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SUMMARY

All foodstuffs are subject to different
kind of decay. For that reason various
preservation methods have been developed over
the years in order to prevent chis decay. In
addition to the usual methods such as cooling,
heating, chemicals etc., ionizing radiation
has also been used- This physical method of
preservation is gaining more and more ground
in the food industry bee? r . the application
of radiation offers cert prospects.

As far as food presi ition is concerned,
ionizing radiation has th.; following effects:
- (Micro)btological effect. Depending on the

dose, radiation can disinfest, decontaminate,
pasteurize or steri l ize a product.

- Physiological effect. By influencing
physiological processes in the product,
radiation can result in : inhibition of
sprouting or delaying of growth and ripening
of f rui ts and vegetables after harvest.

- Physical effect. A high dose increases the
permeability of cellwails in dehydrated
vegetables, resulting in shortening of
cooking times and an improvement of the
quality.

Irradiation offers a number of specific
possibilities in food preservation, because of
the preserving effect without considerable
temperature increase.

Over the years a wide range of application
has also been developed by irradiadion
research.

As every preservative method also food
irradiation has i ts restrictions. When too
high dose is given, texture, colour and flavour
losses can occur. Where these dif f icult ies
exist, radiation is carried out in combination
with other preservation methods. A combination
of a mild heat treatment with irradiation is
wry effective in cor troll ing moulds. Practical
applications have already been started with
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tropical products such as mangoes, papayas and
avocadoes.

In view of the wide spectrum of
application possibil it ies, i t is to expect
irradiation wi l l claim its place in the f ie ld
of food preservation, especially where the
conventional techniques are inadequate.

1. INTRODUCTION

I t i s a well-known fact that a l l foodstuffs are
subject to physiological, chemical, biochemical
and microbial decay. In general, the most common
form of deter iorat ion of foodstuffs Is that
caused by microorganisms; but enormous losses
are also caused by desiccation, so adequate
packaging is very important.

Various preservation methods have been developed
over the years In order to prevent microbial
decay.
Recently, in addit ion to the usual methods such
as heating, cool ing, addit ion of chemicals,
e t c . , ionizing radiat ion has also been used,
especially in the medical Industry. This method
of preservation Is gaining more and more ground
in the food industry because the appl icat ion of
radiat ion offers certain prospects. Every pre-
servation method has i t s own specif ic properties
and applications. This applies also to preser-
vation by means of Ionizing radiat ion.

2. PROPERTIES OF RADIATION

For food preservation and I r rad ia t ion of non-
foods only gamna rays and electrons are used,
produced by Cobalt-60 sources and electron
generators respectively. Gamma rays form part of
the electro-magnetic spectrum, which is shown in
Fig . 1. In th is spectrum the waves of various
kind of rays become shorter from l e f t to r i gh t .

In addition to UV rays there are rõntgen (X) and
gainna rays. The shorter the waves, the more
penetrating the rad ia t ion, due to the higher
energy (often expressed as eV). Whereas UV rays
cannot penetrate glass (they are abso-bed),
X-rays and gamma rays penetrate both glass and
packaging. The penetrating qual i t ies of gamma
rays through packaging are dependent on the
fol lowing factors:
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FIG. 2. Penetration curve and dose curve of a double-sided gamna Irradiation.
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- the energy of rays;
- the specific mass of the packing material;
- the density of the packed product.
The density of the packed product is usually the
most important factor. The distensions of the
packaging intended for an irradiation treatment
also depend, in addition to the density of the
packed product, on the required uniformity of
radiation dose in the packaging: the Dmax/Dmin
ratio, as shown in Fig. 2. Dm% is the highest
absorbed dose in the packaging and Dm-jn the
lowest1.
Uniformity Is increased by irradiating the pro-
duct on two sides. I f the product requires great
uniformity of radiation dose, i .e. small D M X /
Dmin ratio, then the dimensions of the packaging
must be adapted. If the product allows a large
omax/omin rat io, e.g. 3, as is the case when
onions are Irradiated to prevent sprouting, then
i t is possible to use bulk bins with a content
of 1 HH measuring l m x l m x l m . .lie required
uniformity is determined by the sensitivity of
the product to irradiation. In the case of a
large difference in D^,, and 0m^n non-acceptable
taste, odour and colour differences can arise In
this sane packaging. Because of this. Irradia-
tion In pallet packaging 1s not always possible.
T n e nmax/nm1n relationship i s , therefore,
related to the quality requirements of the
product.

Not only gamma rays but also electrons are used
in food preservation. In general they are less
penetrating than gamma rays and are, therefore,
only used for products of limited thickness or
for surface irradiation. The penetration of
electrons into the material takes place
according to the Bragg curve.

TABLE 1. THE PENETRATION DEPTH OF ELECTRONS IN
MATERIAL WITH A DENSITY OF 1 , WITH A SINGLE-
SIDED AND A DOUBLE-SIDED IRRADIATION

Energy
(MeVV

1

2

4

6

8

10

Maximum depth
(cm)

0.5

1.0

2.0

3.0

4.0

5.0

Effective
thickness

packaging
(cm)

single-sided double-sided

0.3

0.6

1.2

1.9

2.5

3.1

0.9

1.7

3.5

5.1

7.0

8.9

The penetration of electrons 1s also determined
by the energy of the rays and the density of the
material. Because dose distribution runs from
100 to 0%, the concept of effective packaging
thickness Is Incorporated; this Is 3/5 of the
maximum depth of penetration. With a double-
sided Irradiation, this packaging thickness Is
Increased?. An outline of the penetration depth

of electrons with varying energies is given in
Table 1.
Table 1 shows that, in comparison with ga*M
rays, the packaging thickness with electrons,
even with high energies, is limited. For bulk
packaging, therefore, only gama rays are
suitable.

2.1 DoSe
As with heating or cooling treatments, a unit Is
us?d for the dose of radiation given. The former
unit was the rar* Radiation absorbed dose): 1
rad - 100 erg absorbed energy per gram of
tissue; 1000 rad = 1 krad; 1000 krad - 1 Mrad.
Since the adoption of the new SI units, the Gy
(gray) is used: 1 Qy « 1 Joule/kg * 100 rad.

2.2 The effect of radiation
As far as food preservation Is concerned,
ionizing radiation has the following three
effects:

1. (Micro)biological effect. Radiation can
destroy (micro) organisms. Depending on the
dose, radiation can
- disinfest (inactivation of insects, larvae,
eggs);
- decontaminate (pathogen-free: elimination of
non-sporulating pathogenic microorganisms);
- pasteurize (lowering of the bacterial count,
shelf - l i fe extension);
- steri l ize (destruction of al l microorganisms,
more or less unlimited shei f -Hfe) .
2. Physiological effect. By Influencing biochem-
ical processes m the product, radiation can
produce the following effects:
- inhibition of sprouting (potatoes, onions,
carrots);
- delay of growth and ripeness (mushrooms,
f ru i ts ) .
3. Physical effect. Changes In permeability of
cell walls (shortening of drying and cooking
times In dried vegetables).
How radiation brings about the above-mentioned
effects Is very complicated. I t Is assumed that
the abi., bed energy produces very small mole-
cular changes in tissue, whereby certain biochem-
ical processes can be decreased or Increased.

How does Irradiation Influence the shelf- l i fe of
fruits and vegetables compared with other pre-
servation methods? This can be shown with the
help of Table 2 which compares the effects of
cooling, heating, Irradiation and food additives
on components which govern the shelf- l i fe and
quality of fruits and vegetables. These com-
ponents are:
- the number of microorganisms In and upon the
product;
- biochemical processes in the product
(senescense, respiration);
- desiccation.
Table 2 shows that cooling does not k i l l micro-
organisms, but only delays their growth. The
rate of senescence (dissimilation) Is delayed by
cooling according to the Qio rule. Cooling,
however, promotes desiccation because open
packaging Is necessary to allow the cold to
penetrate. The fresh character of a product 1s
maintained by cooling. A heat treatment k i l ls
the microorganisms, arrests senescence by the
Inactivation of enzymes, and promotes desic-
cation (loss of weight). The product Is com-
pletely changed by a heat treatment; the fresh
character disappears.
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TABLE 2. EFFECT OF VARIOUS RESERVATION «TWOS ON THE
COMKHTS GOVERNIK SHELF-LIFE A » QUALITY

TAUE 3 . A IT OF RADIATION APPLICATION IN FOOD PRESERVATION

D o » fk«?> Ala

Components

Microorganisas

Senescence

Desiccation

Product

Prtservttion aethoos

Coolingi Heating Radiation* Additives

• • • +

+ • • 0

• o

O - 0 O (•)

* • positive; - • negative; • • moderate; 0 • no effect.
1. Coolfng to 0*C.
2. Dose loner than 5 kGy.

Like heating, an irradiation treatment inacti-
vates most of the microorganisms. It also has a
delaying effect on senescence (ripening) by
reducing the enzyme activity in the product. The
effect of irradiation on senescence is, however,
less radical than that of cold or heat. A com-
bination of irradiation with a moderate cooling
treatment is, therefore, usually necessary.
No extra desiccation appears with Irradiation;
it is even possible to Irradiate a fresh product
in sealed packaging. In such packaging, a modi-
fled air composition (low 0? and high COg con-
tent) can develop from the respiratory activity
of the product. This kind of gas storage delays
senescence, thus giving a longer shelf-life.
Like cooling, an irradiation treatment roes not
change the fresh character of the product (no
temperature Increase occurs!). So far, no harm-
ful substances have been shown in products which
have been preserved by irradiation.

Food additives diminish the number of micro-
organisms, but generally have no effect on
senescence, on desiccation or on the product
itself. The application of chemicals, however,
leaves residues in and on the product, which may
be harmful.

3. POSSIBILITIES OF IRRADIATION

I t has been shown that Irradiation offers a
number of specific possibilities In food preser-
vation, because of the preserving effect without
considerable temperature increase. An absorption
dose of 10 kGy per hour Is equal to 10* J kg'1

h**, resulting In an increase in temperature of
2.78'C.
In the past, irradiation has often been applied
as a substitute for cooling. Irradiation,
however, requires I ts own specific technology.
In fact, irradiation should be considered as
being supplementary to or an Improvement of an
existing preservation method. I t may only
totally or partially replace such a method (e.g.
refrigeration) i f the product does not tolerate
that particular treatment (alternative).
Over the years a wide range of possibilities has
been developed by irradiation research (see
Table 3 ) .

4. CONDITIONS FOR A CORRECT IRRADIATION
TREATMENT

To achieve optimal results with the application
of Irradiation i t is desirable to know the

Tuber, bulb end root
vegetables

trains, grain products,
dried fruit

roa* Md stow frui t ,
tropical fruit

Pre-packed vegetables

Soft fruit

Canned products

Deep-froien, dried
products (re»a»ter1a))

Non-food

O.O2-O.1S

0.2-0.5

0.25-1.01

O.S-2.0

2.0-2.5

2-10

5-10

10-50

Inhibition

disinfestatlon

delay of rotting, ripening
and storage disease

prolonged jhelf-Hfe

prolonged shelf-life

sterilization
(radiation * heat)

dKonttai nation

sterilization

1. Combined «1th heat (40-55*0.

marginal conditions. For " l iv ing" products such
as agricultural and horticultural products, the
following factors are Important.
- The i n i t i a l quality of the product
( irradiat ion cannot convert a bad product into a
good one).
- Ripening stage: the ripening of a product can
only be delayed by irradiation when the f ru i t is
in the preciimacteric stage. In controlling
decay, Irradiation of ripe f ru i ts is more suc-
cessful, because in unripe f ru i ts the natural
resistance to decay can be reduced by i r ra-
diat ion.

TABLE 4. DECIMAL REDUCTION (D l o VALUE) FOR SOME
MICROORGANISMS?

Species

Pseudomonas spp.

Escherichta coll (aerobic

Escherichia coil (anaerobic)

Salmonella spp.

Streptococcus faecal is

Fungus spores (Peniciiiium,
Aspergillus, etc.)

Bacillus pumiius (spores)

Clostridium sporogenes

Clostridium botuiinum

Micrococcus sodonensis

Micrococcus radiodurans

Dose (kGy)

0.10 - 0.20

0.12 - 0.35

0.20 - 0.45

0.20 - 0.50

0.50 - 1.00

0.50 - 0.70

ca. 1.70

1.60 - 2.20

1.50 - 2.50

ca. 1.95

>5.00

- The in i t ia l contamination: to apply the opti-
mal dose, knowledge of type and level of the
contamination Is Important. From Table 4 1t can
be seen that microorganisms have different
resistances with regard to Irradiation. This
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resistance Is expressed as a Djo value (the
irradiation dose corresponding with a decimal
reduction). When level and type of contamination
are known, i t Is theoretically possible to
calculate a dose at which al l microorganisms are
Inactivated.
- Time of irradiation: for physiological and
microbiological reasons the product should be
Irradiated as soon as possible after harvesting.
Investigations have shown that, with ageing of
the product, irradiation is less effective.
Also, after harvesting, the nunber of micro-
organisms increases very rapidly and i t is also
possible that the microorganisms become more
resistant with storage, resulting in the neces-
sity of a higher dose, with a l l the consequen-
ces.
- The packaging nust be adapted to the irradia-
tion procedure. Because irradiation does not
prevent desiccation, sealed packaging is usually
recommended; the product is then also protected
against external Influences (re-Infection).
- Storage and transport conditions. These nust
also be adapted to both the product and the
Irradiation procedure. In combination with
Irradiation a too low storage temperature can
stimulate tissue damage.

In "dead" products, such as raw materials, In
which few or no enzyme activities are present,
the moisture content in the product plays an
important role. In the case of a low moisture
content, the effect of irradiation on the pro-
duct and the inactivation of microorganisms is
less than when the moisture content is high. In
general, a high O? content promotes the Inacti-
vation of microorganisms by irradiation.
However, under anaerobic conditions a higher
dose Is required for the same microorganisms.

5. APPLICATIONS IN AGRICULTURE

I t is Impossible to discuss this for al l pro-
ducts; a few examples will be given for some
fields of application.

5.1 Disinfestation
Grain and grain products, especially from tropi-
cal countries, are often Infested with Insects,
larvae and eggs. This causes enormous losses and
the countries importing the grain demand
stringent quality requirements. Controlling
these pests by means of Insecticides such as
methylbromide and ethyl ene dlbromide Is
possible. They are usually Introduced into the
silos or sprayed onto products packed In jute
sacks. This, however, means that re-infestation
can occur. The ideal packing for grain and grain
products is polypropylene, because I t cannot be
eaten by Insects and the product I tself 1s also
protected from damp, etc.

Because these bags are impermeable to gases they
cannot be gassed with Insecticides, but can be
treated with gamna rays because these rays can
penetrate straight through the packing and the
product. Because the packing remains sealed, no
re-infestation can occur.
Another advantage of Irradiation is that It-can
control moulds which sometimes cause rotting and
produce mycotoxins that »re dangerous to health.
Disinfestation by radiation Is also a "clean"
treatment; 1t leaves no residues as 1s the case
with insecticides.

5.2 Decontamination
Frozen products from animal origin are often
contaminated with pathogens such as Salmonella.
Frozen vegetables and fruit are often contami-
nated with yeasts and other bacteria that cause
rotting. Because of the more stringent quality
requirements, these contaminated products are no
longer accepted for either export or consump-
tion. Decontamination is, therefore, essential.
Until now the only possibility was heating, but
the product loses its fresh character and the
quality of the product is seriously diminished
(e.g. consistency, colour and taste). Also,
heating requires much energy, because the pro-
duct has to be thawed and re-frozen.

In addition to deep-frozen products, microbial
contamination also occurs in dried products such
as fruit powders, dried vegetables, herbs,
spices and raw materials.
These products form a source of infection during
further processing. Decontamination by ethylene
oxide is possible, but this is toxic, leaves
residues in the product and is forbidden in many
countries. Decontamination by gamma rays Is,
therefore, the simplest solution. An example of
this is given in Table 5.

In relation to decontamination, irradiation
offers the following advantages:
- treatment in the original packaging
- no re-contamination
- maintenance of fresh or deep-frozen character
because there is no temperature rise during
irradiation (cold pasteurization)
- no loss of quality
- no residues, as with gassing
- saving of material (no re-packing)
- saving of energy.

5.3 Pasteurization
Most horticultural products deteriorate during
storage, transportation and distribution/market-
ing, due to microbial decay and desiccation.
Irradiation can control microbial decay, but not
desiccation.
Losses due to desiccation can reach 10 to 30%.
This weight loss can largely be prevented by
storage In high humidity (Fig. 3). Because
during transportation and marketing the humidity
Is often low, adequate packaging of horticul-
tural products is very important. Various
plastics can be used, such as polythene, poly-
propylene, polyvinyl chloride (pvc), polystyrene
and polyvinylidene chlorides (pvdc). The most
commonly used foil is polythene (low density).
Due to the low permeability of the packing and
water vapour from the product, a microclimate
with a high humidity Is present so that weight
loss is limited. But a high humidity also has

TABLE 5. EFFECT OF IRRADIATION ON THE MICROBIAL QUALITY OF NON-BLANCHED

SILVERSKIN ONIONS. AVERAGE COUNT PER GRAM OF 3 SAMPLES4.

Dose
UGyl

0

0.9

1.4

1.8

2.7

viable
count

7.3x10*

1.7»10*

3.8x105

4.4x10*

2.8x10-9

Ent«ro-
bacterf-
aceae

3.2xlO4

2.0x102

3.7x101

• 10

' 10

Esche-
rlcnu
cõTT

n»j.

« 9 .

neg.

«g .

Stapdy-
IOCOECUS

•ureus

-10

• 10

-10

-10

•10

Ye«st «id
moulds

2.4xl03

2.4x103

' 10

-10

'10
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disadvantages: i t stimulates, for example, decay
by microorganisms.

Figure 3 shows the relationship between relative
humidity and decay. To prevent decay, therefore,
holes are made In the packaging so that the rela-
t ive humidity cannot rise above 8$ to 901. The
ideal relative humidity is , however, more than
95*. This is only possible when i t is combined
with radiation, because then microoial decay is
reduced even with a high humidity (see Fig. 3 ) .

In addition to a high relative humidity, sealed
packaging has the advantage that, as a result of
respiration (dissimilation) of the product, the
air composition inside the packing is altered.
During respiration, carbohydrates in the plant-
tissue are oxidized. This 1s represented by the
following formula:

C6H12°6 + 6 °2 ^ 6 C02 + 6 H2° *
Horticultural products, therefore, take up 02
and produce CO?, whereby the O2 percentage
decreases and the CO; percentage Increases in
the packing.
This alteration In air compos tion has a
delaying effect on the respiration process
(ageing) of the product, thus giving a prolonged
shel f - l i fe . There I s , therefore, a sort of
miniature gas storage in the packing.

With an unirradiated product, sealed packaging
is impossible because, due to microorganisms,
fermentation exists in the pack1ng5,6.
For this reason the use of sealed packaging is
only possible in combination with irradiation.

Another example of a different method of packing
in combination with irradiation, is the packing
of soft f rui t such as strawberries, raspberries
and blackberries.

Soft f ru i t generally has a limited shelf- l i fe
because i t is very susceptible to desiccation,
transportation damage and rotting. Closed
packaging offers good protection but 1s
impossible because the high humidity causes
rapid rotting. Only in combination with
radiation can closed packaging be used.

5.4 Sterilization
Netal packaging is usually used for the s t e r i l i -
zation of food. The dimensions depend on whether
the product belongs to the convection or conduc-
tion type. With the conduction type, especially,
the dimensions must be limited, otherwise the
product has to be heated for too long in order
to achieve the desired s ter i l i ty .
Flexible, synthetic materials have also been
used for steril ization for some years now, the
so-called retort packaging, mainly consisting of
laminates of nylon, aluminium and polypropylene.
Because heat steril ization occurs at 121*C, the
qualities required of the plastic packaging are
very high; the number of plastics suitable for
heat sterilization Is , therefore, limited.

When sterilization Is combined with irradiation,
however, I t is possible to reduce the heat
treatment, expressed as an Fo value (Fo value is
the process value = number of minutes necessary
to steril ize a product at 121*C), by 501 of the
original value7. This results in either a

weight loss decoy

%
30

25

20

15

10

S

100 HH

FIG. 3. Effect of relative humidity and Irradiation on weight loss and decay of vegetables.
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shorter heat treatnent, or sterilization at a
lower temperature, e.g. 100'C. Table 6 gives a
clear view of a shorter heat treatment.
Because of these shorter or lower heat treat-
ments less stringent demands are made upon the
plastic Material. The combination of heat and
irradiation for the sterilization of foodstuffs
offers the following perspectives:
- packaging in large units, especially Important
for conduction types;
- greater choice of packing material, which
means it can be cheaper;
- saving of fossil energy because the treatment
is either shorter or is done at a lower tempera-
ture;
- better quality of the product.

5.5 Sprout Inhibition
Tuber, bulb and root vegetables will produce
sprouts during storage, which results in
deteriation of their quality. Sprouting can
partly be prevented by storing the vegetables at
low temperature or by making proper use of che-
mical Inhibitors. Particularly under (semO tro-
pical conditions adequate cooling is often not
available and the chemicals used are not always
effective against sprouting. A good alternative
is the use of Ionizing radiation. With a dose of
0.02 to 0.1S kGy sprouting can be completely
prevented, provided that the treatment Is
carried out when the product Is in its dormancy
period.
For this reason onions should be Irradiated as
soon as possible after harvesting. The relation-
ship between percentage of sprouted bulbs and
delay in weeks between harvest and irradiation
is demonstrated by the following formula:
y « 0.44 x 2 + 0.36 x + 3.41
in which y fs the percentage of sprouting and x
the delay In weeks8. The results are shown in
Figure 4.
A disadvantage of the irradiation of potatoes 1s
that It decreases the natural resistance of the
tubers to fungi, resulting In a higher percen-
tage of rot. The losses can be reduced by paying
due regard to various factors: good quality pro-
duct, careful handling, adequate curing period
before irradiation and proper ventilation during
storage. Another problem in the irradiation of

FIG. 4. Relation between sprouted bulb and delay
between harvest and Irradiation.

potatoes is the after-cooking discoloration
(greyness) and the darkening of the processed
product (chips, crisps, etc.), probably by an
induced Increase In sugar content. Recondition-
ing after storage at temperatures higher than
15 C may help diminish the extent of
discoloration'.

5.6 Delay of growth and ripeness
A number of vegetables, such as asparagus and
mushrooms, continue growing after being
harvested. The result is a decrease in quality.
Also, most fruits are ripened artificially after
picking, and subsequently go through a
senescence process. These phenomena can be
delayed by cooling. However, tropical and
subtropical fruits will not stand storage at
temperatures lower than 10*C, because at these

TABLE 6. EFFECT OF COMBINED TREATMENT ON THE Fo VALUE (SEE TEXT) AND
QUALITY WITH REGARD TO A SINGLE HEAT TREATMENT

Product

Strawberries

Pears

Asparagus

Spinach

French beans

Peas

Heat

3.2

10.0

19.3

4.7

17.5

18.0

Fo value

min/ 85#C

min/ 85'C

min/115'c

min/121'C

min/121'C

ml n/m'C

Heat + irradiation

Fo value

0.9

7.2

8.0

0.04

7.4

6.0

min/ 85*C

min/ 85*C

min/115'C

m1n/l2l*C

min/121'C

min/121'C

dose
(kGy)

<1

<3

<3

>3

<3

as

Quality

colour

+

+

+

+

improvement1

taste texture

• •

+ •

+ •

• +

+ •

1. • • clear; _• * slight.
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temperatures abnormalities are caused in their
physiology (stress). This disorder Manifests
i tse l f in discoloration, failure to ripen, and
chi l l injury of the tissue. Most tropical fruits
have to be stored at temperatures above 12*C. At
these temperatures, however, the ripening pro-
cess (senescence) is stimulated and microbial
decay sets in , resulting in a decrease in shelf-
l i f e . Instead of cooling the products they can
be given an irradiation treatment, provided that
this is carried out immediately after harvest-
ing. A delay in ripening only occurs in climac-
teric fruits such as mangoes, papayas, avocados,
bananas, tomatoes etc. Radiation should take
place when the fruits ire in the preclimacteric
(mature green) stage and relatively low doses
( <1 kGy) should be given in order to prevent
damage to tissue10. Since these low doses are
insufficient to control mould growth on the
f ru i ts , a combined treatment should be given
(see 5.7) .

5.7 Disadvantages of irradiation
As every preservation method, food irradiation
has disadvantages as well as advantages. When
too high a dose is given, texture and colour
losses can occur. Also, some aromas and f la-
vourings are sensitive to radiation so that an
"off-flavour" can occur that is analogous to a
"deep-freeze taste" or a "tin taste". This can
occur especially in foods with a high protein or
fat content.

Where these diff iculties could exist, radiation
is done In combination with other preservation
methods, for example with moderate cooling, a
mild heat treatment or under vacuum. Colour,
taste and oàour changes can also be prevented by
irradiation under vacuum or at a very low tem-
perature (e.g. -80*C).
A combination of a mild heat treatment with
irradiation Is very effective in controlling
moulds on products which are very sensitive to
heat or high doses.
The above-mentioned combination gives a syner-
gistic effect: the combination has a greater
effect on the 1nact1vat1on of fungi than the sum
of the separate treatments (see Fig. 5 ) .
Consequently, a lower heat treatment and a lower
irradiation dose can be applied with no adverse
effects on the product.
The development and application of this combined
treatment 1s s t i l l being intensively studied.
However, practical applications have already
been started with tropical products such as
mangoes, and papayas1! and avocados12. Instead
of a fungicide, a combined heat and irradiation
treatment Is used, which prevents decay and
delays ripening. In the case of the mango, the
mango weevil is also controlled at the same
time. Furthermore, this combined treatment now
offers the possibility of transporting the pro-
duct by ship instead of by aeroplane, resulting
1n a lowering of transport costs by a factor 3.

6. CONCLUSIONS

This review shows that irradiation has its
restrictions, but also a wide spectrum of appli-
cation possibilities. We can, therefore, expect
irradiation to claim Its place In the f ield of
food preservation, especially where the conven-
tional techniques are Inadequate or too expen-
sive through lack of fossil energy ( o i l ) .
Actual introduction of Irradiated food, however,

f
I,

is

dose(kG)) >

FIG. 5. Effect of heat (50*C), irradiation and a
combination of both on a D^Q value of
PeniciUium expansum spores.

needs to be done very carefully. Consequently,
supporting research is permanently necessary.
The speed at which the procedure comes onto the
market oepends largely on regulatory policies.
Furthermore, information and advice to both pro-
ducer and consumer are extremely important.

RESUMO
A fim de prevenir as diferentes formas de

deterioração a que estão sujeitos todos os a l i
mentos, vários métodos de preservação vim seW
do desenvolvidos nos últimos anos. Além dos
métodos usuais como resfriamento, aquecimento,
produtos químicos, etc. a radiação ionizante
também tem sido usada. Esse método físico de
preservação está ganhando cada vez mais terre
no na indústria de alimentos porque a aplíca_
ção de radiação oferece várias perspectivas. ~

Com relação ã preservação de alimentos, a
radiação ionizante produz os seguintes efeitos:
- Efeito (micro)biológico. Dependendo da

dose, a radiação pode desinfestar, desconta
minar, pasteurizar ou esteri l izar um produto.

- Efeito fisiológico. Pela influência nos pro
cessos fisiológicos do produto, a radiação
pode resultar em: inibição do brotamento ou
retardamento no crescimento e amadurecimento
de frutos e vegetais depois da colheita.

- Efeito f ísico. Uma dose alta aumenta a per
nteabilidade das paredes das células em vege
tais desidratados, resultando na diminuição
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de tempo de cozimento e melhora da qualidade.
A irradiação oferece um número de possibi

1 idades específicas na preservação de alimen
tos, devido ao seu efeito preservador sen au 5.
wnto da temperatura. Como qualquer método
de preservação, também a irradiação de alimen
tos tem suas restrições. Quando aplicada em
dose muito elevada, pode ocorrer perda na tex 6.
tura, na cor e no sabor. Quando essas dificuT
dades existem, a radiação i feita em combina
ção com outros métodos de preservação. Uma
combinação bastante eficiente i o tratamento
com aquecimento moderado e irradiação para con
trole de mofo. Aplicações práticas já estão 7.
sendo feitas em produtos tropicais, tais como
manga, mamão e abacate.

Em virtude do amplo espectro de possibiIj^
dades de aplicação ê de se esperar que a irra
diação lute por um lugar no campo de preserva 8.
ção de alimentos, especialmente quando as te£
nicas convencionais são inadequadas.

9.
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