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In the Federal Republic of Gormany, government-supported research

on food irradiation has been going on for 30 years, most of it

at the Federal Research Centre for Nutrition in Karlsruhe. These

studies can be grouped under three topics

1. Commodity-oriented research

2. Wholesomeness studies

3. Chemical studies

The results have been published in various scientific journals

and extensive summary reports have appeared in Food Irradiation

Information (1), an information bulletin produced in English and

French by the International Project in the Field of Food Irradia-

tion. Only a fraction of this work can be mentioned in this short

review.

1. Commodity-oriented research

1.1. Potatoes

Long-term storage of potatoes is only possible if sprouting

is inhibited. In practice this is achieved by dusting the stored

tubers with chemicals, primarily IPC (isopropyl-N-phenylcarbamate)
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and C1PC (isopropyl-N-(3-chlorophenyl)-carbamate). Residues of

these compounds remain in the potato and thus reach the consumer.

It seemed reasonable to try to replace this chemical treatment

with a physical treatment that leaves no foreign residues in the

potato. Studies carried out not only in the laboratory but also

with consumer tests and industrial-scale processing have shown

that irradiation could replace the chemical treatment if it were

legally permitted (2, 3). However, the cost of irradiation would

be considerably higher than the oost of IPC/CIPC treatment, and

it is unlikely that industry will sliow much interest in using

radiation as long as the chemical method of sprout inhibition is

allowed.

1.2.

Sprouting of onions can also be inhibited by treatment with

certain chemicals, particularly maleic hydrazide - but this is

not permitted in Germany. Demand for onions in the spring and

early summer must therefore be met by imports at relatively high

prices. Irradiation and storage experiments on a fairly large

scale, using different varieties and storage conditions, have

shown that storage of onions at 10°C until early summer is

technologically feasible if irradiation with a dose of 5 krad

(50 Gy) is applied within 4 weeks after harvest (4, 5).

1.3. Fruits

While earlier studies on cherries, strawberries, pears,

apples and other domestic fruits were not encouraging (benefit

of irradiation not great enough t6 justify the cost), studies

carried out in collaboration with scientists in South Africa

have confirmed that mangoes and papayas given a hot water treat-

ment (5 min at 55°) plus a radiation dose of 75 krad (750 Gy)

will keep well for 3 to 4 weeks at a storage temperature of 12°,

This should permit surface shipping instead of expensive air

transport to European countries (6).
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1.4.

Germany imports large quantities of spices, and these are

often microbiologically contaminated to such an extent that they

cannot be used safely without a hygienization treatment. Fumiga-

tion with ethylene oxide was used until recently, inspite of

growing evidence that ethylene oxide is carcinogenic. Now that

its further use is forbidden, radiation is the method of choice.

Our experience has shown that a dose of 800 krad (8 kGy) is

usually sufficient from a microbiological viewpoint, and that

organoleptic properties of the spices are not affected by this

dose. Permission for commercial spice irradiation is expected

in the course of this year.

1.5. Fish

Irradiation with a dose of about 100 krad (1 kGy) effec-

tively reduces the microbial load and thus extends refrigerated

storage life of fish without adversely affecting sensory quality

(7, 8). However, when irradiation of whole fish was attempted

on board the research vessel "Anton Dohrn", a gradual decrease

of sensory quality could not be prevented by irradiation. As

can be seen from Fig. 1, unirradiated haddock was spoiled after

about 16 days of iced storage, while the irradiated samples

reached the same low score after about 28 days (9). This is not

a real gain, because the flavour score of irradiated samples had

declined to 6 (on a 9-point scale) by day 16 and declined further

during the following days - possibly due to the effect of endogen-

ous enzymes. Irradiated fish sold between day 16 and day 28 would

be unspoiled, but would not be of high quality. More favourable

results were obtained with packaged fish fillets. However, on-

board irradiation of fillets is not feasible because available

trawlers are not large enough to accommodate filleting and packaging

machines and an irradiator. With regard to fish irradiation various

microbiological studies have been carried out to make sure that

there is no particular danger, e.g. due to selection of highly

radiation-resistant micro-organisms (10) or due to formation of

botulinus toxin (11).
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.6.

European brown shrimps (ctangon vulgaris) still cannot be

satisfactorily peeled by machine. Hand-peeling as presently

practiced, can introduce pathogens and requires heavy use of

chemical preservatives. Irradiation with a dose of about 140 krad

(1.4 kGy) effectively reduces contamination (Table I) and improves

retention of quality during iced storage (12). Landing of shrimps

is concentrated in a few harbours and commercial irradiation of

shrimps appears promising (13).

1.7. Meat

The purpose of irradiating meat can be extension of re-

frigerated shelf life or reduction of salmonellae and similar

pathogens or both. Radiation doses in the range of 500 to 1000 krad

(5 - 10 kGy) can achieve this purpose without much effect on sen-

sory quality. Studies have been carried out on chicken (14) and

on ground beef (1C>). The radiation sensitivity of various salmon-

ella serotypes at different temperatures and water activities

was determined (16).

1.8. EnzYmes_fgr_the_fgod_industrY

Radiation doses of less than 1 Mrad (10 kGy) were found to

be sufficient to reduce microbial counts in commercial enzyme

preparations to below 100/g. This dose caused practically no loss

of enzyme activities and did not affect molecular size and charge

properties of the enzymes (17).

2. Wholesoineness studies

2.1. Long3term_feeding_studies

A life-long study on rats receiving . a diet containing 35 %

milk powder irradiated at 4.5 Mrad (45 kGy) was continued through

9 generations of animals. No detrimental effects were observed

(18).
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2.2. Short-term^tests

No indications of mutagenic effects were found when radiation-

sterilized diets were fed to mice in the host mediated assay (19)

or the dominant lethal test (20). The effects of cyclophosphamide,

a substance known to be highly mutagenic, were not intensified by

feeding a radiation-sterilized diet to mice. Indicators used were

the dominant lethal test, and a reproduction study of 7 months

duration (21).

A number of short-term tests of irradiated foods were carried out,

both in vitro and in vivo (22, 23), some in collaboration with the

International Project in the Field of Food Irradiation (24, 25).

Adverse effects of irradiated foods have not been observed in any

of these studies.

2.3. Nutritignal_studies

The influence of glucose, starch and lipids on the nutritive

value of casein irradiated in the presence of these additives was

investigated using the nitrogen balance technique in rats. A dose

of 5 Mrad (50 kGy) did not affect protein digestibility and util-

ization when these parameters were determined within 2 weeks after

irradiation. Longer storage (1?- we»eks) of irradiated casein-fat

mixtures caused a reduction of NPU (net protein utilization) if

the fat was highly unsaturated and oxygen was not excluded during

storage (26, 27).

3. Chemical studies

3.1. £onigounds_formed_as-_a_result_of_irradiation

At the Max Planck Institute at Mtihlheim much work has been

done on radiation induced changes in carbohydrates (28). The

radiolysis products of glucose and many other sugars and the re-

action mechanisms leading to these products are now known in great

detail. Studies carried out at the Technical University, Hunich-

Weihenstephan, led to the identification of a great number of

radiolysis products of lipids (29). Radiation chemical studies
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at the Federal Research Centre for Nutrition, Karlsruhe, were

concerned with proteins (30, 31), carbohydrates (32), lipids (33)

and with interactions of proteins, carbohydrates and lipids in

irradiated model foods (34, 35).

3.2. Identif ication_of __irradiated_f gods

A symposium on "The Identification of Irradiated Foodstuffs"

(36), held at Karlsruhe in 1973,has shown that it is very difficult

to recognize irradiated foods by chemical analysis. Irradiation

leads to the formation of many compounds in the irradiated food

- but these are present at very low concentrations. Furthermore,

most (possibly all) of these compounds are not radiation specific,

i.e. they may also be present in foods treated by conventional

methods such as heating. A publication from the Federal Health

Office (Bundesgesundheitsamt) at Berlin has suggested that a low

sulfhydryl content of meat is indicative of irradiation (37).

However, studies carried out at the Federal Meat Research Centre,

Kulmbach, have not shown a decrease of SH-groups in irradiated

beef and pork, even with a dose of 5 Mrad (50 kGy) (38). Radiation-

sterilized meat contains a new ninhydrin-reactive substance, a

radiolysis product of carnosine (39, 40). In the chromatogram of

the araino acid analyzer, this compound appears between histidine

and lysine. It has been designated compound Y (Fig. 2) because of

the yellow colour formed with ninhydrin.

3.3.

Considerable work has been done, again at the Federal Re-

search Centre for Nutrition, Karlsruhe, on the effect of radiation

on vitamin levels in foods. One of the more radiation sensitive

vitamins is a-tocopherol or vitamin E (41, 42). When rolled oats

are irradiated and stored in the presence of air, storage losses

are higher in irradiated samples than in unirradiated samples. Ex-

clusion of air by packing the rolled oats in a nitrogen atmosphere

exerts good protection of the vitamin (Fig. 3). Similar studies

were carried out on vitamins B1 (43, 44) and A in irradiated food-

stuffs (45) .
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Analysis of the amino acid composition of the proteins of fish

meal irradiated at a dose of 5 Mrad (50 kGy) did not show sig-

nificant losses of essential amino acids (46).

4. Summary and outlook

Commodity-oriented studies have shown that food irradiation

can help to solve some important problems, such as salmonella

contamination. However, the process has its limitations/ and it

is unlikely that it will compete with canning or freezing.

Long-term animal feeding studies and various short-term tests

have given no indication that foods irradiated with doses of up

to 5 Mrad (50 kGy) might be harmful.

Chemical studies have greatly improved our understanding of radia-

tion-induced changes in foods. These changes are small and largely

unspecific, so that it is very difficult, perhaps impossible, to

identify by chemical analysis foods irradiated at doses of less

than 1 Mrad (10 kGy). Combined with the results gained from animal

feeding studies and biological in vitro tests, the results of

chemical analyses give great assurance that irradiated foods are

safe to eat.

It can be foreseen that - once legal obstacles have been removed -

the food industry will make use of this process. Some promising

applications are the hygienization of spices, dried vegetables,

enzyme preparations, hand-peeled shrimps, chicken and other meats,

and the irradiation of some subtropical and tropical fruits, so

as to make surface shipping possible instead of air transport.

Sprout-inhibition in onions and potatoes is technically feasible,

but the economic prospects of this application are somewhat un-

certain.

Unfortunately, the encouraging results of pilot studies and the

reassuring results of wholesomeness studies have not yet led to

commercial use of this process in Germany. Many consumers seem to

believe that irradiated foods are radioactive. Emotions stirred

by the nuclear energy debate have been turned against food irradi-

ation. The extent of research work done, in Germany and elsewhere,
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to assure the wholesomeness of irradiated foods, is largely un-

known to the public - scientists and medical profession as well

as laymen. Instead, the consumers, are misled by the false claims

of politicians, particularly of the Green Party, who have dis-

covered food irradiation as an issue which can serve their own

purposes. The press, always eager to discover another sinister

assault of profit-hungry industrialists against the health and

safety of the consumer, reports mostly unfavourably on food ir-

radiation. The Government is not inclined to disregard these

emotions. If our country were alone in the world, food irradiation

would have little chance of public acceptance. However, we are a

member of the European Community and in the neighbouring countries,

Netherlands, Belgium and France, the irradiation of spices and

various other products is already practised. The Treaty of Rome

prescribes the harmonization of food laws in the Common Market.

In the long run, therefore, food irradiation must be either for-

bidden or permitted in all EC countries. Developments of recent

years leave no doubt that it will be permitted. As a first step

in this direction, our Government is getting ready to permit ir-

radiation of spices. There is no more discussion about whether

or not permission should be granted. What still divides the

ministries and what has held up the final announcement of the

permission is the question of labeling. What should be the wording:

irradiated? treated with ionizing radiation? treated with ionizing

energy? Some of the self-appointed consumer advocates would like

to prescribe "radioactively irradiated" - preferably in large-

sized red letters and with a skull and crossbones. Industry, of

course, would prefer to have no labeling at all. Another question

that is still debated is, what should be labeled? Only the irradi-

ated spices ("First generation") or also the products containing

irradiated spices ("Second generation")? Solutions to these ques-

tions must be found - and all indications are that they will be

found within a few months.
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9-

183. + 185 cruise 'Anton Dohrn'
+ X unirradiatec!, unpacked

D A unirradiated, plastic pouches
• A 100 Krad, plastic pouches

storage time in days

Fig. 1 Flavour scores of irradiated and unirradiated

haddock as a function of storage time (183rd

and 185th cruise of "Anton Dohrn"). The fish

were stored unpackaged or in plastic pouches

under vacuum and buried under crushed ice.

The vertical bars indicate the one-sigma range

of judgements. 9-point sensory scale: 9 -

superior quality; 6 - limit of high-quality

life; 5 - limit of practical storage life;

2 - borderline of spoilage. Ehlermann and

Reinacher (9).
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Fig. 2 Identical sections of 3 chromatograms of free ninhydrin-

reactive substances in minced beef, unirradiated and irradiated

at doses of 1 and 5 Mrad. Partmann and Keskin (39)
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Fig. 3 Effect of packing atmosphere on o-tocopherol retention

in irradiated (100 krad - 1 kGy) and unirradiated rolled oats

during 8 months of storage at ambient temperature. Diehl (44)
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Table 1: Effect of radiation or chemical treatment on microbial

counts of hand-peeled shrimps stored at 0° for periods

of up to 17 days.

Ehlermann and Miinzner (12)

Sample

Untreated

Treated with benzoic

acid according to

commercial practice

Irradiated,

130 - 148 krad

Storage

period

(days)

0

2

10

17

2

10

17

2

10

17

Enterobac-

teriaceae

1.8 x 105

1.5 x 104

6.2 x 10

2.2 x 107

1.8 x 102

1.2 x 105

9.7 x 104

< 100

< 100

1.4 x 102

Entero-

cocci

< 100

< 100

6.0 x 10

7.0 x 104

< 100

< 100

< 100

< 100

< 100

< 100

Staphylo-

cocci

< 100

4.8 x 104

6.7 x 10

6.9 x 104

2.8 x 104

5.7 x 104

1.9 x 104

< 100

< 100

< 100
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