inhibit both ripening and mould development.

Tomatoes are an important chill-sonsitive crop grown in greenhouses

o

in Ireland. These fruits don't tolerate temperatures below 10 C, and

irradiation or combination treatments could probably be applied to them

to increase storage life (1). However, such an application would have

no economic benefits because production is close to markets, and by

combining harvesting and storaqe techniques storage life of 2 weeks or

more is possible.

Also under this heading come effects of irradiation in reducing

apple scald and other physiological disorders in apples stored in

controlled atmosphere stores (1). With electron rays (3 MeV), incidence

of scald was reduced from 23% to 1% in stored apples of cultivar

Goudreinette. However, research on applications of irradiation in this

area is at an early stage. In the short term at least, it is likely

that physiological disorders will be tackled by improvements in

husbandry and by advances in controlled atmosphere storage technology.

CONCLUSIONS

Table 5 summarises the potential applications of irradiation in

horticultural produce discussed in this paper. For most horticultural

commodities irradiation offers no substantial technical benefits over

existing post-harvest technology. However, there are at least two

practical applications which are likely to be used in international

trade and will impinge on the Irish industry viz. shelf-life extension

in strawberries and mushrooms. Both applications could present

opportunities to defend our existing markets or to expand beyond what

- 83 -



was previously feasible.

TABLE 5: Some application of irradiation in horticultural
produce

Commodity Objective Dose (kGy)

Potatoes, Onions Sprout inhibition 0.05-0.15
Sub-tropical fruits Delayed ripening 0.25-0.75
Mushrooms Shelf-life extension 1.0 -3.0
Prepared vegetables Shelf-life extension 1.0 -2.0
Strawberries etc. Storage/shelf-life 1.0 -2.0

extension

A major area of uncertainty not considered in this paper is that of

consumer acceptance of irradiated horticultural products and irradiated

food generally. Thus, despite its technical benefits irradiation may

prove to be a difficult technology to use in practice particularly in

the early years. On the other hand, it may rapidly achieve wide

acceptability.

In any event, now is the time for research on practical

applications using Irish grown produce, so that Irish producers can

apply this new technology as soon as the legal framework allows it, and

marketing conditions and consumer acceptance make it economically

worthwhile.
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