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SUMMARY

Gamma-irradiation may be used on cereals and cereal products

to control insect infestation and microbiological problems.
Such problems include mould growth, mycotoxin production,

pathogens, spore-forming organisms and total microbial
load. Deleterious effects of gamma-irradiation arise only

at relatively high dose levels with consequences on
germination rate, wheat flour dough properties, and cake

and noodle quality. Radiation-induced changes to starch
have greater impact on behaviour of cereal products than

such changes to other cereal components.

1. INTRODUCTION

Cereals and cereal products are mostly stored at moisture

contents below approximately 14% and hence microbial spoilage
is usually not a problem. The most serious losses of such

materials are caused by insects. However, cereals may carry
microbial loads which become a problem when incorporated

into wet formulations especially since pathogens such as
Salmonellae may be present. This is of particular interest in

stockfeed formulations which may not receive a heat process
and the pathogens may infect livestock for human consumption.

Occasionally grains and their products are stored at moisture

contents sufficient to allow mould growth. This of itself
will cause losses but may allow production of mycotoxins
such as the aflatoxins.

Irradiation of cereals has great value in combatting all
problems outlined above. As with other foods, factors such
as nutritive value, safety, sensory acceptability and dosage



necessary must be considered in deciding on treatments
applied. However, cereals differ from most other foods in

that they possess a range of functional properties essential
to their processing and application. Thus final treatments

applied must be dictated by dose levels which will not
damage these functional properties.

2. BENEFICIAL EFFECTS OF GAMMA-IRRADIATION ON CEREALS

AND CEREAL PRODUCTS

2.1 Entomology Aspects

Damage caused by insects during cereal storage includes:

- consumption of the grain itself,
- contamination of the product with insect fragments,

excreta etc.,

- damage to storage structures and containers,
- heat and moisture generation in storage,
- transfer of human diseases.

In the United States alone between 1951 and 1960, average

loss per year due to insect damage was estimated at almost
$500,000,000. Worldwide the figure can only be guessed but
must be much higher. An average of 10% of harvested foods
are destroyed in storage by insects with losses of 30%

common in some areas. There are approximately 20 different
major insect species causing damage to stored grain and
approximately 30 involved in a minor way.

At present, chemical control of insects by insecticides and

fumigants is the most widely used safeguard. Such agents
include inert dusts, malathion, pyrethrins, pyrethoids,
dichlorvos, phosgene and ethylene dibromide. However the
problems of pesticide residues and the toxicity of these
materials to humans has led to considerable interest in
decreasing their usage (Christensen, 1982). The most
promising alternative to these materials appears to be
gamma-irradiation.



A comprehensive review of gamma-irradiation on the entomology

of cereals is provided by Josephson and Peterson (1983).
Most insects in stored grain will be inactivated by 0.5 kGy
although a few may reproduce after irradiation with doses
as high as 0.9 kGy (FAO/IAEA, 1982). It is important to

note that irradiation at these levels is not immediately
lethal nor is there any protection given against reinfestation.

2.2 Microbiological Aspects

Microorganisms which may infect cereals and their products
include bacteria, protozoa, slime moulds, yeasts and func-
Of these, bacteria and fungi represent greatest problems.
Bacteria are rarely causes of storage losses and are of most

interest from the point of view of pathogenic considerations
or possible spoilage in high moisture, unheated products.
Some bacteria can inhibit such germination (Christensen,
1982).

Some fungi on the other hand are adapted to low moisture

environments. These include some species of Aspergillus,
Alternaria, Cladosporium and Fusarium. The effects of

fungi include reduced germination, discoloration of the
grain, respiration and heating and ultimately, total decay.

In addition, there is the possibility of the production of
toxins such as aflatoxins, ochratoxin, zearalenones,
tricothecenes and vomitoxin (Christensen, 1982).

Control of microorganisms is primarily achieved by controlling
moisture content and temperature during storage. The most

frequently used chemical agents for mould prevention are
propionic acid and its salts, although ammonia gas has been
shown to be effective (Christensen, 1982).

The use of gamma-irradiation to control microbiological
problems associated with cereals and their products requires
approximately 10 times the dose rates for insect control.



Examples of this are shown in Table 1 where it can be seen
that doses between 0.5 and 10 kGy are necessary to provide
effective microbiological control in various situations. It
is significant that the use of heat in combination allows
substantial reduction in dose rates, e.g. irradiation of

bread at 65°C with a dose of 0.5 kGy give equivalent
prevention against mould to 5 kGy without heating. For the
purpose of eliminating human pathogens from stockfeed a dose
of 7.5 kGy, giving a 5-decimal reduction in Enterobacteriaceae
has been proposed (FAO/IAEA, 1982).

3. EFFECT OF IRRADIATION ON CEREAL COMPONENTS

3.1 Starch

The effects of gamma-irradiation on starch have received

considerable attention and are summarised in Table 2 for

doses up to 10 kGy. Higher doses, up to 250 kGy, on maize
starch have been shown to produce a number of carbonyl
compounds (Raffi et al./ 1981) and fairly complex mixtures
of sugars (Berger et al. 1973).

Doses of up to 10 kGy resulted in decreased starch yield and
quality from maize (Roushdi et al. 1981). This in conjunction

with changes to starch properties listed in Table 2, is of
great importance to the starch processing industry. It

appears that the amorphous regions of the granule are more
easily degraded by radiation to produce "radiodextrins" than
are the crystalline regions (Robin et al. 1978).

3.2 Proteins

It appears that doses of up to 10 kGy have very little effect

on total amino acids of cereal proteins. An increase in free
sulphydryl groups in rye was reported for doses up to this
level (Harubala and Walat, 1970). At 10 kGy doses, wheat
displayed an increase in free amino acids and some evidence

of a shift to lower molecular weight in the protein fraction



was observed (Srinivas et al. 1972).

Of particular interest to the Australian scene is the effect

of radiation on gluten recovery from wheat flour. Table 3
shows the effect of 6.5 kGy doses of gamma radiation on

thirteen different wheat varieties (Lee, 1960). It can be
seen that yields were decreased*by between 10 and 48%
amongst the varieties. It is significant that the greatest
loss occurred with the low protein Pacific Club variety.

Because of the obvious influence of variety and the use of
both Martin and batter processes for starch/gluten separation
in Australia, considerable work should be carried out in this
area before irradiation is applied commercially to wheat

destined for starch-gluten separation.

Doses of greater than 70 kGy were needed to cause decisive
structural changes to dry gluten while approximately 1 MGy
was needed to destroy all gluten properties of importance
to the baking industry (Laztity and Figuli, 1969).

3.3 Lipids

No changes in fatty acid pattern or free fatty acid levels

occurred after up to 50 kGy doses of gamma-irradiation of
wheat (Tipples and Norris, 1965). Doses of up to 20 kGy
were found to produce no off flavours in wheat although
an increase in free lipid and a decrease in bound lipid
occurred (Rao et al. 1979). Irradiation does not therefore

seem likely to cause problems with lipid fractions.

4. FUNCTIONAL PROPERTIES OF IRRADIATED WHEAT FLOUR

Irradiated wheat flour has lower maximum amylograph viscosity,
and its mixing behaviour indicates higher water absorption,
longer development time, increased dough stability and

greater dough consistency for doses up to 2 kGy (Rao et al.
1978).



Bread quality seems satisfactory for flour irradiated with
doses of up to 10 kGy (Milner, 1961) while acceptability of
biscuit products appears to be little affected by doses of up

to 5 kGy (Cornwell, 1959).

It seems however that in products where starch gelatinisation,
rather than gluten development, plays a dominant role,
radiation treatment leads to serious deleterious effects.
Cake flour treated with doses above 4.65 kGy gave drier
batters and cakes which had lower volume, dipped in the centre
and had heavy, gummy texture (Brownell et al. 1955) . Noodles

prepared from flours treated with 0.2-1.0 kGy had poorer
flavour, odour and mastication properties than control
samples. Greater losses occurred during cooking of products
made with irradiated flour (Shibata et al. 1974) .

The potential impact of irradiation on starch/gluten separation

was referred to briefly in the section above on proteins. It
would appear that the doses sufficient to treat insect
infestation may not have significant effects on the gluten,
but starch yield and properties may be affected.

5. IRRADIATION OF RICE

A comprehensive study of the effects of gamma-irradiation on

rice was reported by Wang et al. (1983). These workers found
that radiation doses of 1-3 kGy extended storage life of
three rice varieties (11.5-13.3% moisture content) up to

2 years. Research using higher moisture paddy is not apparent
in the literature at present but is of great importance.

The results of Wang et al. (1983) are summarised below.

No change in milling yield of the rice was reported after
irradiation however germination rate decreased at dose rates

above 0.5 kGy. The radiation treatments also significantly
decreased the survival of microorganisms on the grains, and

doses over 0.5 kGy effected complete sterilisation of insect
eggs.



In terms of chemical changes, no effects were reported on

protein or starch for doses up to 3 kGy. Radiation had no
effect on free fatty acid production during storage nor on
reducing sugar or thiamine levels. Gamma-irradiation did
however cause some decrease in a-amylase activity in the grain.

Cooking quality was assessed by examining rice colour, fragrance,
water absorption during cooking and pH of the cooking water.
Colour and fragrance were unaffected by radiation with doses

up to 3 kGy except for one variety which developed a yellowish
colour and slightly disagreeable odour at the highest dose.
pH of the cooking water remained constant at about 6-6.8, being

unaffected by either radiation treatment or subsequent storage.
Some fluctuations in water absorption were observed at
different dose rates and during storage but these appear to
be rather small.

6. GRAIN VIABILITY AND BIOCHEMISTRY

Grain viability has obvious and important ramifications for

both the seed and malting points of view. Germination of rice
grains was reduced considerably by exposure to doses in excess

of 0.5 kGy (Wang et al. 1983). Dose levels of 5.81 kGy
reduced germination of wheat by 80% (Lorenz, 1975). The

latter also reported that grain respiration decreased at this
dose level.

In a study of the effect of gamma-irradiation on barley
germination, it was found that 0.7 kGy was the optimum dose

level to inhibit radicle and germ growth, reducing malting
losses by 13-22% (Marseu and Cojocaru, 1972) .

Reports on the influence of irradiation on enzyme activity

are relatively sparse. However doses of 8 kGy completely
inhibited a-amylase activity in wheat (Kiss and Farkas, 1977)
while doses above 0.3 kGy decrease the activity of this
enzyme in rice (Wang et aJL. 1983) . Proteolytic activity in



rye also decreased by up to 36% when the grain was exposed to

doses as high as 10 kGy (Harubala and Walat, ]970).
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Table 1. Control of microbial problems by gamma-irradiation.

Product

Wheat (15% me)*

Maize*
Sorghum*
Bread (sliced, wrapped)
Bread (sliced, wrapped)
Chapaties*

Bread*

Rice, maize starches*

Animal feeds*

Bre.ad**

Ricef

Dose (kGy)

2.5

6.0

6.0

5.0

0.5 at 65°C

10.0

2.0

3.0

7.5

0.75-1.5

1-10

Effect

Mould retarded

Mould prevention
it n

Mould free 11 weeks

Mould free 11 weeks

Mould free after
6 months

Prevention of aflatoxin
production by
A. parasiticus.

Reduction in bacterial
count

Five-decimal reduction
in enterobacteriaceae

Rope spore development
control.

Reduced total
plate count.

* FAO/IAEC (1982)

** Farkas and Andrassy (1981)

t Wang et al. (1983)



Table 2. Effect of gamma-irradiation up to 10 kGy on starch.

Product

Wheat

Rice

Authors

Anathaswarmy et al.
(1970)

Milner (1957)

Deschreider (1960)

Effect on Starch

Increased susceptibility
to Amylases

Decreased anylograph
viscosity

Decreased viscosity

Increased reducing power

Increased amylopectin
solubility

Gelatinisation temperature Chaudhry and Glew
decrease (1973)

Granule density decrease

I2 binding decrease

Average chain length
decrease

Table 3. Effect of gamma-radiation (6.5 kGy) on gluten
recovery from various wheat flours.

Wheat Variety

Pacific Club

Rio Nigro

Certana

Redman

Mida

Lake

Chinook

Thatcher

Gluten recovery (%)
Before

6.2

18.4

12.3

14.3

12.8

12.8

14.7

12.7

After

3.2

16.0

9.7

11.5

10.0

10.3

13.3

10.9

Loss in yield due
to irradiation (%)

48

13

21

20

22

20

10

14

From : Lee (1960)


